
Integrating Human 
Health into Urban 
and Transport 
Planning

Mark Nieuwenhuijsen
Haneen Khreis   Editors

A Framework



Integrating Human Health into Urban and 
Transport Planning



Mark Nieuwenhuijsen • Haneen Khreis
Editors

Integrating Human Health 
into Urban and Transport 
Planning
A Framework



ISBN 978-3-319-74982-2    ISBN 978-3-319-74983-9 (eBook)
https://doi.org/10.1007/978-3-319-74983-9

Library of Congress Control Number: 2018942501

© Springer International Publishing AG, part of Springer Nature 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer International Publishing AG part 
of Springer Nature.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Mark Nieuwenhuijsen
Barcelona Institute for Global Health
ISGlobal
Barcelona, Spain

Haneen Khreis
Texas A&M Transportation Institute, Center 
for Advancing Research in Transportation 
Emissions, Energy, and Health
College Station, TX, USA

https://doi.org/10.1007/978-3-319-74983-9


v

Preface

The world is urbanising rapidly and cities are not only centres of innovation and 
wealth creation but also hot spots of air pollution and noise, heat islands and lack 
green space and physical activity, partly due to poor urban and transport planning. 
Recent studies show large impacts from urban and transport planning on health, and 
urgent action is needed to reduce these negative health impacts.

The urban environment is a complex interlinked system. Decision-makers need not 
only better data on the complexity of factors in environmental and developmental pro-
cesses affecting human health, but also an enhanced understanding of the linkages 
between these factors and effects to be able to know at which level to target their 
actions most effectively. In recent years, there also has been a shift from trying to 
change at the national level to more comprehensive and ambitious actions being devel-
oped and implemented at the regional and local levels. Cities have come to the fore-
front of providing solutions for environmental issues such as climate change, which 
has co-benefits on health, but yet need better knowledge for wider health- centric action.

This volume brings together the world’s leading experts on urban and transport 
planning, environmental exposures, physical activity, health and health impact 
assessment to discuss challenges and solutions in cities and provide a conceptual 
framework and work programme for actions and future research needs. It presents 
the current evidence base, benefits and case studies of better integrating health and 
the environment into urban development and transport planning, a conceptual 
framework describing this, and strategies for future action and research.

Barcelona, Spain Mark Nieuwenhuijsen 
College Station, TX, USA  Haneen Khreis 
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Chapter 1
Urban and Transport Planning, 
Environment and Health

Mark Nieuwenhuijsen and Haneen Khreis

1.1  Introduction

1.1.1  The Era of the City

Over 50% of people worldwide live in cities, and this figure will increase to up to 
70% over the next 20 years (United Nations 2014). The United Nations projects that 
nearly all global population growth from the years 2016 to 2030 will be absorbed by 
cities, about 1.1 billion new urbanites over the next 14 years. While 50 years ago 
there were only 3 megacities (>10 m inhabitants), Tokyo, Osaka and New York- 
Newark, today there are 28 megacities, and by 2030 there will be 41 (United Nations 
2015a). In recent years, attention has turned to cities, not only because of the mul-
tiple challenges cities present but also because of the potential solutions cities could 
provide to pressing societal problems such as poverty, climate change and disease. 
The United Nations Habitat New Urban Agenda (UN Habitat 2016) and the 
Sustainable Development Goals (SDG 2015) have provided new impetus into the 
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urban development agenda and its linkages to human health. New organizations like 
C40 (www.C40.org), led by city mayors, have taken the lead in the fight against 
climate change.

Cities have long been known to be society’s predominant engine of innovation 
and wealth creation, but they are also a main source of pollution, crime and disease 
(Bettencourt et al. 2007). Today, only 600 urban centres generate about 60% of the 
global GDP (Dobbs et al. 2011). The top 20 metropolitan areas in the United States 
contribute 52% of the total country’s GDP. Also, there is a strong positive correla-
tion between the degree of urbanization of a country and its per capita income that 
has long been recognized. Double a city’s population, and its economic productivity 
goes up by 130% (Bettencourt et al. 2007; Bettencourt and West 2010). Resource 
sharing, quicker and better matching and more learning have been suggested as the 
drivers of the higher productivity of cities. Increasing urban population density is 
favourable as it gives residents greater opportunity for face-to-face interaction. 
Productivity and innovation tend to be higher in cities leading to higher wages and 
improved standards of living. As such, cities attract more workers resulting in posi-
tive loops of growth, productivity and innovation.

1.1.2  Beyond the Benefits of City Living

Unfortunately, cities are also hotspots for a number of adverse environmental expo-
sures and lifestyles which are detrimental to human health (Khreis et  al. 2017). 
Current urban and transport processes in cities have been less than optimal, creating 
air pollution, noise, heat islands, lack of green space and sedentary behaviour, to 
name a few (Nieuwenhuijsen 2016). As a result, within and between cities, there is 
considerable variation in the levels of environmental exposures, such as air pollu-
tion, noise, temperature and green space, and in physical activity levels and motor 
vehicle crashes, partly due to urban and transport planning practices (Nieuwenhuijsen 
2016).

These exposures are associated with multiple health endpoints (Khreis et  al. 
2016). Air pollution (Beelen et al. 2014; Héroux et al. 2015; Khreis et al. 2017), 
noise (Basner et al. 2014; Halonen et al. 2015) and temperature (Gasparrini et al. 
2015) cause adverse health outcomes including increased morbidity and premature 
mortality. Green space has predominantly been associated with positive health out-
comes (Gascon et al. 2016; Hartig et al. 2014; Nieuwenhuijsen et al. 2017) but also 
some negative impacts such as urban sprawl, gentrification and spread of infectious 
diseases (Cucca 2012; Hartig et al. 2014; Lõhmus and Balbus 2015). Physical activ-
ity has many health benefits (Woodcock et al. 2011).

The global burden of disease attributable to these exposures is large. Worldwide, 
approximately 3–4 million deaths each year are attributable to ambient air pollution 
and 2.1 million deaths to insufficient physical activity (Forouzanfar et  al. 2015). 
Motor vehicle crashes cause over 1.5 million global deaths annually and 79.6 mil-
lion healthy years of life lost (Bhalla et al. 2014). A recent study showed that 20% 
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of premature mortality in a city like Barcelona is related to urban and transport 
planning-related exposures, including air pollution, noise, temperature, green space 
and physical activity, not meeting international exposure-level guidelines (Mueller 
et al. 2017).

Further, global challenges that are linked to urban and transport planning in cities 
are climate change, rising inequalities and ageing populations (Table 1.1). Climate 
change and emerging environmental risks have been identified as “the biggest 
global health threat of the twenty-first century” (Costello et al. 2009) and have put 
further pressures on cities. Mean surface temperature is expected to increase heat 
stress and flooding, as well as indirect health impacts mediated through infectious 
diseases, air quality and food security (Costello et al. 2009; Patz et al. 2016). Many 
coastal cities are at risk of flooding, and the increasing temperature exacerbates heat 
island effects.

Furthermore, there is concern of the impact of increasing social and economic 
inequality in cities on health. The World Health Organization’s Commission on 
the Social Determinants of Health (2008) noted that “social injustice is killing 
people on a grand scale” (p. 26), which is acutely apparent in cities (WHO and 
UN Habitat 2010). In many cities, poorer people live in areas where there is more 
pollution and also where there is poorer access to public transport. In some low-
income countries, the majority of people in cities live in informal settlements 
where they are exposed to greater health risks from environmental exposures and 
insecurity and where there is a lack of access to basic services such as safe water 
and sanitation and.

Also today, in cities there are people from different cultural and ethnic back-
grounds, religions and social statuses. They are increasingly diverse and this is rein-
forced by the impact of immigration. Cities around the world are discussing these 
changes, with particular intensity in the European Union due to the recent influx of 
refugees. Cities have to deal with the great challenges of absorbing diversity and 
counteracting inequality and spatial segregation.

Finally, the trend of an ageing population provides further challenges. By 2050, 
the global population aged 60 years or over is projected to become more than double 
that of 2015, reaching nearly 2.1 billion, and the number of people aged 80 and over 
is growing even faster (UN 2015b). This ageing population presents specific urban 
planning and mobility challenges and echoes calls for city design to adapt to older 

Table 1.1 World trends 
affecting cities

Population growth
Economic growth
Urbanization
Technological development
Ageing population
Rising inequalities
Climate change
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populations making sure they do not become isolated or are at increased risks of 
environmental hazard.

Further economic growth and new technological developments in cities may help 
to address some of the challenges faced by cities. Many of these challenges need 
appropriate financial resources and adequate governance structures to address them. 
There needs to be policies in place to improve urban and transport planning with the 
aim to improve health and reduce inequalities. Cities are often eager to brand them-
selves as technologically innovative, smart and connected, and technological 
advances could address a number of challenges and make cities more efficient and 
provide cost savings that could be invested elsewhere, but they may also provide 
new challenges. Examples of these are the introduction of electric vehicles and 
autonomous vehicles (or the combination of the two) that have great potential to 
reduce the pollution levels and the number of vehicles in the city, respectively, but 
may provide concerns regarding the electric supply and privacy, respectively. They 
also may solve only part of the problem if there is no good legislation is in place.

1.2  Linking Urban and Transport Planning, Environment 
and Health

From a health point of view, urban and transport planning and policies in cities have 
often been deleterious to health. There is, however, another plausible reality, one 
where urban and transport planning and policy become promoters and drivers of 
good public health, creating healthier and more sustainable communities. But how 
can we make cities that promote health? That may start from the understanding and 
acknowledgement of the clear link between land use, behaviour, exposures, morbid-
ity and mortality (Fig. 1.1).

Urban planners often describe land use in terms of the five Ds: density, diversity, 
design, destination accessibility and distance to transit (Ewing and Cervero 2010). 
Higher population and development density, for example, could lead to shorter dis-
tances because destinations become closer to origins. Trips of shorter distances are 
easier and more convenient to walk or cycle. Diversity is a measure of the land use 
mix including homes, shops, schools and workplaces in an area. When there are 
more shops around the home, people may travel shorter and use transport modes 
other than the car to get to a shop. Design describes the overall infrastructure, and a 
good design encourages public and active transportation and discourages the use of 
cars. Destination accessibility is a measure for how accessible places are, while 
distance to transit expresses the shortest distance to a bus stop or railway station. 
Both will encourage the use of public and active transportation when the destination 
accessibility is higher and the distance to public transport shorter. Greater density, 
diversity and destination accessibility, better design and shorter distance to transit 
are characteristics of so-called compact cities, an example of which is the Barcelona 
City, where the density, diversity and destination accessibility are high and distance 
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to transit is low. Conversely, a city like Atlanta is a sprawling city, where the oppo-
site is true.

The above land use characteristics influence transport mode choice, travel 
demand and traffic levels and, in vicious cycles, also influence the investment 
required to upscale and maintain transport systems that can accommodate the cur-
rent situation. Large investment in infrastructure for cars has led to car-dominated 
cities, where, in many cities or neighbourhoods, it has become hard to imagine not 
having any cars around. This has often happened at the expense of investments in 
public and active transportation, including our most basic and easiest form of mobil-
ity: walking. In many cities, public space is dominated by cars. More car- 
accommodating infrastructure such as roads and parking lots leads to greater use of 
cars and to higher levels of environmental stressors such as air pollution, noise and 
heat islands and to less active mobility and physical activity. Furthermore, infra-
structure for cars takes up a large amount of the often already-limited public space 
in cities that can be used for other purposes such as green space or public space for 
people to meet, interact, relax or simply walk. These exposures and lifestyles are 
detrimental to health and increase morbidity and premature mortality.

These trends are happening at a time of mechanization and automation, when the 
majority of employment opportunities are sedentary in nature as compared to posi-
tions involving manual labour prior to the industrial revolution. Too many people 
step in their car at home, drive to work, sit at a desk the entire day and drive back to 
sit at home. And often, pressure on time leaves little space for individuals to go to 
the gym or for a walk to get some physical activity, not to mention the need to pay 
for physical activity.

Fig. 1.1 Conceptual framework of links between urban and transport planning, environmental 
exposures, physical activity and health (After Nieuwenhuijsen 2016)

1 Urban and Transport Planning, Environment and Health
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On the other side, a move away from car infrastructure to infrastructure for pub-
lic and/or active transportation can lead to an increase in use of public and/or active 
transportation and reduce air pollution, noise, heat island effects and stress while 
increasing physical activity. This will reduce the morbidity and premature mortality 
burden. Furthermore a better provision of green infrastructure may provide oppor-
tunities for walking, relaxation and social contacts and thereby increase physical 
activity, reduce stress, improve restoration and reduce morbidity and premature 
mortality (Nieuwenhuijsen, Khreis, Triguero-Mas, et al. 2017).

While many policymakers continue to advance the justification and merit of 
motorized transport and urban planning policies, growing evidence, which we syn-
thesize in this book, strongly suggests that such policies not only help facilitate a 
self-reinforcing cycle of car-reliant travel and urban sprawl but, importantly, con-
tinue to discount numerous health impacts related with transport and urban planning 
and policy.

1.3  Assessing the Health Impacts of Urban and Transport 
Planning

In recent years, numerous health impact assessment studies have started to quantify 
the potential health impacts of urban and transport planning and policy in cities. For 
most, if not all, of the studies, we see clear health impacts from different urban and 
transport scenarios suggesting that there is a need to make changes in cities to 
improve health, primarily by land use changes, and move towards public and active 
transportation.

For example, Reisi et  al. (2016) evaluated three urban planning scenarios in 
Melbourne for 2030: a base case scenario based on governmental plans, fringe focus 
scenario based on expansive urban development patterns and activity centres sce-
nario based on compact urban development patterns. The authors showed that the 
compact urban development scenario resulted in the least greenhouse gases and 
other emissions, as well as a reduction of mortality when compared to the other 
scenarios. Stevenson et al. (2016) estimated the population health impacts arising 
from alternative land use and transport policy initiatives in six major cities. Land 
use changes were modelled to reflect a compact city in which land use density and 
diversity were increased and distances to public transport were reduced with the 
objective to reduce private motorized transport and promote a modal shift to walk-
ing, cycling and public transport. The modelled compact city scenario resulted in 
health gains across all cities.

Some studies have evaluated the impacts of specific transport policy measures in 
cities. Woodcock et al. (2009) estimated the health impacts of alternative transport 
scenarios for two settings: London, UK, and Delhi, India. The authors found that a 
combination of active travel and lower-emission motor vehicles would give the larg-
est benefits. Creutzig et  al. (2012) evaluated scenarios of increasingly ambitious 
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policy packages, reducing greenhouse gas emissions from urban transport by up to 
80% from 2010 to 2040. Based on stakeholder interviews and data analysis, the 
main target was a modal shift from motorized individual transport to public transit 
and nonmotorized individual transport (walking and cycling) in four European cit-
ies (Barcelona, Malmö, Sofia and Freiburg). The authors reported significant con-
current co-benefits of better air quality, reduced noise, less traffic-related injuries 
and deaths and increased physical activity, alongside less congestion and monetary 
fuel savings. Xia et al. (2015) estimated that the shifting of 40% of vehicle kilome-
tres travelled to alternative transport in Adelaide, South Australia, would reduce 
annual average particulate matter preventing 13 deaths a year and 118 disability- 
adjusted life years. Further health benefits would be obtained from improved physi-
cal fitness through, active transport, and these are much larger preventing 508 deaths 
a year and 6569 disability-adjusted life years. Similarly, a range of health impact 
assessment studies evaluating mortality and other health impacts of increases in 
active transport were recently reviewed and estimated considerable reductions in 
premature deaths and a reduced burden of morbidity with the most benefits attribut-
able to increases in physical activity and only low increased risks of motor vehicles 
crashes and air pollution for those who switched to public and active transportation 
(Mueller et al. 2015; Tainio et al. 2016).

1.4  Paradigms of Cities

Over the past decades, numerous paradigms have evolved which have labelled cities 
in a number of different ways such as active cities, healthy cities, livable cities, 
resilient cities, smart cities and sustainable cities. These models are increasingly 
being envisioned and advocated to improve different aspects of cities including 
environmental conditions, public health, livability and economic performance. 
Some of these paradigms will be covered later in this book, but what is prominent is 
that there often are no rigid definitions or frameworks for these models. Many of 
these models are still developed in silos without much integration across the differ-
ent relevant disciplines and perhaps with the lack of multidisciplinary teams.

A sustainable city is often defined as a city designed with consideration of local 
and global environmental impact, guided by urban sustainability visions and targets. 
People in a sustainable city try to minimize their required inputs of energy, water 
and food and waste output of heat, air and water pollution and greenhouse gas emis-
sions. This may also have a beneficial impact on health. Although a seemingly sim-
ple and an alluring proposition, there yet is no completely agreed upon definition for 
what a sustainable city should be. Both conceptually and analytically, the sustain-
able city is challenging to define and delineate. Generally, developmental experts 
agree that a sustainable city should meet the needs of the present without compro-
mising the ability of future generations to meet their own needs. This idea is general 
and ambiguous, and it leads to a great deal of variation in how cities carry out 
attempts to become more sustainable (Joss 2015; Magilavy 2011).

1 Urban and Transport Planning, Environment and Health
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A livable city may be defined as a city that has robust and complete neighbour-
hoods, accessibility and sustainable mobility, a diverse and resilient local economy, 
vibrant public spaces and affordability. Livable cities enhance the wellbeing of all 
inhabitants, strengthen community, improve social and physical health and increase 
civic engagement by sustainably reshaping the built environment of our cities, sub-
urbs, towns and villages (Crowhurst Lennard, Chap. 4).

A healthy city is a city with a commitment to health and a process and structure 
to achieve it. A healthy city is one that continually creates and improves its physical 
and social environments and expands the community resources that enable people 
to mutually support each other in performing all the functions of life and developing 
to their maximum potential. A Healthy Cities approach seeks to put health high on 
the political and social agenda of cities and to build a strong movement for public 
health at the local level. It strongly emphasizes equity, participatory governance and 
solidarity, intersectoral collaboration and action to address the determinants of 
health. Successful implementation of this approach requires innovative action 
addressing all aspects of health and living conditions and extensive networking 
between cities. This entails explicit political commitment, leadership, institutional 
change and intersectoral partnerships (WHO 2017, Tsouros, Chap. 5).

A resilient city is a city with the ability to persevere in the face of emergency, to 
continue its core mission despite daunting challenges. Resilience refers to equip-
ping cities to face future shocks and stresses, for example, from climate change and 
depleted oil and fuel sources, and make it through crises. Thus a resilient city takes 
into consideration appropriate built form and physical infrastructure to be more 
resilient to the physical, social and economic challenges that come with, for exam-
ple, depleting carbon-based fuels and climate change (Evans 2017).

1.5  Policies

Cities provide good opportunities for policy change as cities have direct local 
accountability and are generally more agile to act than national governments. 
However, cities are multicausal and complex systems, and strong political will and 
governance are needed to make changes happen. The infrastructure investments and 
the policies cities will adopt in the next years will lock the world into one path or 
another.

Environmental factors are highly modifiable, and environmental interventions at 
the community level, such as changes in urban and transport planning, have been 
shown to be promising and more effective than interventions at the individual level 
(Chokshi and Farley 2012). Further, changes in the urban environment are long last-
ing and are arguably permanent, while behavioural change campaigns and pro-
grammes are rarely maintained (Saelens et  al. 2003). In order to implement 
interventions for the urban environments, however, decision-makers need to have a 
good understanding of the linkages between urban and transport planning, environ-
mental exposures, behaviour and human health. To be able to know at which level 
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and to what extent actions can be targeted effectively, decision-makers need a quan-
tification of these impacts and linkages. They also need recommendations and quan-
tification of the impacts associated with a range of available, plausible and feasible 
policy measures (or packages of measures) that can effectively address current 
issues. Without the latter, the more effective measures may be overlooked (May 
et al. 2016).

Various ideas and measures have been proposed to promote healthy urban living 
including the greening of cities (Khreis et al. 2016; Nieuwenhuijsen et al. 2017) and 
moving away from car-dominated cities towards car-free cities (Nieuwenhuijsen 
and Khreis 2016). Giles-Corti et  al. (2016) recently identified eight integrated 
regional and local interventions that, when combined, encourage walking, cycling 
and public transport use while reducing private motor vehicle use. These interven-
tions were destination accessibility, equitable distribution of employment across 
cities, managing demand by reducing the availability and increasing the cost of 
parking, designing pedestrian-friendly and cycling-friendly transport networks, 
achieving optimum levels of residential density, reducing distance to public trans-
port and enhancing the desirability of active travel modes (e.g. by creating safe 
attractive neighbourhoods and safe, affordable and convenient public transport). 
They stated that together, these interventions will create healthier and more sustain-
able compact cities that reduce the environmental, social and behavioural risk fac-
tors that affect lifestyle choices, levels of traffic, environmental pollution, noise and 
crime.

Others have suggested that technological advances may improve the current con-
ditions in cities such as the introduction of the electric cars or (shared) autonomous 
vehicles or the combination of the two. The scale of challenges faced in achieving 
long-term sustainability of the urban and transport infrastructure suggests that tech-
nological improvements, albeit important, will not be sufficient to solve transport- 
related health challenges. In fact, technological improvements have been shown 
counterproductive in instances such as the failure of the massive technology change 
from petrol towards diesel vehicles, initiated by the European car and oil industries, 
to mitigate climate change impacts, the subsequent Volkswagen diesel emission 
scandal (Schiermeier 2015) and its implications to public health (Nieuwenhuijsen 
and Khreis 2016). Emerging technologies including autonomous vehicles and elec-
tric or low emission vehicles, which may also have confounding effects that impact 
other sectors. Electric cars, for example, are only likely to address some of the chal-
lenges we have in cities such as air pollution and noise, to some extent, but not oth-
ers like physical activity and space allocation, while the use and impact of 
autonomous vehicles are largely unpredictable. Autonomous vehicles have the 
potential to dramatically change how we commute and perceive the journey in the 
car and potentially change perceptions on where we can live. The commute in an 
autonomous vehicle may become part of the working day, as people sit back in their 
vehicles and perform tasks other than the driving. This may drive an important 
proportion of people to live further away from work, leading to more urban sprawl 
and reinforcing car dependence. Shared electric autonomous vehicles have the 
potential to reduce the number of vehicles on the road, if the number of journeys 
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does not change dramatically and therefore allow public space to be used in a 
health- promoting manner, for example, by increasing green and public space. 
However, this will depend again on pricing, consumer behaviour and available 
alternatives.

Instead of relying on technological improvements to drive change, changing the 
urban environment, providing for public transport and active travel alongside behav-
ioural and societal transformations will need to be put in place (Khreis et al. 2016). 
Making changes and proposing new policies is challenging as there is much vested 
interest and many stakeholders involved. There is also a further lack of tools that can 
support decision-makers, practitioners and researchers in policy options generation. 
Other barriers to good practice include poor and conflicting institutional coordina-
tion, unsupportive regulatory frameworks, biases in financing, poor data quality, 
lack of evidence of the performance of specific solutions, limited public support, 
lack of experience in stakeholder involvement and lack of political resolve (European 
Conference of Ministers of Transport 2006; May et al. 2017).

Therefore, while proposing changes, it is important to build an effective dialogue 
with the population that produces environmental stressors and is impacted at the 
same time, ensuring in this way public awareness and acceptance, as some measures 
can be restrictive in nature and therefore be politically unpopular (e.g. vehicle 
restricted areas and congestion charging zones). Participation should also include a 
variety of professionals and stakeholders that are already acting or can act towards 
improving health in cities and involve citizens in the development of future urban 
and transport scenarios. Researchers and practitioners can work together and pro-
vide better data and evidence of the health performance of specific solutions 
(Nieuwenhuijsen et al. 2017). A cultural shift and a reallocation of funding streams 
at the policy level are needed to include health assessments in proposed transport 
and urban development projects. The mitigation of the adverse health impacts asso-
ciated with a proposed transport or urban project should be considered and dictated 
by clear policy and guidance as one of the objectives projects need to achieve. The 
lack of substantive influence for health in the transport and urban planning agenda 
may be traced back to the lack of clarity in policy and guidance (Khreis et al. 2016).

Finally, in cities and related research communities, there are often silos of urban 
planning and development, mobility and transport, parks and green space, environ-
mental departments and (public) health departments that do not work together well 
enough, while multi-sectorial and systemic approaches are needed to tackle the 
multi-faceted environmental and health problems (Nieuwenhuijsen 2016). A sys-
temic approach should now be the standard to avoid the flawed sector-centric plan-
ning and decision-making atmosphere. Unfortunately, these are complex challenges, 
the solutions to which cannot be prescribed or dictated. However, through this book, 
we hope to start a dialogue on these issues and their potential solutions.

M. Nieuwenhuijsen and H. Khreis
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1.6  This Book

In this book, we bring together experts from different sectors and disciplines to start 
a more holistic dialogue on how to improve and integrate urban and transport plan-
ning and health in cities. After the introduction chapter, the book starts off with a 
chapter on the New Urban Agenda and the Sustainable Development goals (Chap. 
2), followed by concepts/paradigms of modern cities such as sustainable cities 
(Chap. 3), livable cities (Chap. 4), healthy cities (Chap. 4) and the human ecology 
(Chap. 5). This section is followed by a section on planning and development of 
cities providing some specific examples on how to create cities for people (Chap. 7), 
how to create car-free cities (Chap. 11) and the Superblocks initiative as a potential 
health-conducive urban model (Chap. 8). This section also includes a chapter with 
a description of the possible models that can be used in cities for city planning 
(Chap. 10) and a chapter on challenges of informal settlements (Chap. 9). The sec-
tion ends with a chapter on the planning for healthy cities (Chap. 12). The following 
section deals with accessibility and mobility issues and their interactions with 
human health. Links between land use and mobility are described (Chaps. 13 and 
14), followed by chapters on indicators and decision-making to advance health con-
siderations within the transport agenda (Chap. 15) and policy measure generation 
and selection for healthy urban mobility options (Chap. 16). This section ends with 
a thought-provoking discussion about transport planners in their profession and how 
they may affect transport planning in the first instance (Chap. 17). The following 
section describes the impacts of urban and transport planning on our environment, 
motor vehicle crashes, physical activity and health. The chapters address specific 
health-relevant exposures including physical activity (Chap. 18), motor vehicle 
crashes (Chap. 19), green space (Chap. 20), air pollution (Chap. 21), noise (Chap. 
22) and urban temperatures (Chap 23). This section is followed by a section on 
society, participation and health implications with chapters on social cohesion 
(Chap. 24), inequalities and health (Chap. 25), citizens’ participation (Chap. 25) 
and citizens’ science (Chaps. 26 and 27). The final section deals with policy and 
health impact assessment and includes one chapter on the co-benefits of climate 
change measures on health (Chap. 28), followed by two chapters on health impact 
assessment and its role in shaping policies to make cities healthier (Chaps. 29 and 
30). Furthermore, this section includes chapters on barriers and enablers of policies 
(Chap. 31), the translation of evidence into practice (Chap. 32) and the use of con-
ceptual models for policy implementation (Chap. 33).

This book is not a final word on these issues but is the start of a holistic dialogue 
that shows and documents the current state of the art of thinking in the different 
communities, the language used and the potential solutions that may lock the 
world’s cities in a health-promoting path.
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Chapter 2
Health, Sustainable Development Goals 
and the New Urban Agenda

Joan Clos and Rosa Surinach

2.1  Introduction

Urbanization is one of the few human and social processes that spontaneously takes 
place as a result of government policies, including those in neighbouring regions, in 
the case of migration-related urbanization. Urbanization has both positive and nega-
tive implications. If managed effectively, it can result in thriving, productive and 
healthy cities, or, conversely, it can result in suffering and inequity on a large scale. 
We see this in our growing cities and in the projected growth of our combined urban 
population from 50% currently to around 70% in the next 30 years. This is why 
urbanization has become one of the most important global trends of the twenty-first 
century, and according to OECD recent research, its impacts will be more keenly 
felt than climate change in the immediate future. Investing in good urbanization is a 
guarantee of prosperity and development particularly in developing countries, 
where major urban transformations will inevitably take place. But how do we 
achieve good urbanization and, more importantly, how do we ensure urbanization 
results in good health and wellbeing?

The UN Global Sample of Cities, a UN-led initiative, was the first scientific 
analysis of world urbanization based on satellite images of a representative sample 
of 200 of the world’s 4231 cities in 2010. The analysis revealed that current urban 
practices are unsustainable, even as they remain the main driver of economic devel-
opment. Cities are increasingly less planned, leading to spontaneous urbanization 
(and urban poverty growth), which, in turn, decreases the quality of life for millions. 
The density of cities has also declined by 52.5% and 37.5% in developed and devel-
oping countries, respectively. Such urban sprawl and reduced density is a result of a 
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change in lifestyle and has significant consequences for urban health both in terms 
of disease transmission and poor lifestyle.

A recent review of environmental health (WHO 2016a, b, c, d) has clearly shown 
the changing face of environmentally influenced diseases (see Figs. 2.1 and 2.2). In 
2012, it was estimated that 12.6 million deaths were caused by poor environment, 
which influenced air, food and water quality. This equates to 23% of the global 
population. Further disaggregation shows that this figure raises to 26% of children 
under 5 years old and 25% of adults between the ages of 50 and 75. The difference 
between the total impacts for men and women is 2% extra for men, likely due to 
increased occupational risk, as the percentage of men employed is 50% higher than 

Fig. 2.1 Trend in the proportion of deaths attributable to the environment by disease group, 
2002–2012

Fig. 2.2 Deaths per capita attributable to the environment, by region and disease group, 2012

J. Clos and R. Surinach
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women. It is clear that most of these deaths are entirely preventable and that they 
could be greatly reduced by limiting exposure to multiple risk factors.

In terms of disease profiles, we see some patterns emerging. In many regions, we 
see a shift away from infectious, parasitic and nutritional diseases towards NCDs. 
This is mainly attributed to exposure to chemicals, poor air quality and unhealthy 
lifestyles. It does, however, give the clear message that in sub-Saharan Africa, for 
example, communicable diseases (mainly infectious, parasitic and nutritional dis-
eases) will continue to exert a heavy health burden.

The current trends in urbanisation, when combined with epidemiological evi-
dence, show an intensification of both infectious and non-communicable diseases in 
urban areas.

Historically, the evidence that poor environment is responsible for ill health is 
not new. The Report of the Sanitary Commission of Massachusetts (Shattuck 1850) 
not only clearly outlines the health impacts of poor environment, but it also com-
pares Massachusetts with other cities worldwide. It also quantifies very elegantly 
the economic impact of early death of the breadwinner in a family and the costs of 
supporting those left behind. It is perhaps not surprising that this report was repub-
lished and considered essential reading for public health officials in 1948. The 
report has stood the test of time and is equally valid today, especially when its prin-
ciples are applied to the developing country cities of today.

Moving to the present day and considering sustainable urbanisation, health is 
well articulated in the New Urban Agenda (NUA) which was negotiated in Quito, 
Ecuador, in 2016. The NUA has a collective vision and political commitment to 
promote and realise sustainable urban development. It is a historic opportunity to 
leverage the key role of cities and human settlements as drivers of sustainable devel-
opment.1 Its significance is that it is an action-oriented guide for national, subna-
tional and local governments and that it is composed of five pillars to effectively 
address the complex challenges of urbanisation. These are national urban policies, 
rules and regulations, urban planning and design, financing urbanisation and local 
level implementation (UN-Habitat 2006).

The New Urban Agenda adopted at Habitat III differs from previous global con-
ferences in its recognition of the fundamental linkages between health and sustain-
able urban development. It further clarifies the importance of these linkages and that 
health is not only about the provision of health-care services but that it also reflects 
decades of experience and advances in our understanding of how the shape and 
form of urban development influence the health of city residents. The NUA recog-
nises that effective urban planning, infrastructure development and governance can 
mitigate risks and promote the health and wellbeing of urban populations. There is, 
however, a need to further address how specific urban policies can contribute to 
reducing disease burdens.

1 Article 22 of the New Urban Agenda

2 Health, Sustainable Development Goals and the New Urban Agenda
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2.2  Urban Policy and Its Contribution to Reducing 
Infectious and Non-communicable Diseases

Cities have the huge responsibility and opportunity of promoting healthier urban 
environments. They can do this through taxation and advocacy and by encouraging 
citizens to adopt a healthier lifestyle. Good examples include the control of tobacco, 
alcohol use and poor or “junk food”. For infectious diseases, cities can provide 
incentives to improve access to cleaner water, sanitation, solid waste management 
and energy and through improved housing.

The global pandemic of non-communicable diseases, which include heart dis-
eases, strokes, cancers and respiratory diseases, is the largest cause of death glob-
ally. In India, for example, cardiovascular diseases and cancer are the two leading 
causes of death. The design of urban space and planning policy greatly influence the 
main risk factors such as the lack of access to public transport and safe spaces for 
walking and cycling and increased use of motor vehicles which promote sedentary 
attitudes in addition to exposure to traffic-related air pollution. Citizens often have 
little control over these issues and certainly a limited ability to influence policy. 
When coupled with personal risk factors such as poor diet and alcohol and tobacco 
use, the result is a huge economic burden both  in terms of lost productivity and 
health-care costs.

Considering infectious diseases, the lack of access to a good water supply and 
sanitation results in high levels of water-borne diseases including cholera and 
typhoid. Poor garbage or solid waste management causes blocked drainage chan-
nels which promote the spread of vector-borne diseases such as dengue, Zika and 
chikungunya, which are emerging disease threats in rapidly unplanned urban areas.

2.3  Urban Health Risks from Poor Air Quality and Extreme 
Climate Events

Air pollution is a major cause of NCDs. Vulnerable populations are often at risk 
from a variety of sources which may expose them to pollutants, including vehicle 
emissions and industrial discharges. In a recent analysis of data from 3000 cities 
around the world, 80% of them did not meet the recommended WHO air quality 
guidelines, a critical parameter being the presence of fine particulate matter, pro-
duced mainly by vehicle diesel-engines. 60% of European cities, 20% of North 
American cities and 40% of high-income Asian cities fail to meet adequate air qual-
ity standards. Effective planning policies can significantly reduce this problem 
(WHO 2016a, b, c, d).

Air pollution affects everyone in a city, both the rich and the poor. However, 
marginalised populations can often get the best benefits from air pollution mitiga-
tion policies. Many dwellers in low-income communities are exposed to multiple 
risk factors, not only air pollution from traffic, industrial plants and waste  dumpsites 
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but also indoor air pollution from poor cooking and heating and additional expo-
sures in the workplace. Policies that support use of cleaner fuels for cooking, etc. 
can greatly assist in this respect. Women and children, as the most intensive users of 
housing, are generally in a more vulnerable situation.

The increasing effects of climate change are now very evident. Many people, 
especially in poorer communities, are forced to live in areas which are prone to 
flood risk and landslides. They lack access to green and blue spaces, they do not 
benefit from the reduced heat island effect and they lack access to areas free from 
pollution or places to exercise. In addition to physical health, wellbeing and, in 
particular, mental health are compromised when individuals do not have access to 
such facilities (Campbell-Lendrum and Corvalan 2007).

Urban design can help to reduce inequities both in service provision and health 
status and lead to more inclusive and productive urban societies.

2.4  Translating the Evidence into Good Policy

The body of evidence is considerable, but there is still room for improvement in 
terms of policy development. Despite the fact that it is likely that discrete, stepwise 
improvements in health care are achieved, there is the need to provide resource- 
constrained urban administrations with tools to help determine the disaggregated 
risks from multiple sources. To put it more simply, if you need to know where the 
most impact can be made for a specific investment, a better understanding of the 
discrete health benefits and their spatial disaggregation is critically important. The 
intra-urban differential then becomes very important.

In some cases, scientific research has greatly assisted policy. The case of cycling 
in polluted urban environments is a good example. For outdoor air PM2.5 concentra-
tions of 90 μm/m3, the health benefit gained from exercise exceeds the health risks 
of inhaling particulates. However, if the PM2.5 concentration exceeds 160 μm/m3, the 
risks from air pollution are greater than the benefit of exercise (Tainio et al. 2016).

Concerning infectious diseases related to poor water and sanitation provision, it 
has to be stated that although the bulk of opinion shows that significant advances 
have been made where infrastructure provision has improved, there is a need for 
a  more exhaustive research to quantify the incremental benefits from improved 
water, sanitation and waste management.

2.5  Focusing on the Most Vulnerable Populations

There is clear evidence that socio-economic deprivation and health inequity are 
inextricably linked. Early death and disability are significantly higher amongst slum 
and informal settlement communities. The current migration patterns have greatly 
exacerbated slum formation due to civil strife. In fact, in the Middle East region, the 
proportion of urban dwellers living in slums has increased, as compared to a 
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decrease in other areas. Although the overall trends are declining, slum dwellers are 
increasing in terms of absolute numbers. The national statistics also mask the trends 
in some rapidly expanding areas such as the smaller urban centres in many sub- 
Saharan African countries (WHO and UN-Habitat 2016).

2.6  Critical Constraints to Delivering Improved Health

2.6.1  Understanding Urban Form

Perhaps one of the biggest hurdles to designing improved health systems is the fail-
ure to understand that the definition “urban” covers a range of possible situations 
depending on where you are in the world. It is often only an arbitrary or an admin-
istrative definition, and it has little bearing on the population demographics. Many 
settlements fall somewhere in between megacities and rural homesteads. These can 
be small towns, large villages, secondary urban centres or, indeed, conurbations. 
These settings have the population densities and the lack of access to basic services 
commensurate with the urban dwellings in megacities, but they suffer from the inef-
ficiency of local authorities, who are severely resourced constrained and typically 
not fully supported by the central government and line ministries. A better under-
standing of the type of urban settlement will also be a critical factor in 
determining:

• Access to primary health-care facilities
• The potential to improve one’s lifestyle
• The opportunities for community cohesion/engagement to support more formal 

health interventions

Assuming there is a better comprehension of the urban form, there is a need to 
fully understand that intra-urban health differentials exist. National estimates, or 
indeed city-wide data, may hide huge differentials between the wealthier and their 
poorer neighbours. Formal government structures have neither the resources nor the 
outreach to collect this information, and this is perhaps where local authority part-
nerships with civil society groups show a great deal of promise. Lower socio- 
economic residents are often exposed to multiple risks, as they lack services, they 
face risk of injury at their place of employment, and they live in areas prone to 
flooding or other risks and higher environmental stress.

2.6.2  Multisectoral Approaches to Support Health 
Interventions

It is generally being recognised that health systems delivery needs support from 
those outside the health sector if advances in global health are to be made. This is 
particularly important with respect to preventative approaches to health care, driven 
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by poor environment, for example. The approach has been documented in areas 
such as malaria management (RBM 2013), but it has yet to reach its full potential. 
There is some evidence that it may be easier to promote the uptaking of multisectoral 
approaches in more resource-constrained urban areas. This may be driven out of 
necessity, where strong local leaders are convinced of the benefits, and, perhaps, at 
times of disease epidemics. The reason that the uptaking of multisectoral approaches 
is slow is also due to ignorance and fear and due to the concern that budget cuts or 
staff redundancy may result. In poorer cities, where resources are constrained, con-
ditions will most likely encourage resourceful officials to adopt innovative 
approaches.

2.7  Urban Policies that Support Improved Public Health

2.7.1  Transport and Mobility

The provision of safe, affordable and accessible transport is a key element of the 
Sustainable Development Goals (SDGs) Target 11.2. It seeks to expand public 
transportation making it easier for vulnerable groups to use. Good mass transporta-
tion, high density and compact urban design go hand in hand. Efficient planning 
will result in lower travel times and costs, especially if the right mix of walking and 
cycling facilities are combined with public transport and rapid transit systems. This 
must be done in a way that reduces hazards for pedestrians and cyclists from 
motorised transport, which  has been shown to greatly reduce the prevalence of 
NCDs. Encouraging less private motor vehicle use impacts positively on air and 
noise pollution. Public transport can also help to promote equity in access to 
employment, educational and social amenities.

Recent evidence indicates that significant health gains can be made from restrict-
ing the use of diesel engines for both commercial and private vehicles in dense 
urban systems. The exhaust gases are carcinogenic and emit a greater proportion of 
small particulate matter which is associated with increased stroke, heart and respira-
tory disease and early death (WHO 2003).

For example, traffic congestion in Mexico City needed urgent action to reduce 
congestion and improve air quality. Over the past 10  years, improved bus rapid 
transport systems serving around one million passengers a day encouraged 10% of 
the population to leave their cars at home. The reductions in air pollution resulted in 
the saving of 6100 days of lost work, together with reduced cases of bronchitis and 
deaths (WHO and UN-Habitat 2016). Additionally, an innovative bike-sharing pro-
gramme was developed, and it was integrated with the metro rail and bus systems, 
offering one payment for all. Greater access to parks and green spaces was also 
made possible.
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2.7.2  Energy

Inefficient energy use in homes in urban areas contributes significantly to both 
indoor and outdoor air pollution and greenhouse gas generation (WHO 2016c). A 
change in energy systems from fossil fuel to renewable sources will reduce these 
emissions and indirectly impact on health both in terms of extreme climate events 
and global warming.

It is reported that in Indian cities, close to a third of outdoor air pollution comes 
from indoor sources. The use of biomass fuels in Southeast Asia and African  
domestic environment is popular and results in more than one million deaths from 
chronic obstructive pulmonary disease (COPD). It is also responsible for half of all 
deaths from childhood pneumonia. Policies promoting the use of clean efficient 
cook stoves and similar devices for heating and lighting can avert a large number of 
these deaths. The use of photovoltaic lighting, for example, in addition to improved 
air quality, is much less risky in respect of injuries. Recent public-private partner-
ships (PPPs) have seen the cost of such solutions greatly reduced to a level at 
which they are affordable for the poor (WHO 2016c).

For example, a 2008 scheme in Cape Town, South Africa, where PPPs were used 
to initiate a housing improvement programme in a low-income area Khayelitsha 
Township, has had significant health outcomes. Houses have been upgraded with 
insulation, compact fluorescent lamps and solar heating, which has reduced energy 
costs by approximately USD 110 per household and 2.8 t of CO2 per household per 
year. Huge reductions in respiratory diseases were also shown.

2.7.3  Water Sanitation and Waste Management

Not having access to clean and safe water and to sanitation facilities ranks as one of 
the highest causes of early death, particularly in children. There are not only risks 
from gastrointestinal diseases but also of many diseases related to water availability, 
such as the so-called water washed diseases, which include skin infections and tra-
choma. The results, when combined with malnutrition, can kill very young children 
rapidly. In addition to early death, many of the more chronic water-borne diseases 
cause anaemia. Chronic helminth infections result in sick children whose learning 
capacities are affected.

Solid waste management is also becoming increasingly important, as it is a 
source of local contamination, it pollutes water resources and it contributes to air 
pollution through the burning of waste and spontaneous combustion at landfilling 
sites. The collection and recycling of wastes is a popular occupation amongst young 
children, who reside at refuse tips and make a living from separating and selling 
valuable materials. This is often carried out in an unsafe manner, with little protec-
tion. Increased cases of chronic respiratory infections, chloro-acne and other dis-
eases are common. Discarded waste also serves as a reservoir for disease vectors, 
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such as rats, sandflies and mosquitos. This results in increased incidence of vector- 
borne diseases such as plague and leishmaniasis. More recently, there is evidence 
that Zika vectors bred in discarded refuse (PAHO 2016).

Although in the developing world much reusable waste is recycled, the remain-
ing organic fraction is frequently discarded. This contributes to greenhouse gas 
emissions in the form of methane from landfills and wastewater sludge and biomass. 
Energy from waste needs to be better utilised as much of the organic material could 
be used to generate biogas for power generation.

In Nairobi, Kenya, between 2000 and 2012, a coordinated effort between govern-
ment ministries, development agencies and civil society greatly improved access to 
water and sanitation in the city slums. Piped water access increased from 3% to 60% 
and the use of water-borne sanitation increased by six times. As a result, there have 
been marked declines in childhood death from diarrhoea. The results clearly dem-
onstrated that removing the excreta from the immediate living environment is per-
haps the most critical step in breaking the disease transmission route (WHO and 
UN-Habitat 2016).

2.7.4  Land Use Planning and Design and Provision of Green 
Space

Land use planning plays a critical role in health, as green spaces promote exercise 
and, hence, healthy lifestyles. But perhaps most importantly, green spaces have a 
great impact on mental health and wellbeing. This is an often  neglected area of 
health which is responsible for a significant proportion of health care and social 
costs.

Everyone benefits from a well-designed city. Neighbourhood development strat-
egies foster local traders and other services and amenities, which reduce transport 
burdens  themselves. Careful design of urban spaces can reduce segregation and 
isolation and encourage interaction across different income groups and generations. 
Recent experiments, linking elderly residents in care homes with primary school 
children in Australia and the UK, noted significant improvements in the quality of 
life for the elderly.

Greening strategies designed to improve urban spaces are being recognised as a 
cost-effective intervention, compared to changes in infrastructure. The use of tree 
belts to filter air and dust and to reduce urban heat islands is well documented (FAO 
2016). Tree planting can reduce energy costs by providing shade and so a  temperature 
reduction in the need for climate control. In arid zones, they can be used to improve 
water retention and to act as wind breaks. Greening can also improve the  social 
spaces where people meet, as they induce. Recycled wastewater can be used in 
urban food production for local consumption or to enhance lawns and verges. If the 
wastewater is used for non-food crops, standards of treatment can be relaxed. Tree-
lined streets encourage pedestrian traffic and attract birds and other wildlife.
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2.7.5  Food and Nutrition

Urban design and access to food systems can sometimes mean that obesity and 
stunting can co-exist in the same low-income area. If you live in a poor neighbour-
hood where there is little fresh food available, you are more likely to have a poor 
diet, rich in sugars and fats and highly processed food. This, in turn, means a greater 
likelihood of obesity. The proximity of fast-food outlets to schools and colleges has 
shown that institutions closer than 400  m show greater incidences of childhood 
obesity.

Effective planning can promote local food production, stimulate urban agricul-
ture and enhance the possibility of recycling of waste to further promote food pro-
duction. Much food is wasted during transportation, and supermarkets in wealthy 
areas of the city regularly throw food away whilst poor communities in the same 
city have insufficient food.

2.7.6  Housing

The method of construction and the contents and furnishings in many houses con-
stitute a significant health risk. Aside from accidents from fires in cooking and heat-
ing, exposure to toxic substances such as lead in paint, asbestos, etc. mean that such 
risks kill more people than road traffic accidents (WHO 2011). Pest infestation can 
cause food poisoning, and overcrowding carries a major risk of mental illness. Poor 
housing is also expensive to run. Homes without insulation use too much energy, 
promoting poor ventilation and causing mould and associated respiratory illness. 
Conversely, ventilation may be very important to reduce risk from toxic building 
materials of naturally occurring substances such as radon gas (WHO 2011).

2.7.7  Slum Upgrading

Slum upgrading offers a great opportunity to reduce urban inequities, especially 
health inequities. Slums are frequently the “dormitories” where a large proportion 
of the urban workforce reside. Many support families in the rural hinterland, and as 
such, they may or may not have an interest in improving their living conditions. 
After all, if rents can be kept as low as possible, repatriating money to rural-based 
families can be maximised. Slums are increasingly being seen as an important part 
of the city, often cited close to the cities business districts. Intra-urban slums are 
often established on vacant sites. It is often not realised that many slums are com-
plete communities that offer a parallel range of services found in the formal city. 
Integrating not just the physical infrastructure, but also breaking the social divide, 
can greatly enhance the overall economic gains. Basic standards with respect to 
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housing need to be established, and supportive infrastructure such as water, sanita-
tion, road networks, power, etc. must be developed. Many poor communities pay for 
services that the rich get for free. Improving slums and, in particular, reducing pov-
erty and increasing security benefit the whole city and lift an otherwise frightening 
reputation that slum populations in cities may have for outsiders, who see them as 
no-go areas where safety and security are compromised.

2.8  The SDGs, the New Urban Agenda and Health

The SDGs present a real opportunity to bring change and, for the first time, to look 
at goals shared amongst all citizens of the world. It is true that the unfinished busi-
ness of the Millennium Development Goals needs to be completed, but it is also 
clear the world is very much at risk as many rapidly industrialising economies exert 
a toll on the environment, with dramatic consequences if they continue without 
some course correction. The SDGs and the NUA are closely linked and mutually 
supportive. Health is a cornerstone of both.

2.8.1  Setting the Health-Based Targets for Clean Air, Water 
and Energy

The SDGs aim to protect the planet and to reduce the impact of human kind, but the 
consequences on health pose a more immediate threat. International standards for 
the SDGs targets need to be developed in a way to ensure protection without unnec-
essarily imposing a burden on countries, both from the costs of monitoring systems 
and in setting targets that are both impractical and unachievable.

Recent work on SDG 6 on access to water and sanitation by UN-Habitat and by 
the  WHO (2015) has indicated that a progressive approach to monitoring is the 
preferred way ahead. The idea is that modest monitoring frameworks can be adopted 
at the outset, with the more in-depth systems being used as countries better see how 
monitoring can contribute to national processes.

2.8.2  Urban Polices and Their Health Implications

The health sector needs to provide better evidence-based guidance on the impact of 
urban policies, building on the work on its guidelines on drinking water, household 
energy, air quality, etc. The guidelines for housing are currently under development 
(WHO 2016d). These documents will provide practical guidance to local authorities 
to help in setting local bye-laws and other policies. Some areas need further 

2 Health, Sustainable Development Goals and the New Urban Agenda



28

development including waste management. The WHO “health in all policies” 
framework provides a suitable way to address health inequities in the urban 
setting.

2.8.3  Reducing the Health Costs Through Good Urban Design

More evidence is needed on the opportunities to reduce health costs by improved 
urban design and management. It is very likely that if current lifestyle patterns con-
tinue, the health-care cost burden, even for the best systems in the world, will col-
lapse. The implications of the obesity epidemic in children can result in chronic ill 
health when they reach adulthood. If the current threats from drug resistance come 
to fruition, diseases that are now easily treated could become killers. Scarce 
resources could be stretched to their limits. Urban design for good health outcomes 
will be a popular tool to help combat disease.

Further analysis on the costs of inaction also needs to be done. Cost-benefit anal-
yses drawing on the large databases of health services can be undertaken. New 
schemes can use such tools to do health economic assessments.

2.8.4  Monitoring and Tracking Health Impacts in Cities

Urban inequities, especially in low- and middle-income countries, will need to be 
further highlighted and better understood. Differentiated approaches to health care, 
advocacy campaigns and resources to tackle particular health problems can be tar-
geted to those who are most needy, further reducing health costs. As more complex 
models will allow socio-economic strata to be studied more closely, spatial analysis 
of health-care patterns will become more important.

2.8.5  Community Engagement in Supporting Improved Health 
Outcomes

Currently, the huge potential locked up in communities to contribute to urban health 
improvements remains under exploited. Not only can communities play a key role 
in monitoring health patterns, but they can also assist in the improved delivery of 
services. Civil society has much expertise in organising advocacy campaigns and 
providing oversight on access to official facilities such as health-care centres, etc. 
Tapping this potential will need good local leaders with a vision of improved health 
and productivity for their cities. Matching capacity will also be needed within local 
authorities. Multi-stakeholder partnerships, used successfully in other sectors, can 
be used by the health sector. Sometimes, the efforts will translate into improved 
local legislation.
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2.9  Conclusions

The unprecedented rates of urbanisation will bring significant changes to the health 
status of urban residents, and when coupled with climate change, many of the effects 
will be amplified, specifically heat and water stress. In developed economies, the 
elderly population is increasing, and, in the developing world, younger populations 
are at risk of poor lifestyle choices.

Not only inadequate urbanisation will increase the possibilities of communicable 
disease transmission, but poorly designed urban spaces will discourage healthy life-
styles and put urban populations at higher risk of many NCDs. The provision and 
cost of basic services, including access to primary health care, are linked to urban-
isation density. If urbanisation is “inefficient”, then the costs of provision of ser-
vices are going to be much higher.

The disease threats fall into the two basic categories of the NCDs and communi-
cable diseases. Countries at all levels of development will not escape the effects of 
these epidemics, and there are a variety of new threats which have the potential to 
cripple even the best health systems.

There is a huge need for disaggregation of urban health data to understand the 
intra-urban differences. This, when overlaid with socio-economic data and physical 
infrastructure and topology, can provide the information to support decision-making 
at the local level.

In terms of the priorities, the developing world is at risk from both communica-
ble diseases and NCDs. Communicable diseases still exert a heavy toll, such as 
those resulting from contaminated water and lack of sanitation and vector-borne 
diseases (mainly malaria). However, even in the poorest economies, poor lifestyles 
are killing in  similar proportions. For more developed economies, NCDs are the 
biggest killers, with mental health conditions deteriorating, including for displaced 
persons and refugees.

There is still a strong focus on curing the sick rather than prevention. Globally, 
approximately one third of diseases are the result of environmental factors, with 
children being some of the most vulnerable. If we consider the multiple risk factors 
that some communities live in (e.g. slums), the figures are most likely much higher.

Future health burden will never be reduced without an increased effort on pre-
vention of disease through  resilient, liveable and healthy cities, where access to 
basic services and reduction of environmental risks reduce disease and early death. 
Ageing populations will become a drain on health services if we don’t ensure citi-
zens have a healthy and active life. Threats from overuse of antibiotics are also an 
issue. If resistant strains develop, everyday diseases could kill.

As a priority, urgent analyses using the SDGs framework (and the UN-Habitat 
sample cities) of the health status in cities, disaggregated and overlaid with socio- 
economic profiles are needed. A city-city analysis of the problems and solutions 
driven by the urban authorities is needed alongside the realisation that many of the 
interventions that frame and support health improvements are needed to stem from 
outside the health sector. Localised plans of action for “sanitary revolutions” to 
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reduce communicable diseases and campaigns to combat NCDs, led by urban 
design and continuous monitoring, need urgent attention.
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Chapter 3
Sustainable Cities, Policies and Healthy 
Cities

Garett Sansom and Kent E. Portney

3.1  Introduction: Linking Sustainability Policies to Public 
Health

While the concept of sustainable development has been used by certain private, 
public, and academic institutions for generations, it was not fully defined nor did it 
enter into common usage until the 1987 World Commission on Environment and 
Development and the subsequent report entitled Our Common Future. Here we rely 
on the definition most commonly associated today with sustainable practices that 
“Sustainable development is development that meets the needs of the present with-
out compromising the ability of future generations to meet their own needs” (WCED 
1987, p.  8). Despite this abstract definition, it can lead to fairly specific policy 
requirements.

In pursuit of attaining a sustainable society, further requirements have been 
placed on this concept; particularly, that environmental stewardship must be main-
tained, economic growth and development should be preserved, and equity should 
be explicitly sought. These three core concepts of sustainability—environment, 
economy, and equity—lend themselves to serving the well-being of individuals. 
Indeed, we proceed under the expectation that the pursuit of sustainability is largely 
undertaken for the purpose of improving and protecting the health of people and the 
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ecosystems on which they rely. Here we look at the policies and programs US cities 
adopt and implement in pursuit of sustainability to see, at a most basic level, whether 
there is evidence that these policies and programs are at all related to public health. 
As discussed below, these sustainability policies and programs largely focus on 
protecting and improving the biophysical environment of the city, although they 
often use these policies in pursuit of economic growth and development.

This chapter addresses a specific question concerning the relationship between 
city sustainability policies and public health outcomes. There is little doubt that a 
central rationale underlying the sustainability programs and initiatives in cities is 
rooted in some conception of public health. What we mean by this is that advocates 
of urban sustainability often offer the argument that by pursuing sustainability poli-
cies, cities will improve the health of their populations. The dominant view of sus-
tainability, of course, is related to the quality of the biophysical environment, and 
cities’ policies in pursuit of sustainability promise to improve that environment. But 
many advocates of urban sustainability go beyond efforts to protect and improve 
that environment, suggesting that the ultimate purpose is to improve the health and 
well-being of cities’ respective populations. Embedded in this notion is the idea that 
sustainability seeks to achieve greater equity in outcomes, especially public health 
outcomes. Curiously, while there are many studies of cities’ sustainability policies 
and programs, there are very few efforts to empirically tie these policies to health 
outcomes. In short, we know much more about why some cities are more likely to 
pursue sustainability policies than we know about what these policies achieve. 
Comprehensive and definitive answers to this type of question are well beyond the 
scope of this chapter. What we wish to accomplish here is to explain the conceptual 
connections between sustainability policies and programs on one hand and public 
health outcomes on the other. We then examine the empirical patterns of relation-
ship between sustainability and public health outcomes across the largest cities in 
the United States. Far from being definitive, this chapter seeks to begin a conversa-
tion about what kinds of public health outcomes and results seem to be produced 
when cities adopt and implement sustainability policies. Embedded in this is a call 
for better city-specific measures of public health outcomes to facilitate future 
research.

This chapter proceeds with a brief historical review of the development of public 
health to argue that the time is ripe for public policies seeking to achieve greater 
sustainability to be understood, at least in part, as efforts to improve health and  
well-being of city populations. It then looks explicitly at how the pursuit of 
 sustainability is conceptually connected to community health and healthy commu-
nities. It then turns its attention to a preliminary investigation into the empirical 
links between city sustainability efforts and the improvement of public health out-
comes, with special reference to obesity. As will be discussed, obesity has proven to 
be especially difficult for public health professionals to adequately address on a 
population level. If sustainable policies can be correlated with a reduction, or slow-
ing, of the hard case of obesity, it will represent a significant potential for future 
interventions.
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3.2  The Epidemiologic Transition and Modern Health 
Concerns

Currently, within the developed world, health concerns differ significantly from 
those of our ancestors. An examination of the history for the causes of mortality and 
morbidity within the United States shows a dramatic change from largely infectious 
and preventable diseases to chronic noninfectious conditions. All industrialized 
nations have undergone this dynamic population shift and witnessed the transition 
from a state of high mortality and birth rates to relatively low mortality and birth 
rates. This characteristic difference in disease distribution of a population from 
acute infectious conditions to chronic degenerative diseases, as the age pattern of 
mortality goes from younger to older individuals, is known as the epidemiologic 
transition.

The epidemiologic transition, first posited by Abdel Omran (1971) and expanded 
upon by modern scholars, outlines the stages that nations travel through in regard to 
health outcomes. Analysis of historical data on population health, as well as an 
examination of current global conditions, reveals four clear transitional stages. The 
importance of understanding these provisional steps is underscored by the realiza-
tion that strategies for creating healthy communities differ dramatically depending 
upon where along the transition a group falls.

Since the advent of agriculture, the majority of the human experience has been 
within the first stage, referred to as the Age of Pestilence and Famine. This stage is 
characterized by high and fluctuating mortality rates and extended periods of hard-
ships. Infant mortality is high, as are birth rates, and the average life expectancies 
typically range between 30 and 40 years old. The systematic theory of population 
growth, first proposed by the economist Thomas Robert Malthus, claims that 
instances of epidemics create a balance by providing a “check” on unsustainable 
growth patterns (Gilbert 2008). An illustrative example of this population check was 
witnessed during the devastating Eurasian pandemic known as the Black Death.

The Black Death, a phrase coined centuries after the event, took place between 
1346 and 1353. This disease swept across western Asia, the Middle East, North 
Africa, and Europe, causing a catastrophic loss of life for urban and rural citizens. 
Estimates range as high as 200 million deaths were experienced during these years 
(Benedictow 2004). As trade increased along the Silk Road during this time, the 
pathogen Yersinia pestis bacterium was carried by fleas, which lived atop black rats 
(Bos et  al. 2011). These vector species easily disseminated the pathogen across 
nations.

The second transitional stage is referred to as the Age of Receding Pandemics. 
While populations still experience local, or even far-reaching, disease clusters, the 
distinguishing difference is that these events will not stifle the decline in mortality 
or the increase in life expectancy. Population growth is not only sustained but begins 
to exhibit exponential growth. Urban growth during this time often results in heavily 
crowded city centers, which become the primary location for disease  outbreaks. 
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Perhaps the most famous epidemic during this stage is the 1854 Cholera outbreak in 
London.

In the mid-seventeenth century, London had become overcrowded, poorly man-
aged, and heavily polluted by human waste and industrial effluent. This was not 
something lost on those living or visiting the city, it was often referred to as “The 
Great Stink.” In the words of Charles Dickens “I can certify that the offensive 
smells, even in that short whiff, have been of a most head-and-stomach-distending 
nature” (Dickens 2011). It is perhaps not surprising that within these conditions 
there was a severe outbreak of cholera in the city, claiming the lives of 616 individu-
als. It was traced back to water being drawn from a pump on Broad Street and was 
famously investigated by John Snow, known as the father of epidemiology, wherein 
he hypothesized that the water, not the foul-smelling air, caused the illness (Paneth, 
Vinten-Johansen, Brody, & Rip 2011).

The Age of Degenerative and Human Created Diseases is the third stage of this 
transition. The fourth stage is an extension of this with delayed onset of these degen-
erative illnesses. A marked increase in the average life expectancy can be expected 
during these ages. With longevity comes a host of chronic health conditions associ-
ated with old age. Death from infectious disease becomes increasingly rare as car-
diovascular disease, cognitive disorders, and malignancies become increasingly 
common. Developed countries have transitioned into the fourth stage over the last 
few generations.

The United States has witnessed a reversal on health concerns as pandemics gave 
way to degenerative diseases and anthrophonic causes of mortality. According to the 
Centers for Disease Control and Prevention (CDC), chronic conditions, such as 
heart disease and cancer, comprised the majority of causes of mortality in 2010. In 
1900, influenza and tuberculosis were the top two causes of death. Mortality rates 
for heart disease in 2010 were 192.9 per 100,000 and cancer was 185.9 per 100,000; 
combined they accounted for over 63 percent of all deaths, but less than 20 percent 
died of these causes in 1900. Forty-six percent of individuals died in 1900 from 
infectious diseases compared to less than three percent in 2010; Figure. 3.1 (National 
Center for Health Statistics 2016) further illustrates this change.

While success in vaccination campaigns, hygienic practices, access to health 
care and screening programs, as well as a variety of clinical advancements over the 
years, has protected populations from the historical causes of mortality, we are now 
faced with new challenges for which our standard model of care is ineffectual in 
meeting. Within the United States, the overall prevalence of obesity among adults 
has risen to 37.9 percent in 2014, up from 30.5 percent in 2000. Obesity dispropor-
tionality affects Hispanic, 42.5 percent, and African American, 48.1 percent, com-
munities. This trend is correlated with rises in cardiovascular disease, diabetes, and 
cancer. The Trust for America’s Health has said that “obesity remains one of the 
biggest threats to the health of our children and our country…” (TFAH 2016, p. 7).

Perhaps even more alarming is the increase in youth and adolescent chronic con-
ditions. The World Health Organization (WHO) has declared that childhood obesity 
is one of the most serious public health issues in the twenty-first century. WHO 
researchers in the Department of Nutrition for Health and Development have 
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 estimated that there are over 43 million obese preschool-aged children globally, a 60 
percent increase since 1990 (de Onis, Blossner, & Borghi 2010). In the United 
States, an estimated 17 percent of US children and adolescents aged 2–19 years are 
obese, and another 16 percent are overweight in 2014, compared to only 5 percent 
obese and 10 percent overweight in 1974 (Fryar, Carroll, & Ogden 2016). There are 
already an estimated 2.8 million deaths annually associated with obesity; as the cur-
rent generation ages, this number is expected to rise in the coming decades (WHO 
2017).

Risk factors for illness have also changed. Roughly one in every four diseases 
diagnosed globally can be attributed to environmental exposures that are prevent-
able. Furthermore, one in every three diseases in children under the age of five is 
caused by environmental exposures. Changes in our built environment have also 
changed risks, and nearly one million deaths annually can be attributed to road traf-
fic accidents and unintentional injuries (Prüss-Ustün, Wolf, Corvalán, Bos, & Neira 
2016).
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Fig. 3.1 Mortality rates (per 100,000) from infectious diseases within the United States, 1900 and 
2010. Source: National Center for Health Statistics 2016

3 Sustainable Cities, Policies and Healthy Cities



36

This section is intended to illustrate the changing causes of morbidity and mor-
tality, as well as the shift in exposures of concern. In 2008, for the first time since 
the dawn of civilization, the majority of earth’s inhabitants lived in an urban center 
in place of rural locations. As industrial growth continues across the globe, and large 
migrations of individuals move into areas of increasing density, a new public health 
paradigm needs to be established. Current approaches to health interventions are 
often rooted in a framework that does not adequately represent current conditions. 
Creating improved health outcomes and emotionally fulfilling lives will inexorably 
be linked to the natural and built environment, access to healthcare and healthy liv-
ing options, and equitable distributions of risks and benefits, namely, by establish-
ing sustainable communities well poised to create a culture of health.

3.3  Pursuing Sustainability as a Strategy for Addressing 
Current Chronic and Degenerative Diseases

The idea that sustainability can be an appropriate vehicle for advancing public 
health is not new. Although earlier conceptions of this linkage focused mainly on 
the pursuit of sustainability as a way of reducing exposures to environmental haz-
ards and toxins, more recent conceptions have been somewhat more expansive. The 
previous section explored many of the impressive efforts in curbing infectious dis-
eases but also the sobering statistics for the rise of chronic and degenerative dis-
eases. The silver lining for many chronic ailments—such as cardiovascular disease, 
cancer, stroke, and diabetes—is that they are preventable through nonclinical life-
style changes. However, many conditions are associated with, or exacerbated by, 
environmental conditions such as air pollution. These environmental conditions are 
often outside of the individuals, control to change. These difficult to avoid expo-
sures are associated with asthma, emphysema, and chronic obstructive pulmonary 
disease (COPD). Introduction of truly sustainable communities will address each of 
these to create healthy populations.

The rise in obesity rates within the United States paints a concerning picture for 
the future health of citizens. Obesity is highly correlated to a number of expensive 
and potentially debilitating diseases, such as type II diabetes and colon cancer, in 
addition to emotional and social harm. Despite having a firm understanding for the 
causes of obesity, namely, living a sedentary lifestyle and overconsuming calorie- 
dense foods, no efforts have been successful in stopping this increasing trend. The 
failure of standard approaches to health interventions is illustrative for the need to 
adopt a new approach with sustainability in mind.

The connection between the pursuit of sustainability and achievement of public 
health goals in American cities has been well documented. Arguing that the connec-
tion is finding its way into practice, for example, Jason Corburn (2009) describes 
how the city of San Francisco has made significant strides in planning for sustain-
ability in a way that readily accommodates public health and healthy living goals. 
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His vision is that decentralized and resident-engaged planning facilitates the goals 
of achieving a more sustainable and equitable biophysical environment and public 
health outcomes.

3.4  Governance and Environmental Justice

Equitable distribution of diseases, and the burden of environmental pollution, is not 
realized within most urban centers in the United States. Research in minority com-
munities has conclusively shown that poor minority populations shoulder an undue 
burden of exposure to industrial buildings, waste facilities, and urban pollution 
compared to majority populations. Further, low-income and marginalized commu-
nities, regardless of race, are more likely to live in areas characterized by poorer 
environmental conditions. Attempts to change or mitigate these unequal exposures 
is referred to as environmental justice.

Professor Robert Bullard, known as the father of environmental justice, in 1990 
published his landmark book Dumping in Dixie: Race, Class, and Environmental 
Quality, which brought to light the poor environmental conditions that many vul-
nerable communities experienced in the United States. Born as an extension of the 
civil rights movements, proponents of environmental justice point to the established 
inequalities of exposure to pollutants and their related health outcomes, as well as 
the lack of representation within governing boards or staff of major national non- 
governmental organizations, such as the Sierra Club.

Identifying the challenges associated with marginalized groups has proven to be 
easier than showcasing a series of solutions. This twofold issue—that of representa-
tion and local conditions—may be accomplished through revitalizing local partici-
pation in governance. Empirical evidence suggests that support for, and inclusion 
of, environmental advocacy groups is associated with sustainability programs 
within urban centers throughout the United States (Berry & Portney 2013). 
Increasing local capacity is greatly impacted through empowered groups that are 
active in pursuing local interests.

Citizen involvement in many facets of government action has been greatly influ-
enced and enriched through participation with stakeholders, interest groups, and 
individuals. Research on public health and hazard programs show particular prom-
ise in recent decades. Implementing high-quality, evidence-based response, health 
interventions, and preparedness programs has been shown to reduce human and 
ecological harm in communities within the United States. Program evaluations have 
indicated that participation from the community in pre-disaster planning and educa-
tion outreach efforts is a critical facet for improving results.

Having a truly representative body of officeholders in federal, state, county, and 
local offices is also critical in addressing the needs from groups who traditionally 
had little voice in change. There is a startling gap between the amount of tradition-
ally relegated groups, such as women and people of color, within the United States 
compared to how many hold positions in the government. For instance, women, 
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who comprise 51 percent of the population, make up 29 percent of officeholders. 
Over 37 percent of individuals are people of color, but only 10 percent are 
officeholders.

3.5  The Natural and Built Environment

One would be hard-pressed to locate a more impressive accomplishment of human 
ingenuity than our built environment. Past generations would be utterly unprepared 
for the vast geographic footprint of modern cities, the interconnected highway and 
road systems, or the towering concrete buildings. Practically every moment, from 
waking to sleep, individuals are living in an environment that has been crafted from 
the natural world in a manner that is more comfortable and convenient for humans. 
Traveling across great distances requires almost no physical exertion; furthermore 
the trip will likely be made more pleasant through artificial heating and cooling. 
Within developed countries, careers often require sitting for great lengths of time in 
front of computers or other electric devices. While these changes have brought 
about great benefits to productivity, comfort, and development of knowledge, 
humans did not evolve from our modern lifestyles. More recent trends in public 
health and urban planning try to incorporate the benefits from our natural world, as 
well as modern development for sustainable urban growth.

Sustainable development can be envisioned as a unique approach that meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs. It further encourages access to greenspace, walkability, and spaces 
to promote mental health. Sustainable development is approached on many facets—
economic growth, public health, cultural and social development, and environmen-
tal preservation, just to name a few.

It would be difficult to overstate the impact that the built environment has on the 
well-being of individuals and communities. Traditional city planning and develop-
ment within the United States has been primarily concerned with business develop-
ment, trade, vehicle transportation networks, commerce and industrial placement, 
and public works systems. Urban planning has also provided highly successfully 
water purification systems and effluent disposal. However, there have been negative 
outcomes, which can be seen with air pollution, fossil fuel depletion, and land use 
contamination. Sustainability on the city level should include a long-term assess-
ment of the environmental, economic, and equity impact of policy and development 
decisions. This approach is how sustainability can begin to address the modern pre-
dicament of health concerns.

The pursuit of sustainability offers a plausible solution for anthropogenic causes of 
diseases, as well as improved opportunities for preventing and mitigating the impacts 
from chronic conditions. The link between energy production, pollution, and health 
outcomes has been well documented. In 2015, President Barack Obama and the EPA 
announced the Clean Power Plan—a program put in place to take strong action against 
carbon pollution from power plants in the United States. EPA estimates that the imple-
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mentation of this program will result in public health and climate benefits worth 
between $55 and $93 billion per year by 2030 and cost between $7.3 and $8.8 billion. 
Furthermore, the reduction on particle pollution is also projected to lead to a reduction 
in up to 3500 premature deaths, 90,000 asthma attacks in children, and 300,000 
missed school and work days (United States Environmental Protection Agency 2017). 
This can serve as an initial step to promote sustainability through environmental stew-
ardship and equitable reductions in risky exposures.

Improving the infrastructure, landscape design, and building management to 
encourage physical recreation and provide access to green walkable spaces provides 
a sustainable solution for improving health and reducing morbidity. Walkable 
neighborhoods reduce obesity and diabetes rates regardless of age, gender, or 
socioeconomic status (Rundle & Heymsfield 2016). Researchers have even found 
that those living in areas characterized by dense greenspace and natural environ-
ments have reduced mortality compared to those living in areas devoid of greens-
pace. Cognitive function has been shown to improve as well (Nieuwenhuijsen, 
Khreis, Triguero-Mas, Gascon, & Dadvand 2017). While the environmental, physi-
cal, and mental health benefits are clearly documented, the value that green space 
has for the health of the overall community can be tremendous. Civic engagement 
facilities, recreational and natural parks, as well as outdoor recreation facilities can 
have clear benefits for fostering positive social ties and a sense of place and can 
build social capital among individuals and groups.

Creating a monumental change in how health is perceived and maintained in 
developed countries, by adopting a new culture of health, is best served through 
adoption of sustainability. Mental, physical, and social well-being have been shown 
to be linked to the concepts of sustainability, what is required not is nationwide buy-
 in to these well-defined and accomplishable goals to meet the needs of the twenty- 
first century.

3.6  Sustainable Cities’ Policies and Public Health 
in the United States

The idea of sustainable cities has been well represented in the United States. Over 
the last 20 years, many cities have created significant sustainability plans, often as a 
result of their long-term strategic planning processes. According to one estimate, by 
2015 at least 50 of the largest 55 cities operate under a sustainability plan. Most 
such cities engage in making public policies and managing city programs in ways 
that are consistent with trying to achieve greater sustainability, environmental qual-
ity and equity, and energy efficiency. Cities that seem to take the pursuit of sustain-
ability more seriously have been shown to engage in efforts to plan and implement 
policies on renewable energy and climate protection, public transit, waste reduction, 
water conservation, protection of environmentally sensitive land, green building, 
and dozens of other programs. Many of these cities explicitly include efforts to 
affect a variety of public health outcomes, from reducing exposures to toxics 
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through asbestos and lead paint remediation to encouraging exercise through bicy-
cle ridership programs and to promoting locally grown produce through community 
gardens and farmers markets and many other programs. As noted earlier, Corburn 
(2009) has documented these efforts in San Francisco, and similar efforts have been 
made in a wide array of cities including Seattle, Portland, New York, Philadelphia, 
Chicago, Los Angeles, and many others. Indeed, many of the sustainability plans 
adopted by cities contain explicit chapters dedicated to achieving targeted public 
health outcomes. For example, New York City’s OneNYC Plan, the city’s compre-
hensive strategic sustainability and resiliency plan that has taken the place of its 
predecessor PlaNYC, focuses on specific goals for reducing infant mortality, obe-
sity through increased physical activity, and childhood asthma and improved nutri-
tion in public schools and access to healthcare and supporting social services, 
among others (NYC 2016, pp. 73–86). Seattle’s comprehensive plan, once titled 
“Toward a Sustainable Seattle” (Seattle 2015), incorporates indicators and goals 
related to “community well-being,” including access to healthcare, reductions in 
infectious diseases, infant mortality, obesity, and exposure to secondhand tobacco 
smoke, among many others (Seattle 2017, pp. 153–155).

3.6.1  The Empirical Issues

The idea that when cities pursue sustainability as a matter of public policy that is 
effectively improving the health of their populations is tantalizing. While there is 
evidence that sustainability policies do in fact protect and improve the quality of the 
biophysical environment, neither the policies nor the environmental outcomes have 
been shown to be related to public health. Despite the logic of the expectation that 
these should be related, the evidence is lacking. So, this analysis examines the sim-
ple hypothesis, implied by the logic, that US cities electing to aggressively pursue 
sustainability policies and programs have healthier populations than cities electing 
not to pursue sustainability. Specifically, we expect sustainable cities to have smaller 
numbers of people with chronic health problems.

3.6.2  The Dependent Variables: Chronic Health Outcomes

Measuring public health outcomes for cities presents a significant challenge. Very 
little city-specific data are available. The local data that are available tend to be for 
counties or for metropolitan areas rather than cities per se. For the purposes of this 
analysis, we focus on two measures of chronic public health issues. The first of these 
is the percentage of the adult population with body mass indexes higher than 30 in 
2013 as reported by the Center for Disease Control and Prevention, representing a 
measure of chronic obesity, in the county where the city resides. The second, also a 
measure of obesity and related issue, is an independent “Fattest Cities in America 
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Index” created and reported by WalletHub for the largest 100 metropolitan areas. 
We used the index scores for the metropolitan areas containing 54 of the 55 largest 
US cities (no index value is reported for Fresno, California). This index is a compos-
ite of some 17 specific indicators derived from a variety of official sources, includ-
ing the percent of overweight and obese adults, teenagers, and children, projected 
obesity rates, and percent of adults who are physically active, who eat fewer than 
one serving of fruits and vegetables a day, and who have high serum cholesterol, 
high blood pressure, and heart disease. It also includes three indicators of healthy 
lifestyles. These indicators are weighted and combined into a single index score for 
each metropolitan area where the “fattest city” (Jackson, Mississippi) has a score of 
84.93 and the least fat city (Seattle-Tacoma-Bellevue, Washington) has a score of 
51.93. Among the 54 cities analyzed here, the “fattest” is Memphis, Tennessee (the 
second fattest city overall), with a score of 82.78, and the leanest is Seattle.

These county and metropolitan area data are merely an approximation of the 
health of the residents of the city but do provide at least some insight into the health 
of the people in the respective areas. For the BMI measure, we simply obtained infor-
mation for the county (or largest county) in which each city exists. Some cities, such 
as Philadelphia, are coterminous with the county. Many others, such as Jacksonville, 
Florida, or Boston, Massachusetts, have counties that are only slightly larger than the 
cities themselves. A small number of cities are split between two and three counties, 
and for the purposes of this analysis, we used health data for the largest county. A few 
cities share a county, such as Los Angeles and Long Beach, California, both of which 
are in Los Angeles County, and Arlington and Fort Worth, Texas, both of which are 
in Tarrant County. In these cases, both cities are characterized by the same county 
data. And New York City consists of multiple counties or boroughs, so the BMI data 
for this city represents an average across all the boroughs. The correlation between 
these two measures for 54 cities is .673 (significant at p < 0.01), indicating that they 
are likely measuring a common underlying health condition.

County-level data for asthma, heart disease, and age-adjusted diabetes were col-
lected from the Centers for Disease Control and Prevention’s Community Health 
Needs Assessment tool (CDC, 2017). These three outcomes were chosen due to 
their clear impact on human well-being, as well as proving to be very challenging 
for public health professionals attempting to curb the steady growth of these ail-
ments. If sustainable policies can be shown to be associated with a reduction, or 
even slowing, in diagnosis of these conditions, it could have a strong effect on health 
interventions.

Despite policies aimed at reducing air pollution, as well as clinical advances, 
nothing has reduced asthma within the United States. The last decade has shown a 
slow but steady increase in the prevalence in asthma among adults and children 
alike. While many advances in pharmaceutical approaches to managing asthma 
have been successful, little is known about the causal mechanism in an asthma 
diagnosis.

Heart disease is the number one cause of death in the United States, and compli-
cations associated with diabetes are in the top ten. These two highly correlated 
outcomes were chosen due to their enormous impact on the lives of Americans, both 
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in finances and health. Healthy eating campaigns, healthy lifestyle interventions, 
and schoolwide programs have all failed to slow the tremendous increase in the 
prevalence of these two outcomes.

3.6.3  The Independent Variables: City Sustainability Policies 
and Sustainability Policies

The estimation of the effects of city sustainability on public health outcomes 
requires measures of urban sustainability policies and program. Here, we rely on 
two independent measures. The content of these two measures is summarized in 
Table 3.1. First, we rely on the Sustainable Cities Policy Index created by Portney 
(2013, 2017), computed for the 55 largest US cities based on the policies and pro-
grams of cities in 2011. Each city was evaluated to determine whether or not it had 
adopted and implemented each of the 38 policies and programs. The index repre-
sents a composite additive index of the number of some 38 different specific 
sustainability- related policies or programs that each city has adopted and imple-
mented. These index values range from seven in Wichita, Kansas, to 35 in Seattle, 
Washington, Portland, Oregon, and San Francisco, California. In other words, 
Seattle, Portland, and San Francisco have adopted and implemented 35 of the 38 
specific policies and programs designed to achieve greater city sustainability.

The second measure of sustainability is the Siemens Green Cities Index (Siemens 
2011), measuring both environmental quality and city commitment to sustainability 
programs, for 21 large US cities. This index is reported for the year 2012. The over-
all Green City Index values range from 83.8 in San Francisco to 28.4 in Detroit and 
provide relative weighted assessments of how well each city performs on some 31 
indicators in 16 different categories including carbon dioxide emissions, energy 
consumption, land use, building efficiency, transportation efficiency, water quality, 
waste, air quality, and environmental governance. Higher values represent better 
environmental performance.

The Sustainable Cities Policy Index is exclusively focused on policies, while the 
Siemens Green Cities Index also focuses on aspects of sustainability results, such as 
reduced carbon dioxide emissions, amount of electricity consumed, the extent of 
urban sprawl, water consumption per capita, and others. These two measures—the 
Sustainable Cities Index and the Siemens Green Cities Index—are quite closely 
correlated, at .772, significant at .001 level. Since the Siemens Green Cities Index is 
reported only for 21 of the largest US cities, this correlation is based on this smaller 
number of cities rather than the full group of the 55 largest cities. The high correla-
tion for the 21 cities suggests that both indexes are measuring the same underlying 
sustainability variable. Results of this analysis are presented below for both groups 
of cities.
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Table 3.1 Comparison of two measures of city sustainability

Sustainable Cities’ Policy Index
Has the city adopted and implemented a policy to:

Siemens Green Cities Index
At what level is the city’s:

1. Pursue targeted or cluster green economic 
development

1. Total CO2 emissions per dollar of 
GDP

2. Develop an eco-industrial park 2. Total CO2 emissions per capita
3. Redevelop at least one brownfield 3. CO2 emission strategy
4. Develop eco-villages, urban infill housing, or 
transit oriented housing

4. Total electricity consumption per 
dollar of GDP

5. Use zoning to delineate environmentally sensitive 
growth or protected areas

5. Total electricity consumption per 
capita

6. Plan land use comprehensively to include 
environmental issues

6. Commitment to promoting green 
energy

7. Provide tax or fee incentives for environmentally 
friendly development

7. Standardized percent of city area 
devoted to greenspace

8. Operate or sponsor intra city mass transit 8. Population density (number of 
inhabitants per square mile)

9. Place limits on downtown parking 9. Commitment to improving amount of 
greenspace

10. Create intra city HOV car pool lanes 10. Commitment to containing urban 
sprawl and brownfield redevelopment

11. Establish alternatively fueled city vehicle program 
(green fleet)

11. Number of LEED-certified green 
buildings

12. Create a bicycle ridership or bike-sharing program 12. Requirement for energy audits and 
monitoring

13. Establish a household solid waste recycling 
program

13. Commitment to retro-fitting building 
for energy efficiency

14. Provide industrial recycling 14. Commuting to work with public 
transit, walking, or biking

15. Create hazardous waste recycling program 15. Commitment to providing public 
transit options

16. Operate an air pollution reduction program (e.g., 
VOC reduction)

16. Average commute-to-work time

17. Mandate recycled product purchasing by city 
government

17. Commitment to public transit 
incentives

18. Create a superfund (non-brownfield) site 
remediation program

18. Total water consumption in gallons 
per person per day

19. Engage in asbestos abatement 19. Amount of water leakage
20. Conduct lead paint abatement 20. Commitment to water quality from 

main water sources
21. Reduce pesticide use (integrated pest 
management)

21. Stormwater management plan

22. Create urban garden/sustainable food system or 
agriculture program

22. Amount of solid waste recycled

23. Mitigate the heat island effect 23. Commitment to waste reduction
24. Green building program 24. NOx emissions per person per year
25. Green affordable/low-income housing program 25. SO2 emissions per person per year

(continued)
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3.7  Analysis and Results

The expectation that these measures of city sustainability should be related to public 
health outcomes is examined in Table 3.2, which reports the bivariate correlations. 
We report these correlations based on the 55 largest cities when the Sustainable 
Cities Policy Index is used as the independent variable and based on 21 large cities 
when the Siemens Green Cities Index is used as the independent variable. We also 
provide the correlations using the Sustainable Cities Policy Index, but just for the 21 
Siemens cities. It is immediately evident that these correlations are extremely high, 
and in the expected direction, for four of the five measures of public health. Both 
measures of city sustainability are closely correlated with obesity, heart disease, and 
diabetes, but not with asthma. Among the cities studied here, there is a very strong 
tendency for those with aggressive sustainability programs and efforts to have con-
siderably healthier county populations with respect to two measures of obesity, a 
measure of the rate of heart disease and a measure of the rate of diabetes.

To take a closer look at the anatomy of two of these correlations, we present the 
bivariate scattergrams that underlie the correlations with the age-adjusted diabetes 
rate. The scattergram in Fig. 3.2 makes clear the bivariate relationship between the 

Table 3.1 (continued)

Sustainable Cities’ Policy Index
Has the city adopted and implemented a policy to:

Siemens Green Cities Index
At what level is the city’s:

26. Commit to renewable energy by city government 
(renewable energy portfolio)

26. PM10 emission per person per year

27. Create an energy conservation program 27. Commitment to air emission 
reduction

28. Offer alternative (renewable) energy to consumers 28. Commitment to green action plan
29. Conserve water 29. Extensiveness of environmental 

management
30. Operate a sustainability indicator project in the 
previous 5 years

30. Involvement of general public in 
monitoring environmental performance

31. Assess progress toward achieving indicators 
within the previous 5 years
32. Create an action plan to achieve sustainability 
indicators
33. Establish a single city office, agency, or person 
responsible for implementing sustainability initiatives
34. Integrate sustainability goals into a citywide 
comprehensive or general plan
35. Involve city, county, and metropolitan planning 
council in sustainability decisions
36. Explicitly involved mayor/chief executive officer 
in sustainability decisions
37. Involve the business community in sustainability 
decisions
38. Involve the general public in sustainability 
planning

G. Sansom and K. E. Portney
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Table 3.2 Bivariate correlations between sustainable cities’ measures and health outcome 
measures

Health outcome measure

Sustainable cities 
measures

% of adults 
with BMI 
over 30
2013

“Fattest Cities 
in America” 
Index 2016

% of adults 
with heart 

disease 2013

% of adults 
with 

asthma 
2013

Diabetes 
age-adjusted 

rate 2013

Sustainable Cities 
Policy Index (2011)

−.452**
(n = 55 
cities)

−.356**
(n = 54 cities)

−.292*
(n = 55 
cities)

.180
(n = 55 
cities)

−.324**
(n = 55 
cities)

Siemens Green 
Cities Index (2012)

−.356**
(n = 21 
cities)

−.405*
(n = 21 cities)

−.566**
(n = 21 
cities)

−.248
(n = 21 
cities)

−.601**
(n = 21 
cities)

Sustainable Cities 
Policy Index (2011) 
for 21 Siemens Cities

−.637**
(n = 21 
cities)

−.414*
(n = 21 cities)

−.477*
(n = 21 
cities)

−.023
(n = 21 
cities)

−.529**
(n = 21 
cities)

*P < .05; **P < .01
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Fig. 3.2 Scattergram showing the relationship between the Siemens Green Cities Index and the 
age-adjusted diabetes rate for 21 large US cities (r = −.601)
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Siemens Green Cities Index and the age-adjusted diabetes rate. Figure 3.3 shows the 
bivariate relationship between the Sustainable Cities Policy Index and the age- 
adjusted diabetes rate. There is little question that among the 21 cities in the Siemens 
Index and the 55 largest US cities, those that have made policy commitments to the 
pursuit of sustainability have adult populations with lower diabetes rates.

All of the analyses presented here essentially tell the same underlying story. 
Cities that have made the pursuit of sustainability a high priority are in counties with 
healthier populations, at least with respect to obesity, heart disease, and diabetes. 
What is also clear is that city sustainability efforts seem to have little effect on 
asthma rates. The correlations between the two sustainability independent variables 
and the measure of asthma are statistically insignificant. The implication of this is 
that city sustainability efforts probably do not adequately address asthma. Showing 
causality between an asthma diagnosis and environmental contaminants is difficult 
due to underlying confounding variables; however, recent research has shown a 
significant associations between traffic related pollution and asthma. This suggests 
that cities may be ineffectual at intervening to improve their air quality.
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Fig. 3.3 Scattergram showing the relationship between the Sustainable Cities Policy Index and 
the age-adjusted diabetes rate for the 55 largest US cities (r = −.324)

G. Sansom and K. E. Portney



47

3.8  Discussion

This chapter has emphasized that adopting sustainable policies is uniquely qualified 
in tackling many modern public health concerns within developed countries. The 
analyses provided here take some initial steps that reveal an empirical link between 
sustainable policy adoption and health outcomes within the 55 largest US cities. 
This initial approach, while showcasing the broader implications of sustainable 
practices, is meant to continue a larger conversation with policy-makers, research 
groups, local stakeholders, and public health professionals on how to improve the 
health of individuals, as well environmental conditions. The core finding here is that 
among the largest US cities, those that are more aggressive in their pursuit of sus-
tainability as a matter of public policy tend to be the same cities with positive public 
health outcomes. There are many opportunities to build upon, and improve, the 
approach presented here.

We do not wish to argue from these results that there is a causal connection. The 
potential presence of confounding factors may well influence the results of this 
bivariate analysis. While age was adjusted for when seeking correlates between our 
independent and dependent outcomes, many others proved beyond the scope of this 
chapter. Researchers have found that communities with high proportions of low 
socioeconomic status individuals and racial minority residents have multiple obsta-
cles to overcome such as high obesity rates, the existence of food deserts, a lack of 
safe walkable streets, and cultural conditions (Wendell, Carlos, Jones, & Kraft 
2006); this underscores the importance of including these variables in future analy-
sis. This may also explain the lack of any significant findings within this report of 
sustainability efforts and an asthma diagnosis, as proximity to highways as well as 
the other mentioned confounding variables was not accounted for. There also may 
be a geographic disconnect between our variables, as health data is typically avail-
able at the county level and policy adoption is provided for cities. Those living 
within rural communities face different environmental conditions, as well as health 
and policy concerns, compared to their urban counterparts, and this difference 
should be accounted for.

Future research needs to be aimed to answer specific questions. For instance, 
which policies and programs seem better able to reduce heart disease, obesity, 
asthma rates, diabetes, and other public health outcomes? For example, when cities 
adopt and implement a bicycle ridership program, does this have an influence on 
health outcomes such as heart disease and obesity? When cities enact air emissions 
reductions, or climate protection programs, or a high-occupancy vehicle initiative, 
or a policy to support alternatively fueled vehicles, does this improve respiratory 
disease? While the goal for this line of research should be to provide clear policy 
prescriptions as a way of improving public health, intermediary projects need to be 
undertaken, specifically better ways to monitor, evaluate, and sustain current public 
health interventions and policy implications. Unfortunately there is much that we 
know we don’t know about effective outcomes from local sustainability policy 
implementation. The results presented here, however, provide prima facie evidence 
that the city pursuit of sustainability may well represent an approach to achieving 
desired health outcomes.
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Chapter 4
Livable Cities: Concepts and Role 
in Improving Health

Suzanne H. Crowhurst Lennard

4.1  IMCL Principles of True Urbanism

The mission of the International Making Cities Livable (IMCL) movement founded 
in 1985 by Henry L. Lennard and myself is to enhance the well-being of all inhabit-
ants, strengthen community, improve social and physical health, and increase civic 
engagement by sustainably reshaping the built environment of our cities, suburbs, 
towns, and villages (International Making Cities Livable n.d.-a).

Since 1985, IMCL has proposed a holistic vision for improving health and qual-
ity of life by reshaping the built environment. As Richard Jackson says: “the manner 
in which we design and build our communities  – where we spend virtually our 
entire lives – has profound impacts on our physical, mental, social, environmental, 
and economic well-being” (Dannenberg et  al. 2011, pg. xv). During the Obama 
presidency, the USA was fortunate to have a national urban policy agenda that pro-
moted healthy communities and that recognized that “How a community is 
designed – including the layout of its roads, buildings and parks – has a huge impact 
on the health of its residents” (International Making Cities Livable n.d.-b). No 
doubt, under the subsequent regime, these priorities will be abandoned in favor of 
the GDP model.

IMCL’s interdependent four-part strategy is called the PRINCIPLES OF TRUE 
URBANISM:

• Facilitate COMMUNITY SOCIAL LIFE
• Facilitate CONTACT WITH NATURE
• Facilitate INDEPENDENT MOBILITY
• Create a HOSPITABLE BUILT ENVIRONMENT

The following sections elaborate on each of these principles (Image 4.1).
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4.2  Facilitate Community Social Life

Key to achieving a high quality of life for all is the way we treat the public realm. The 
most essential task is to make it possible for people to come together, to form friend-
ships and face-to-face social networks, and to develop social capital and community. 
It is the public places, streets, and squares that facilitate equitable social interactions.

Social Immune System: Social health is the foundation for physical health. The 
quality and quantity of social interaction and sense of belonging strongly influence 
both physical and mental health (House et al. 1988; Lomas 1998; Cohen 2004). We 
all need companionship and frequent face-to-face interaction with a wide circle of 
people who acknowledge us as human beings, share interests, and include us as a 
“member.” These circles of friends and familiars form a “social immune system” to 
buffer stress, improve coping, and protect health. Integration in a social network 
produces positive psychological states (Cohen et al. 2000). Social circles “maintain, 
protect, promote and restore health” (Nestmann and Hurrelmann 1994).

Researchers in the Netherlands concerned with negative health effects of decrease 
in social contacts have called for “a more developed and detailed governmental 
policy to promote community” (De Vos 2003). Swedish authorities also noted: 
“Reducing social differences in health is a key public-health objective…” (Swedish 
National Institute of Public Health 2011). They emphasized: “…public health strat-
egies that strengthen people’s social networks…may have considerable potentials 
for health improvement, particularly for the most disadvantaged…” (Gele and 
Harsløf 2010).

Public Realm: We all need to be able to participate in a vibrant social life in pub-
lic, but this cannot exist without a strong community and hospitable public spaces. A 
vibrant public realm encourages all to linger, share observations and perspectives, 
and get to know each other. It is essential in developing community and civic engage-
ment and thus contributes to a more democratic way of life. As Martin Buber empha-
sized: “…architects must be set the task of also building for human contact, building 
surroundings that invite meeting and centers that shape meeting” (1967).

Image 4.1 Healthy cities facilitate community social life. Photo credit: Suzanne Crowhurst 
Lennard
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53

To create a hospitable public realm requires a mix of building uses—stores, 
workshops, or restaurants at street level, with dwellings and offices above. 
Residential buildings with windows and balconies overlooking the street or plaza 
create “eyes on the street” (Jacobs 1961), making the public realm safe and hospi-
table, a place where parents are comfortable letting their children roam.

To maintain human scale, buildings should be no higher than five stories, the 
height at which it is still possible to identify a face at the top window or call down 
to a child in the street (Gehl 2010). Even more valuable than the street in fostering 
social life is the plaza or square (Crowhurst Lennard and Lennard 2008). While the 
primary function of the street is movement, the primary function of the square is 
sojourn, to spend time and to socialize.

The Neighborhood Square, the Community’s Living Room: A small neighbor-
hood square is the most important element of a healthy neighborhood—and yet it is 
exactly this that is so lacking in modern cities. On a square, people’s lives overlap; 
social interaction takes place while people shop or go about their daily lives. 
Centrally located traffic-free squares easily accessible by foot can provide multiple 
opportunities for all in the community to get to know others.

It is essential that the public realm include everyone—babies, toddlers, teens, 
youths, adults, and older people. It must involve people from all walks of life and 
sociocultural backgrounds, the poor and the well-to-do, integrating children into the 
complete community and building social support for elders and those less fortunate. 
Interaction in public builds community and social capital. It cements relations through 
repeated contact among inhabitants in multiple overlapping role relationships, thus 
strengthening the social fabric (International Making Cities Livable n.d.-c). As Lewis 
Mumford said, the public realm is the “ultimate expression of life in the city” (1961) 
and, according to Aristotle, is a fundamental requirement for citizens’ well-being.

Social contact in the public realm is especially important for elders (Day 2008). 
Going shopping with friends, playing chess in the park, or meeting a friend on the 
street provides essential social interaction to maintain a sense of being valued by 
others.

Children need to grow up “within a web of sustained adult relationships,” says 
Peter Benson (2006). At its best, the public realm is an incomparable teacher of 
social skills and attitudes (Lennard and Crowhurst Lennard 2000). The baby is 
introduced to members of the community, and the toddler learns how to address 
strangers as an equal, even before he learns how to speak. Social skills learned early 
shape a person’s ability to maintain health and well-being throughout life and 
strengthen resilience.

Traffic-Free: To make the square safe for children and elders, and to allow the 
human voice to be heard, the square must be traffic-free—at least during those times 
when social life dominates and children are playing. The danger that a child might 
run into the traffic prevents a parent from allowing children to play freely on the 
square. Traffic noise inhibits conversation, especially for those with less-than- 
perfect hearing. Without the noise and potential dangers of traffic, all our senses 
open up. We can hear more clearly the voice of our companion. We are able to see 
and appreciate our surroundings more clearly. Freedom to be spontaneous and 
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sociable on one’s feet is an inestimable benefit of a traffic-free square. Air pollution 
and noise exposure from traffic are serious dangers to health, especially in places 
where people congregate (Nieuwenhuijsen and Khreis 2016).

Ideally, the square is not bounded by any street that carries traffic. Moving traffic 
and parked cars do not enliven a square as does an active building façade of small 
shops, cafes, and restaurants surmounted by homes with windows and balconies. 
The ease with which pedestrians can access shops within a traffic-free area has been 
shown by numerous studies to increase economic turnover (Monheim 1997; 
Nieuwenhuijsen and Khreis 2016; Lawlor n.d.).

Characteristics of Successful Neighborhood Squares: The neighborhood square 
needs to be a beautiful, lively place, surrounded by buildings housing some of the 
main commercial and civic activities. It should be a multifunctional space where 
markets and festivals take place. Cafes, shops, restaurants, and cultural and reli-
gious activities need to spill out onto the square from adjacent buildings (International 
Making Cities Livable n.d.-d).

A neighborhood or small-town square can only function if it is located at the 
heart of the neighborhood, at the crossing point of pedestrian routes, allowing every-
one to mix and mingle. It must be surrounded by a compact, human scale and 
mixed-use urban fabric of shops and businesses, with people living over the shops, 
providing eyes on the street. A successful square cannot exist in a single-function 
zoned area.

A strong sense of place is conveyed by three special features: an outstanding 
building on the square, the experience of crossing a narrow threshold into an 
enclosed community “room,” and the special treatment of the paving.

The size of a square must be appropriate to the size of the population served, and 
the events, and social life for which it is planned. For a square to function well as a 
gathering place for the community, it should be neither too large nor too small. It 
should be possible to easily recognize someone across the narrower dimension of the 
square. At a distance of 150 ft, clothing, gait, and general behavior can be recog-
nized, allowing people to identify someone they know, and wave. Facial expression 
and emotion can be perceived at 115 ft (Gehl 2010). This distance allows a more 
reliable assumption as to the other person’s readiness to engage in conversation. This 
also suggests that, to ensure the square is safe, by providing “eyes on the square,” all 
parts of the square should be within 115 ft of some surrounding dwellings.

Buildings around a square must be human scale and correctly proportioned to the 
size of the square. Humans feel most comfortable when they can see a little sky 
within their normal sight lines. Since the normal angle of sight is approximately 50° 
above the horizontal, and one would want to have an area in the center of the square 
where a group of people may comfortably gather, face, and talk to one another, this 
indicates the maximum appropriate height of surrounding buildings.

Building façades should be designed to facilitate interaction between people in 
the public realm and those inside the building. Balconies, bay windows, articulated 
facades, and stoops greatly increase the number of potential interactions.

Small shops selling daily needs, especially food, attract many people to the 
square. They provide a more sociable shopping experience than a supermarket, and 
the shopkeeper gets to know regular customers. With shops on a square within a 
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dense 10-min neighborhood, people shop more frequently, and this enhances the 
possibility for developing community.

More than anything else, food attracts people. Outdoor cafes and restaurants 
make the public space safe and hospitable, even into the night. While parents and 
grandparents talk, children can safely play nearby. Cafes allow people to spend 
more time in public, facilitating meetings and extended conversations late into the 
evening. This is especially valuable for elders.

For a square to be inviting, there must, of course, be places to sit without having 
to spend money, with a choice between sun and shade. Formal seating with back-
rests and armrests is especially helpful for elders. Seating needs to be arranged to 
facilitate eye contact between strangers, support discussion, or facilitate a game of 
chess among friends. Informal seating on steps, ledges, and walls support temporary 
sojourn and young people’s need to perch and linger.

Public art offers an anchor in the public realm, drawing people together, offering 
pleasure, information, and a topic for conversation. Artworks that represent a neigh-
borhood’s traditional festival, legendary figures, historic locations, or events for 
which the neighborhood is known strengthen the community’s shared sense of iden-
tity and pass the neighborhood’s traditions down the generations. Representational 
works are beloved by children, especially when there is a story attached to them, 
when they offer opportunities for play and integrate water. Fountains are rejuvenat-
ing, refreshing, and calming.

The square may be the site of community festivals that create joy and well-being. 
They promote identity, pride, and community. It is especially important for children 
and young people to play important roles and be acknowledged for their contribu-
tion. A community that eats together on the square (as in Siena’s neighborhood 
contrada) becomes one large family. It binds the community together and builds 
trust and a sense of well-being. Celebrating ethnic festivals together helps reduce 
social barriers.

There are six major neighborhood squares (campi) and numerous small neigh-
borhood squares (campielli) in Venice, a few of which, such as Campo Santa 
Margherita and Campo San Giacomo dal’Orio, are still community gathering 
places. The Gracia district of Barcelona has ten neighborhood squares (plaças), 
most of which are very successful in supporting community life.

Main City Squares: Main squares at the city center may not be ideal for develop-
ing place-based social networks, but they can provide reasons for residents from all 
over the city to feel a shared identity, or attend a concert or festival together, and for 
visitors to enjoy the city’s unique ambience.

A farmers’ market on the square is immensely valuable as a source of healthy, 
fresh local food. The market is also one of the most powerful generators of social 
life. Farmers are skilled in interaction and act as “hosts.” They know their regular 
customers, offer free samples, and make people feel valued. The well-to-do buy 
early in the day. The poor can often pick up free food at the end of the market. The 
farmers’ market enhances children’s sensory, cognitive, and social development, 
familiarizing them with the abundance and beauty of local produce and stimulating 
their appetite for fruit and vegetables. The daily market on Münsterplatz in Freiburg, 
Germany, is a powerful catalyst for social life in the city.
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Street entertainers are valuable on a main square. They cause “triangulation,” 
breaking down the barriers between strangers (Whyte 1980). Suspicion and unease 
in the presence of strangers who seem very different from oneself are banished 
when everyone laughs together at the spectacle and exchanges smiles or com-
ments—and laughter is good for one’s health.

The main city square can be a catalyst for civic engagement. It is here that we 
become aware of shared experiences, common causes, and actions that we can take 
as “the people” to voice our opinions and together effect change, right wrongs, and 
improve our world. Daily political dialogue, civic engagement, and peaceful  activism 
most frequently take place on main squares that combine city hall and a daily mar-
ket. Elected officials have a visible presence in the community. They are known and 
recognized because they frequent the market. This immediacy and accessibility 
make political involvement personal for everyone who frequents the market. Padova, 
Italy, presents daily a supreme example of peaceful civic activism on the market 
places Piazza delle Erbe and Piazza della Frutta beside city hall (Image 4.2).

4.3  Facilitate Contact with Nature

Obviously, we must prevent pollution of our air by reducing vehicle emissions 
(Nieuwenhuijsen and Khreis 2016) and contamination of rivers and lakes as well as 
drinking water. Contamination can have immediate and long-term effects on our 
health and the health of all living things (Nieuwenhuijsen et al. 2017a, b). And besides, 
fresh air and clean water are immense sources of pleasure and well-being. But beyond 

Image 4.2 Healthy cities facilitate contact with nature. Photo credit: Suzanne Crowhurst Lennard
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that, research throughout Europe (Nieuwenhuijsen et al. 2017b) shows that protection 
of green and blue places in our cities is immensely valuable for the health and well-
being of citizens. Much research supports what we would assume to be true—that 
parks and green areas support physical activity and are therefore good for health 
(Epstein et al. 2006; Fjortoft 2004). Green areas should support children’s active life, 
with trees to climb and streams to play in. They should be designed to foster creativ-
ity, imagination, and social play, exploration, discovery, and vocabulary building.

What is important is that green areas are close at hand and easily accessible, espe-
cially by children (Richardson et al. 2013; Baranowski et al. 2000; Sallis et al. 1993). 
A very large park may not contribute so much to public health if it is not easily 
accessible to a large population; a smaller green space closer to home may benefit a 
far larger population. In Bristol, UK, for example, 90% of the population live within 
300 m of parklands and waterways (Bristol 2015 European Green Capital 2015).

Research shows that play in nature improves concentration (Grahn et al. 1997; 
Wells 2000) and reduces and relieves attention deficit hyperactivity disorder 
(ADHD) (Kuo and Taylor 2004; Faber 2001a, b). Natural settings have been shown 
to encourage social play and cooperative relations (Kirkby 1989), protect emotional 
well-being (Huynh et  al. 2013; Richardson et  al. 2013), and promote emotional 
resilience (Wells and Evans 2003). Nature is particularly restorative for elders. Even 
a view of trees from your apartment improves emotional health, mental acuity, and 
productivity and reduces stress and violence (Kuo and Sullivan 2001).

Trees protect cardiovascular and respiratory health (Donovan et al. 2013). In 
neighborhoods with more, and diverse, trees, kids experience reduced asthma 
(Lovasi et al. 2013), and mothers are less likely to deliver undersized babies 
(Donovan et al. 2011; Dadvand et al. 2012). Trees and plants remove nitrogen diox-
ide and particulate matter from the air (Pugh et al. 2012).

Of course, we have known these things intuitively for millennia—the old European 
spa towns such as Montecatini or Baden always involve beautiful architecture in a 
beautiful natural setting—but now science is on board to back up this understanding.

A substantial level of health inequity exists between those living in well-to-do 
neighborhoods and those living in poor neighborhoods. One significant action to 
improve health in poor neighborhoods would be to provide more parks and trees 
there (Bienkowski 2015).

Community gardens are valuable in food deserts and poor underserved neighbor-
hoods, not only because they help to provide essential healthy nutrition, which is 
especially valuable for children, but also because they help to build community net-
works, collaborative efforts, and a neighborhood “voice” (Girard et al. 2012; Wang 
et al. 2014). Direct engagement with a world that is alive, for example, by growing a 
garden, develops in children a sense of responsibility, and love for the earth, and 
sows the seeds of ecological awareness. Suburban neighborhoods have a far greater 
opportunity than do inner city neighborhoods to create community gardens.

Healthy, livable cities need green traffic-free commuter routes through natural 
ribbons throughout the city to remove the stress of commuting and reduce the day’s 
tensions.

Cities need incidental nature in courtyards and tiny backyards, on balconies  
and roof gardens, growing up the walls and across the street to soften the hard 
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 environment, purify the air, and provide green views for urban dwellers. Nature 
provides habitat for wildlife, which also enhances our experience of the city. 
Beginning in 1972, Mayor Hahlweg was one of the first mayors to systematically 
promote green roofs, walls, and facades as well as green streets in Erlangen, 
Germany (Young 2012), for which he received the IMCL Award in 1991. Since 
2016, Mayor Hidalgo has promoted a similar program in Paris (Cooke 2016).

Nature is attractive because it is complex and alive. The diversity of nature awak-
ens the senses, improves concentration, and develops cognitive skills (Kahn and 
Kellert 2002). Children must be able to get up close with nature and develop “bio-
philia,” so they will grow up to care for nature.

Architectural design that echoes the structural principles of nature—diversity 
within an overall unity, fractals, and increasing complexity—is found to be beauti-
ful, and deeply attractive to humans, creating endorphins that increase mental and 
physical well-being (Kellert et al. 2008) (Image 4.3).

4.4  Facilitate Independent Mobility

To create a healthy, livable city requires a balanced transportation policy (Topp 
1985) that encourages Active Living by Design, placing first priority on walking, 
second on biking, third on public transit, and lastly on the car (Active Living by 
Design n.d.). Taking the trips made by children, elders, the poor, and disabled as 

Image 4.3 Healthy cities facilitate independent mobility. Photo credit: Suzanne Crowhurst 
Lennard
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seriously as trips made by working adults helps to prioritize healthy, ecological 
transit modes.

Balanced transportation planning is not about movement of vehicles but about 
people and how we get around. The transportation planner must accommodate the 
varied trips that we all need to make—to school, work, shopping, the library, or 
theater—and make all trips as pleasant, economical, healthy, safe, comfortable, 
simple, and autonomous as possible. The day is past when transportation planning 
is simply planning for the car.

This policy requires reshaping suburban areas into human scale mixed-use 
neighborhoods so that destinations (school, shops, movie houses, library, restau-
rants, cafes, workplaces, community services, and public transit) are within a 10- or 
20-min walking and biking radius from home for the majority of the population 
(Crowhurst Lennard and Lennard 1995; Ewing and Cervero 2010).

Children need to be able to walk to school and around their neighborhood, play 
out of doors, and meet friends and community members. They need free range 
within a safe territory to develop independence and spatial skills (Russell 2010; 
Malone 2007). They need to learn to orient themselves, identify landmarks, gauge 
distances, and create mental maps (Lynch 1997).

The City of Freiburg has excelled in accessibility for pedestrians, bicyclists, and 
public transit. They received the IMCL City of Vision Award in 1993 for their com-
mitment to principles of livability and sustainability in all planning and urban design 
issues and have since received numerous awards for livability and as a child- 
 friendly city.

More than simply wide sidewalks, what makes streets really safe is the presence 
of people on the streets, particularly familiars, and community members shopping 
and frequenting sidewalk cafes. Elders and the disabled in particular need traffic- 
free access to shops and services, cafes, and plazas where they can meet friends. 
Paving designs and textures help children, who are close to the ground, as well as 
the very elderly and the blind to find their way around.

Play streets are a—usually temporary—mechanism for transforming a street into 
a pedestrian-oriented street. They are valuable as a first step to increasing awareness 
of children’s need to play out of doors and to more permanent solutions such as 
Wohnstrasse (traffic-calmed residential street) and pedestrian streets.

Pedestrian Routes: To maintain health and prevent obesity (Pappas et al. 2007), 
young people need at least 60 min of exercise everyday and adults at least 150 min 
every week (US DHHS 2008), and the best exercise is walking. Children, elders, 
and the disabled are safest on traffic-free pedestrian routes. These range from small 
family courts between rows of houses, and paths through parks and along rivers, to 
a network of pedestrian streets through the suburb and to the city center. The pedes-
trian network must be frequented by familiar adults and be adjacent to buildings that 
provide “eyes on the street.”

It is not enough to have just one or two traffic-free streets—they need to be inter-
linked in a complete network, especially in the city center. The question is not so 
much how far are people willing to walk, as how interesting are the pedestrian ways, 
and how likely is one to run into friends or familiars.
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Pedestrian streets may be accessible for vehicles, with restrictions: emergency 
vehicles have access when necessary; delivery vehicles are permitted at specific 
times when pedestrian activity is low; speed is limited to walking speed; and some 
pedestrian streets permit public transit—buses, streetcars, or light rail.

Traffic-Calmed Streets: Wohnstrasse, designated by the international blue sign, 
are easy to install in suburban areas. They are safe for children and elders. Pedestrians 
and vehicles have equal rights to the full width of the street. Children may play in 
the street. Vehicles must proceed at walking speed. They cannot use the street for 
through traffic, and parking is permitted only for delivery and residents. Kids, espe-
cially 10–14-year-olds, need adventure and independent exploration of their neigh-
borhood, whether by skate boarding, by roller skating, or on foot. Any traffic on 
these streets must be at 20 mph or walking speed to make these activities safe.

Traffic limits the lives of children far more than the lives of adults. If a car travel-
ing at 50 kph hits a child, the child’s chance of survival is only 50%. If the car is 
traveling at 30 kph, the chance of survival increases to 90% (WHO n.d.). Pedestrian-
and bike-related accidents are the leading cause of accidental deaths for children. 
Suburban traffic-calmed streets need wide sidewalks (at least 6 ft) buffered with a 
tree-planted verge, plantings, or rainwater gardens, and safe crossings achieved 
through raised crosswalks and necking. Traffic speed is reduced by roundabout,  
narrowed, and jogged traffic lanes.

Throughout the city and suburbs, we need to redesign arterials to give pedestri-
ans priority on a continuous pedestrian network and slow the automobile to accom-
modate pedestrians.

Bicycle Networks: Children depend on the bike to explore further afield. Their 
increasing independence is essential to develop self-confidence. The bike provides 
a healthy transportation mode. We need a citywide network of bike paths that extend 
through suburban neighborhoods, as you find in Amsterdam, Copenhagen, 
Groningen, and Freiburg, and as is developing in Portland, Minneapolis, and other 
North American cities, so that it is possible to bike from a home in the suburb to 
work or school, shop in the city center, deliver goods inexpensively, or ride into the 
countryside at the weekend.

We cannot increase bike ridership unless we make bicycle networks really safe 
for people of all ages, for those who cannot afford a car, and even for very small 
children. The safest bike routes are those completely separated from traffic and 
separated from pedestrian routes. In the city, bicycles need, at the very least, clearly 
painted bike routes. The greatest care must be shown at the intersections. Dangers 
from right-turning vehicles can be minimized by bike lanes that are brightly painted 
and  “bike boxes” in front of motorized vehicles at intersections. But the safest 
routes for bicyclists are buffered from moving or parked motorized vehicles by 3 ft 
painted buffer strip and a curb or planters (Andersen 2013). Seattle, Long Beach, 
and Indianapolis are now leading the way in the USA in protected cycle tracks.

Public Transportation: Rather than bussing kids to school, a better solution is to 
improve public transit. Older kids should be able to take transit on their own from a 
suburb to the town center. For parents to be comfortable with their children taking 
transit, parents themselves must use it to get to work or go shopping. Transit used 
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by everyone—rich and poor, old and young—is democratic and socially healthy. It 
also builds community. Those who regularly travel at the same time begin to recog-
nize each other and develop a dialogue (Image 4.4).

4.5  A Hospitable Built Environment that Frames Social Life

Regional Planning: Our health is dependent on the prevention of sprawl. Cities and 
towns in a region must work together to focus new development within existing 
urban boundaries; establish guidelines for creating 10-min neighborhoods, locating 
housing close to jobs, schools, stores, and services; and prevent shopping malls and 
big box retail outside city limits where they destroy the city’s economy and generate 
superfluous traffic. Leadership in this area has been taken by the Upper Rhine region 
where Germany, France, and Switzerland work together to achieve these goals.

Compact Urban Fabric: Strong and diverse social life, social and physical health, 
and commercial diversity flourish best within a compact, mixed-use urban fabric. 
Contiguous buildings form continuous walls enclosing streets and creating squares. 
A compact urban fabric makes it possible for a child to walk to school and for an 
elder to easily go shopping or run errands. It also makes viable a good transit sys-
tem. When many errands and trips can be accomplished by foot within a small 
radius, community networks develop.

Urban Villages: For the most vulnerable among us, living in a complete commu-
nity is essential for health and well-being. With familiar people on the street, children 
have the freedom they need to develop, and elders and those with disabilities have a 

Image 4.4 Healthy cities create a hospitable urban fabric. Photo credit: François Schreuer
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supportive social network when needed. A complete community requires houses, 
apartments, schools, workplaces and shops, and a range of resources—natural play 
areas, library, shops, movie theater, etc.—within a compact 10-min walking radius. 
This is achieved in a city with a cellular structure of walkable suburbs and urban vil-
lages. The center of each suburb or urban village is a public place that brings the 
community together; the boundary of the suburb or urban village is visually defined 
by parks and natural features that are accessible and within walking distance for all.

Lewis Mumford called for us to plan cellular cities, where the neighborhood is a 
microcosm of the multifunctional core, containing diverse work opportunities, 
shopping, housing, and all necessary social and cultural infrastructure within a short 
radius. This goal is called in Germany “Die Stadt der kurzen Wege” (city of short 
distances), in England the “Urban Villages” approach, and in the USA “Complete 
Communities” or “Ten-Minute Neighborhoods.” The French Quarter in Tübingen; 
Rieselfeld and Vauban in Freiburg, Germany; Poundbury in the UK; and Le Plessis 
Robinson, on the outskirts of Paris, are good examples.

Mixed Use Shop/Houses: A healthy, walkable lifestyle is dependent on the close 
proximity of living and working, shops, services, and social and cultural resources. 
At the center of the suburban core, the primary building block should be a shop, 
workshop, or restaurant at street level, with offices and dwellings above. Commercial 
activity at street level draws life onto the street and generates a business population 
with daytime jurisdiction. A high percentage of upper floors need to be residential, 
with windows that open, and balconies to provide, in Jane Jacobs’ words, “eyes on 
the street” and interaction between residents and those on the street. The residential 
population provides nighttime jurisdiction, making even visitors aware that the street 
“belongs to” a community. The proximity of the private and public realms makes the 
public realm dynamic and hospitable and the private dwelling convenient. This is the 
way cities were built throughout the world until the twentieth century.

Human Scale Architecture: To create a safe and human scale public realm, build-
ings must be no higher than five stories, the height at which it is still possible to 
identify a face at the top window or call down to a child in the street. Windows and 
doors, balconies, and terraces give a building human scale. The street-level façade 
must emphasize interaction between interior and exterior with shop windows, steps, 
and porches. Interesting details and textures, especially close to the ground, enliven 
the walking experience and stimulate curiosity.

Integrating Varied Income Levels: It is important not to segregate the wealthy and 
the poor, if we are to retain our humanity. Gated compounds and luxury high- rise 
condos exacerbate distrust and resentment. We need neighborhoods with mixed 
incomes and housing that can accommodate a variety of income levels. Buildings can 
happily combine larger condos with views, rentable apartments with several bed-
rooms for families, and studios for young singles. If not always in the same building, 
it is nevertheless important that wealthy and poor live in the same neighborhood.

Inner Courtyards: In the continuous urban fabric of traditional cities, blocks are 
perforated by usable inner courtyards that allow air and sunlight to enter and narrow 
streets suitable for pedestrian ways. These provide sheltered semipublic outdoor 
areas, suitable for outdoor restaurants, gardens, and trees. In housing blocks, inner 
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courtyards provide access to nature, a place for children to play, and sometimes, 
pedestrian shortcuts. Balconies and roof gardens open onto these quiet oases.

Neighborhood Squares and Main Squares: One major advantage of the continuous 
urban fabric, compared to isolated monumental buildings, is that urban fabric shapes 
the public realm, enabling the creation of neighborhood squares and main squares. 
Each neighborhood in the city needs to be structured around a community plaza that 
everyone in the neighborhood uses, and every city needs at least one major city square 
that fulfills the social and civic needs of the population. The new university town of 
Louvain-la-Neuve in Belgium, planned by Leon Krier, admirably achieves this goal.

An Urban Fabric that Integrates Nature: A healthy continuous urban fabric is not 
all raw concrete and glass. As much as possible, materials that are closer to nature 
and warmer to the touch (wood, stone, plaster, tile, brick) should be used, and nature 
should be encouraged to flourish across streets, up the walls, and to pour out of 
balconies, and across roofs, making the city green, comfortable, and biophilic.

The DNA of the City and Neighborhood: A healthy city embraces its own unique 
identity that grew from its historic roots and builds on its best-loved features. This 
identity of place allows the most diverse population to feel they have something in 
common they can all take pride in—a shared identity.

In order to fit into the context, new buildings must respect this “genetic code” 
(Crowhurst Lennard and Lennard 1995), reflecting at least some existing patterns or 
interpreting them in a contemporary idiom. Appropriate new infill buildings respect 
their neighbors and create a civil architectural dialogue, echoing some of the best 
characteristics of adjacent buildings. This mutual support from building to building 
illustrates a principle of civil interaction that subtly influences human interaction.

Beauty. The City as a Work of Art: Beauty is important to everyone but perhaps, as 
Mayor Joseph Riley emphasizes, especially to the disadvantaged. The enjoyment of 
beauty may be transformed in the body into “endorphins” that increase mental and 
physical well-being. This healing effect of a beautiful environment has been under-
stood for millennia. Decoration, color, and interesting roofline engage the eye and the 
emotion, creating remembered landmarks that help people to find their way around.

Beauty in the built environment affects mental health, social health, and civic par-
ticipation. In his research on urban aesthetics, Wolfgang Schulz (1994) observed: 
“bonds with the environment, the territory where one lives, reinforce the strength of the 
resident, help him endure burdens… A pleasant environment is perhaps much more 
important than we think.” The principles of beauty—harmony in diversity, proportion, 
fit, and evidence of balanced growth—are prescriptions for how to live harmoniously 
in a community. A beautiful neighborhood is aesthetic as a whole. We cannot visualize 
“our” neighborhood if it sprawls into the rest of the city. We need distinct suburban 
neighborhoods, each with clear green boundaries, urban fabric, and main squares.

Above all, we need beautiful places, squares designed specifically for social life, 
as hospitable settings that invite everyone, that support children’s play while elders 
talk, young people flirt, and people go shopping; places that residents feel is the most 
beautiful place on earth because that is where they meet friends, where they remem-
ber community festivals, and where they are recognized and valued; and places that 
epitomize all the most beautiful characteristics of their city and their community.
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4.6  Why Are Cities Not Achieving These Health-Related 
Livability Goals?

In city-making, there are two competing value systems at work. The first is based on 
GDP. In this model, the city is seen as an economic engine. Its function is to fuel 
growth and raise standard of living. The second is based on the value of the quality 
of life. In this model, as outlined above, the function of the city is the “care and 
culture” (Mumford 1961) of human beings and of the earth.

The GDP Goal: The GDP model has governed the way cities have developed 
around the world in the twentieth century. Success is measured financially. The fast-
est way to grow the economy is through construction. Maximizing construction is 
therefore thought to be the solution for success.

There are major flaws in the GDP system. Fifty years ago, Lyndon Johnson criti-
cized unbridled growth, which he declared led to soulless wealth. “He elucidated a 
new dream valuing quality of life above quantity of stuff” (De Graaf 2014). And 
Bobby Kennedy said on March 18, 1968, of the GDP “it measures everything in 
short, except that which makes life worthwhile” (Kennedy 1968).

Based on the drive to increase GDP, North America, Australia, and other parts of 
the world saw vast expanses of horizontal sprawl in the twentieth century. The nega-
tive side effects were noticeable from the beginning: social isolation and depression 
of those left “home alone” (first housewives, then children); destruction of social 
networks and civic engagement (Putnam 2000); unwalkability leading to obesity 
and related chronic diseases such as high cholesterol, high blood pressure,  
type -2 diabetes, sleep apnea, asthma, and liver disease (Frumkin et  al. 2004);  
overdependence on the automobile and consumption of fossil fuels; etc.

Today, suburban sprawl is criticized and finally being reined in. However, the 
construction industry is innovative. To satisfy the increasing demand for growth and 
profits, the industry now focuses on an even more insidious, and vastly more 
 profitable, form of overdevelopment—“vertical sprawl”—as Patrick Condon 
(International Making Cities Livable n.d.-e) calls it. This has taken hold of cities 
around the world—including Asia, Africa, and the Middle East. However, this may 
prove to be even more toxic to humans and the planet than horizontal sprawl (Smart 
Cities Dive 2014). Freestanding high-rise towers that are objects in space make it 
impossible to create a hospitable public realm.

Extreme capitalism is a vicious cycle: the more high-rise we construct, the more 
isolated and depressed we feel, the more we consume, and the more dependent we 
are on the generators of GDP growth, big construction, and big energy.

Singapore and Hong Kong were encouraged by the USA to become shining  
models for Asia and China of what can be achieved through the capitalist system.  
In order to rapidly increase GDP, despite limited land area, Singapore embraced 
high- rise. But consumption and construction increase carbon dioxide emissions, 
leading WWF President Yolanda Kakabadse to observe in 2010: “Singapore…is a 
society that maybe is one of the best examples of what we should NOT do”  
(Eco-Business 2012).
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Imitating Hong Kong’s rapid increase in GDP, China built over 100 tall and 
dense uninhabited “ghost” cities simply to maximize economic growth. In the pro-
cess, they discovered that rapid growth involves some health problems for humans 
and the earth. Their life-threatening smog is only one side effect of their breakneck 
economic growth. Paradoxically, this too can be counted on to increase GDP by 
fueling the health and pharmaceutical industry.

With high-rise construction, profit is privatized, and loss is socialized. There is a 
complete economic imbalance—an overinvestment in private property, and under-
investment in the public realm, and the places in the city that should belong to 
everyone and that represent the “common wealth.” We have seen these unbalanced 
planning priorities at work for a long time, leading planners to create streets that are 
inhospitable for the pedestrian and the bicyclist.

This emphasis on privacy over community strikes hard at children who have a 
developmental need to grow up within a thriving community. As a result, children 
suffer unprecedented levels of loneliness, depression, and shyness, and they fail to 
develop good social skills. Bullying and violence are also the result of poor social 
skills. (But all these problems increase the GDP!)

Children and teenagers growing up in high-rises have an especially difficult time. 
Young children need almost continuous face-to-face interaction within a village or 
“web of sustained adult relationships” (Benson 2006). A teenager’s chief develop-
mental task is to become independently sociable within larger social circles, but 
high-rises do not provide a suitable environment for developing these skills.

In Tokyo, there are high levels of hikikomori—these are young people from teen-
agers to young adults, predominantly male, who shut themselves in their bedroom, 
refuse to go to school, and demand that their parents leave meals for them outside 
the door. There are an estimated 700,000 hikikomori in Japan and 1.55 million more 
on the verge of becoming hikikomori (Wikipedia n.d.-a). According to studies by 
Wong et al. (2014), Hong Kong is following the same path, currently with an esti-
mated 18,500 hikikomori.

It has long been known that high-rise creates a more socially isolated living situ-
ation. While this may be welcome to some engaged in a high-stress, or socially 
fulfilling professional field (such as the stock market or entertainment world), for 
others, such as elders, small children, and mothers raising small children, studies 
show high-rise living can be extremely damaging to physical and mental health 
(Gifford 2007; Evans et al. 2003).

Cancerous Development: Konrad Lorenz first drew parallels between healthy 
and cancerous cells in the body and in the city: “If you look at a cancer under the 
microscope, a cross section with cells of healthy tissue, it looks exactly like an aerial 
view of a city in which the old sections are surrounded by new irregularly built 
regions or else by those that are monotonously geometrical—both are possible, after 
all. The parallels between the formation of malignant tumors and cities in a state of 
cultural decay are very wide ranging” (Lorenz 1990).

I explored this idea in my book Livable Cities Observed (Crowhurst Lennard and 
Lennard 1995) and in subsequent talks. But there are far more parallels than I real-
ized at that time. Healthy cells (and a healthy urban fabric) are characterized by 
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regular geometry, clear cellular boundaries, and slow growth and regeneration. 
They connect to each other, perform a clear function within their context, monitor 
the health of adjacent cells, and form a mutually supportive community. Malignant 
cells (cancerous urban developments), on the other hand, are overly large, with 
rapid, out of control proliferation and broken boundaries. They do not communicate 
with neighboring cells or their context and do their own thing irrespective of their 
context (Szasz 2013).

Ramray Bhat (2014) at the University of California Life Sciences Division 
explored similar issues: “Lastly, like the most debilitating characteristic of cancer, 
i.e., metastasis, ill-designed buildings and built environments cannibalize their sur-
rounding urban landscapes by growing, dwarfing, and pushing out smaller and tra-
ditionally built structures at the interfaces… A combination of globalization, 
postcolonial mimicry, and aspirational urges have left burgeoning cities in India, 
Pakistan, Bangladesh, China and Brazil dotted with mega towers and zonings which 
parasitize on their surroundings through labor and energy demands creating ever 
widening peripheries depleted of culture, diversity, and beauty.”

Mariano Bizzarri (Bizzarri and Cicina 2014), a leading researcher in carcinogen-
esis, who also draws parallels with cancerous urban growth, emphasizes that cancer 
growth depends not so much on its damaged DNA as on the cell’s three-dimensional 
biochemical and biophysical microenvironment. In the language of the city  
organism, this suggests that cancerous development occurs where there is both a 
breakdown in the social urban fabric and the physical urban fabric.

The health of the social urban fabric lies in the degree to which community 
exists, or at least the degree to which people interact with each other in the public 
realm. The health of the built urban fabric lies in the degree to which buildings are 
mutually supportive (contiguous), with facades that relate to each other in scale, 
character, or materials, and in the degree to which they facilitate communication 
between people inside the building and those in the public realm.

For city-makers, the key to undoing these ills is to focus on the public realm—the 
“common good”—the places that connect us, and the way buildings relate to the 
public realm. It is the public realm that gives all of us quality of life.

Adherence to the GDP model has led us into a process that Pope Francis calls 
“rapidification” (Pope Francis 2015). We are following the fastest route to increas-
ing profits (for developers and bankers), and, in so doing, we are making our cities 
unhealthy, inequitable, unlivable, and unsustainable.

We do not have to slavishly follow the GDP model. Today, there are many efforts 
around the world to develop an alternate index of success, an index that will reevalu-
ate the costs—to human health and well-being and to the health and sustainability 
of the planet—created by the GDP model, and that will guide a wiser municipal, 
national, and global decision-making process. The economist Hazel Henderson led 
this effort with her Quality of Life Indicators (Ethical Markets 2017). Other indica-
tors include the Genuine Progress Indicator (GPI) (Wikipedia n.d.-b), the Canadian 
Index of Wellbeing (CIW) (Wikipedia n.d.-c), the World Wildlife Fund’s Living 
Planet Index (LPI) (Wikipedia n.d.-d), and London’s Happy Planet Index (HPI) 
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(Happy Planet Index n.d.), as well as Bhutan’s Gross National Happiness Index 
(Gross National Happiness n.d.).

IMCL also developed Quality of Life Indicators that state that the goal of the city 
is to increase quality of life, which is not measured by an economic scale but by 
health, happiness, and sustainability (Table 4.1). This view is founded in philoso-
phers of the human condition; it is expressed in the work of Lewis Mumford, Jane 
Jacobs, and others; and it forms the foundation for the International Making Cities 
Livable movement.

IMCL pays special attention to children because the environment children grow 
up in affects all aspects of their development and can damage their physical and 
emotional health for the rest of their life. We propose that if we consider how all our 
city-making decisions affect children, we shall begin to create healthy, sustainable 
cities for all.

4.7  To Conclude

As I said at the beginning, if we want to make our cities healthy and livable for all, 
we must first make them healthy for the more vulnerable—children, elders, the 
disabled, and the poor. If our neighborhoods, towns, and cities do not sustain them, 
they are not sustainable. A city built on these principles of true urbanism provides 
the ideal environment for children’s physical, mental, and social development and 
generates communities that are healthy, ecologically sustainable, and socially sus-
tainable for all.

Table 4.1 Indicators

GDP IMCL quality of life

• Goal: increase economic growth
• Focus: construction industry
• Emphasizes cities as economic machines
• Stresses enterprise, independence, and privacy
• Favors most productive groups: neglects those 
less productive
• Accepts suffering and marginality as the price 
for progress
• Costs of ill health, crime, and social problems 
are economically valued
• Segregates functions and persons
• Emphasizes speed and functionality
• Regulation of well-being is by technology
• High rate of crime, drug, and alcohol use
• Charges a fee for good experiences

• Goal: increase quality of life
• Focus: health and well-being
• Emphasizes humanizing and civilizing 
functions of cities
• Stresses trust, compassion, mutual 
responsibility
• Values wisdom; the understanding of the 
city as a “system”
• Does not accept suffering as a price
• Human processes are valued
• Stresses mixed use and heterogeneity of 
population
• Emphasizes hospitality and accessibility
• Regulation of well-being is by people
• Low rate of crime and drug and alcohol use
• Emphasizes experiences that are free
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Chapter 5
Healthy Cities: A Political Movement 
Which Empowered Local Governments 
to Put Health and Equity High on Their 
Agenda

Agis D. Tsouros

5.1  Introduction

Healthy Cities was officially established as a strategic initiative in the European 
Region in 1988 to act as a vehicle of the WHO strategy Health for All at the local 
level (WHO 1991; Tsouros 2015). Today it is a thriving and powerful movement in 
most parts of the world. The aim was to put health high on the social and political 
agenda of the cities by promoting health, equity and sustainable development 
through innovation and change. Cities are societal engines for economy, human and 
social development. The creation of Healthy Cities was based on the recognition of 
the importance of action at the local and urban level and the key role of local gov-
ernments. Following a decade of questioning and rethinking health and medicine 
and setting the values and principles of a new public health era, the 1980s provided 
the political legitimacy and the strategic means for taking forward an agenda for 
Health for All, based on powerful concepts and ideas and engaging a wide range of 
new actors. Most notably, the strategy Health for All (WHO 1984) and the Ottawa 
Charter for Health Promotion (WHO 1986) inspired new types of leadership for 
health that transcended traditional sectoral and professional boundaries.

The creation of the Healthy Cities project, as the WHO Regional Office’s for 
Europe’s strategic vehicle to bring Health for All (HFA) to the local level, was the 
result of several developments and initiatives in the early 1980s both at the local 
level and at WHO (Tsouros 2015). Jo Asvall, the director of the WHO Regional 
Office for Europe, in his speech at the European Congress on Healthy Cities in 1987  

A. D. Tsouros (*) 
Global Healthy Cities, Athens, Greece 

Policy and Governance for Health and Wellbeing and Healthy Cities at WHO Europe, 
Copenhagen, Denmark 

Institute for Global Health Innovation at the Imperial College, London, UK
e-mail: agistsouros@globalhealthycities.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-74983-9_5&domain=pdf
mailto:agistsouros@globalhealthycities.com


74

(Asvall 1987) said, ‘Building a healthy city becomes first and foremost a formidable 
challenge on how to create a movement for health where many players can be inspired 
and motivated for taking actions to think new and better solutions and to work together 
in new partnerships for health’. The following year in his speech (Asvall 1988) at a meet-
ing to celebrate Copenhagen joining the WHO Healthy Cities project, he said, ‘Why 
concentrate on cities? For two reasons: on the one hand, their problems are acute and 
rising; and on the other hand, the city level represents a particularly interesting and prom-
ising area for action in HFA. The Mayor of the city has much more power over his area 
than the Prime Minister has over the country; a city administration can much more easily 
instruct different sectors to work together in health; and … community participation is 
not a theoretical issue; it is daily at the finger-tips of the whole city administration’.

Jo Asvall, a truly visionary WHO regional director gave Healthy Cities huge 
political and strategic legitimacy from the start. He established it as a cross-cutting 
initiative that had the strategic mandate to actively engage local governments in the 
implementation of Health for All. Within a very short period the WHO Regional 
Office for Europe further strengthened its capacity of reaching out to new partners 
by establishing the health-promoting school and hospital settings networks and 
soon later the Regions for Health Network.

It should be stressed that Healthy Cities was launched as a political, cross-cutting 
and intersectoral project to be implemented through direct collaboration with cities. 
This was a bold and courageous move by WHO which is an organization that mainly 
works with and is accountable to national governments and predominantly the health 
sector. The importance of working at the local and community levels was reflected 
in many WHO resolutions since the 1970s but was not generally regarded as a green 
light to engaging local political leaders. Today, 29 years on Healthy Cities still rep-
resents a key strategic vehicle for implementing the new European Policy for Health 
and Wellbeing—Health 2020 (WHO 2013) at the local level.

The design of Healthy Cities was not meant to be static. It was launched as a 
value-based open system that would constantly reinvent itself and evolve, learning 
from practice and embracing new evidence and ideas to maintain its relevance and 
grounding itself on local concerns and perspectives. Healthy Cities was to be a pio-
neer in generating know-how for all urban communities to learn from, not an eso-
teric movement to benefit only its member cities.

One of the major obstacles in fully embracing the Healthy Cities concept has 
been the understanding of health. First, it requires understanding then adopting a 
meaning of health beyond the absence of disease, encompassing physical, social 
and mental well-being; second, it requires an appreciation of the nature and influ-
ence of the environmental, biological, social and political determinants of health; 
and third, it involves constantly making the case that health is important to individu-
als, to society and to socio-economic development.

While the overall principles underlying such an approach may appear unchanged 
over the years, in reality, the meaning, the content and the evidence underpinning 
these three requirements have vastly changed. The increasing emphasis on enduring 
values, such as the right to health, equity, sustainable development, and well-being, 
and the accumulating evidence on the social determinants of health have raised the 
stakes and the level of attention given to health.
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The other part of the equation is dealing with change, making things happen and 
making arrangements that enable decision-makers, institutions, communities and 
citizens work together for health and well-being. Again, terms such as intersectoral 
action for health and community empowerment have been central in the action 
vocabulary of Healthy Cities’ policy development. The vocabulary has expanded 
and conceptually evolved both in scope and depth, but the task at the core remains 
as challenging as ever-reaching out and engaging a wide range of agencies whose 
actions can impact on health. However, the world today is very different from the 
early phases of Healthy Cities in the late 1980s and 1990s. Several studies have 
drawn attention to challenges such as global interdependence and connectedness, 
the quickening pace of change, the added complexity of the policy environment and 
the increase in uncertainty.

Healthy Cities has always been driven by the enduring classic health promotion 
concepts which were based on the Ottawa Charter: creating supportive environ-
ments for health; making the healthy choices the easy choices; creating healthy 
settings, schools, workplaces, universities, health centres and neighbourhoods; and 
empowering individuals and communities which is a prerequisite for success.

The Ottawa Charter (WHO 1986) defined health promotion as ‘the process of 
enabling people to increase control over, and to improve, their health’. Giving a 
voice to individuals and communities and creating the preconditions for empower-
ment and meaningful engagement are at the core of the Healthy Cities approach.

More than ever before and in the face of the fast-changing social landscapes of 
cities and towns, there is a need to create inclusiveness and social cohesion. 
Empowered communities will have the knowledge, the skills and the means to par-
ticipate in decisions that affect their health and well-being and also navigate and 
access resources that can improve their health and quality of life.

Table 5.1 below outlines key concepts and issues that should be considered and 
addressed in a twenty-first century approach to Healthy Cities.

5.2  Healthy Cities Mission and Goals

The mission of Healthy Cities is to put health high on the social and political agenda 
of cities based on a framework of constant values and principles from its inception, 
namely, the right to health and well-being, equity and social justice, gender equality, 
solidarity and social inclusion, universal coverage and sustainable development.  
A Healthy City was described in terms of 11 qualities (see Table 5.2).

Healthy Cities in Europe evolved over 5-year phases. These phases allowed the 
regular renewal of the goals and requirements; they were long enough to see results 
and to evaluate progress; and participating member cities could leave the project at 
the end of the phase at no political cost. Every phase started afresh with a newly 
(re-)designated group of cities, many ‘old’ and several ‘new blood’. The ‘phase’ 
approach proved most valuable in keeping the Healthy Cities momentum alive and 
strong.
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The goals and themes of every phase defined the priorities of work over the  
5 years of the phase. Within the frame of the overarching goals and themes of each 
phase, cities had the flexibility to identify and give weight to areas that are of par-
ticular relevance to local realities. However, all cities were expected to work on the 
overarching and innovative themes of every phase, participating also in conceptual 
development and brokering the new ideas at the local level.

The agenda, themes and goals of each phase reflected WHO European priorities 
and strategies: global strategies and priorities and issues emerging from the urban 
(health, social, environmental) conditions in Europe (see the six Healthy Cities 
action domains (Tsouros 2017) in Table 5.3).

Looking back through the agenda and experience of Healthy Cities in Europe 
since its launch, one can easily trace the history of the new public health movement 
in the past 30 years. There is no new concept or approach in the areas of public 
health and sustainable development that was not embraced and tested by Healthy 

Table 5.1 Modern public health concepts and issues

  • Health increasingly used as a key indicator of development
  • Health systems—universal coverage, patient-centred, health promotion and prevention, 

strong local public health infrastructures, addressing the upstream root cause of ill health
  • Population-based approaches
  • Whole-of-(local)-government, whole-of-society and Health in All policies approaches
  • Addressing systematically social determinants (WHO 2013) of health and inequalities 

(WHO 2012a, b)
  • Life-course approach and community resilience
  • Health promotion in settings and promoting health literacy to individuals, communities and 

organizations
  • Systematically measuring and monitoring the health of the population as well as the social, 

environmental and living conditions in the city
  • Paying attention to the health needs of children, youth, older people, migrants and people 

living in poverty and the impacts of climate change

Table 5.2 Eleven qualities of Healthy City

1. A clean safe high-quality environment including affordable housing
2. A stable ecosystem
3. A strong, mutually supportive and nonexploitative community
4. Much public participation in and control over decisions affecting life, health and well-being
5. The provision of basic needs (food, water, shelter, income, safety and work) for all people
6. Access to a wide range of experiences and resources with the possibility of multiple contacts, 
interaction and communication
7. A diverse, vital and innovative economy
8. Encouragement of connections with the past, with the varied cultural and biological heritage 
and with other groups and individuals
9. A city form (design) that is compatible with and enhances the preceding characteristics
10. An optimum level of appropriate public health and care services accessible to all
11. A high health status (both a high positive health status and low disease status)
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Table 5.3 Healthy Cities action domains

  • Political and governance
  • Community level
  • Policies, regulations, planning processes and city development strategies
  • Services and programmes
  • People and their needs; whole populations; different social groups; families; individuals
  • Social, built and physical environment

Cities. Healthy Cities became on many occasions the source of innovation and lead-
ership in areas that later gained major significance: for example, the launch of the 
Solid Facts (Wilkinson and Marmot 1998, 2003) publication on the Social 
Determinants of Health (SDH) in 1998 with professor Sir Michael Marmot led the 
way to the establishment of the global commission on the SDH. The strategic focus 
of Healthy Cities work meant a focus on upstream, high-impact approaches to 
health development and equity. Table  5.4 shows an overview of the themes and 
priorities of the Healthy Cities agenda over six phases.

Phase VI was launched as an adaptable and practical framework for delivering 
Health 2020 at the local level. It recognizes that each city is unique and will pursue 
the overarching goals and core themes of Phase VI according to its needs and pro-
cesses that were sensitive and adaptable to local socio-economic, organizational and 
political contexts. Cities were encouraged to use different entry points and 
approaches but will remain united in achieving the overarching goals and core 
themes of the phase. Table 5.5 below shows the Phase VI priorities in more detail.

WHO Healthy Cities combined six essential features: (1) local relevance and 
openness to innovation and a cutting-edge public health agenda; (2) strong leader-
ship and political commitment and a multisectoral approach to health development; 
(3) partnership-based management of change, transparency and democratic gover-
nance; (4) strategic thinking and planning and concrete deliverables and outcomes; 
(5) adaptability and receptiveness to emerging needs and ideas; and (6) commitment 
to solidarity and international and local networking.

Healthy Cities can exert their influence on health and equity in a wide range of 
mechanisms and processes including regulation (Cities are well positioned to influ-
ence land use, building standards and water and sanitation systems and enact and 
enforce restrictions on tobacco use and occupational health and safety regulations.), 
integration (Local governments have the capability of developing and  implementing 
integrated policies and strategies for health promotion and sustainable develop-
ment.), intersectoral partnerships (Cities’ democratic mandate conveys authority 
and power to convene partnerships and encourage contributions from many sectors 
and stakeholders from the private and voluntary domains.), citizen engagement 
(Local governments have everyday contact with citizens and are closest to their 
concerns and priorities. They present unique opportunities for partnering with civic 
society and citizens’ groups.) and equity focus (Local governments have the capac-
ity to mobilize local resources and to deploy them to create more opportunities for 
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poor and vulnerable population groups and to protect and promote the rights of all 
urban residents.).

Healthy Cities continued to expand and proved valuable during times of major 
changes in Europe and the world, including the fall of the Berlin Wall, the 
Yugoslavian wars, the expansion of the European Union, globalization, the rapid 
expansion of the information society and austerity waves and significant changes in 
the social landscape of the region.

Table 5.4 WHO European Healthy Cities agenda—six phases

Phases Main themes

Key strategies and political 
statements that defined the content 
of Healthy Cities: Global, WHO 
and Healthy Cities policies and 
declarations

I 
(1987–
1992)

Creating new structures for and introducing new 
ways of working for health in cities. City health 
profiles—an essential tool

Health for All
Ottawa Charter
Milan Declaration of Healthy Cities

II 
(1993–
1997)

Emphasis on intersectoral action, community 
participation and comprehensive city health 
planning

Rio Declaration on Environment 
and
Development

III 
(1997–
2003)

Action on health and sustainable development 
and healthy urban planning. Action on key NCD 
risk factors. Addressing the social determinants 
of health. City health development plans—an 
essential tool
Partnership with other city networks in Europe

Jakarta Declaration of Health 
Promotion
Athens Declaration of Healthy 
Cities
Agenda 21—Rio plus 10
Health 21—Health for All in the 
Twenty-First Century
European Sustainable Cities and 
Towns
Campaign
Millennium Development Goals

IV 
(2003–
2007)

Increasing emphasis on partnership-based health 
development plans. Core themes include healthy 
urban planning, health impact assessment and 
healthy ageing

Belfast Declaration of Healthy 
Cities
Report of the WHO Commission 
on the Social Determinants of 
Health (2008)

V 
(2008–
2013)

Health and health equity in all local policies. 
Core thematic strands: caring and supportive 
environments, healthy living, health urban
environment and design

The Tallinn Charter: Health 
Systems for Health and Wealth
Zagreb Declaration of Healthy 
Cities
European review of social 
determinants of health and the 
health divide Governance studies

VI 
(2014–
2018)

Leadership for health
City health diplomacy (Kickbusch and Kokeny 
2017)
Applying Health 2020 lens with emphasis on 
life-course approaches, community resilience 
and health literacy

European Policy and Strategy for 
Health and Wellbeing—Health 
2020
2014 Athens Declaration of Healthy 
Cities (WHO 2014b)
Sustainable development goals 
(SDGs)
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5.3  Healthy Cities Network Model

The WHO European model of Healthy Cities has two operational arms: the WHO 
Healthy Cities Network consisting of about 60–100 cities which are directly desig-
nated by WHO and the WHO Network of Healthy Cities Networks which brings 
together approximately 30 European National Healthy Cities Networks.

Table 5.6 below provides a typology of the four essential prerequisites for mem-
ber cities (Tsouros 2017). Evidence of strong political commitment is fundamental 
requirement for the designation process. In addition to a letter from the Mayor or 
equivalent interested, applicant cities have to provide a city council resolution 
expressing support for the participation of the city in this WHO Network as well as 
partnership intent statements from public, private and voluntary sectors. These are 
crucial for the sustainability of the programme in cities.

Managing change and supporting innovation, especially when these imply new 
ways of working, must be supported by people who have the necessary knowledge, 
skills and seniority, to enable resources and mechanisms and processes to engage 
public sectors and agencies and civil society. The requirement for a coordinator and 
a project office that is strategically located within the city administration (ideally 
close to the Mayor’s office) is of critical importance to be able to fulfil its strategic 
and intersectoral coordination function to the full. The profile and seniority of the 
coordinator have also proven crucial. Healthy Cities cannot reach its potential if it 
is reduced to a technical project far from the policy and strategy locus of the city. 
Furthermore, member cities have to establish an intersectoral steering committee 

Table 5.5 Goals and priority themes of Phase VI (2014–2018) of the European Healthy Cities

Overarching goals
  • Tackling health inequalities   • Promoting city leadership and participatory 

governance for health
  • Human rights and gender   • Whole-of-government and whole-of-society 

approaches
  • Health and health equity in all local policies
  • City health diplomacy

Core themes
Life course and 
empowering 
people

Tackling public 
health 
priorities

Strengthening people-centred 
health systems and public 
health capacity

Creating resilient 
communities and 
supportive environments

Highly priority issues
  • Early years
  • Older people
  • Vulnerability
  • Health literacy

  • Physical 
activity

  • Nutrition 
and obesity

  • Alcohol
  • Tobacco
  • Mental 

well-being

  • Health and social services
  • Other city services
  • Public health capacity

  • Community resilience
  • Healthy settings
  • Healthy urban 

planning and design
  • Healthy transport
  • Climate change
  • Housing and 

regeneration
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and designate a politician (the mayor or one of his deputies) to be responsible for 
the programme. The European experience has shown that cities can also establish 
project support structures outside the city organization allowing flexibility for 
broader collaborations with statutory and especially nonstatutory partners.

National Networks (WHO 2015) play a key strategic role in promoting the 
healthy Cities principles and ideas, supporting their member cities, organizing train-
ing and learning events as well as working with different ministries and participat-
ing in national programmes. National Networks also represent an important public 
health platform at European level. National networks are accredited by WHO at the 
start of each phase on the basis of explicit criteria reflecting the scope and goals of 
the phase as well as minimum managerial requirements similar to those applied by 
the WHO Network cities (WHO 2014a, b, c, d).

Unlike membership to most other international networks which is usually based on 
signing a statement or declaration, the members of the WHO Healthy Cities Network 
are required to meet political and organizational requirements and commit to address-
ing a set of themes and targets. This has always been a source of respectability and 
prestige for the membership to this WHO Network. The chapter at hand discusses the 
main features of Healthy Cities in the European Region and will particularly focus on 
a number of issues that have been and continue to be critical for its success.

Healthy Cities is a movement committed to change and innovation, and it needs 
to sustain its strategic course to fulfil its potential. An important attribute of Healthy 
Cities is the political legitimacy to address challenging issues such as equity, vulner-
ability, the determinants of health and sustainability. One of the greatest strengths of 
the Healthy Cities movement is the diversity of political, social and organizational 
contexts within which it is being implemented across Europe. Concepts such as 
healthy public policy, intersectoral action, Health in All Policies and whole-of- 
government and whole-of-society approaches continue to be elusive for many 
national governments. These concepts constitute the premise on which Healthy 
Cities was designed: a whole-of-local-government approach to health with strong 
emphasis on equity and partnerships with statutory and nonstatutory partners.

Table 5.6 Healthy Cities four action prerequisites

A  C
Explicit political commitment and partnership 
agreements at the highest level in the city 
making health, equity and sustainable 
development core values in the city’s vision and 
strategies

Promoting Health in All Policies, setting 
common goals and priorities and developing a 
strategy or plan for health, equity and 
well-being in the city. Systematically 
monitoring the health of the population and 
the determinants of health in the city

 B D 
Organizational structures and processes to 
manage, coordinate and support change and 
facilitate national-local cooperation, local 
partnerships and action across sectors, along 
with active citizen participation and community 
empowerment

Formal and informal networking and 
platforms for dialogue and cooperation with 
different partners from the public, private, 
voluntary and community domains
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5.4  Local Leadership for Health and Sustainable 
Development

The well-being, health and happiness of the citizens depends on politicians’ will-
ingness to give priority to the choices that address equity and the determinants of 
health. Ultimately health is a political choice that should match the values and aspi-
rations for protecting and constantly improving the health and well-being of all citi-
zens. This means creating supportive social and physical environments and 
conditions for enabling all people to reach their maximum health and well-being 
potential. It is thus important for city leaders to visualize what society they wish to 
create and decide on the values that will underpin their visions for the cities.

Municipalities have evolved as key drivers of city health development, providing 
not only leadership but continuity and adaptability in administrative structures and 
processes. Leadership for health and health equity takes many forms and involves 
many actors, for example, international organizations setting standards, heads of gov-
ernments giving priority to health and well-being, health ministers reaching out 
beyond their sector to ministers in other sectors, parliamentarians expressing an inter-
est in health, business leaders seeking to reorient their business models to take health 
and well-being into account, civil society organizations drawing attention to short-
comings in disease prevention or in service delivery, academic institutions providing 
evidence on which health interventions work (and which do not) and research findings 
for innovation and local authorities taking on the challenge of Health in All Policies.

Such leadership for health in the twenty-first century requires new skills, often using 
influence, rather than direct control, to achieve results. Much of the authority of future 
health leaders will reside not only in their position in the health system but also in their 
ability to convince others that health and well-being are highly relevant in all sectors. 
Leadership will be not only individual but also institutional, collective, community-
centered and collaborative (Kickbusch and Gleicher 2014; Kickbusch and Thorsten 
2014). Such forms of leadership are already in evidence. Groups of stakeholders are 
coming together to address key health challenges at the global, regional, national and 
local levels, such as the global movement on HIV. Similar movements are emerging 
around noncommunicable diseases, environmental health and health promotion.

Cities have the capacity to influence the determinants of health and inequali-
ties—‘the causes of the causes’ as it is commonly referred to. They can promote the 
health and well-being of their citizens through their influence in several domains 
such as health, social services, the environment, education, the economy, housing, 
security, transport and sport. They can do this through various policies and interven-
tions, including those addressing social exclusion and support, healthy and active 
living (Edwards and Tsouros 2008a, b) (such as cycle lanes and smoke-free public 
areas), safety and environmental issues for children and older people, working con-
ditions, preparedness to deal with the consequences of climate change, exposure to 
hazards and nuisances, healthy urban planning (Barton and Tsourou 2000) and 
design (neighbourhood planning, removal of architectural barriers, accessibility and 
proximity of services) and participatory and inclusive processes for citizens.  
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Intersectoral partnerships and community empowerment initiatives can be imple-
mented more easily at the local level with the active support of local governments. 
Local leaders acting beyond their formal powers have the potential to make a differ-
ence to the health and well-being of local communities by harnessing the combined 
efforts of a multitude of actors (Kickbusch and Gleicher 2014; Kickbusch and 
Thorsten 2014).

In the complex world of multiple tiers of government, numerous sectors and both 
public and private stakeholders, local governments have the capacity to influence 
the determinants of health and well-being and inequities. They are well positioned 
to have such influence through whole-of-local-government and Health in All 
Policies, regulation, integrated strategies and plans and partnerships across society.

Local leadership for health and sustainable development in the twenty-first cen-
tury means having a vision and an understanding of the importance of health in social, 
economic and sustainable development; becoming an advocate and active imple-
menter of the health inequalities (WHO 2014a, b, c, d) and the sustainable develop-
ment agenda (UN 2015); having the commitment and conviction to forge new 
partnerships and alliances; promoting accountability for health and sustainability by 
statutory and non statutory local actors; aligning local action with national policies; 
anticipating and planning for change; and ultimately acting as a guardian, facilitator, 
catalyst, advocate and defender of the right to the highest level of Health for All resi-
dents. Effective leadership for health and well-being requires strong political com-
mitment, a vision and strategic approach, supportive institutional arrangements and 
networking and connecting with others who are working towards similar goals.

A manifesto for local leaders for health and well-being would read along the fol-
lowing lines. Local leaders should recognize that (WHO 2014a, b, c, d, 2016; PAHO 
2016).

• Health is a fundamental human right, and every human being is entitled to the 
enjoyment of the highest attainable standard of health.

• Health should be a core value in city vision statements, policies and strategies.
• The health status of people and whole communities is profoundly affected by the 

conditions in which individuals are born, live and work.
• The knowledge and experience on the social, environmental, urban, cultural, 

commercial and political determinants of health provide the basis for how local 
decision-makers should understand and deal with health and well-being.

• The public health challenges of the twenty-first century to be addressed effec-
tively require the full engagement of local governments.

• Local governments are well placed to provide effective leadership and capacity 
for intersectoral work for health and sustainable development, and they can pro-
mote and enable community involvement and empowerment.

• Local governments generally have primary responsibility for planning and/or 
delivering services critical for influencing the social determinants of health 
(SDH) (e.g. education, transportation, housing and urban planning, and often 
they have responsibility for health service delivery and public health).

• Local governments have a key and central role to play in the implementation of 
all the sustainable development goals (SDGs) and in particular address the strong 
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links between SDG 3 (good Health for All) and SDG 11 (make cities and human 
settlements inclusive, safe, resilient and sustainable).

Political leaders should strive to create Cities for All our citizens by:

• Fully using and integrating in their plans twenty-first-century evidence-based 
public health and health promotion approaches and solutions that work

• Ensuring that their policies and plans are comprehensive, systematic and strate-
gic aiming at delivering best outcomes and maximum impact

• Integrating health and sustainable development considerations in the way their 
municipalities plan, design, maintain, improve and manage the build environ-
ment, infrastructure and services and by using creatively new technologies

• Valuing social diversity and investing in building trust and cohesion amongst 
community groups

• Employing whole-of-local-government and whole-of-society and Health in All 
Policies approaches in their efforts to reaching out to different partners (public 
and corporate) and civil society

• Focusing in engaging with other sectors on ‘what they can do for health and what 
health can do for them’ identifying win-win, synergistic and co-beneficial 
outcomes

• Promoting policy coherence, synergies and better coordination as well as sys-
tems enabling joint planning and accountability for health and equity

• Investing in creating adequate capacity for steering, managing and implementing 
our Healthy Cities initiatives and programmes

• Putting in place the resources and mechanisms for systematically assessing the 
health and the conditions that affect health in cities as well as for monitoring 
Health in All Policies and reducing health inequalities’ efforts

• Publishing regularly a city health profile as a basis of identifying priorities and 
accountability for health in cities

• Increasing city wide policies, programmes and services for disease prevention 
and health promotion applying the social determinants of health (SDH), equity 
and economic lens and aiming at creating social and physical environments that 
are conducive to health and well-being as well as increasing health literacy 
(Kickbusch et al. 2013)

• Promoting awareness about individual responsibility and social responsibility 
for health through an SDH and equity perspective

• Developing strategies and plans that are framed on population-based and life- 
course approaches

• Developing an intersectoral integrated strategic framework and plan for health 
development in the city with commonly agreed (amongst different sectors and 
other stakeholders) goals

• Making sure that local Healthy Cities plans and activities are aligned and con-
nected with the main city development strategies

• Developing local and national platforms, networks and fora that promote social 
dialogue and broad civic engagement
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Figure 5.1 shows a schematic representation of key political considerations for 
the implementation of Healthy Cities.

There is an imperative for all truly committed Healthy Cities to work on a num-
ber of issues which are crucial for the health of urban communities. This is a mini-
mal agenda for action (Tsouros 2017):

• To ensure that the Health in All Policies and SDG agendas are explicitly and 
fully integrated in cities visions and plans.

• To give high priority to community participation and empowerment and com-
munity resilience.

• To measure and systematically and comprehensively address health inequalities.
• To give all children a healthy start in life with the active involvement of different 

sectors (such as health, social services, education, housing and planning), fami-
lies and communities.

• To create conditions for healthy and active living for all with emphasis on physi-
cal activity, healthy and sustainable nutrition, reduction of obesity and mental 
stress, controlling the use of alcohol and creating smoke- and drug-free cities.

• To increase health literacy amongst individuals, communities and institutions.
• To invest in healthy environments and healthy urban planning and design creat-

ing safe and clean neighbourhoods with access to greens and space for social 
interaction and good facilities for all and creating age and child-friendly 
settings.

• A key aspect of the success on the ground and sustainable evolution of Healthy 
Cities in Europe has been its ability to connect with other local strategies and 
programmes, to be a convener and facilitator of intersectoral and community 
dialogue and cooperation, to be continuously open to new concepts and to be 
sensitive to needs and emerging priorities.

One of the most promising modern ways to promoting health is the life-course 
approach. This means supporting good health and its social determinants  throughout 

Fig. 5.1 Articulating and 
implementing a Healthy 
Cities vision
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the life course leads to increased healthy life expectancy as well as enhanced well-
being and enjoyment of life, all of which can yield important economic, societal and 
individual benefits. Interventions to tackle health inequities and their social determi-
nants can be derived at key stages of the life course: maternal and child health, 
children and adolescents, healthy adults and healthy older people.

Without a doubt one of the most formidable goals for a Healthy City, which 
would require the contribution of many sectors, is giving children a healthy start in 
life.

A good start in life establishes the basis for a healthy life. Cities investing in 
high-quality early-years childcare and parenting support services can compensate 
for the negative effects of social disadvantage on early child development. Promoting 
physical, cognitive, social and emotional development is crucial for all children 
from the earliest years. Children born into disadvantaged home and family circum-
stances have a higher risk of poor growth and development.

WHO in Europe has invested in evaluating progress and achievements at the end 
of every phase (De Leeuw and Simos 2017; JUH 2013; HPI 2009, 2015; De Leeuw 
et al. 2014). This chapter has heavily drawn on the lessons learnt from almost three 
decades of Healthy Cities in Europe. However, a vast amount of knowledge has 
been generated by the European Healthy Cities movement that remains invisible, 
undocumented and undervalued. The stories and achievements of cities and net-
works need to be systematically explored and documented.

5.5  Epilogue

Mayors are emerging as powerful and influential agents for change, locally, nation-
ally and internationally. City health diplomacy can make a true difference, but this 
implies coherent and strategic thinking. The local voice is essential in the decision- 
making governing bodies and international fora of many international organizations 
and can also be helpful in discussions regarding the engagement of non-state actors.

The new sustainable development agenda provides a new opportunity to 
strengthen health and equity in our cities and communities. Health 2020 and the 
sustainable development goal (SDG) agenda are mutually reinforcing and provide 
enormous legitimacy for strong leadership and action.

Healthy Cities can organically embrace and integrate the SDG agenda, which 
goes hand in hand with priority areas such as equity, vulnerability including poverty 
and migrants’ health, community resilience, climate change and the whole determi-
nants of health agenda. Now is the time to scale up Healthy Cities as an important 
global force for health and equity.

Healthy Cities is a dynamic concept which should be continuously enriched with 
new developments and emerging priorities and scientific evidence. It is the anticipa-
tory quality of Healthy Cities that has made it attractive to cities in all countries, 
even those with very advanced public health presence. This is essential for Healthy 
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Cities to maintain its relevance and credibility. Its agenda, themes and goals should 
therefore reflect WHO regional priorities and strategies, global strategies and priori-
ties and issues emerging from the urban (health, social, environmental) conditions 
in each region.

The key to using the Healthy Cities concept to its full potential is the capacity for 
effective leadership and intersectoral action through whole-of-government, whole- 
of- society and Health in All Policies approaches. Healthy Cities is a value-based 
movement. Equity, solidarity, sustainability and a commitment to creating Cities for 
All are crucial. In other words, what matters is not just the average health standard 
in a city, but making sure that whatever the city has to offer is apportioned to 
everybody.

The real danger always remains to engage in Healthy Cities using the trademark 
and, in reality, wasting a great concept and a great opportunity by doing fragmented 
low-impact ephemeral projects and not working seriously on issues such as health 
inequalities and healthy urban planning or addressing the special needs of disadvan-
taged groups.

Increasing the accessibility of the Healthy Cities movement in all regions of the 
world should be a priority. The time is right to create a strong global Healthy Cities 
movement. Health Cities provide an adaptable and practical framework for deliver-
ing Health for All at the local level. It provides an exceptional platform for joint 
learning and sharing of expertise and experience between cities, between national 
and local levels of government and between countries and regions.

Ultimately the future prosperity of urban populations depends on the willingness 
and ability of local decision-makers to seize new opportunities to enhance the health 
and well-being of present and future generations.
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Chapter 6
Human Ecology in the Context 
of Urbanisation

Roderick J. Lawrence

6.1  Introduction

Humans have constructed their habitats over several millennia in each region of the 
world. Human habitats contain built and natural environments that provide sheltered 
conditions for daily life and infrastructure that maintains the supply of food, energy 
and water for the resident population (Boyden 1987). All the materials and pro-
cesses that are necessary for the construction, functioning and maintenance of cities 
and large urban regions are related in some way to the availability and uses of abi-
otic and biological resources of ecosystems. Cities are dependent on the quantity 
and quality of these natural resources and the exportation of waste products in order 
to sustain their populations (Elmqvist et  al. 2013). Energy, fuels, materials and 
water are transported from elsewhere and transformed into goods and services.

The high concentrations of activities, objects and people in cities and the flows 
between rural and urban areas mean that urbanisation is a major contributor to 
national economies and to environmental change at local, regional and global levels 
(Millennium Ecosystem Assessment 2005). One result of this urban characteristic is 
that cities are locations of relatively high concentrations of air, soil and water pollu-
tion, as well as all kinds of wastes. Consequently, urban populations are exposed to 
adverse environmental conditions in their habitat that are risks for their health 
(Hardoy et al. 2001).
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Cities and urban regions of different size provide varying numbers and kinds of 
community services including education, health care, leisure, tourism and welfare 
services (Sarkar et al. 2014). However, research confirms that residents do not have 
equal access to these services owing to geographical and socio-economic differ-
ences: Cities can become arenas for social differentiation, segregation and exclu-
sion (Sarkar et al. 2014). They may also facilitate the communication of infectious 
disease, such as severe acute respiratory syndrome (SARS). They can be localities 
of social disorders (including criminality and violence), which may contribute to 
stress and mental illness (UN-Habitat 2010).

The ecological processes and products of cities and urban regions (such as Los 
Angeles, Kuala Lumpur, Paris and Tokyo) are rarely confined to administrative, 
geographical or political boundaries commonly associated with them. The reason 
for this is that cities and urban regions are complex open systems that transgress 
human-made borders (Dyball and Newell 2015). Hence, policies and projects that 
encourage land uses for either agriculture or urban development need to extend 
beyond traditional administrative and political boundaries as well as sector-based 
divisions of labour (Lawrence 2010). Therefore, coordination between geopolitical 
authorities within and beyond these boundaries is necessary. This chapter argues 
that an interdisciplinary and intersector conceptual framework based on the generic 
principles of human ecology should be applied in order to identify and address the 
diversity of public health challenges provided by urbanisation. The chapter shows 
that the advantage of human ecology is that its integrated, systemic framework 
explicitly accounts for the mutual interaction between the human and non-human 
components of habitats in a way that either the natural or social science disciplines 
have not achieved.

6.1.1  Rethinking Urbanisation

The drivers of large-scale urban development are difficult to understand (Hobbs 
et al. 2013). The multiple consequences of urbanisation trends are not well known 
and measured because they are numerous and operate at different geopolitical 
 levels. There is a growing amount of evidence showing that modern urban and rural 
development programs and large housing projects have yielded many improvements 
to living conditions in all regions of the world. However, not all urban agglomera-
tions or residential neighbourhoods benefit equally (UN-Habitat 2010). Some resi-
dential neighbourhoods can be characterised by relatively large numbers of migrants 
who are unemployed, relatively large households with low incomes and a housing 
stock of many non-renovated high-rise buildings constructed after 1950 (World 
Bank 2001). Recent events in many African, Asian and Latin American cities high-
light a range of contemporary problems related to the exposure of residents to 
adverse environmental conditions (e.g. summer and winter smog, soil contamination 
and water pollution), socio-economic inequalities (that can be drivers of deprivation, 
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delinquency, homelessness and unemployment), and political corruption (that can 
be a catalyst for social protests, riots and warfare).

There are no simple answers to current challenges stemming from rapid urban-
isation, but it should be acknowledged that policy makers have identified and iso-
lated problems too narrowly (Lawrence 2015). Today, there is a growing consensus 
that uncoordinated approaches need to be replaced by coordinated ones that account 
for the interrelations between ecological, economic and social dimensions of chang-
ing land uses in urban regions and how these impact on ambient living conditions 
and influence health and well-being. The author of this chapter argues that there is 
an urgent need to reconsider housing, building, transport and large-scale urban 
development in a broad environmental, social and political context that explicitly 
aims to promote public health.

The formulation and implementation of traditional sector-based contributions in 
housing, building, transport and urban planning should be challenged. Incremental 
improvements (e.g. the construction of new residential neighbourhoods) are often 
achieved in tandem with unintended consequences, such as direct negative impacts 
on environmental conditions (e.g. loss of biodiversity and public green space) and 
indirect impacts on the health and well-being of citizens (Mueller et  al. 2017) 
(Fig. 6.4). These unforeseen outcomes are partly due to the number and  complexity 
of all those factors that policy decision-makers and professional practitioners need 
to consider. They are also related to the recurrent lack of coordination between 
urban development policies, public health and other sectors including energy, hous-
ing and transportation (Khreis et al. 2016). Lack of coordination between sectors in 
order to promote public health has been associated by Lawrence (2010) with con-
ceptual, institutional and social barriers including:

 1. The number and the complexity of all those factors that researchers, practitioners 
and policy decision-makers ought to consider

 2. The uncertainties and the unpredictability of the interrelations between many of 
these factors which are rarely admitted

 3. The segmented knowledge of researchers, public administrators and practitio-
ners who may be experts on specific subjects but they do not have an integrated 
perspective of what they consider

 4. The lack of coordination between institutions and actors in different sectors and 
between people working in different geopolitical institutions

 5. The lack of systematic monitoring and feedback within sectors (such as housing 
or transport) and especially across different local, regional and national levels.

 6. The non-account of goals, priorities and values related to the ways policy 
decision- makers and citizens develop local economies, interpret their livelihoods 
and value the qualities of their habitat

The author of this chapter has argued for a fundamental rethinking of the rela-
tionships between social, economic and health inequalities and other kinds of 
anthropogenic problems in cities and urban regions (Lawrence 2015). The interrela-
tions between housing markets, transport infrastructure, health systems, community 
services, environmental policies and land-use planning have been poorly articulated 
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until now (Mueller et al. 2017). However, it is crucial to acknowledge the important 
role of cities as localities for the management of numerous resources, as places for 
accommodating diverse cultures and ways of life, as localities for access to medical 
services and health care and as significant forums for economic development at the 
local, national and regional levels (Kresl 2007). Although housing and urban devel-
opment policies have rarely been a high priority in the manifestos of governments 
or political parties, there is a growing awareness led by non-governmental organisa-
tions, local government associations and research consortiums that health should be 
an integral component of urban planning. A rethinking of transport infrastructure as 
a driver of economic and urban development is feasible and necessary (Khreis et al. 
2016). For example, the planning of coordinated infrastructure that facilitates 
cycling, walking and transit to affordable and efficient public transport can reduce 
exposures to the negative externalities of private car transport infrastructure and 
reduce sedentary lifestyles, by making active mobility attractive especially when 
travelling relatively short distances in urban areas.

The next section of this chapter presents the principles of human ecology and 
distinguishes them from those of general ecology. Then the key principles of human 
ecology are used to formulate and apply a conceptual framework to analyse the 
distinctive characteristics of urban ecosystems. This enables us to distinguish cities 
and large urban regions from other kinds of human habitats. These characteristics 
can be used by researchers, policy makers and professional practitioners to monitor 
and evaluate to what degree urbanisation trends impact on the health and well-being 
of populations in specific neighbourhoods.

6.2  Theoretical Concepts and Framework

The term ‘ecology’, from the ancient Greek words oikos and logos, denotes ‘science 
of the habitat’. There is a large consensus that this term was first used by Ernst 
Haeckel (1834–1919), a German zoologist, in 1866 (Lawrence 2001). The word 
ecology commonly designates a science that studies the multiple interrelationships 
between organisms and their surroundings. Since the late nineteenth century, the 
term ecology has been interpreted in numerous ways including general and human 
ecology.

6.2.1  What Is General Ecology?

During the twentieth century, botanists and zoologists use the term ‘general ecol-
ogy’ to refer to the interrelations between animals, fungi, plants and their immediate 
surroundings. The number of contributions about the science of ecology grew from 
the beginning of the twentieth century (Pickett et al. 2001). Animal and plant ecolo-
gists maintain that interactions between organisms and all the components of 
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ecosystems follow principles that refer to their similarities and their differences. A 
community of organisms develops from simple to more complex forms through a 
sequence of developmental stages known as succession. This term refers to the slow 
progression of changes in communities of animals and plants owing to changes in 
ecological and climatic conditions. This evolutionary trend means that some species 
with a longer lifespan become dominant in a particular biotope or ecosystem for a 
certain time period. This trend may become a climax state: Climax is a dynamic 
equilibrium state that is determined by the limiting factors of the climate, soil or 
other ecological conditions (Pickett et al. 2001). Climax refers to the culmination of 
the evolution of animal and plant communities that correspond to the optimal devel-
opment of the biomass with respect to specific ecological conditions. By using an 
analogy, some ecologists imply that human groups and communities are natural 
phenomena that develop by slow progression and succession processes. This inter-
pretation means that psychological and social characteristics of human individuals 
and societies are analogous to biological factors, that competition between human 
beings is an innate biological process and that climax is the outcome. The funda-
mental principles of human ecology challenge this analogy by accounting for the 
psychological, social and cultural dimensions of human life (Boyden 1987; 
Lawrence 2001).

6.2.2  What Is Human Ecology?

In contrast to general ecology, human ecology usually refers to the study of the 
dynamic relationships between humans and the physical, biotic, cultural and social 
characteristics of their environment and the biosphere. However, this is not the orig-
inal meaning of this term which was first used by Ellen Swallow Richards (1842–
191). In her original contribution, she proposed human ecology in her formulation 
of euthenics, which she defined as a science for better living (Clarke 1973). From an 
institutional perspective, human ecology developed in the Department of Sociology 
at the University of Chicago, in the context of a rapidly urbanising city after the 
First World War. It was promoted by a coalition of researchers from a number of 
social science disciplines (including anthropology, demography, geography, psy-
chology and sociology). These researchers shared a concern about the effects of 
urban living on the daily life and well-being of the residents, especially minority 
groups of migrants and low-income households.

Today, human ecology generally refers to the study of the reciprocal relations 
between people, their habitat and the environment beyond their immediate sur-
roundings. A conceptual model of human ecology formulated in Lawrence (2001) 
is reproduced in Fig. 6.1. This figure is not meant to be a detailed model of people- 
environment relations that can provide a complete understanding of a complex and 
vast subject. Instead it represents an integrated model that represents the systemic 
interrelations between sets of biotic, abiotic and cultural factors that are combined 
together in any human ecosystem. Hence it does not concentrate only on specific 
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components because it considers the whole system as the unit of study for people- 
environment relations. This integrated model can be applied to analyse different 
geographical areas (neighbourhoods, cities and mega-urban regions). It is a syn-
chronic representation of a human ecosystem that is open and linked to others. The 
model is meant to be reapplied at different times to explicitly address both  
short- and long-term perspectives. This temporal perspective can identify change to 
any of the specific components as well as the interrelations between them.

Human ecology is explicitly interdisciplinary (Lawrence 2001). The material 
and non-material dimensions of human ecosystems, shown in Fig.  6.1, include 
genetic patrimony, especially the capacity of the human brain to interpret and trans-
form land and other natural resources into a viable habitat; demographic character-
istics such as the size and composition of human populations in mega-urban regions; 
the social organisation of human groups in urban neighbourhoods (including kinship 
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relations and household structure); institutions including associations, rules and 
customs that regulate individual and collective behaviours; the local economy 
including all consumption and production processes; and, last but not least, the 
beliefs, knowledge religion and values of local populations (Lawrence 2001).

6.2.3  What Is Urban Ecology?

Urban ecology has been interpreted in diverse ways (Douglas et al. 2011; Young 
2009). Perhaps the most common interpretation stems from the natural sciences, 
notably animal and plant biology. In this context, urban ecology refers to the mul-
tiple relations between animal and plant populations and the ecological conditions 
of their habitat, which includes significant human influences in suburban and urban 
areas (Pickett et al. 2001). Urban development processes can significantly modify 
natural habitats to the extent that some species migrate and live elsewhere, whereas 
other foreign species can inhabit the urban ecosystem.

A second set of interpretations of urban ecology stems from the social sciences, 
notably anthropology, sociology and human geography (Moran 2016). This set of 
interpretations is anthropocentric and deals specifically with homo urbanus. It anal-
yses the mutual interaction between humans living in urban areas and the natural 
and human-made components of these areas. The geographical distribution of both 
natural and built components of urban ecosystems, as well as human populations or 
groups in those ecosystems, has been studied since the 1920s (Dyball and Newell 
2015).

A third set of interpretations is technical and functional stemming from engi-
neering and urban planning (Wachsmuth 2012). It considers cities and urban regions 
as metabolisms with the provision of infrastructure and services to supply all that is 
necessary to sustain human populations in them: Particular attention is given to the 
supply of food, energy and water by material flow analysis. Industrial ecology is one 
application of this kind of interpretation (Young 2009). Another application is the 
calculation of ecological footprints: Urban areas occupy large surfaces of land, but 
their ecological footprints (e.g. the quantity of resources needed to sustain them and 
assimilate all their wastes) exceed these surface areas many times and have signifi-
cant impacts on hinterlands (Seitzinger et al. 2012). This has become a global phe-
nomenon given that it is estimated that cities and urbanisation processes occupy 
only about 2–3% of the land surface of the world, whereas they need about 75% of 
all resources consumed globally (Harrison et al. 2000).

6.2.4  What Is Political Ecology?

Political ecology applies a different approach because it has legal and normative 
foundations enabling environmental problems to be addressed pragmatically by 
corrective measures (Lawrence 2001). These kinds of problems are meant to be 
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overcome by legislation, technological efficiency and financial measures to reduce 
the impacts of human production and consumption stemming from uses of natural 
resources and the discharge of wastes. This interpretation has been complemented 
by an ethical one that has addressed property rights (including the rights of nature). 
Property rights are social arrangements between people that define the rights, enti-
tlements, obligations and duties of persons, companies or an authority (the right 
holder) in relation to a specific entity (e.g. a component of the natural environment, 
such as a forest or a lake). Property rights stipulate how the right holder and other 
parties (non-property holders) are morally and legally required to act (Hann 1998). 
They create interdependence between people and natural resources as well as issues 
of distribution and fairness. In general, private claims, rights and responsibilities of 
environmental resources often fail to meet the collective or public need for environ-
mental protection and intergenerational equity. This means that core principles of 
sustainable development are not met as Lawrence (2005) noted.

6.3  Ecological Public Health

Ecological Public Health posits that human health is dependent on how people live 
in a complex ecological system (see Chap. 33 by George Morris). Consequently, 
health is the outcome of the mutual interaction between humans and their immedi-
ate environment. Rayner and Lang (2012, p. 93) wrote that a key theme ‘… is inter-
relatedness, how people fit into the biosphere, how they use and care for the natural 
world, how all species interact, and how their interactions have consequences almost 
always with feedback loops’. One example of the application of this model is the 
growing concern about the relatedness of climate change, increasing differences in 
quality of life in human habitats and the health of residents in specific neighbour-
hoods (Whitmee et al. 2015).

The formulation of an ecological model of public health requires system think-
ing. Systems comprise components and subcomponents that interact directly or 
indirectly by two-way processes (Meadows 2009). Urban health should be inter-
preted as a complex system related to others (e.g. mobility and transport infrastruc-
ture) in real-world situations, as shown in Fig. 6.2. This representation shows that 
any urban health system comprises many proximate and distal components that 
interact mutually at different levels (Barton and Grant 2006). These complex sys-
tems should not be studied using linear interpretations of cause-effect models 
because such simplification cannot represent extant situations. Systemic models of 
urban health recognise that any internally or externally generated changes to one of 
the components of a system will impact on the other components including the ini-
tial component that was changed (Dyball and Newell 2015). Therefore, it is too 
restrictive to assume that improved access to green public space will change human 
behaviour and then improve health and well-being. It is necessary to consider how 
an informed public that benefits from improved health and well-being has the capac-
ity to modify their lifestyle and influence uses of public green space. Then it is pos-
sible to monitor and evaluate what consequences occur.
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6.4  Cities and Urban Development

Despite the global phenomenon of urbanisation, there still is no international con-
sensus about the definition of a city, or an urban agglomeration, or a mega-urban 
region. Although the definition of a city varies from country to country, the United 
Nations uses national definitions that are commonly based on population size (Galea 
and Vlahov 2005). Megacities are often referred to as those with a population that 
exceeds ten million. Other interpretations are based on the administrative or politi-
cal authority of urban areas, especially the degree of autonomy in relation to national 
or regional authorities. Some definitions include the socio-economic status of the 

Fig. 6.2 Barton and Grant (2006) have proposed a health map that represents an ecosystem  
model of human habitats, their constituents and relationships to human health. This model is pro-
vided as a communication tool for public health ‘in dialogue’ with the built environment disci-
plines—(e.g. planners, architects, urban designers, landscape architects, transport planners and 
environmental designers). Developed from a concept by G. Dahlgren and M. Whitehead (1991)
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resident population, especially their livelihood (e.g. the proportion of all employed 
people with nonagricultural occupations).

Between 1960 and 2000, the global human population doubled, and it is pro-
jected to increase to 9.7 billion in 2050 and 11.2 billion in 2100. The urban share of 
the global population increased from 29% in 1950 to 51% in 2011. Therefore, urban 
ecosystems are the habitat of more than half of the global population, and this share 
is predicted to increase to about 70% by 2050 (United Nations 2015). Urbanisation 
during the twentieth century, coupled with demographic growth, migration flows 
and economic development, has provided both positive and negative outcomes. The 
negative outcomes have been the source of numerous environmental and social con-
cerns including loss of biodiversity following changes to land use, increasing toxic 
air pollution (in large cities such as Beijing, Los Angeles, Mexico and Paris), access 
to safe drinking water and sanitation and the accumulation of liquid and solid  
wastes (UN-Habitat 2010).

6.4.1  What Is Urbanisation?

In order to direct the debate between scientists, practitioners and policy decision-
makers, some conceptual clarification is required. First, it is necessary to distinguish 
between cities as human-made built environments (specifically constructed build-
ings, public spaces and infrastructure that result from numerous decisions about 
how to accommodate human life) and cities as urban processes (including the mul-
tiple flows of energy, information, people and material resources that occur between 
cities and their hinterlands). It is common to adopt only one of these interpretations. 
The author of this chapter argues that both should be applied in a complementary 
way to deal with the complexity and diversity of health impacts of urbanisation. 
When this integrated interpretation is applied, then key principles of human ecology 
can be used to analyse the ordering of different kinds of natural resources, diverse 
groups of people and their activities as well as the goals, priorities and actions that 
are meant to achieve desired outcomes, especially those concerning improved health 
and well-being.

In essence, the construction of cities is intentional. It always occurs in a human 
context. Each society defines and is mutually defined by a wide range of cultural, 
societal and individual human factors that are implicitly or explicitly related to deci-
sions about urbanisation. The layout, construction and intended uses of cities and 
urban regions involve choosing between a range of options in order to achieve 
objectives that may or may not give a high priority to health and quality of life. The 
complexity of cities and urban regions raises some critical questions such as:

 1. What parameters are pertinent for a specific building task, such as the construc-
tion of a new residential neighbourhood?

 2. Whose goals, intentions and values will be taken into consideration?
 3. How and when will these goals and intentions be achieved?
 4. What will be the monetary and nonmonetary costs and benefits of alternatives?
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In order to answer these kinds of questions, it is necessary to recall the generic 
characteristics of cities and urban regions that have been applied over 9000 years in 
different regions of the world. This will be done in the next section of this chapter.

6.5  Characteristics of Cities and Urban Regions

Generic characteristics can be used to interpret differences between rural and urban 
areas, but this has been rare, especially in recent published research on large-scale 
urban development. In order to distinguish cities and urban regions from other kinds 
of human habitats (notably rural towns and suburban sprawl), it is important to 
identify their generic characteristics and then consider how they may influence 
health and well-being.

6.5.1  Centralisation or Decentralisation

The first characteristic of cities and urban regions is centralisation. It stems from the 
fact that the site of a city is chosen by humans. The choice of a specific site and the 
definition of the administrative and political boundaries of a city distinguish it from 
all other cities and their hinterlands. Studies in urban history and geography confirm 
that many factors have been involved in the location of cities (Bairoch 1988). For 
example, coastal sites for ports—for example, Cape Town, Djakarta, Hong Kong 
and Mumbai—can be contrasted with sites on inland trade routes such as Florence, 
New Delhi and Vienna. It is important to note that modern economic rationality has 
an interpretation of the world and human societies which has rarely accounted for 
the climatic, geological and biological characteristics of the location of specific cit-
ies. This has meant that urban populations in cities including Lisbon, Los Angeles 
and Tokyo have been confronted with unforeseen natural and human-made disasters 
including earthquakes, flooding and landslides over several centuries (Mitchell 1999).

During the late twentieth century, the globalisation of the public economy and 
private financial sectors has been increasingly concentrated in extended mega-urban 
regions. The era when a limited number of cities—Venice or London, for  example—
dominated the world economy has been superseded by networks of cities that form 
new polycentric world markets. This is one illustration of the principle that cities 
and urban regions are open rather than closed systems (Elmqvist et al. 2013). One 
outcome of these networks is the proliferation of invasive animal, insect and plant 
species via commerce and trading. These global trends have adverse impacts on 
natural ecosystems and their indigenous species, as well as negative impacts on 
human health (Sandifer et al. 2012).

In a period of accelerating change and globalisation, the growing interrelations 
between cities and mega-urban regions (irrespective of geographical distance) 
should be reconsidered in relation to their capacity to participate in and contribute 
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to local, national and global economies in ways that support the health and well- 
being of residents (Kresl 2007). It should be recognised that cities and urban regions 
ought to have the knowledge and political commitment to deal effectively with rapid 
economic change including financial collapse. Macroeconomic policies and local 
urban development are interrelated as shown by some cities including Athens and 
Detroit in recent years. Consequently, the public and private sectors should form 
coalitions that define and implement policies that build on specific assets and poten-
tials for community services and infrastructure that enable and sustain population 
health. There is also an urgent need for local and national authorities to enhance the 
adaptive capacity of cities to respond effectively to both predictable trends and 
unforeseen changes at the local and regional levels.

6.5.2  Verticality or Horizontality

The second characteristic of cities and urban regions is verticality. During the  
9000-year history of cities, societies have constructed multi-storey buildings. 
Bairoch (1988) noted that Jericho included buildings of seven storeys. This charac-
teristic underlies the compact or dense built environment of urban areas in contrast 
to the dispersed character of rural and suburban development. The height of build-
ings in cities increased dramatically from the late nineteenth century with the con-
struction of skyscrapers, first in Chicago and then other cities around the world. The 
relations between high-rise housing conditions and health status are not easy to 
decipher owing to the vast number of confounding factors (Sarkar et al. 2014).

In recent decades, published research has identified and measured the relations 
between the specific characteristics of high-rise housing and health outcomes. 
Fortunately, there has been a widening of scope of scientific studies: For example, a 
common assumption in the 1970s that floor level above the ground of residential 
buildings correlated with adverse effects on mental health has been corrected and 
qualified by the application of explanatory factors in the field of people- environment 
studies, such as choice in housing markets, individual preferences, housing tenure 
and residential mobility. There is empirical evidence that those residents who do not 
choose where they live, especially households with young children who are allo-
cated housing units in high-rise buildings, may suffer from stressors that impact 
negatively on their mental health (Hartig and Lawrence 2003).

6.5.3  Concentration and Density

Concentration is the third characteristic of cities and urban regions that is directly 
related to the two preceding ones. Urban ecosystems are dependent on the avail-
ability of natural resources and the exportation of waste products in order to sustain 
their populations. Cities import energy, fuels, materials and water which are 
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transformed into goods and services. The high concentrations of activities, objects 
and people in cities, and the flows between rural and urban areas, mean that city 
authorities must manage the supply of food and water as well as the disposal of solid 
and liquid wastes that are risks for population health if not well managed (Hardoy 
et al. 2001). Urban history confirms that cities are localities that favour the rapid 
spread of infectious diseases, fires, social unrest and warfare (McMichael 2001).

The density of the built environment and the intensity of its activities have an 
influence on how cities and urban agglomerations can be sustained over time (Jencks 
and Burgess 2000). Many authors in recent years have argued for high-density, 
mixed-use urban areas (Fig. 6.3). This kind of urban ecosystem reduces the conver-
sion of agricultural land, while it increases economic benefits related to concentra-
tions of human activities including reduced fuel consumption for transportation, 
lower levels of ambient air pollution and reduced adverse exposures to noise from 
road traffic (Khreis et al. 2016). Some authors have claimed that urban concentra-
tion also encourages accessibility and promotes social vitality and cultural diversity 
while reducing social isolation and spatial segregation (Jencks et al. 2004). In con-
trast, other authors have suggested that there are limits to the degree of urban inten-
sification by the containment and densification of existing or new free-standing 
cities; for example, when thresholds of overcrowding are surpassed leading to a lack 
of public open space, fewer recreation facilities and services and the absence of 
private gardens, then poor health may result from a lack of privacy, air pollution and 
noise (Jencks et al. 2004).

Too often debate about the limits to urban intensification has neglected health 
and other social concerns even though the promotion of quality of life has been 
frequently mentioned. Research shows that the social acceptability of compact 
urban development is a key determinant of the feasibility of this kind of development. 

Fig. 6.3 The Highline in Manhattan, New York, is a well-known example of urban planning and 
design that has reconsidered promoting active living in conjunction with public green space in this 
dense city in terms of a people-centred not a vehicle-centred transport and mobility (Sources: 
New York City Department of design and construction (2010). Active design guidelines: promot-
ing physical activity and health in design; (2010) Fit-city 5: promoting physical activity through 
design. Implementation of New York City’s Active design guidelines. Source: www.thehighline.
org)
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Social acceptability is defined by the perceptions and values of individuals and 
social groups. If these perceptions and values are well understood, then indicators 
of the ‘social capacity’ for urban intensification can be used in tandem with indica-
tors of ‘physical capacity’ such as density thresholds (Jencks et al. 2004).

An in-depth understanding of the environmental, economic, social, behavioural, 
physical and geographical components of specific sites is necessary prior to the 
formulation of appropriate intensification projects in urban areas. This approach can 
be applied by local planning authorities in the framework of social and health impact 
assessment, as shown by recent advances in Barcelona (Mueller et al. 2017) and 
elsewhere, if they are willing to accept their responsibility to promote and sustain 
health and quality of life in their jurisdiction (Trop 2017).

6.5.4  Diversity: Cultural, Functional and Socio-economic

Diversity is a refining characteristic of cities that can be used effectively to promote 
ecological, economic and social well-being. Diversity is known to be an important 
characteristic of natural ecosystems because it enables adaptation to unforeseen 
(external) conditions and processes that may impact negatively and even threaten 
survival (Moran 2016). Likewise, lessons from history confirm that those cities with 
a diverse local economy have been able to cope much better with economic reces-
sions and globalisation. This was not the case for Detroit in the late twentieth cen-
tury, for example, and the consequences for the health and well-being of residents 
have been widely reported by mass media. Therefore, diversity—be it economic, 
ecological or cultural—is an important principle that enables human ecosystems to 
sustain health by adapting to external events or trends that negatively impact on 
them.

Social, economic and material diversity are inherent characteristics of cities 
(Holling 2001). The heterogeneity of urban populations can be considered in terms 
of age, ethnicity, income and socio-professional status. These kinds of distinctions 
are often reflected and reinforced by education, housing conditions, employment 
status, property ownership and material wealth. Data and statistics show that, in 
specific cities, different neighbourhoods are the locus of ethnic, political, monetary 
and professional differentiation between ‘us and them’ and ‘here and there’. When 
these dimensions of human differentiation become acute, they are often reflected 
and reinforced by spatial segregation and social exclusion in urban agglomerations 
(UN-Habitat 2010). In recent decades, there have been empirical studies showing 
that these characteristics of urban neighbourhoods, especially acute socio-economic 
inequalities and lack of social cohesion, are linked to relatively high incidences of 
morbidity and mortality (Sarkar et al. 2014).

High levels of diversity and differentiation can be a threat to social cohesion over 
the long term. Viable communities in cities and urban regions can only be achieved 
through recognition of two key social principles of sustainable development:  
The first is intergenerational and intragenerational equity (Lawrence 2005). 

R. J. Lawrence



103

However, it has already been noted that the principles of equity are too often omitted 
from ongoing debate (UN-Habitat 2010). The provision and equitable distribution 
of public education, vocational training, health care, social services and facilities for 
recreation can help address some of the root causes of delinquency and crime which 
can be associated with social differentiation, dependency, segregation and lack of 
empowerment.

The second principle is quality of life which includes issues of ownership, safety, 
security, aesthetics and socio-psychological dimensions of urban life. All these 
dimensions can impact directly or indirectly on health and well-being (Galea and 
Vlahov 2005). From this perspective, a broad and just interpretation of sustaining 
urban ecosystems extends beyond conventional contributions by natural scientists 
to confront a basic ethical dilemma created by some recent residential neighbour-
hoods including the so-called gated communities and fortress suburbs in North 
America (Blakely and Snyder 1997). These kinds of projects are one result of a 
non-willingness to address social cohesion and inclusiveness by deliberately plan-
ning for spatial segregation and social exclusion in urban and suburban areas 
(Fig. 6.4).

Fig. 6.4 This attractive public green space with century-old trees in the dense central business 
district of Sydney, Australia, is used for social contact and leisure by people who do not necessarily 
live or work nearby (Photo: R.J. Lawrence)
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6.5.5  Information and Communication

The fifth characteristic is information and communication. Cities have always been 
centres for the development and exchange of ideas, information and inventions. 
However, during the twentieth century, some of the traditional functions of cities 
have been superseded or evolved with the development of information and commu-
nication technologies (ICT). The growth of new information and communication 
technology redefines the function of cities as centres of communication, marketing 
and information. In addition, the consequences for daily mobility between places of 
work and residence have still not been fully realised (Castells 1989). However, 
innovative technologies for the construction of smart cities, intelligent buildings and 
automated vehicles should be considered in relation to the increasing dependency of 
urban ecosystems on infrastructure and technologies that have no substitutes. The 
increasing incidence of disruptions to power supply to cities in developed countries 
and the hacking of communication and information systems of government agen-
cies and public health services and hospitals in recent years should be recognised as 
new threats to public health and especially the health of urban populations.

Information and knowledge about urban health challenges requires commitment 
to systematic monitoring and evaluation of urban policies, programs and projects in 
relation to population health (Lawrence and Gatzweiler 2017). However, one of the 
anomalies of the architecture and planning professions is that monitoring and evalu-
ation is not considered to be their responsibility. Today, too few public and private 
institutions are examining the range of costs and benefits of urban development and 
precise projects for specific communities, regional and local populations. This 
shortcoming can be overcome, at least partly, by health and social impact assess-
ments and by funding for systematic monitoring and evaluation of urban ecosys-
tems and population health.

6.5.6  Mechanisation and Metabolism

Mechanisation is the sixth characteristic. Cities have been the location of human 
assets, especially knowledge, technological development and complex physical 
infrastructures, for about 10,000 years. Cities and urban regions have depended on 
machinery and infrastructure to import supplies, to treat waste products and to effi-
ciently use their increasingly complex built environments and infrastructure. 
Contemporary urban regions are heavily dependent on machinery for a wide range 
of functions and services that guarantee sanitary living conditions. Mechanical and 
technological characteristics of urban areas that impact directly or indirectly on 
health include industrial production, transportation, the processing of mass- 
produced foods and the increasing use of synthetic materials in the built environ-
ment. In particular, the incidence of accidents in urban areas is a major challenge for 
public health (UN-Habitat 2010). For example, injuries caused by motor vehicle 
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accidents are ranked 10th among leading causes of mortality world-wide and 9th 
among the leading causes of disability. Today, children and young adults in all 
regions of the world bear a disproportionate burden of these accidents. This burden 
is significantly higher in urban areas compared with rural areas; it is also signifi-
cantly higher in developing countries compared with developed countries (Sarkar 
et al. 2014).

6.5.7  Geopolitical Institutions and Actors

The seventh characteristic is political authority. The city was the polis in ancient 
Greece, meaning it had a specific political status, which is still the case today in 
some form of local government. Since the 1990s, much attention has been given to 
urban governance rather than municipal government. Governance can be defined as 
the sum of the ways by which individuals and institutions (public and private) plan 
and manage their common affairs. It is a continuing process that involves formal 
institutions and informal arrangements that are meant to promote mutually benefi-
cial co-operative action. Governance is based on the effective coordination of three 
main components: market-based strategies for the private sector, hierarchical strate-
gies articulated by the public sector and networking in civil society. The goal of 
governance in cities and urban regions should be to develop synergies between part-
ners, so there is a better capacity to deal with the most urgent priorities (Fuchs et al. 
1999 (first edition 1994)).

One example of urban governance that explicitly promotes health is the Healthy 
Cities project. This project was founded in 1987 by 11 European cities and the 
WHO Regional Office for Europe (De Leeuw and Simos 2017). Today this project 
is active in all regions of the world. The Health for All strategy provides the strategic 
framework for this project. The Healthy Cities project in the WHO European region 
includes four main components. First, the designated cities are committed to a com-
prehensive approach to achieving the goals of the project. Second, national and 
subnational networks work together in order to facilitate co-operation between part-
ners. Third, multi-city action plans (MCAPs) are planned and implemented by net-
works of cities collaborating on specific issues of common interest.

The project involves collaboration between sectors to define a “City Health Plan” 
that identifies the interrelations between living conditions in urban areas and the 
health of residents (De Leeuw and Simos 2017). Innovative projects show that 
health can be improved by addressing the physical environment, as well as those 
social and economic factors that influence health in precise situations (such as the 
home, the school, the workplace). This broad interpretation means that equity and 
social inequalities are identified as key factors that need to be addressed in cities. In 
particular, the plight of vulnerable social groups (including the handicapped, home-
less, unemployed, single parents and street children) can be ranked high for inter-
ventions. Hence the social and just principles of sustainable development are 
explicitly addressed.
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6.6  Synthesis

The formulation and implementation of traditional sector-based approaches in the 
field of urban policies and programs does not lead to optimal results. Although there 
may be incremental improvements (in fields such as housing supply, public educa-
tion, employment or transport infrastructure), these are often achieved in tandem 
with unintended consequences which may have negative impacts on local environ-
mental conditions, the economy and the health and welfare of urban populations. In 
part, these outcomes are due to the number and complexity of all those factors that 
policy decision-makers need to consider (Lawrence and Gatzweiler 2017). They are 
also due to the recurrent lack of coordination in the field of public health policies 
and programs, which can be associated with the following factors:

 1. The thematic variety and the technical complexity of specific problems related to 
the environment, the economy, health and well-being. Collectively, actors and 
institutions from different sectors need to collaborate in order to understand and 
address the complexity of contemporary urban health challenges.

 2. The lack of consensus between specialists. There is no shared conceptual frame-
work, methodological approaches or precise instruments for the study of popula-
tion health in cities and urban regions. Moreover, there is no consensus about 
what instruments are most appropriate for defining, applying and monitoring 
urban policies and programs.

 3. The lack of strategic visions and societal goals shared by politicians, profession-
als and the public about the definition and ordering of priorities. These visions 
and goals are not solely dependent on scientific knowledge. They are prescribed 
by human motivations, perceptions and values. Hence both qualitative and 
 quantitative approaches are necessary, and these should be used in a complemen-
tary way.

Given the systemic nature of urban health challenges, it is necessary to consider 
the appropriate means and measures for the redefinition and reorientation of coordi-
nated urban policies that are more ecologically sustainable, more socially equitable 
and less costly in health, monetary and ecological terms.

6.7  Conclusion

This chapter has suggested that an innovative research agenda can be based on the 
hypothesis that cities and urban regions have the potential to create adaptive 
responses rather than being considered as the overriding cause of current environ-
mental, economic, health and other social problems. This hypothesis can be studied 
with respect to three basic ideas. The first is the need to examine urban lifestyles and 
infrastructures from three complementary perspectives—a comprehensive systemic 
perspective at the level of urban regions, an individual and household perspective at 
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the level of residential neighbourhoods and a sociotechnical/institutional perspec-
tive encompassing the local, the regional and the global levels. The second idea is 
the need to apply a temporal framework to address these issues in the past, the pres-
ent and the future. The third idea involves formulating images of the future by 
developing scenarios of desirable futures focused on one or more societal goals and 
then organising a public debate about how these goals could be achieved.

This innovative approach challenges common interpretations of urbanisation 
borrowed from traditional development agendas that focus narrowly on economic 
growth and industrialisation. In contrast, integrative principles of human ecology 
should be applied because they are related directly or indirectly to urban health. In 
essence, these principles can be used proactively in specific urban neighbourhoods 
to improve and sustain the health of urban populations. The importance of a radical 
shift in the way individuals, groups and societies think about these principles in 
relation to sustaining human health in cities and urban regions is a major challenge 
in the twenty-first century.
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Chapter 7
The Human Habitat: My, Our, 
and Everyone’s City

Bianca Hermansen, Bettina Werner, Hilde Evensmo, and Michela Nota

7.1  An Introduction to the Human Habitat

Cities are more than mere physical structures or modern settlement patterns. Cities are 
the places where we wake up, live, laugh, love, work, learn, and retire for the night. Such 
cities can be understood as a form of habitat and are, in fact, one of the most recent habi-
tats on planet Earth. According to Nabhan (1997:3 cited in Steiner 2016: n/p.), a habitat 
is “...related to habit, inhabit, and habitable; it suggests a place worth dwelling in, one 
that has abiding qualities.” However, in contrast to an animal or a plant habitat, the 
human habitat remains more or less undefined. While some think of the human habitat 
as related to one’s home, in this chapter, we take on a broader perspective, scrutinizing 
the human habitat at a societal and urban scale. In doing so, we focus primarily on how 
cities can be planned and built in ways that foster health, quality of life, and prosperity 
among urban inhabitants. This entails placing emphasis on cities as human habitats, 
underlining the importance of re introducing, or perhaps introducing, a human-centric 
approach to urban design. This chapter uses a working definition of health-promoting 
human habitats to mean well-designed, built environments that foster strong social 
cohesion as well as individual mental and physical well-being. Building on this defini-
tion, the chapter seeks to uncover the interconnectedness that exists between people and 
place. The definition of the human habitat is discussed from a Scandinavian perspective 
with examples of our own work, supported with relevant literature. We argue that an 
interdisciplinary approach to urban design is crucial to understand this relationship and, 
in the long term, promote quality of life in the human habitat.
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While acknowledging that our definition of the human habitat does not cover the 
total complexity of what comprises urban life, we have chosen to focus on health 
and social factors, as we believe they constitute some of the most basic human needs 
and as such are of vital importance to the very existence of the human habitat. 
Furthermore, as the human habitat should be considered to be in a state of constant 
transformation, this chapter primarily focuses on and presents research and guide-
lines for the catalyzation of positive and health-promoting changes to the urban 
environment. Throughout the chapter, when using “human habitat,” we will refer to 
this future vision of successful, livable urban areas.

7.2  MY CITY: How to Design Cities for the Individual

This section looks at the most important factors of the human habitat for the indi-
vidual’s mental and physical well-being. In cities, the built environment and urban 
form have a strong impact on the lives of individuals, their experiences, as well as 
their perception of their surroundings, community, and fellow citizens (Fig. 7.1). 
Human-centric cities are designed to facilitate positive environmental factors and 
human health determinants. They ensure that people feel safe and happy while, at 
the same time, counteracting poverty and dysfunction (Montgomery 2013). 
Furthermore, when planning for the well-being and quality of life of individuals, it 
is not only important to pay attention to how our senses come into play but also how 
our experiences of urban spaces are determined by our knowledge of a particular 
space (Gehl 1987; Holloway and Hubbard 2001). To put it simply, our sensory expe-
rience will, together with our knowledge of space, affect the way in which we per-
ceive space, which in turn will determine our behavior in that specific spatial 
context. Accordingly, positive sensory experiences cause positive lived experiences 
that foster positive behavior. Imagine revisiting one of your favorite places in the 
city after being away for a while. The sound, smell, and sight of a familiar place and 
perhaps familiar faces will most likely cause you to have some form of positive 

Fig. 7.1 The way we perceive, experience, and use cities depends on our individual knowledge, 
background, and personal traits

B. Hermansen et al.



115

emotional reaction. Correspondingly, you might find yourself smiling, being at 
peace, and therefore engaging in specific activities such as lying or sitting down.

7.2.1  My Human Habitat: Catalyzing Safety and Trust

“Safety” encompasses many different notions, most commonly security and trust, 
but also absence of risk, crime, fear, and worry for oneself or for others. Safety can 
further refer to people’s different life conditions such as financial safety and social 
safety. It is a multifaceted concept that can be both objective (e.g., statistical risk of 
crime) and subjective (e.g., individual fear for one’s own safety) (Heber 2008). 
Security, as a component of safety, is, in public spaces, often directly related to the 
risk of being exposed to crime. In one way, security is something that can be bought 
through crime prevention measures, such as fencing, alarms and security personnel, 
etc. While these measures, to some extent, may prevent actual crime, the most 
important factor that makes public spaces safe is ensuring that people experience 
less worries about being exposed to crime. Actual safety then is always relative to 
people’s perception of safety (ibid.). The safer an area is perceived, the safer it 
becomes, and vice versa. Subjective safety, or the perception of safety, is perhaps 
the most important success criteria of urban planning and design. As an example, if 
people feel that it is safe to cycle in their neighborhood, the likelihood of them 
choosing the bike as the mode of transportation is higher. Additionally, the more 
people seen cycling can further increase the perception of safety with others by 
making the area seem lively and safe to bike in, encouraging even more people to 
cycle. Particularly in residential areas, the perception of safety is crucial to resi-
dents’ overall experience of space and consequently their behavior and use of space. 
Promoting safety as in case of the example above further improves public health by 
facilitating physical activity and active transportation.

Perceived safety and social interaction have the ability to enhance physical, men-
tal, and social health (Healthy Spaces and Places 2009). In a study conducted using 
WHO data from three European cities, a positive correlation between people’s per-
ception of safety and the likelihood of occasional physical exercise was found 
(Shenassa et al. 2006). This finding was further supported by North American stud-
ies, which showed that making improvements to the residential area in terms of 
maintenance, rather than targeting individuals with campaigns, could achieve an 
increase in the perception of safety and the likelihood of physical exercise (ibid.). 
When managing neighborhood maintenance, community surveillance is widely 
regarded to be the most effective form of deterring littering and urban disorder 
(Wong 2012; Sundberg 2013). Community surveillance in this context should be 
understood as the presence of a cohesive society in which individuals look after each 
other. However, cohesive societies cannot be imposed from above, but rather they 
need to grow out of the local context and the residents themselves (Jacobs 1961a).

In addition to the presence and engagement of individuals in local community 
management, the design of urban spaces is an important component to catalyze 
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safety in the human habitat. Within crime prevention literature, it has been argued 
that design features such as good lighting conditions, good overview of the space, 
places to sit, and entrance points of buildings facing the street can help to reduce 
crime (Loukaitou-Sideris 2006). Moreover, preventing litter and urban decay, creat-
ing safe access points to public spaces through well-designed infrastructure and 
connectivity, as well as facilitating flexible use for different activities to occur in the 
same space over the course of a day can reduce crime further (ibid.). The guiding 
principles presented above appear to comprise planning for safety along a physical, 
social, and organizational dimension. Furthermore, this research also points back to 
the way in which human behavior is determined by our senses and how we ascribe 
meaning to what we experience as safe or unsafe environments. We have, for exam-
ple, been taught that littering and vandalism are signs of decay and that decay, in 
many instances, is associated with the presence of crime. This is where our knowl-
edge of human behavior comes into play. In addition, the absence of lighting is 
connected to our senses by inhibiting visual overview of a situation, causing a feel-
ing of lacking control and subsequently feelings of fear. This is where our senses 
come into play. One must understand how the interplay between physical elements, 
social relationships, and interpersonal sensory experiences can work together in 
ways that catalyze safety in the human habitat.

Digging deeper into the importance of social interaction for enhanced levels of 
perceived safety and quality of life of urban residents in general, it becomes appar-
ent that research frequently connects trust—in neighbors, police, governments, and 
strangers—to indicators of happiness, life satisfaction, and improving urban mental 
and social health (Troelsen et al. 2008; Montgomery 2013). Measuring trust in a 
community can feel like an intangible endeavor, but trust can materialize in many 
concrete ways. For example, sociologists have showcased the accumulative prop-
erty of trust in findings of adults that have people they trust in their lives. Their 
children are better equipped to handle the effects of their parents’ stress; they sleep 
better at night, and they tackle adversity better and report being happier (Troelsen 
et al. 2008). Alike to designing for safety, designing for trust is based upon promot-
ing social interaction and encounters between different people to foster tolerance 
and respect. Returning to the importance of social relations later, the following is a 
comparative example of how the interrelationships between perceptions of safety, 
trust, and physical design manifest differently in two parks in Scandinavia.

7.2.1.1  Trust by Design: Badeparken vs. Nørrebroparken

In 2015 CITITEK conducted a study of Badeparken in Sandefjord for the Vestfold 
region in Norway (Fig. 7.2). In the study, we found that the perception of safety and 
trust among the users of the park influenced how people utilized it. Our mappings of 
the use and users of Badeparken revealed that a majority of the users chose to spend 
time only in the north and northeast parts of the park. This user group primarily con-
sisted of seniors, adolescents, and families with young children. Besides the fact that 
this part of the park had play equipment and benches, interviews also revealed that 
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many people deliberately avoided other areas of the park due to feeling unsafe. The 
perceived lack of safety was, for most of these informants, impacted by the presence 
of a group of substance abusers occupying the central and southwest areas of the park. 
The substance abusers, on the other hand, claimed that they had few other places to 
stay and that the police had directed them to use this specific area of the park. Through 
observations and interviews, it became apparent that these two user groups did not 
interact in any way and in fact, to a large degree actively, avoided each other. The 
result was a spatial division of the park and a type of behavior that clearly indicated a 
lack of trust between the two user groups. Furthermore, the physical design of the 
park actively enforces this spatial and social division: a tall hedge located in the mid-
dle of the park effectively blocks the overview of the park in its entirety. As men-
tioned previously, research emphasize how lack of overview and presence of visual 
and physical barriers may cause discomfort in public spaces. Furthermore, it has been 
argued that these types of walls act to inhibit social contact and interaction (Gehl 
1987:65–71), ultimately affecting opportunities for building trust between individu-
als. In the case of Badeparken, despite the good intentions of directing substance 
abusers to a designated area behind the hedge, findings from the study showed instead 
that this physical, visual, and social division decreased not only the overall perception 
of safety but the overall perception of the park as a public space.

In comparison, Nørrebroparken, a popular park in Copenhagen, is a good exam-
ple of how a nondiscriminatory design approach can provide a public space for a 
diverse user group. In the park, a designated area was established for substance 
abusers, entailing benches, toilets, and semitransparent fences allowing visual over-
view from the outside in, as well as from the inside out (Socialministeriet 2010). 
This pilot project was one in a series of studies initiated by the Danish Ministry of 
Social Affairs, inviting underprivileged communities to partake in design processes. 
In a similar way to Badeparken, the substance abusers in Nørrebroparken were 
given a designated area to use. However, instead of “hiding away” this user group, 
the physical design promoted visual interaction between different user groups. 
Results from the study showed that the design seemed to not only cause enhanced 
perception of safety among all users of the park, but the substance abusers were also 
perceived to look after the other users (including children playing at the adjacent 
playground), as well as contributing to discouraging petty crimes in the area such as 

Fig. 7.2 Badeparken is perceived as unsafe, and the design actively enforces a social and spatial 
division, while the design of Nørrebroparken, with its unobstructed views, does the opposite, fos-
tering trust and a perception of safety
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vandalism (ibid.). From a Scandinavian perspective and in our opinion, this is a true 
win-win, where the design and operation of the urban space actively contribute to 
the making of a good human habitat. The example also clearly illustrates the impor-
tance of involving all kinds of citizens if we are to develop context-specific inclusive 
design solutions.

7.2.2  My Human Habitat: Catalyzing Active Living

Promoting active living for individuals through urban design is one of the most 
significant methods of preventing the presence of diseases and promote a healthy 
human habitat. The WHO categorizes noncommunicable diseases (NCDs), which 
account for 63% of all annual deaths globally, as urban society’s greatest public 
health challenge. NCDs include chronic diseases such as cancer and asthma but also 
lifestyle diseases such as diabetes (type 2) and cardiovascular diseases (WHO 
2013). Many of these are preventable through interventions that tackle the main risk 
factors, namely, an unhealthy diet, harmful use of alcohol and tobacco, and minimal 
physical activity (ibid.). Physical activity is effectively promoted or discouraged 
through urban design, for example, pedestrian and bicycle infrastructure. Design 
cannot in itself force people to exercise, but it has the power to encourage and invite 
people to live actively. For example, if multiple amenities and desired destinations 
are close to a residence, it is more likely that a citizen will choose active transporta-
tion that harnesses the power of the human body, e.g., walking or cycling (ibid.; 
WHO Europe 2007; WHO 2017). Cities around the globe seeking to reduce traffic 
congestion and harmful emissions and improve public health advocate this model 
for transportation through related infrastructure, public policy, and education (WHO 
2017). Providing access to this type of fast, easy, healthy, and affordable modes of 
transportation across all urban contexts is and will continue to be an increasingly 
important determinant of individual health (EEA 2006). Environments that foster 
physical activity typically center around parks and green spaces, playgrounds and 
sports facilities, as well as walkable and bikeable distances between facilities. 
Factors such as safe and cohesive bike and pedestrian infrastructure additionally 
impact the prevalence of active transport (WHO Europe 2006).

Fostering physical activity and spending time outdoors are also ways to encourage 
social interaction outside the home, in the streets, and in public spaces of the city. 
This type of urban environment also corresponds to basic social and psychological 
needs and mental health. Fischer (1995) refers to these needs as social interaction, 
privacy, stimulation, orientation, safety, and identity (Fischer 1995, cited in Troelsen 
et al. 2008:28–29). Providing urban residents with areas that promote both planned 
and spontaneous social interaction and physical activity within walking or biking 
distance from one’s home is an effective way of catalyzing active living in the human 
habitat. This of course necessitates a profound understanding of the types of social, 
cultural, and personal factors that motivate people’s choice of active living and, 
accordingly, the urban design and infrastructure that promote this type of behavior.
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7.2.2.1  Health by Design: Activating Ørsta Municipality

Creating bikeable and walkable neighborhoods is an important step toward ensuring 
more active societies and a healthier population. To create safe and user-friendly 
design that nurtures positive changes in behavior, we need to unveil the social and 
physical factors that contribute to promoting walking and cycling. When cyclists’ 
movement patterns were mapped at the intersection by the famous Queen Louise’s 
bridge in Copenhagen, it became apparent that many cyclists chose to break the law 
by taking a shortcut over the pedestrian sidewalk to bypass a busy intersection. 
Rather than penalizing these cyclists, Copenhagen municipality choose to facilitate 
this behavior by formalizing the shortcut, as it was evident that the cause of this 
behavior was not reckless thoughtlessness, but rather traffic avoidance. The result 
was better utility of the space, reduced travel time for cyclists, and more space for 
those who bike on the surrounding streets. Pedestrians were accommodated through 
pedestrian crossings over the bike lane (Københavns Kommune 2013; Rasmussen 
2013). This is an example of local governance that not only makes active transporta-
tion an easier choice but also facilitates urban life. With the overall purpose of facili-
tating these types of positive changes to the urban environment, CITITEK conducted 
a study on behalf of Ørsta municipality, Norway, in 2016. We mapped the move-
ment patterns of children and youth to understand the factors that both hinder and 
promote their active transportation. By allowing informants to draw and talk about 
their own movements and experiences, it was possible to identify and create an  
overview of real-life, real-time vehicular traffic and infrastructure challenges, as 
well as concrete suggestions to improvements in infrastructure. The study from 
Ørsta did not only give voice to a demographic group that is often overlooked in 
planning processes, but the findings also provided the municipality of Ørsta with 
information that will allow them to more accurately plan for healthy and safe mobil-
ity among the local youth.

7.2.3  My Human Habitat: Catalyzing Social Capital

Using Bourdieu’s definition, social capital can be understood as resources linked to 
the durable network of relationships gained from membership of a group, both indi-
vidually and collectively owned (Bourdieu 1986). Although social capital is as fun-
damental to an individual’s health and well-being as physical activity (PPS 2017), 
globalization has been argued to stretch social ties across time and space. Debatably, 
globalization has reduced the need for people to leave their homes in order to 
acquire social capital and increases the risk of people distancing themselves from 
their local human habitat (Holloway and Hubbard 2001). Despite such potential or 
factual challenges, as of today, face-to-face interaction continues to be the most 
important and fundamental form of human interaction (ibid.). Thus, for the human 
habitat to foster social capital among its residents, cities must offer arenas where 
social interaction takes place and durable relationships are established.
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In his book Happy City, Montgomery (2013) discusses how several quality of 
life studies indicate that an increase in social interactions can equal or surpass the 
benefits of a raise in income. Consequently, the population of local neighborhoods 
benefit from an urban environment that encourages social interaction by inviting 
people to linger, converse, and live. As such, the urban environment can encourage 
social interaction by providing a sense of security, orientation, and opportunities for 
interaction through solitary and social activities (Troelsen et al. 2008). Human need 
for socializing covers both spontaneous and planned interactions of differing 
natures. One way of facilitating both these types of meetings is to create gradual 
transitions between private, semi private, and public spaces (Gehl 1987) as these 
transitions are argued to promote social appropriation, a sense of belonging, and 
perceived safety (Haijer and Reijndorp 2001).

Franck and Stevens (2007) draw on Lefebvre’s “right to the city” and the “right 
to habit and inhabit” when they argue for what they call “loose space.” Loose space 
is public space that facilitates activities that they are not intended for. In this way, 
they allow for people themselves to appropriate the space for their own uses and 
unexpected and unintended activities (Franck and Stevens 2007; Haijer and 
Reijndorp 2001). One example of this type of appropriation is Queen Louise’s 
Bridge in Copenhagen, which after a renovation process aimed at improving condi-
tions for cyclists and pedestrians unintentionally turned it into one of the most popu-
lar hangout spots in Copenhagen. Even if the bridge had not been designed to 
facilitate staying activities except for a few benches here and there, the citizens 
began to appropriate the space by sitting down and spending time on the railings of 
the bridge and on the pavement. The bridge had suddenly become a space where 
friends and strangers meet, sit down, eat, and play music from one’s cargo bike or 
even dance—without blocking the way for pedestrians or cyclists. Thus, the impor-
tance of loose spaces lies in the anonymity of a city, the “open-endedness” if you 
will. On one hand, the anonymity of public urban space can break down social roles 
and make people engage in unexpected activities that they might not otherwise 
engage with (ibid.) On the other hand, due to the same anonymity and strangers’ 
relationship with each other, people require a reason to engage in socialization 
(Franck and Stevens 2007). The idea of loose space and the transitions between 
private and public spaces can create a sense of familiarity and belonging in how the 
spaces are easy for the individual to appropriate. Over time, these experiences can 
create opportunities for socialization as the perception of these factors encourage 
people to use and stay in these spaces (Gehl 1987). The following example describes 
a design solution to facilitate social interactions in Cairo, Egypt.

7.2.3.1  Social Capital by Design: Cairo Passageways

In 2014, the city of Cairo was marred by financial and political instability as a con-
sequence of the Egyptian Revolution (Fantz 2016). During the Spring of 2014, 
Bianca Hermansen, together with a group of Danish and Egyptian architects and 
artists, was invited by Cairo Lab for Urban Studies, Training and Environmental 

B. Hermansen et al.



121

Research (CLUSTER) to participate in the development of a democratic urban plan 
for downtown Cairo, starting with two pilot projects, the Kodak and the Philips 
Passageways (Fig. 7.3). The project aimed to “...develop an urban design and art 
project…highlighting existing and emerging initiatives activating underutilized 
public spaces...” (CLUSTER 2017). While emphasizing diversity, inclusivity, safety, 
and positive sensory experiences for people using the passageways both indoor and 
outdoor were activated with different types of cultural programs and designs to 
revitalize the public spaces (ibid.). As a consequence of the many riots and demon-
strations in the aftermath of the Arab Spring, the Egyptian government had in 2014 

Fig. 7.3 While living up to the Egyptian government’s strict requirements for public spaces, the 
parklet design of the Kodak passageways effectively fosters the rebuilding of community, neighbor- 
to- neighbor trust, increasing social capital and subsequently contributing to the human habitat of 
Cairo
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enforced a law sanctioning gatherings of more than ten people (Human Rights 
Watch 2013). In CITITEK’s winning concept for the pilot project, this prohibition 
was embraced by removing one third of the paving in the passageway to satisfy city 
officials. Now, in theory, the space would appear to become less public and effec-
tively discourage too large gatherings. However, the socio-spatial consequence 
would be the opposite. While discouraging many people to gather at the same place, 
the Kodak passageway monofunctional stone paving was replaced by a lush green 
parklet, where narrow paths connecting small subspaces were designed to foster the 
rebuilding of community and neighbor-to-neighbor trust. Subsequently, this would 
increase social capital, which is the main driver of rebuilding and reinventing the 
human habitat of Cairo. Observations after the implementation of the new passage-
way design showed not only an increase in the number of people using the space but 
first and foremost an increase in the diversity of activities at different times of the 
day. People would no longer just walk or stand in the area, but staying activities 
such as cultural events and even a wedding took place.

7.3  OUR CITY: How to Design Cities for Community

While the previous subchapter—MY CITY—focused on individual’s sensory and 
personal experiences of the human habitat at a local scale, this subchapter addresses 
the human habitat at a societal scale (Fig.  7.4). However, this division does not 
mean that the two scales should be understood as independent of one another. 

Fig. 7.4 A city designed for everyone can encompass all different user groups with minimal adap-
tion. The well-designed built environment fosters strong social cohesion as well as individual 
mental and physical well-being, and a human habitat is present
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Rather, the relationships that manifest themselves between people and place at one 
scale will always influence and be influenced by human-environment interactions at 
other scales (Holloway and Hubbard 2001). Just as for the individual, the health and 
well-being of social groups are also affected by the urban design of the city. Thus, 
the inevitable presence of a variety of social populations in a city, including both 
socioeconomically privileged and underprivileged groups, children and seniors, 
etc., means that equity in access to health needs to be emphasized within the urban 
and transport planning agenda. The perspectives of sustainable development and the 
significant influence of social inequality on future generations mean that it is imper-
ative to assess, address, and mitigate the impact of inequality-related action and 
policies for future generations (WHO 2014a).

7.3.1  Our Human Habitat: Catalyzing Proximity

Urban sprawl, “...a form of urbanization distinguished by leapfrog patterns of devel-
opment, commercial strips, low density, separated land uses, automobile domi-
nance, and a minimum of public open space,” as defined by Gillham (2002:383), is 
one of the greatest challenges our contemporary cities are trying to overcome after 
previous “unplanned” or “ad hoc” urban planning (ibid.). Urban sprawl is indisput-
ably the least environmentally, socially, and economically sustainable form of urban 
development, and yet it has made its mark on cities, small and large, across the 
world (Ewing et al. 2003; Gargiulo et al. 2012). From a human habitat perspective, 
urban sprawl should be considered a major threat to the public health and well-
being of urban citizens. First, sprawl facilitates car dependency causing not only 
sedentary and physical inactivity but also enhanced levels of air pollution and cli-
mate change, which both directly and indirectly affect the presence of diseases and 
epidemics (Frumkin 2002). The second, but perhaps more debated, argument criti-
cizes suburbanization and urban sprawl for deteriorating social ties, trust, and civic 
engagement (ibid.). Putnam (cited in Frumkin 2002:209) has, for example, esti-
mated a 10% decline in social activities for every 10 min driving time. Considering 
the destructive and harmful consequences for urban life and livability, in our opin-
ion, urban sprawl has no place in the human habitat.

The model of the compact city was developed to combat the consequences of 
sprawl in urban development (Dieleman and Wegener 2004). According to its advo-
cates, the compact city promises a sustainable and health-promoting urban design 
strategy, which will bring life and activity back to urban centers and prevent further 
sprawl. Yet, the health benefits of the compact city are dependent not only on the 
density of people but also the degree of mixed use and proximity. For this paper, 
there is an important distinction to make between the two. Here, density considers 
numeral content, e.g., number of people, businesses, services, etc. within an area, 
while proximity is concerned with the access to and distance between people, busi-
nesses, services, etc. in an area (see Fig.  7.5). By considering proximity to, and 
between, facilities and services such as employment and income, schools, retail, 
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and public spaces including squares and green spaces, decision-makers can ensure 
a human habitat when planning for and designing neighborhoods. Below follow two 
examples of the importance of planning for proximity to green space and healthy 
food.

7.3.1.1  Green Space Proximity

Access to natural environments should be considered one of the fundamental pillars 
of the human habitat and a catalyst for improved health and well-being. However, 
people’s access to these types of environments has changed with rapid urbanization 
that limits opportunities to utilize green spaces for many urban residents. This is 
especially true in cities where planning for the compact city has been prioritized at 
the expense of the preservation of urban green structures (Jansson 2014). There is a 
need to acknowledge both the public health, and environmental and biodiversity 
benefits green spaces can provide (ibid.). Research shows that green spaces promote 
physical activity, improve the mental well-being of individuals, and provide impor-
tant arenas for social interaction (Lee et al. 2015; Troelsen et al. 2008). Reflecting 
upon these benefits, designing for proximity to green spaces is essential as studies 
show that the closer we live to green spaces, the more we use them (Schipperijn 
et  al. 2010; Sotoudehnia and Comber 2011). In fact, if green spaces are located 
more than 300–400 m from one’s residence, they are used significantly less (Grahn 
and Stigsdotter 2003). In this regard, it is important to closely consider both actual 
and perceived distance in planning processes, as both may influence people’s use of 
urban green spaces. In addition to proximity, use of green spaces is further influ-
enced by both their size and the facilities they offer (Schipperijn et al. 2010; Van 

Fig. 7.5 While density considers numeral content within an area, proximity is concerned with the 
access to and relationship and distance between people, businesses, services, etc. in an area
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Herzele and Wiedemann 2003; Bedimo-Rung et al. 2005). People’s use of green 
spaces depends on both personal and demographic factors. This underpins the 
importance of understanding which type of facilities and activities need to be in 
place to promote increased use among different population groups (Lee et al. 2015; 
Payne et  al. 2002). Understanding how these factors affect the interrelationship 
between people and place is consequently important to ensure democratic and 
health-promoting urban design practices (Lee et al. 2015). At the same time, uncov-
ering this interrelationship will mitigate the risk of wrongful investments in facili-
ties that do not live up to the full potential that green spaces can bring to public 
health and the human habitat.

7.3.1.2  Food Proximity

Access to food is vital for the very existence of the human species, and as such 
nutritious foods are a determining factor for the health and well-being of people at 
all stages of life (Azétsop and Joy 2013). Malnutrition, micronutrient deficiencies, 
overweight, and obesity have high social and economic costs for individuals, fami-
lies, communities, and governments (WHO 2014b). Ensuring food security, defined 
as “...a situation that exists when all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food […]” (Azétsop and Joy 
2013:1), should thus be considered an essential component of the human habitat. 
Research from Europe and the United States shows that urban food security is 
closely connected to both social and environmental determinants, as low-income 
households have the lowest consumption of fruit and vegetables (WHO 2014a; 
Hilmers et al. 2012). Furthermore, neighborhoods with lower socioeconomic levels 
often have a higher density of fast food outlets, less physical access to healthy food 
options, and higher rates of obesity among adolescents than socioeconomically 
privileged neighborhoods (Hilmers et al. 2012; Baker et al. 2006). Local govern-
ments wanting to secure a healthy population and reduce social inequity in health 
need to simultaneously address spatial, economical, and knowledge barriers that 
make the healthy food choice a difficult choice to make. To plan for the human habi-
tat, it is therefore crucial that healthy and nutritious food is available and affordable 
in all types of residential areas (WHO Europe 2007). This entails not only local 
policy-making that encourages supermarkets to provide a wide variety of healthy 
food choices but also the type of food offered in public institutions such as schools, 
hospitals, senior homes, public offices, libraries, etc. Through targeted partnerships, 
policy-making, and set standards, governments should also strive to make healthy 
food a main priority among privately owned businesses, organizations, and other 
actors (Hilmers et al. 2012). This can, for example, be done through means such as 
subsidies, tax deduction programs, or other economic incentives that will pay off in 
the long run in the form of public health-care savings (ibid.).
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7.3.2  Our Human Habitat: Catalyzing Diversity

On a societal scale, the human habitat consists of the total sum of all its individuals 
from all population groups. In the field of natural sciences, diversity is acknowl-
edged as promoting rich and healthy habitats, enabling systems to be resilient and 
allowing all organisms to adapt to change (Steiner 2016). Correspondingly, it is 
inherently important that the human habitat also encompass diversity. Thus, the 
spatial layout and design of urban spaces need to cater to different groups of people 
across geographical, demographic, and socioeconomic divides. According to WHO 
(2014a), socioeconomic status, both on a national and regional level, is proportional 
to factors such as life expectancy, healthy life years, and child mortality rate, where 
higher socioeconomic status increases the likelihood of higher life expectancy, etc. 
Evidence increasingly suggests that socially underprivileged people and those who 
live in neighborhoods of lower socioeconomic status have limited opportunities for 
outdoor activity (WHO Europe 2007). Furthermore, several studies conducted by 
WHO Europe have shown that in underprivileged neighborhoods, people are less 
likely to go outside for physical activity or socializing. Correspondingly, recre-
ational or sports facilities are also less likely to be present in these areas (ibid.). The 
less people can achieve in terms of individual resources, the more important it is that 
they be able to draw on collective resources (WHO 2014a). This requires planning 
for diversity along two parallel lines. First, planning for diversity in the human habi-
tat entails creating equal access to amenities, recreational facilities, and opportuni-
ties for active living across all types of urban neighborhoods. Second, to achieve 
community building, social cohesion, and diversity, the human habitat also needs to 
facilitate the bringing together of different types of people at the local level. Thus, 
at the core of planning for diversity is the idea of a nondiscriminatory, inclusive 
approach to the way in which we plan and design the human habitat.

One measure that can help combat health inequality and allow for all citizens’ 
equal access to health-promoting resources and facilities is universal design. As 
defined by the United Nations (2017), article 2, “Universal design means the design 
of products, environments, programs and services to be usable for all people, to the 
greatest extent possible, without the need for adaptation or specialized design.” The 
definition builds on a democratic principle where all citizens have the same rights 
and equal opportunities for participating in society. In this way, universal design is 
concerned with collective benefits and recognizing diversity rather than providing 
homogenous solutions (United Nations 1999). We see plenty of opportunities for 
creating an inclusive human habitat derived from a universal design approach. 
However, universal design should not only be concerned with physical access but 
also include considerations of how social and cultural barriers may come into play. 
As an example, a study from Copenhagen showed that even though approximately 
the same amount of men and women were passing by three selected public spaces 
(Charlotte Ammundsens plads, Prags Boulevard, and Multipladsen), there was a 
clear male dominance among the users staying in these spaces. The male users were 
also observed to have a higher physical activity level than the female users 
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(Copenhagen Municipality 2011). This example shows that other factors apart from 
physical access can act as determinants for the use and users of a public space. If the 
goal is to create an inclusive and diverse human habitat, universal design should 
also be concerned with uncovering how factors such as identity, ownerships, and 
sense of belonging are interrelated to the physical design of spaces. In this regard 
co-creation and citizen participation are important tools for achieving universal 
design and democratic human habitats.

7.3.2.1  Making People Visible Through Data: Sandefjord Municipality 
Merger

In 2015 CITITEK conducted a study in Sandefjord, Norway, on behalf of Vestfold 
region, as they were facing the challenge of merging three municipalities and cen-
tralizing public cultural facilities and services. Through gathering data about users 
and user patterns in current cultural facilities, the findings from the study underlined 
the importance of these facilities as arenas for social interactions. Furthermore, the 
study revealed that cultural facilities were experienced by their users as important 
contributors to their health, well-being, and quality of life. In particular, one of the 
local libraries was found to be an important meeting place for seniors and youth. 
The library thus acted as a catalyst for intergenerational meetings and catered to a 
diverse user group. However, interviews elucidated that the importance of the 
library as a meeting place seemed to be determined by its spatial location and users’ 
proximity to the facility. This finding was further supported through observational 
mapping of the users’ choice of transportation, which showed that a substantial 
proportion of the people using the library arrived by foot or by bike. Many of the 
senior users were also arriving with walkers, clearly indicating physical proximity 
to the library. The importance of the library as a contributor to enhanced public 
health was thus a combination of the activities it offered, as well as its local geo-
graphical positioning. Accordingly, our recommendation to the region was not to 
centralize the library services, as it would potentially harm the current public health 
benefits by inferring with users’ current use and access through proximity.

7.3.3  Our Human Habitat: Catalyzing Democratic Change

As Jacobs (1961b:238) stated, “Cities have the capability of providing something 
for everybody, only because, and only when, they are created by everybody.” As 
relevant today as in 1961, the quote underlines the importance of introducing a 
human-centric, inclusive, and local approach to the way in which we design and 
organize our cities. While many features of cities may be comparable across space, 
the human habitat should not be understood as a blueprint that can be copied and 
pasted from city to city. Rather, planning for the human habitat requires careful 
consideration and the tailoring of solutions to the local context to which they are 

7 The Human Habitat: My, Our, and Everyone’s City



128

intended. This, again, requires tapping into the local knowledge, resources, and 
experiences of the individuals who reside in the human habitat. In our own work, we 
have found placemaking to be a foundational tool in co-creating the democratic city. 
Placemaking maximizes shared values in the public realm by allowing the physical, 
social, and cultural identities that define a place to shape the collaborative process 
of strengthening the connection between a place and its people. Placemaking pro-
cesses attempt to utilize community assets and potentials that can contribute to 
health and happiness when creating public spaces (PPS 2017).

7.3.3.1  Co-creation: The New Nordic of Urban Design

Participatory methods have become a norm when incorporating citizen perspec-
tives into development projects. Citizen involvement through participation in local 
and regional policy is already a practice that is required by law for public develop-
ment projects in Scandinavia (Mulder 2012). However, depending on the degree of 
participation, citizens often have little involvement in actual spatial design and 
visible change. Klausen et  al. (2013) use Arnstein’s  “participation staircase” to 
illustrate citizen participation on the political agenda. The degree of citizen partici-
pation ranges from the lowest form of involvement, information, to inform citizens 
of the agenda, through consultation, dialogue, and decision-making, to the highest 
degree of participation, co-governance or co-creation (ibid.). Co-creation in this 
sense allows all participants and actors in a design process, whether it is a product, 
service, or policy, the same role. There is an emphasis in co-creation processes that 
the participation of all actors is meaningful and that there is an “equal base for 
participation” where all participants are considered partners in the process (Axelsen 
et al. 2014:3).

In Scandinavia, we are today witnessing the beginning of a paradigm shift 
whereby citizens, who previously have been on the lower end of the participation 
staircase, as passive recipients of public services, are transforming into active and 
informed co-creators, interested in public service creation and problem solving 
(Umeå Municipality 2009). In our experience, the same paradigm shift is true for 
urban design. The emerging methodological approach of co-creation blurs the dis-
ciplines of research and design, shifting the focus from how and what is designed to 
whom the design is for. There is a much larger emphasis on future social and politi-
cal change compared to previous design research (Sanders and Stappers 2008). 
Co-creation strives not only for a redistribution of power and benefits but brings 
focus to identity policies and diversity so that matters of identity construction and 
recognition can become more prominent arguments for participation (Hansson et al. 
2013). It is therefore an effective tool to account for different population groups’ 
needs and untapped potentials in urban development, design, and placemaking 
processes.

To ensure successful urban design that caters for a human habitat and quality of 
life, a high degree of citizen involvement and co-creation is required. In this process, 
however, representation is as important as the participation itself since representation 
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increases the chances for a successful solution that will cater to the majority of the 
population. In our work, we first and foremost ensure representation through map-
ping and interviewing the actual users of a space while simultaneously seeking out 
those who do not use the space. In this way, all users and nonusers can share their 
experiences with a higher rate of representation than a voluntary public hearing. In 
our experience, a public hearing is not representative. It requires that people actively 
seek to participate and have access to do so, which is often not the case in all popula-
tion groups. Without full community representation, we cannot retrieve accurate 
information about what the community represents nor a consensus to inform design 
solutions, ultimately undermining the development of a democratic human habitat.

7.4  EVERYONE’S CITY: Catalyzing the Human Habitat

This chapter has discussed the reciprocal relationship between people and place 
through the lens of the human habitat. We have argued that the way people experi-
ence and subsequently use an urban space is, to a large degree, shaped by the design 
of that specific space. Consequently, urban design is to be understood as an impor-
tant tool to promote and foster positive human behavior and experiences as well as 
public health and well-being. As we have discussed throughout this chapter, a 
human-centric approach to urban design is crucial to prevent and counteract the 
negative consequences of health-compromising urbanization and to promote quality 
of life in the human habitat. Put simply: in order to develop a truly inclusive and 
healthy human habitat, we need to put people first.

If we are to create cities for everyone, we need to understand all the factors at 
play when analyzing the way people perceive and use their surrounding environ-
ment. This should first and foremost be done through in-depth research and data 
collection that will allow for an empirically grounded understanding of people- 
place interactions at a local level. In our experience, using empirical data as the 
foundation for urban design makes it difficult for any policy maker, municipality, or 
practitioner to ignore the needs, desires, and voices of the citizens. Data about peo-
ple and urban life can thus be a powerful force to push forward a human-centric 
approach in urban development. Moreover, the complexity of the relationship 
between people and place underlines the importance of a multidisciplinary approach 
to assess challenges and opportunities in urban design. Working together across 
disciplines to promote state, professional, and citizen collaboration will allow for a 
better understanding of current urban systems, as well as the processes needed for 
effective urban interventions. Furthermore, the cases and literature presented in this 
chapter are primarily from a Scandinavian perspective. This is important to point 
out, not only because there is no blueprint in urban design, it is context dependent, 
but also because we argue that this Scandinavian approach is at the forefront of 
urban design that can promote the human habitat. The guidelines and catalyzers 
presented in this chapter are to be seen as tools to push the urban design, planning, 
and transport agenda forward globally to develop and co-create our cities for the 
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human habitat. By following these guidelines, we hope that we, together, can accel-
erate the process of designing cities for everyone (Fig. 7.6).
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Chapter 8
Superblocks for the Design of New Cities 
and Renovation of Existing Ones: 
Barcelona’s Case

Salvador Rueda

8.1  An Urban Model (Rueda 1995) to Cope 
with the Challenges of the Beginning of the Century

We are in the midst of an era change with a new paradigm and new rules. We are 
transforming from an industrial age to the age of information and knowledge. The 
industrial society was characterized by its consumption of resources and its “inde-
pendence” of the laws of nature. The competitive strategy of cities was based on the 
consumption of resources: soil, materials, and energy. In general, the city that was 
better organized in the consumption of more natural resources took a competitive 
advantage. However, the false belief about the “independence” of the laws of nature 
led to the excessive use of energy and technology with a great capacity of transfor-
mation. The result has been an unsustainable impact on the systems and ecosystems 
of Earth. The uncertainties about the future are so grand that they oblige us to 
change the rules of the game and create a new paradigm that increases our capacity 
of resilience and preparedness. The foundations for the new paradigm are based on:

 1. A change of strategy of competition among cities based on information and 
knowledge which involves, at the same time, the dematerialization of economy.

 2. A change of metabolic regime. Industrial society was based, mainly, on the con-
sumption of fossil fuels, as if there were no limits. The excessive consumption of 
fossil energy and technology was the cause of the simplification of ecosystems 
on all scales, that is to say, in the generation of generalized entropy with irrevers-
ible effects on much of the impacted ecosystems. The new metabolic regime has 
to be based on entropy.
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 3. An accommodation of the laws of nature, where the exploitation of supporting 
systems does not exceed its carrying capacity and regeneration. In urban  systems, 
the recycling and regeneration of the current fabrics take precedence over the 
production of new cities. In both cases, the accommodation of the laws of nature 
forces us to formulate new tools, among them, the formulation of a new urban 
model and a new urbanism: Ecosystemic Urbanism.

The battle of sustainability and execution of the new paradigm will take place in 
the cities, in the design of new cities, and, among all, in the regeneration and recy-
cling of current ones. The current urbanism does not accommodate the new chal-
lenges of the beginning of the century. To deal with them, we need to create new 
conceptual models and different instruments, starting by considering the city as a 
complex ecosystem, the most complex that humanity has created. Ecologists usu-
ally deal with the complexity of ecosystems with the construction of models. Based 
on analyses of a lot of urban systems, an urban model emerges which is compact in 
its morphology, complex (mixed in uses and biodiversity) in its organization, meta-
bolically efficient, and socially cohesive. There are four axes closely related that 
interact synergistically to give integrated answers to urban realities in the process of 
rehabilitation and regeneration and, also, to accompany planners of new urban 
developments. The model goes from a city scale to a neighborhood scale.

8.2  The City as a System of Proportions

The set of elements that constitute a city are a result of a system of proportions with 
its relations and restrictions (Rueda et al. 2012). These proportions, which are the 
result of multiple factors and interests, can generate dysfunctions of diverse nature. 
In favor of an easy comprehension and bridging the gap, a “paella” (typical Spanish 
dish) is a system of proportions. Even if you put the best ingredients, if you don’t 
add salt, the paella will be bland, and if you add too much, it will be unedible.

The same occurs in the city. If the creation of a city has an excessive extension of 
suburbs, it is very much probable that social segregation takes place by incomes 
and/or cultures and/or ethnics. There will be inequality. In the suburb, which usually 
has the residence as its almost exclusive function, the lack of basic services and 
public facilities will force residents to use the car to access to them. However, most 
of the population does not have autonomous access because they don’t have driver 
licenses, because they are too young or too old or because they simply don’t own a 
car.

If the modal distribution is excessively tilted toward the private vehicle, the  
massive occupation of public space by car, congestion and air quality, etc. will result 
in poor liveability and poor urban quality. The energy consumption and the emis-
sion of greenhouse gases will increase, and the air quality will become worse with 
great impact on human health. The dysfunctions generated by the wrong way of 
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building cities generate a good number of proportions that create dysfunctions. This 
analysis could be extended to other aspects linked to mobility, infrastructures, 
equipments, or economic promotion. These variables need to be linked and accom-
modated by a system of proportions that avoids dysfunctions. The impacts have to 
be linked necessarily to an intentional urban model. It is necessary, then, to find the 
system of proportions that allows us to achieve the appropriate model.

8.3  The Principles of Ecosystemic Urbanism: The Basis 
of the System of Proportions of a More Ecologist City

If the city is a system of proportions, it is necessary to know what are the underlying 
principles in order to produce a compact, complex, efficient, and socially cohesive 
city.

The bases of the new Ecosystemic Urbanism (Rueda et al. 2014) are:

8.3.1  The Context of the Urban Action

Dealing with the transformation of cities forces us to take into account the environ-
ment (system of support) from all sides: environmental, economic, and social. The 
adopted solutions can neither create more dysfunctions in the context nor in the 
secondary variables that accompany it. In any case, they should mitigate them and 
have a maximum dialog with the environment in a way that the actions support a 
factor of improvement of the conditions and of the uncertainties at global scale. This 
obliges us to think about the challenges, vulnerabilities of every emplacement 
(whether physical, social, or cultural), availability and usage of local resources, hab-
its and lifestyles, etc. that characterize the urban systems, with the objective of 
transforming the cities into a more efficient and habitable way.

8.3.2  Land Occupation and Morphology of Cities

Urban morphology refers to the form and distribution of the built space and public 
space. The compactness or dispersion of urban fabrics determines the proximity 
between the urban uses and functions. The way of occupying the city and its level 
of usage allows us to foster an urban space which is a social integrator, to develop 
with efficiency those urban functions linked to the sustainable mobility and the 
provision of services and basic public facilities and to promote interchange and 
interactions among complementary ones. The density of population and activities 
gives a certain critical mass that generates public space, that makes viable public 
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transportation, that gives sense to the existence of public facilities, that generates the 
necessary diversity of legal entities to make a city, etc. At this point, the objectives 
and criteria of the model of occupation as well as the relation between areas must be 
dealt with in the most efficient way, to achieve more sustainable urban fabrics and 
at the same time to reduce the pressure on the support systems.

8.3.3  Urban Functionality: Model of Mobility and Public 
Space

Urban functionality, defined by the mobility and services patterns of each city, 
determines, largely, the quality and liveability of public space. There is a need to 
develop a model of mobility and a more sustainable public space, in order to guar-
antee a more accessible, comfortable, safe, and multifunctional public space where 
people can be citizens and exercise in the public space the rights to interchange, 
culture, leisure, expression, and demonstration, besides the right to move. With the 
current model of mobility, cities dedicate most of the public space to mobility, and 
in these conditions, the ultimate aspiration is to be a pedestrian, a mean of transpor-
tation. At least 75% of public space should be dedicated to citizen rights. Public 
space should acquire the maximum liveability but being, at the same time, comfort-
able (without noise, without air pollution, and with the greatest thermal comfort), 
attractive (with a high diversity of activities, with attractive activities, and with the 
greatest biodiversity), and ergonomic (accessible, with liberated space to exercise 
all the rights, and with a good relation between built heights and street widths).

8.3.4  Urban Complexity

Urban complexity refers to the degree of urban organization of a city. Both in natu-
ral and urban systems, the increase of complexity results in a growth of the organi-
zation contributing to stability and continuity of the system itself. Diversity and 
abundance of legal entities (in the urban systems) or live organisms (natural sys-
tems) are the key conditions to increase organized information. Diversity of legal 
entities (economic activities, associations, and institutions) must be the highest in 
order to increase the complexity of economic and social capital. The proliferation of 
activities and its diversity must pay attention and give service to residents and also 
to the model of city of knowledge. That’s why the conditions of land and services 
must be created to increase the activities dense in knowledge (@) and its networks, 
which are the basis of the “smart” city, since they are the ones that have the most 
useful information. Among the activities dense in knowledge are the ones that pro-
pose an increase of self-production. Furthermore, it is necessary to define the ade-
quate proportion of building for residence and for legal entities (between 25% and 
30%) which will mainly occupy the front of the façade.
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8.3.5  Urban Green and Biodiversity

Biodiversity is the wealth of living forms of a city. The urban environment is an 
artificialization, with impermeabilization of much of the soil and deep alteration of 
the embossed, air quality, soil and water, climate, and hydrological regime, facts that 
lead to the loss of habitats and/or accommodation of the urban species to the specific 
conditions of the city. The objectives of sustainability of biodiversity cannot be sepa-
rated from other areas such as the construction, the urbanism, or the mobility.

8.3.6  Metabolic Efficiency

Efficiency is a concept related to urban metabolism, which are the fluxes of materi-
als, water, and energy that constitute the support to any urban system to maintain its 
organization and avoid contamination or simplification of its organization. The 
management of natural resources must achieve the highest efficiency in its use with 
the least perturbation of ecosystems.

8.3.7  Social Cohesion

Social cohesion refers to people and social relations in the urban system. Social 
cohesion in the urban context refers to the degree of coexistence between groups of 
people with different cultures, ages, incomes, or professions. The increase of social 
cohesion is deeply linked to accessibility to housing, in a certain area, for people 
with different incomes, culture, and ethnicities in “adequate” proportions and also 
to the provision of public facilities that guarantee the best liveability, located at a 
distance that can be covered by foot in 5–10 min, depending on the facility.

8.3.8  Management and Governance

Every objective of the model or models of more sustainable cities and metropolis 
requires an adequate organization to achieve it. At this point, we should ask our-
selves if current techniques and technologies are enough to reduce the uncertainties 
derived from the current model of the occupation of the territory and urban model. 
We are forced to rethink the management mechanisms to achieve them. How do we 
accommodate organizations in new challenges? Given the complexity that charac-
terizes the urban systems, it is essential to review the current approach of predomi-
nant policies and management models, based on a vertical, segmented, and partial 
structuring.
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8.4  Instruments of Ecosystemic Urbanism

8.4.1  Ecosystemic Urbanism Has Three Levels

The current urban planning, with two dimensions, is unable to include the set of 
variables that incorporate the principles/objectives mentioned above. Ecosystemic 
urbanism draws on three dimensions, in height, on the surface, and in the  subsurface, 
to integrate the set of variables and principles which must be addressed by the chal-
lenges previously cited (Fig. 8.1).

8.4.2  A New Urban Cell: The Superblock (Rueda et al. 2017)

Besides this, Ecosystemic Urbanism proposes a city through a new model, an urban 
cell of 16/20  ha that is called superblock that has the adequate dimensions to  
develop and integrate the set of principles and objectives and which arises as the 
basis of a new urban and functional model in the cities. Like Cerdà (father of the 
word urbanism and designer of the Eixample in Barcelona), one could consider that 
the key element in the city is not the housing but the intervia, the cell that becomes 
a piece of the mosaic of a road network, where the continuity of movement obliges 
the occupation of roads in its totality and not one by one. The new cell defines an 
intervia of 400  ×  400  m which will be the place to apply to the Ecosystemic 

Fig. 8.1 Ecosystemic Urbanism’s section. Source: BCNecologia
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Urbanism and develop, at the same time, the new model of mobility and public 
space that we will mainly consider in this chapter below. To make it more applica-
ble, we will focus on the city of Barcelona, specifically Eixample, the more complex 
part of the city.

The superblock is a cell of nine blocks in the case of the Eixample in Barcelona, 
defined by a network of basic roads that connects origins and destinations of the 
whole city (Fig. 8.2). When the cell is being reproduced along the urban system, the 
size accommodates the morphological and functional characteristics of the current 
city (it must be highlighted that the superblocks project is a urban recycling project), 
liberating the maximum surface of public space, which is nowadays occupied by 
traffic and, at the same time, guarantee the functionality and organization of the 
system. The new cell is defined by the perimeter basic roads, where through and 
connecting traffic circulate at a maximum speed of 50 km/h. Interior roads (inter-
vias) of superblock constitute a local network with limited speed of 10 or 20 km/h, 
speeds which allow shared urban uses. A superblock cannot be crossed, which 
means that the movements in its interior only make sense if their origin or destina-
tion is in the intervias. Therefore the neighborhood streets will be with little or no 
noise or pollution, etc. and allow more than the 70% of space that is currently occu-
pied by the through traffic for the movements by foot or bicycle.

The reasons to choose the dimensions of 3 × 3 for the superblock are based on 
the characteristics of cars which, at a speed of 20 km/h (which is the average urban 

Fig. 8.2 Networks scheme, current and future, based on superblocks. Source: BCNecologia
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speed in Barcelona), will spend a similar amount of time to go around the  superblock 
as a person walking around the block at about 4 km/h. With the presence of main 
crossings every 400  m, the traffic lights synchronization is much more efficient 
(with these distances one can think of prioritization of the traffic lights for public 
transport) and avoids disruption of the main flux because of turns (two out of three 
turns are avoided).

8.5  Superblock, Base for a Functional and Urbanism Model: 
The Case of Barcelona

Superblocks aim to be the basis of a functional model of any city, but they can also 
become the basis of a new urbanism model. The average number of people in a 
superblock in Barcelona is higher than 6.000 inhabitants. More than three quarters 
of Catalan municipalities have less than 6.000 inhabitants, and a county town like 
Viella (in the North of Catalonia) has 5.500 inhabitants. These urban systems have 
more public facilities than a much larger city. It only seems reasonable that the 
superblock gets the attention that deserves an entity with such population. Urban 
superblocks, as one of the tools of Ecosystemic Urbanism, allow for the application 
of the set of principles that were referred to above. Every superblock emerges as a 
little city. In this section, we will focus on the superblock as the basis of a new func-
tional model and the consequences for public space.

The defining roads of superblocks (in red) comprise a network of basic roads 
where the urban transport circulates: collective transport, private vehicle, emergen-
cies, services and, if the section allows it, bicycles. This network of basic roads, 
which results in the greatest orthogonality, allows access to the city at the highest 
speed admitted by law (50 km/h) (Fig. 8.3).

The basic network of superblocks reduces the length of the total of roads that 
nowadays is used by through traffic by 61% (see Fig. 8.3). This dramatic reduction 
does not lead to a proportional drop-off in the circulation of vehicles for the same 
level of service (the same speed of the vehicles circulating). In Barcelona, with a 
reduction of vehicles of about 13%, we can achieve a level of service similar to the 
current one. It maintains, thus, the functionality and organization of the system. 
Figure 8.4 shows that the space dedicated nowadays to traffic is near 15 million of 
squared meters and the length of the roads dedicated to mobility nearly 912 km, or 
85% of the total roads of Barcelona.

8.5.1  The Impacts of the Current Mobility Model

Mobility currently brings the biggest dysfunctions to the city. The use of public 
space is restricted to mobility, and Barcelona dedicates more than 60% of public 
space and 85% of roads to traffic. Air pollution emitted by motorized traffic has an 
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Fig. 8.3 Map of superblocks in Barcelona. Public space (in red) dedicated to mobility. Source: 
BCNecologia

Fig. 8.4 Public space of Barcelona dedicated to through traffic in the current situation. Source: 
BCNecologia
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inacceptable impact on the health of population in the Metropolitan Area of 
Barcelona. In a study conducted by ISGlobal CREAL in an area of 56 municipali-
ties, including Barcelona, it was estimated that air pollution causes 3.500 premature 
deaths per year, 1.800 hospitalizations by cardiovascular reasons, 5.100 cases of 
chronic bronchitis in adults, 31.100 cases of children bronchitis, and 54.000 asthma 
attacks among children and adults (Künzli and Pérez 2007).

The impacts of air pollution on health are today the main problem to solve out of 
all the problems caused by the current model of mobility. The liveability index in 
most of the city is below minimal. The green surface in central Eixample is 1.85 m2 
per inhabitant when the WHO recommends 9 m2/inhab. Eixample is also the dis-
trict with the most traffic; almost 50% of the population is exposed to inadmissible 
levels of noise (diurnal values >65  dbA).The negative economic impact runs in  
millions of Euros per year (according to the World Bank, for Spain it was 45.000 
million Euros/year in 2013, considering only the impact on the health). Black 
asphalt and the emissions of cars are responsible for the most important part of the 
urban heat island. This increase of more than 2° of average temperature (at summer 
nights can surpass the 5° of difference compared to periphery) is especially painful 
and in some cases mortal, for the most vulnerable people, elderly, children, and 
sick people, particularly when the heat waves occur because of climate change. 
Traffic accidents cause 30 deaths per year in Barcelona and more than 30 injuries 
per km/year in Eixample. Visual intrusion and landscape deterioration (landscape as 
 expression of the integration of different variables) convert Barcelona in a “pressure 
cooker” affecting 85% of the length of streets in the city.

The results of a study conducted by ISGlobal (Mueller et al. 2017) for Barcelona 
and its Metropolitan Area show clearly the impact that some of the exposures have 
on morbidity of the citizens of Barcelona (Fig. 8.5).

Fig. 8.5 Morbidity in Barcelona by different reasons. Source: ISGlobal
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The result is a city that is not ready to address the great challenges of the begin-
ning of century: sustainability in the information age. There is need for a new eco-
systemic model with its corresponding system of proportions that includes, at the 
same time, the reduction of: polluting emissions, noise, energy… and the increase 
of: green, staying spaces; legal entities diversity, and also dense in knowlegde… An 
urban model that extents along the city and takes into account the current modes of 
mobility.

To address these serious problems, the Sustainable Urban Mobility Plan of 
Barcelona approved by the city council (March 2015) proposes to extend the super-
blocks throughout the city and reduce 21% of circulating vehicles. With this reduc-
tion, it is estimated that the levels of air pollution in all the measurement stations 
will be below the guideline values. With a reduction of 21% of circulating vehicles, 
the level of service of traffic and the environmental conditions of basic roads in a 
superblocks scenario will be much better than now.

With this reduction of vehicles, the percentage of people exposed to levels below 
the guidelines for air pollution will be 94% (today it is 56%) and for noise 73.5% 
(nowadays it is 54%). The liveability index will increase significantly in all the 
neighborhoods of the city (Fig. 8.6).

Fig. 8.6 Air quality and urban noise in Barcelona. Exposed population (in %) to levels of NO2 and 
decibels legally admissible. Current scenario and with superblocks. Source: BCNecologia
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8.5.2  The Bus Network

Superblocks allow the integration of networks of through traffic (cars, buses and 
bicycles) in its periphery, and priority of movements by foot and bicycle on the 
inside. Orthogonal networks are the most efficient in urban systems. With the new 
orthogonal network of busses, the topology of the new network, combined with the 
distance of the stops every 400 m, contributes to the increase of commercial speed 
of busses, more so than the traffic lights prioritization or the construction of bus 
lanes (Fig. 8.7). With the same number of busses that have a frequency of coming 
every 14–15 min nowadays, there will be a move to a frequency of busses coming 
around every 5 min in the future (it will be like a surface underground). The service 
will be the same in the center and in the periphery of the city. The design of the 
network allows an average waiting time at each stop of around 2 min, which for our 
mental clock does not feel like waiting. It is a network that connects any origin with 
any destination with only one transfer in 95% of cases. It will be an intelligible 
network like the underground, and the estimated number of transfers will be similar 
to the underground. In the Eixample fabric, the perpendicularity of the lines of the 
network allows the presence of a unique stop for the horizontal and vertical lines in 
all the intersections (in the octagonal crossroads).

The bicycle network will also be adjusted to the superblocks structure (Fig. 8.7). 
Superblock’s periphery hosts the transport network of bicycles, with exclusive 
lanes, and shares the street section with busses and cars. The interior of the super-
blocks, at 10 or 20 km/h, allows bicycles in both directions, to cross the superblock. 
Their speed must be adjusted to the speed of pedestrians and the uses that are in 
place at that moment. If necessary, the rider needs to step off the bicycle. The condi-
tions of intervias allow children go to school by bicycle or by foot without being 
accompanied by an adult.

Fig. 8.7 Bus network and bicycle network in Barcelona in a superblocks scenario. Source: 
BCNecologia
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The integration of electric engines for the transport is on the agenda of many cit-
ies. There is no doubt than that the electric bicycle is the electric vehicle to promote. 
It does not pollute, it does not make noise, and it practically does not consume 
energy (the consumed energy for a journey by electric bicycle, adding the used 
metabolic energy and the consumed electricity, is less than the energy metabolically 
consumed doing the same journey by foot); it allows an average person to overcome 
high slopes of up to 20%, and it is healthy and adjusts the effort to the context. 
During the summer, it even refrigerates—allowing its use in the most severe season 
without sweating. The homologated motor works up to 25 km/h reducing the sever-
ity of accidents. The average distance of the classical bicycle is about 5 km, while 
electric bicycle increases it up to 10 km, which is the distance from one end to the 
other in the municipality of Barcelona.

The electric bicycle is, for a distance of 10.5 km and a speed 30% higher than the 
speed of a classic bicycle, the most competitive form of mobility.

The isoform distribution of the networks along the city gives a level of service 
which is equitable for the bus and bicycle networks, something previously only the 
car had.

8.5.3  The Pedestrian Network

At present, Barcelona has 230 ha of streets with specific space for pedestrians or 
with speeds limited to 20 km/h. If we add the surface used by the pedestrians in big 
avenues, the total is about 15.8% of the public space of roads. With the implementa-
tion of superblocks, 6.22 million of square meters are liberated. This will make it 
the most important recycling proposal in the world, without demolishing a single 
building (Fig. 8.8).

Fig. 8.8 Map for pedestrians and other uses. Current scenario and with superblocks. Source: 
BCNecologia
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8.5.4  Uses in Public Space and Citizen Rights: 
From Pedestrians to Citizens

Maybe the most radical aspect of the proposal is the reconversion of most of the 
urban space to multiple uses and rights. Radical because it goes to the roots of the 
meaning of public space. A city exists when, first, there is public space and, second, 
when they are reunited in a limited space by a determined number of legal entities 
that are complementary and “work” synergistically. We can find ourselves in an 
urbanization of undetached houses with space for the car to get to the garage. In this 
case, we talk about urbanized space, but not public space. In urbanization it makes 
little sense to have a market and a cultural event or, even, find children playing with 
balls in the middle of the street.

A city starts to become a city when there is public space, since it is the “house of 
everybody,” the meeting place for interchange, leisure and staying, culture, expres-
sion and democracy, and, also, the movement. Public space makes us citizens and 
we are so when we have the possibility of occupying it for the exercise of all the 
rights mentioned above. Today, the limited possibility of exercising the citizen 
rights relegates us as pedestrians. Giving citizens public space that was lost due to 
the current model of mobility is key to the new model of mobility and public space 
based on superblocks. Electric vehicles can reduce part of the noise (but not the 
noise that at some speeds comes from the friction between the tires and the bearing 
surface and not from the engine) and part of the air pollution (as almost half of the 
pollution caused by particles come from the “dust” lifted by the wheels, that comes 
from tires particles, brakes, bearing lubricant oils, etc., that, as it is known, contain 
heavy metals and components of high toxicity). What they cannot reduce is the 
space that they occupy, which, in a compact city in general and particularly in 
Barcelona, which is the most scarce good.

Superblocks provide citizens with nature in almost 70% of the space of the city. 
Superblocks allow not only for the integration of transportation networks but also 
green networks. Furthermore, spaces are not crossed by any network of mobility: 
cars, busses, and bicycles. Rights are obtained through speeds that are compatible 
with the use of the space by the most vulnerable people (for instance, the pass of 
blind people, children playing). If a superblock allows a bus network, a car network, 
or a bicycle network with signalized lane, then it is no longer a superblock because 
it is not compatible with ALL the rights.

8.5.5  The Green Network that Appears 
with the Implementation of Superblocks

Many urban planners consider that the permeability of the soil is a good indicator of 
naturalization of an urban fabric. The presence of permeable soils rebalances the 
water cycle: it favors the infiltration of rainwaters and retains water through the 
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different vegetable surfaces. The vegetation protects the soil from excessive insula-
tion and protects it from the compaction that provokes the direct impact of raindrops 
on the soil. By enabling the water to stay longer on surface, it increases the possibil-
ity that it infiltrates into the phreatic layers and reduces the risk of floods. It boosts 
the closing of the cycle of organic matter, by providing the urban soil with surfaces 
of compost generated by organic waste self-composting. Green spaces and land 
reservation for urban gardens constitute spaces for generating community among 
the inhabitants of a neighborhood or territorial unit. Surfaces with vegetable cover 
help to mitigate the emissions of CO2, by fixing this gas through the photosynthetic 
process. Vegetable surfaces are, furthermore, potential captors of polluting particles 
and help to propitiate thermal comfort, minimizing the heat island effect. Besides, 
surfaces with trees proportionate acoustic and mechanic comfort, reducing the 
effect of noise and wind in the urban environment.

There are few areas with permeable soils in Barcelona (Fig. 8.9). The current 
green surface in the area of Eixample is only 171.2 ha. The number of square meters 
per inhabitant is 2.7 m2, very far below the 9 m2/inhab the WHO recommends. In a 
city like Barcelona, with such a lack of free spaces, superblocks allow us to obtain 
better values of corrected compactness (balance between urban compression and 
decompression). The release of only the interiors of blocks in Eixample is clearly 
insufficient although necessary. In Eixample, greed occupied green spaces. 
Superblocks will allow us to restore part of the green space that is so needed.

With superblocks, green surfaces increase significantly to 403.7 ha of potential 
green while maintaining city’s functionality. It will increase from 2.7 m2/inhab to 
6.3 m2/inhab for the whole area of Cerdà’s plan. In the Sant Martí area, it increases 
up to 7.6  m2/inhab. Street transformation and substituting cars with green space 
allow us to obtain urban landscapes like the ones that are shown in Fig. 8.10. It 
shows the project presented by the city council to the neighbors of the pilot super-
block of Poblenou, for the section of Sancho d’Àvila between Llacuna and Roc 
Boronat streets (Fig. 8.10). As Oriol Bohigas said: “A street will have for Latins an 
infinity of values that a garden won’t” (Bohigas 1958).

Fig. 8.9 Green space in current situation and with superblocks. Source: BCNecologia
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A square has been and is the very place for public space. In the case of Eixample 
of Barcelona, often, there are sidewalks of only 5 m of width with little green space 
(1.85 m2/inhabitants). With the superblocks project, the number and surface areas of 
new squares that are in the junctions of the Eixample fabric will multiply. In a super-
block type of 3 × 3 blocks, four new squares of about 1.900 m2 will be created 
(Fig. 8.11). One-hundred thirty nodes will become complete squares of 1.900 m2, 
adding around 24.7 ha, while there will be 20 new squares with a surface of 2/3rd of 
a complete surface, adding 3 more ha. In total there will be about 150 new squares 
with a surface of 27.7 ha.

Green from the interiors of block and green covers can also be added. 
Environmental benefits increase with the increase of urban green surface in height 
and surface. When you add the public space’s green surface and green covers (with 

Fig. 8.10 Sections of a street with single platform in the interior of superblock and proposal of 
transformation of Sancho d’Àvila street between Llacuna and Roc Boronat streets. Sources: 
BCNecologia and Barcelona City Council

Fig. 8.11 Junctions that become new squares in the superblocks model and block’s interiors 
released and potentially releasable in central Eixample. Sources: BCNecologia and Barcelona City 
Council

S. Rueda



151

an estimated an occupation of 30%) and the green surface in the interior of blocks 
(counting 1.500 m2 per block), green surface per inhabitant increases up to 9.6 m2/
inhabitants (Fig. 8.12).

8.5.6  Superblocks: A Tool that Helps in Mitigation 
and Adaptation to Climate Change (Climate Change 
Assessment)

Urban heat islands form due to the emissions of heat by part of the series of surfaces 
that configure physical parts of the city. The emission of heat to the atmosphere is a 
consequence of different factors, for example, climate conditions of the place, urban 
morphology, distribution of materials of the different urban surfaces (pavements, 
covers, and façades), and also by the heat produced by the activity of the city (traf-
fic, building’s conditioning, etc.) (Martín-Vide 2015).

Currently, cities are characterized by the predominance of impermeable surfaces. 
This aspect produces an important concentration of heat, especially in the asphalt 
pavements of urban roads and the buildings. One of the areas of discussion of cli-
mate change is precisely the mitigation of urban heat island because its impact has 
repercussions both for energy consumption and people’s well-being, reducing the 
comfort levels during the day and above all during night. Heat absorbed during the 
day is freed during night, increasing notably the temperatures of summer nights. 
That is why it is important to implement measures that allow mitigating urban heat 
generation and reducing urban centers temperature.

To reduce the current heat island effects, it is necessary to reduce the number of 
vehicles circulating and the consumption of fossil fuel energy, as well as to extend 
a green carpet that allows us to increase our resilience toward heat waves that will 
become more frequent with climate change. Superblocks will help in the mitigation 
and in the adaptation of the problem.

Fig. 8.12 Percentage of current green surface and potential green spaces (in % of total surface) in 
an area equivalent to a superblock type which include: public space green, blocks’ interior patio’s 
green and green covers. Source: BCNecologia
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Through simulations of heat transfer for a summer day in Barcelona, one can 
demonstrate the repercussion of the current urban morphology and with super-
blocks. The superblock scenario will substitute the asphalted pavements in intervias 
with semipermeable pavements and the greatest cover of road trees. It will dedicate 
30% of cover surfaces to green covers and release 1.500 m2 of interior patios of each 
of the blocks to green spaces. This has been analyzed in two areas of superblocks in 
the left part of Eixample (Fig. 8.13).

Results clearly indicate how the current situation of urban fabric in Eixample is 
warmer than the superblocks proposal. In terms of heat balance,1 while the current 
fabric is 72.1 kW/m2, the superblocks proposal obtains a balance of 46.3 kW/m2, 
35.9% less than the current situation. This energy translates into lower surface tem-
peratures of pavements, buildings, and green spaces.
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Chapter 9
Informal Settlements and Human Health

Jason Corburn and Alice Sverdlik

9.1  Introduction

Urban informal settlements are communities that are highly diverse and have a 
range of locally specific names, such as barrios, bustees, mjondolo or favelas 
(Gilbert 2007). According to UN-Habitat, ‘slums’ are human settlements that have 
one or more of the following deprivations: (1) inadequate access to safe water, (2) 
inadequate access to sanitation and other infrastructures, (3) poor structural quality 
of housing, (4) overcrowding and (5) insecure residential status (UN-Habitat 
2016b). Yet, as we emphasize throughout this chapter, there is no single definition 
that adequately captures the characteristics of ‘informal settlements’ that contribute 
to poor health or well-being. For instance, the UN also defines ‘informal settle-
ments’ as unplanned squatter areas that lack street grids and basic infrastructure, 
with makeshift shacks erected on unsanctioned subdivisions of land. As we suggest, 
Engaging with the health issues facing residents of self-built communities will 
require exploring not just how physical deprivations might influence health out-
comes but also how economic poverty, social inequalities and political disenfran-
chisement may act to stymie well-being or support resilience.

Here we use the terms ‘slums’ and ‘informal settlements’ to denote largely self- 
built urban communities, which are rarely recognized officially and typically are 
denied life-supporting services and infrastructure. Holistic urban development 
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 strategies are urgently needed to overcome vast health inequalities and to support 
well- being in ‘slums’ or ‘informal settlements’, which offer precarious shelter to 
over 880 m city dwellers globally (UN-Habitat 2016a, b). Over half of the world’s 
population already live in urban areas, and future growth will be concentrated in 
cities of the Global South that often experience significant housing deficits and pro-
found health challenges, particularly in informal settlements (WHO and UN-Habitat 
2016). These areas vary widely in their living conditions and associated environ-
mental health risks, but residents may experience several overlapping challenges 
including elevated poverty levels, low-quality shelter, food insecurity and political 
exclusion.

Many health outcomes are worse in urban slums in the Global South than in 
neighbouring urban areas or even rural areas (Ezeh et al. 2016; Harpham 2009). 
Moreover, the formal health sector typically encounters slum residents only when 
they develop complications of preventable chronic diseases. This takes a costly toll 
on these neglected communities and already limited healthcare resources. Indeed, 
the urban poor living in informal settlements face a ‘triple threat’ of injuries, infec-
tious diseases and non-communicable conditions (NCDs) like diabetes and heart 
disease (WHO and UN-Habitat 2016). Residents of informal settlements typically 
face multiple risks due to (1) hazardous shelter and local environmental conditions; 
(2) limited or non-existent access to safe water, sanitation, public transport and 
clean energy; (3) tenure insecurity; (4) exclusion from affordable, high-quality 
healthcare, education, refuse collection and other vital services; (5) spatial segrega-
tion; (6) violence and insecurity; and (7) political marginalization (Corburn and 
Riley 2016).

The Sustainable Development Goals (SDGs) include a target for upgrading 
‘slums’1 and recognise that reducing inequality will require attention to the environ-
mental and social conditions that keep the urban poor unhealthy, disabled and sub-
ject to premature mortality (WHO and UN-Habitat 2016). The social determinants 
of health (SDOH) are factors outside medical care that shape health outcomes, such 
as safe housing, food access, political and gender rights, education and employment 
status (De Snyder et al. 2011). In informal settlements, residents are often burdened 
with multiple and overlapping challenges that can undermine the SDOH, from spa-
tial segregation and entrenched poverty to overcrowded shelter inadequate infra-
structure and tenure insecurity. These factors typically combine and heighten the 
risk of exposures to environmental pathogens and limit access to life-supporting 
services, resulting in greater prevalence of infectious, and NCDs in poor urban areas 
(Sverdlik 2011). Slum-dwellers also experience health inequities, which are the 
result of spatial, political and economic exclusion. As the UN-Habitat and the World 
Health Organization (WHO) stated in their 2010 report, Hidden Cities: Unmasking 
and Overcoming Health Inequities in Urban Settings:

1 SDG 11 includes the target ‘By 2030, ensure access for all to adequate, safe and affordable hous-
ing and basic services and upgrade slums’ (http://www.undp.org/content/undp/en/home/sustain-
able-development-goals/goal-11-sustainable-cities-and-communities/targets/).
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Health inequities are the result of the circumstances in which people grow, live, work and 
age, and the health systems they can access, which in turn are shaped by broader political, 
social and economic forces. They are not distributed randomly but rather show a consistent 
pattern across the population, often by socioeconomic status or geographical location. No 
city—large or small, rich or poor, east or west, north or south—has been shown to be 
immune to the problem of health inequity.

9.2  Informal Settlements and Urban Health

By 2016, close to 900 million people were living in informal settlements or almost 
one in eight people globally (UN-Habitat 2016a). While the proportion of city 
dwellers living in slums decreased from 46% to 29% in the Global South between 
2009 and 2014, the absolute numbers living in slums increased from 689 to 881 mil-
lion over the same period (UN-Habitat 2016a). However, the percentage of urban 
slum-dwellers varies across regions, ranging from 21% in Latin American cities to 
28% in Southeast Asia, 31% in South Asia and 56% in sub-Saharan African cities 
(UN-Habitat 2016a).

While city living can be healthy for most residents, where you live in that city plays 
a critical role in determining well-being and life chances (Dye 2008; Ezeh et al. 2016). 
For instance, data from Kenya and the City of Nairobi suggest that the health benefits 
from urbanization are not uniform (Fig. 9.1). In Nairobi’s informal settlements, child 
mortality rates reached 151 per 1000 births in 2012, versus just 62 in Nairobi overall, 
84 in other urban areas and 113 in rural areas (APHRC 2014). In every region of the 
world, the wealthiest urban households maintain a health advantage over the poorest, 
but this is magnified in urban informal settlements (Lilford et al. 2016).

The life-threatening and disease-inducing aspects of slum living include perva-
sive socio-spatial exclusion, constant discrimination and lack of recognition by gov-
ernment (WHO and UN-Habitat 2016). Further, the UN highlights that there is no 
one single defining set of health risks in informal settlements and different ethnic, 
religious, age and other groups living in slums experience a multitude of contrasting 
social, economic and environmental health threats, as noted below:

Different vulnerable groups living in slums are particularly affected: women are more likely 
to have lower education levels and face high rates of teen pregnancies, children are con-
stantly exposed to a whole range of impacts, unskilled youth are excluded from economic 
and employment opportunities, people with disabilities suffer due to the slums’ dilapidated 
infrastructure and migrants, refugees and internally displaced persons affected by conflict 
and economic crisis also face additional levels of vulnerability and marginalisation through 
their uncertain status and lack of resources. (UN-Habitat 2016b)

Informal settlements are usually created via land invasions and squatting or infor-
mal subdivision, sale and development of vacant land. Residents are forced to use 
low-cost building materials to construct shelter and often build community assets 
incrementally. Thus, urban informal settlements are very dynamic communities with 
a complex combination of assets and risks, making conventional  epidemiologic 
approaches to studying population health and ‘neighbourhood effects’ on health dif-
ficult for measuring and monitoring health status (Lilford et al. 2016).

9 Informal Settlements and Human Health
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Table 9.1 highlights the major physical and socioeconomic dimensions of infor-
mal settlements, as well as their links to community health. While drawing upon 
UN-Habitat’s definition, Table 9.1 incorporates additional aspects such as hazard-
ous locations, violence and insecurity and political disempowerment in informal 
settlements. We offer more detail on the categories and findings from Table 9.1 in 
the discussion below.

9.3  Key Drivers of Health and Well-Being in Urban Informal 
Settlements

9.3.1  Spatial Segregation

Contemporary informal settlements are frequently located on dangerous sites, such 
as areas at high risk of flooding or landslides, which partly reflect legacies of 
colonial- era planning (Fig. 9.1). In many colonial cities, the indigenous populations 
were not allowed by the occupying power to live in urban areas (Home 2013). 
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Fig. 9.1 The segregation of residential areas in Nairobi, 1909. Source: Obudho (1997)
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Instead, the indigenous population was either only permitted to labour in the city or 
to settle on land designated for them, which was frequently the most risky, flood 
prone and/or adjacent to growing industries (ibid., also Fox 2014). Informal settle-
ments not only reflect household poverty and urban population growth but also rep-
resent a legacy of discriminatory, segregationist planning, national policies that 
have compounded economic exclusion and municipal governments that are inca-
pable or unwilling to serve the urban poor.

Table 9.1 Informal settlements and selected health risks

Example slum 
characteristics

Definition and indicators 
(examples) Community health risks (select)

Overcrowding >2 persons/room or <5 m2 
per person

Spread of TB, influenza, meningitis, skin 
infections and rheumatic heart disease

Low-quality 
housing structure

Inferior building materials 
dirt floors and substandard 
construction

Vulnerability to floods, extreme heat/cold, 
burns and falling injuries

Hazardous housing 
sites

Geological and site hazards 
(e.g. industrial waste sites, 
garbage dumps, railways, 
wetlands, steep slopes, etc.)

Acute poisoning; unintentional injuries, 
landslides, flooding, toxic contamination, 
environmental pollutants, leptospirosis, 
cholera, malaria, dengue, hepatitis, 
drowning

Inadequate water 
access

<50% of households have 
affordable, 24/7 access to 
piped water/public standpipe

Malaria, dengue and diarrhoeal diseases, 
cholera, typhoid, hepatitis; increased  
HIV/AIDS vulnerability

Inadequate 
sanitation access

<50% of households with 
sewer, septic tank, pour-flush 
or ventilated improved latrine

Faecal-oral diseases, hookworms, 
roundworm; missed schooldays during 
girls’ menstruation; malnutrition and 
children’s stunting; safety/sexual violence 
for women from unsafe toilets

Limited services 
and infrastructure

Inadequate healthcare, 
drainage, roads, energy, 
transport, schools and/or 
refuse collection

Traffic injuries; lack of emergency 
provision; fires; flooding/drowning; waste 
burning and air pollution; respiratory 
diseases and cancer

Tenure insecurity Lack of formal title deeds to 
land and/or structure

Fear; increased hypertension; diabetes; 
low birthweight newborns

Poverty and 
informal livelihoods

Low incomes, few assets and 
access to credit; lack of social 
protection

Increased occupational hazards; maternal 
health complications; vaccine-preventable 
diseases; perinatal diseases; drug-resistant 
infections

Violence and 
insecurity

Elevated crime, including 
domestic- and gender-based 
violence

Homicides; hypertension; obesity; sexual 
violence; vulnerability to STIs, especially 
for young people forced into sex work

Political 
disempowerment

Low or no governmental 
responsiveness to needs and 
services

Lack of health services; poor education; 
preventable hospitalizations; typhus, 
leptospirosis, cholera, chronic respiratory 
diseases, growth retardation
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9.3.2  Insecure Residential Status

The lack of secure land or housing tenure forces the urban poor to settle on undesir-
able, often risky land (e.g. flood-prone areas, waste dumps and steep slopes subject 
to landslides) where they are often at elevated risk of forcible eviction and natural 
disasters. Shelter tenure security is widely acknowledged as a pivotal aspect of 
human health for the urban poor (Haines et al. 2013). Lack of housing tenure may 
be associated with health risks such as homelessness, increased poverty and expo-
sure to cold and environmental toxins, leading to infectious and non-communicable 
diseases. Eviction threats may contribute to constant stress that can compromise the 
immune system and cause hypertension and cardiovascular disease, glucose intoler-
ance and insulin resistance, increased susceptibility to infection and inflammation 
and the death of neurons in the hippocampus and prefrontal cortex (Shonkoff et al. 
2012). Social and legal exclusion can become embodied in poor health outcomes, 
taking a short- and long-term toll on the well-being of the urban poor.

However, when residents of informal settlements gain secure housing, their well- 
being seems to improve. For example, in Buenos Aires, children living in informal 
settlements whose families received land titles had better weight-for-height scores 
compared to households that did not receive titles (Galiani and Schargrodsky 2004). 
A longitudinal follow-up study revealed that titled families also had reduced house-
hold size, lowered poverty and improved children’s education (Galiani and 
Schargrodsky 2010). In Indian cities, lack of formal recognition and residential 
insecurity often deepens poverty, vulnerability and health risks when it inhibits the 
urban poor from such things as a ration card, which can provide subsidized food, 
kerosene for cooking, support formal employment and access to other basic services 
(Agarwal and Srivastava 2009; Subbaraman et al. 2012).

9.3.3  Poverty and Employment

Residents of informal settlements are often among the most impoverished urban 
residents. Lack of economic resources for slum-dwellers harms human health in a 
number of ways, including:

• Limiting access to food, water, energy and other essential services
• Increasing vulnerability to eviction and homelessness due to inability to pay rent
• Limiting access to expensive healthcare and medications
• Redirecting resources from education to basic needs
• Forcing the poor into risky informal labour and/or sex work and exposing the 

poor to toxins and STIs

For instance, many women in informal settlements are home-based workers 
(HBW) and face acute occupational health hazards due to inadequate seating or work-
tables, poor ventilation and exposure to toxic substances that can result in respiratory 
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problems, eye strain, body aches and injuries (Chen and Sinha 2016; Lund et  al. 
2016). However, employment training with and for the urban poor living in slums can 
transform health outcomes. For example, the Juventud y Empleo (JE) youth training 
programme in the Dominican Republic provided life skill and technical training, 
along with an internship at an approved private sector firm (Ibarrarán et al. 2015). 
Two years after the project ended, the 2008 initial cohort was significantly more likely 
than a control group to report having very good health, and there was a 45% drop in 
female participants’ pregnancy rates, as compared to a control group (ibid.).

9.3.4  Poor Structural Quality of Housing and Overcrowding

Slum housing is often extremely dense and poorly built with substandard or flam-
mable materials (Haines et al. 2013). Houses built against hillsides are subject to 
landslides during heavy rain, and inferior building standards cause many thousands 
of deaths from earthquakes, especially where urbanization and poverty collide 
(Manda and Wanda 2017). Informal housing is often constructed with low-quality 
materials, such as scrap-metal doors or roofs that can be easily lifted and removed, 
while residents may lack adequate locks, gates and other ways of deterring criminal 
entry (Meth 2017). Dense, often inflammable housing is at high risk of arson, and 
settlements’ lack of access by police and emergency services only compounds local 
vulnerabilities to crime (Satterthwaite and Bartlett 2017). With cooking, sleeping 
and living in one unventilated room common in slum housing, residents risk increased 
respiratory infections, meningitis and asthma and are more likely to contract tuber-
culosis. Overcrowded housing is also associated with rheumatic heart disease, a 
chronic and debilitating condition facilitated by increased transmission of group A 
Streptococcus pyogenes infections and lack of early treatment (Riley et al. 2007).

Poor planning and lack of open, recreation spaces are again common features in 
informal settlements that can adversely influence health. Parks and other green 
spaces can promote physical activity, thereby helping to prevent cardiovascular dis-
ease and other NCDs (Prüss-Ustün et  al. 2016). Globally, an estimated 23% of 
adults and 81% of adolescents are insufficiently active (i.e. engage in less than 
150 min of moderate-intensity activity each week), but parks, active transport and 
higher-density urban planning strategies can promote physical activity and improve 
quality of life for the urban poor (Cervero 2013).

9.3.5  Water, Sanitation and Food Security

Poor water quality and lack of sanitation are leading causes of morbidity and mor-
tality worldwide (JMP 2017), particularly in urban slums. Diarrhoeal diseases are a 
leading contributor to global child mortality, causing an estimated 20% of all 
under-5 deaths globally, and in the Global South, 58% of all cases of diarrhoea are 
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attributed to inadequate WASH (water, sanitation and hygiene) (Prüss-Ustün et al. 
2016). Many slum-dwellers still struggle with intermittent, low-quality or poorly 
maintained WASH.

In Nairobi’s Mukuru informal settlement, home to over 300,000 people, only 
3.6% of households have access to adequate toilets, and 29% had access to adequate 
water (Corburn et al. 2017). Diarrhoeal diseases caused by inadequate sanitation put 
children at multiple risks leading to vitamin and mineral deficiencies, malnutrition 
and stunting (Bartram and Cairncross 2010). Sustained or long-term exposure to 
excreta-related pathogens—including helminthes or worms—in early life limits 
cognitive or brain development and lowers long-term disease immunity. As inade-
quate slum sanitation contributes to the cascading impacts on children of water-
borne illness, malnutrition and, in turn, stunting, this can result in poorer cognitive 
development and performance in school for young people in slums (Niehaus et al. 
2002). Restricted toilet opportunities for women have been shown to increase the 
chance of urinary tract infections (UTIs) and chronic constipation by 80% (Cheng 
et al. 2012). Poor access to water and sanitation in slums can also contribute to the 
high prevalence of undernutrition in childhood (especially stunting) alongside ele-
vated levels of overweight/obesity during adulthood, particularly among women 
(Kimani-Murage et al. 2015).

Many life-threatening infectious diseases are associated with contaminated water 
in slums, such as cholera and hepatitis. Lack of access to water also restricts water 
intake and can inhibit cooking, bathing and personal hygiene. Infrequent bathing is 
associated with scabies and bacterial skin infections, a subset of which (i.e. group A 
Streptococcus) can lead to acute glomerulonephritis.

Women and girls are especially burdened by water collection, as well as being 
disproportionately affected by inadequate sanitation due to their greater needs for 
privacy, particularly during menstruation. Women and girls in urban slums face 
greater risk of sexual assault when walking to use public toilets especially at night 
(Sommer et al. 2015). Stemming from these gender-inequitable time burdens of col-
lecting water or seeking a private site for open defecation, women and girls may 
experience long-term declines in human and financial capital if they forego school-
ing or income-generating activities (Chant and McIlwaine 2016). Inadequate WASH 
can also imperil women and girls’ dignity and self-respect while increasing their 
feelings of shame and humiliation (Massey 2011).

The lack of adequate toilets also disproportionately impacts women living with 
HIV. People living with HIV/AIDS are particularly vulnerable to intestinal para-
sites, since they tend to suffer from more frequent diarrhoeal episodes than those 
with stronger immune systems. When frequent diarrhoea leads to insufficient nutri-
ent absorption and weight loss, intestinal parasites can be lethal for people living 
with HIV (West et al. 2012). Frequent diarrhoea can limit the efficacy of antiretro-
viral (ARV) drugs that can reduce mortality from HIV.

J. Corburn and A. Sverdlik



163

9.3.6  Energy and Air Pollution

Low-income urban households often struggle to access safe, reliable energy sources 
due to the high costs of electricity, gas and secure household connections and/or 
storage (Singh et al. 2015). Slum-dwellers frequently rely on informal or makeshift 
electricity connections and a mix of unclean solid fuels, known as ‘fuel stacking’ 
rather than a linear transition up the ‘energy ladder’ towards clean energy (Sovacool 
2011). Globally, exposure to household air pollution (including from unclean cook-
ing fuels) is responsible for 33% of the total disease burden from respiratory infec-
tions, and in total, exposure to household air pollution from solid fuels causes an 
estimated 4.3 million deaths annually (Prüss-Ustün et al. 2016). Furthermore, an 
estimated 268,000 deaths occur annually as a result of burns (from exposure to fire, 
heat or hot substances) and the overwhelming majority is in the Global South (ibid.). 
Indeed, providing access to clean energy (SDG 7) can support respiratory health and 
reduce fire risks or burns and other accidental injuries (SDG 3), as well as helping 
to eliminate poverty (SDG 1) and supporting inclusive economic growth (SDG 8). 
Clean energy can also create significant climate and health co-benefits (SDG 13) 
and can support gender equality (SDG 5) because women disproportionately utilize 
unclean fuels for cooking (WHO 2016).

The Global Burden of Disease 2013 study estimated that small particulate matter 
(PM2.5) was associated with 670,000 premature deaths annually in Africa (globally 
5.5 million, of which approximately 90% occurred in low- and middle-income 
countries), divided roughly equally between indoor and outdoor exposures. The 
urban poor are more likely to live closer to roadways and polluting industrial facili-
ties thus exposing them to greater levels of pollutants (Kinney et al. 2011). Chronic 
exposure to elevated levels of toxic air pollution negatively influences not only 
respiratory and pulmonary health but also contributes to premature births and low 
birth weights, cancers and premature death (Prüss-Ustün et al. 2016).

PM concentrations are particularly high in Africa’s informal settlements (Egondi 
et al. 2016). Sources of outdoor air pollution in urban slums are mainly dust, burn-
ing trash and vehicle and industrial emissions. Due to poor ventilation in these set-
tings, outdoor air pollutants regularly infiltrate into dwellings, raising levels of 
indoor air pollution. This combination of indoor and outdoor air pollution increases 
the burden of air pollution in deprived urban areas. For instance, in Nairobi’s infor-
mal settlements, respiratory illness, asthma and acute respiratory infections are the 
leading contributors to the mortality burden among children (Egondi et al. 2013).

9.3.7  Transport and Injuries

Road traffic injuries cause an estimated 1.25 million fatalities each year— 
pedestrians, cyclists and motorcyclists represent almost half of those killed (Prüss-
Ustün et al. 2016). Urban transport plans often privilege cars over non-motorized 
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transport (NMT) or public transport. Yet, the urban poor travel on foot or utilize 
informal para-transit options such as minibuses or rickshaws that vary widely in 
coverage, safety and performance. Improved planning for NMT can reduce injuries 
and provide safe spaces for street-level vendors (Khayesi et al. 2010). Public trans-
port and NMT can also enhance air quality, foster neighbourhood vitality and pro-
mote physical activity (both for cycling and walking), all of which contribute to 
reducing non- communicable diseases (WHO and UN-Habitat 2016). Safe paths and 
roads can foster a sense of place and enhance the social, economic and spatial inte-
gration of slums into the entire fabric of the city, all of which are recognized as key 
social determinants of urban health (Ezeh et al. 2016).

Improved paths or roads can also support access by emergency vehicles and 
enhance the livelihoods of vendors, manufacturing workshops and others who rely 
upon streets for income-generating activities (UN-Habitat 2014). Examples from 
Latin America indicate that improving streets, pavement or public transport can 
generate multiple health benefits for informal areas. In Acayucan, Mexico, street 
asphalting in an informal settlement increased residents’ wealth and contributed to 
increased appliance ownership and home improvements (Gonzalez-Navarro and 
Quintana-Domeque 2016). In Medellín, Colombia, cable cars (‘Metrocables’) con-
structed in the poorest Comunas (districts) linked previously segregated and poor 
areas with the entire city. The results were improved economic status for the poor 
residents, significant reductions in gun homicides and improvements in social cohe-
sion (Cerda et al. 2012).

9.3.8  Safety and Security

Along with the threat of forcible eviction, many residents of informal settlements 
face elevated risks of crime or interpersonal violence (IPV). Many informal settle-
ments are excluded from the benefits of formal policing or are subject to harsh 
military-style occupation. Young men in the favelas of Brazil are up to five times 
more likely to die from homicide than their urban counterparts (Barcellos and 
Zaluar 2014). Violence towards women has been associated with the absence of 
basic services like safe toilets and street lighting (Sommer et al. 2015). Homicide 
victims are overwhelmingly poor, urban male youths (Muggah 2014). Many infor-
mal settlements are excluded from the benefits of formal policing or are subject to 
harsh military-style occupation by the army.

Women’s safety audits in Indian, Latin American and African cities have identi-
fied poorly lit areas, dilapidated bus stops or other hotspots that have placed women 
at elevated risk of assault or crime (Trujillo et  al. 2015). These participatory 
approaches have led to subsequent interventions such as enhanced lighting, paved 
footpaths and other infrastructures, as well as raising awareness of the need to com-
bat violence against women and other vulnerable groups (ibid.). Additionally, there 
are recent experiments with utilizing mobile phones to report crimes, prevent vio-
lence and improve relations between police and the urban poor. A Smart Policing 
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Initiative, spearheaded by the Igarapé Institute, created a mobile phone application 
to promote police transparency and accountability in low-income areas of Brazil 
and South Africa.2

During the Violence Prevention through Urban Upgrading (VPUU) programme 
in Cape Town’s Khayletisha informal settlement, interventions prioritized youth 
employment, vigorous community participation and social inclusion. The pro-
gramme used urban design strategies to promote passive surveillance and create 
integrated community centres called ‘Active Boxes’ to provide services and overall 
resulted in a 33% reduction in the murder rate in less than 4 years (VPUU 2011).

9.3.9  Climate Change Vulnerability

Climate change will likely exacerbate the health and socioeconomic disparities in 
cities, with slum-dwellers particularly vulnerable to extreme weather and other pro-
jected impacts (Bartlett and Satterthwaite 2016). Slum-dwellers face a set of inter- 
related health risks from climate change, including increased susceptibility to 
infectious diseases, food-borne diseases, flooding, sea-level rise and landslides, heat 
events and drought-induced food insecurity (Scrovronick et al. 2015). Heat stress 
contributes to cardiorespiratory disease and death due to heat waves. Climate 
change-induced weather can influence the adverse health impacts of aeroallergens 
and air pollution. Mosquito and tick-borne diseases, such as malaria and dengue, are 
known to increase during floods, and higher temperatures reduce the development 
time of pathogens in vectors and increase potential transmission to humans. Survival 
of bacterial pathogens is related to temperature. Extreme rainfall can affect the 
transport of disease organisms into the water supply.

9.3.10  Available Health Services

Informal settlements often have an acute dearth of affordable, high-quality 
 healthcare (Shetty 2011). Slums tend to have an inconsistent patchwork of public-, 
private- and charity-based providers, with many ‘informal’ healthcare workers. 
Inadequate or inappropriate care permits the progression of preventable diseases, 
such as hypertension and diabetes, and increases the risk of drug-resistant infec-
tions, such as multidrug-resistant TB.  Vaccination coverage for children aged 
12–23 months in India’s slums was only 23% compared to 60% of the same aged 
children living in urban India, largely due to inadequate infrastructure and a lack of 
community awareness and mobilization (Agarwal et al. 2005).

2 See https://igarape.org.br/en/smart-policing/.
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9.4  Improving Health and Equity Through Slum Upgrading

Improving the well-being of those living in informal settlements will require inte-
grated projects that utilize multipronged strategies and strengthen communities, 
while they remain in place. This is what is commonly referred to as ‘slum upgrad-
ing’, which can combine shelter improvements (adequate housing, water, roads and 
other infrastructures) with tenure security, political recognition, support for liveli-
hoods and enhanced social services. In situ upgrading (where residents of informal 
settlements have the right to remain in place) recognize that despite the  environmental 
health risks in informal settlements, these areas can still support well-being, and 
residents usually benefit from remaining in place. For instance, informal settlements 
often provide much-needed affordable shelter and proximity to jobs; they may also 
have dense social networks and vibrant cultural, economic or political institutions. 
Meanwhile, when areas are declared ‘slums’, communities may become highly stig-
matized, and government responses are typically exclusionary policies or even 
demolition campaigns that may only entrench residents’ poverty. Disparaging gen-
eralizations about ‘slums’ thus downplay the considerable social, economic and 
cultural opportunities created in most informal settlements, but we argue that these 
benefits can be strengthened via holistic, in situ upgrading projects. Although gov-
ernments and aid agencies have supported upgrading projects for decades, these 
initiatives’ major possibilities for health improvement have been ignored (Corburn 
and Sverdlik 2017; Turley et al. 2013) (Fig. 9.2).

Some national governments have embraced upgrading, as in Thailand’s Baan 
Mankong (Boonyabancha 2009), while other initiatives are spearheaded by local 
governments such as in Cape Town (VPUU 2011). Available funding is often insuf-
ficient to support large-scale upgrading interventions, leading to a plethora of ‘bou-
tique’ projects that cannot reach all of a city’s informal settlements. However, 
regardless of scale, upgrading projects can ‘build citizenship’ for marginalized 
populations and develop innovative co-produced solutions that can improve health 
Jaitman and Brakarz 2013).

For example, cases from Pakistan and India indicate that community-led sanita-
tion partnerships not only have improved health but also catalysed local empower-
ment and enhanced governance. Since 1982, the Orangi Pilot Project (OPP) in 
Pakistani cities has spearheaded low-cost sewerage combining internal initiatives in 
informal settlements’ lanes with external trunk provision by the state (Hasan 2010). 
In Mumbai and Pune, residents developed a low-cost sanitation model, designed 
and managed public toilet blocks that have improved multiple determinants of 
health (SHARE 2016).

Importantly, slum upgrading can be an inclusive process generating vital shelter 
improvements as well as far-reaching benefits for health, poverty reduction and 
other Sustainable Development Goals (SDGs). Upgrading not only improves living 
conditions (housing, infrastructure, services, tenure security, etc.), but it may also 
influence municipal governance (e.g. by forging participatory partnerships and dia-
logue with local officials), reduce levels of social stratification and promote resil-
ience to climate change.
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Fig. 9.2 Upgrading in Nairobi, Kenya. Source: J. Corburn, used with permission
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To help realize these benefits and guide key urban stakeholders (including elected 
and public health officials, aid agencies, residents and NGOs), we recommend the 
following principles:

 1. Reframe upgrading as a health promotion intervention and regularly collect 
data to track the health and socioeconomic impacts.

 2. Codesign interventions with residents, utilizing participatory processes.
 3. Develop inter-sectoral partnerships between elected officials, public health offi-

cers, city planners, medical practitioners, shelter and utilities agencies, law 
enforcement and residents.

 4. Promote multisectoral solutions during upgrading.
 5. Implement complementary policies, such as revised building standards, greater 

recognition for informal workers and alternative tenure regularization 
strategies.

 6. Minimize residential displacement, so as to strengthen social capital and local 
livelihoods.

 7. Bolster social and economic assets, including community-based organizations 
(CBOs), youth groups and other grassroots institutions.

 8. Support economic development via improved shelter quality, infrastructure 
construction and maintenance, trainings and access to credit and other support 
for local enterprises.

 9. Recognize upgrading as a strategic entry point to improve security and promote 
inclusive urban development.

 10. Incorporate for the urban poor and all city dwellers.

9.5  Conclusions and Future Research Needs

Slum health is a highly complex issue, and interventions are often hampered by a 
lack of reliable population and place-based exposure data in informal settlements 
(Corburn and Riley 2016). We have summarized the key health issues facing many 
urban slum-dwellers and emphasized that their root causes are in spatial and mate-
rial deprivation and pervasive discrimination as well as inadequate or inappropriate 
urban and transport planning. Poor health in urban informal settlements is not due 
to the behaviours or lifestyles of the urban poor. Responses to inequitable health 
outcomes and living conditions in urban slums must not just treat people and send 
them back into the living and working conditions that are making them sick in the 
first place. Integrated slum upgrading, when it is a participatory and inclusive pro-
cess, can be one strategy that addresses immediate population needs, substandard 
built and social environments as well as deep-seated structural inequities that keep 
the poor unhealthy (Corburn and Sverdlik 2017). A sector-by-sector or disease-by- 
disease approach will be inadequate to reduce the unnecessary suffering and  
premature mortality experienced in urban informal settlements today.
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Chapter 10
Complex Systems Modeling of Urban 
Development: Understanding 
the Determinants of Health and Growth 
Across Scales

Luís M. A. Bettencourt

10.1  Introduction

Cities and associated processes of growth and change are becoming an increasingly 
important focus of many convergent scientific traditions, models, and policy 
(UN-Habitat 2012; Bettencourt 2014).

This surge of interest is driven to a large extent by the fact that urbanization is 
arguably the most important global event in recent Earth’s history. Worldwide 
urbanization is the defining culmination of the Anthropocene, with human popula-
tions increasingly controlling global resource flows from cities (Ellis 2015; Crutzen 
2006). This transformation is accompanied by humanity’s reaching peak population 
around the mid-twenty-first century, and its spatial concentration in cities larger 
than ever before, with Mumbai, Delhi, and other Asian and African cities, is expected 
to surpass 50 million people over the next few decades (Hoornweg and Pope 2017). 
At the same time, a necessary transition to sustainable development and conscious 
planetary stewardship must take place in order to render this process ultimately 
beneficial for humanity and for nature (Bolay 2012; Brelsford et al. 2017).

For all their ubiquity and exuberance, cities and processes of urbanization have 
remained poorly understood scientifically. A few scientific traditions, such as soci-
ology, economics, and geography, have developed some scholarship dedicated to 
cities, but this theme has remained mostly off the mainstream of these and any other 
disciplines.

A similar situation applies to policy and practice. Cities—for all their importance 
as engines civilization, innovation, and wealth creation—have remained at the 
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mercy of improvised policy and of utopian or partisan planning practices, which 
have often generated tragic unintended consequences. Well-informed practices—
knowledgeable of the processes taking place in cities and how to best affect them 
positively—have been rare and usually the province of inspired urbanists and 
insightful local politicians, not the result of applied scholarship (Jacobs 1992; Lynch 
1984).

Besides the increasingly global character of the urban phenomenon, which 
makes obvious many of the communalities of cities and urbanization across space 
(Bettencourt et  al. 2007), the advent of ubiquitous information technologies are 
making it possible to observe and measure many more quantities relevant to under-
standing cities across scales, from individuals to nations. The result of this conver-
gence has been a surge of interest in cities by scientists and technologists as well as 
by businesses and nonprofit organizations, often under rubrics such as smarter cities 
(Batty et al. 2012; Bettencourt 2014), resilience (Bush and Grayson 2009), or sus-
tainability (Keivani 2010). However, for these goals to be achieved and for cities to 
fulfill their promise for human development and sustainable economic growth 
quickly, much more needs to be understood scientifically.

The obvious question when attempting to model cities is where to start plugging 
in and connecting the avalanche of current data to models and theory. Cities are 
extremely complex interconnected environments (Bettencourt and West 2010; 
Bettencourt et al. 2007), so that any model that focuses on only some aspects of the 
city—for example, its economy or its built environment—tends to remain descrip-
tive and fail to engage with the true nature of the phenomenon.

Thus, in my view, most scientific opportunity for theory of cities lies at the inter-
connections between current models. Connecting and mutually constraining current 
frameworks will in turn necessarily change some of their assumptions and building 
blocks, creating new and more powerful syntheses. It should also be pointed out that 
this type of interdisciplinary articulation and synthesis is relatively unusual in the 
social sciences, which is another reason why urban theory as the nexus of perspec-
tives spanning cognitive, social, economic, political, and cultural aspects of human 
societies is so transformational and important.

This chapter is dedicated to a brief review of modeling approaches of processes 
of urban development and of cities more generally. There are, of course, many such 
approaches, across a range of traditional disciplines. In this light, my main objective 
is to establish a general road map and emphasize connections between different 
frameworks and perspectives, rather than provide a deep technical dive into each set 
of methods. I will emphasize the nature of variables and spatial and temporal scales 
at which various approaches work well and those at which they are inadequate. I 
will also attempt to identify where different modeling traditions meet and must bet-
ter constrain each other.

Health occupies a central role in any attempt at synthesis of urban models. 
Historically, public health has always been the pioneering field in urban issues, driv-
ing much of our understanding of cities and associated policy. Issues of epidemiol-
ogy, especially related to cholera outbreaks in the nineteenth century (Colwell 1996; 
Rosenberg 2009), resulted in some of the first quantitative analyses of urban social 
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data. The resulting findings revolutionized medicine by establishing the basis for a 
science of contagious diseases, associated with pathogen spread mediated by the 
structure of human social contacts and by urban services and infrastructure (or lack 
thereof). Issues related to asthma and other respiratory diseases and to conditions 
associated with poverty and lifestyles, such as crime, diabetes, obesity, or mental 
health, are at the core of the most difficult urban issues today. Thus, I will illustrate 
throughout the manuscript how different approaches to modeling cities relate to 
human public health and how the current frontier in health studies, dedicated to 
issues of personalized medicine and of lifestyle and exposure over extended time 
scales, continues to drive at the heart of outstanding question for urban theory and 
modeling.

I will end with a challenge for the type of theory and models needed to describe 
urban development fully and the kind of data necessary to assist their construction 
and testing along the way.

10.2  Models of Cities and Urban Development

There are clearly many ways to navigate the many existing approaches to modeling 
cities and urbanization, so that any choice is likely to reflect the author’s worldview 
and be necessarily incomplete.

One of my objectives in this piece is to attempt to erase modeling choices based 
on different disciplines—sociology versus economics, for example—which are arti-
ficial in light of the phenomena at hand. Adopting this problem-based approach, I 
find temporal and spatial scale considerations a useful set of dimensions to organize 
different kinds of urban approaches; see Table 10.1. Most current models describe 
cities well in situations involving short-time horizons and/or steady-state spatial 
equilibria. However, most models fail over the long term, when issues of growth, 
human development, personal histories, and environmental change come into play.

Table 10.1 The five modeling approaches to cities and urbanization discussed in the paper and 
their main areas of focus and time scales of applicability

Modeltype Time scale Quantities predicted Results

Agent-based 
models

Minutes- 
days

Transportation, city logistics, 
urban services

Strategic optimization

Spatial 
equilibrium 
models

Day-week Economic output, infrastructure 
networks, built environment, 
density, social interactions

Scaling relations 
(agglomeration effects) for city 
averages

Contagion 
models

Days- 
years

Outbreaks of spreading processes Critical thresholds, 
interaction + recovery rates

Life-course 
models

Human 
life time

Risk, health, crime Critical events, trauma, 
cumulative (dis)advantage

Growth models Years- 
decades

Economic, demographic growth Growth rates, size distributions
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Similarly, most models struggle with the immense heterogeneity of cities, in 
terms of different characteristics of their populations (income, ethnicity, behavior) 
as well as of places (different quality of services, including environmental quality 
and access to justice). I start by discussing a number of recent computational 
 models—typically agent-based—describing cities over the short term. These are 
especially useful in considerations of efficiency and optimization, e.g., tied to 
smarter cities policies, as well as traffic management and emergency evacuation 
situations. Next, I describe spatial equilibrium models, which have a long tradition 
in geography and economics and more recently in complex systems. The contrast 
between these two types of models provides a few useful lessons about issues of 
emergence that are not always well codified in agent-based models. I then briefly 
review the uses of contagion models, well known in public health policy but also 
useful for accounting for some processes of cultural change. I also describe life- 
course models, which take the long view and a cumulative perspective on an agent’s 
behavior and his/her choices and therefore deal with important processes of learn-
ing and adaptation. Finally, I briefly discuss the current state of growth models, 
especially for population and economic quantities and contrast these typical large- 
scale population approaches to the rich individual perspectives captured by life- 
course models. I close with a discussion of the shortcomings as well as the 
opportunities ahead regarding the integration and synthesis of these various model-
ing approaches and progress in underlying urban theory toward creating predictive 
frameworks for cities and urbanization across scales.

10.2.1  Agent-Based Models Over the Built Environment

Agent-based models (Gilbert 2008; de Marchi and Page 2014) have become increas-
ingly common as a means to model cities (Batty 2007) and other socioeconomic 
systems (Fig. 10.1). Their use is predicated on the idea that agents (typically people, 
but in other relevant cases land parcels or institutions) can be endowed with a range 
of decision rules over a space of actions. For example, an agent may choose differ-
ent paths to work depending on time of day and current congestion over the road 
network.

These decisions and actions are in turn functions of those of other agents, so that 
models are iterated computationally over time to produce collective behavior. The 
most important feature of these models is the property of emergence, that is, that 
collective behavior may manifest complex patterns not predictable from the simple 
rules at play at the agent level (Batty 2007; Epstein 1999; Schelling 2006). This idea 
is well known in complex systems modeling, but it is also a fundamental strategy for 
a number of traditions in the social sciences, such as economics and sociology, 
which seek to derive “macrobehavior” from “micromotives” (Schelling 2006).

In the past, agent-based models have been used to model many aspects of cities, 
from land use expansion to residential choice and from health to traffic. Earlier 
models used cellular automata (spatial local rule sets) and other simple rules 
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 (seemingly dissociated from decisions made by people and institutions) to try to 
understand issues related to city form, such as the spatial growth of cities, the fractal 
dimension of the built environment (how much of a city’s land is paved over), and 
thus questions of urban form (Batty 2007; Benguigui et al. 2000). While a number 
of interesting findings expressing the spatial expansion of cities and their densifica-
tion of land uses with population size were observed and modeled in this way, 
resulting patterns remained mostly context specific (Benguigui et  al. 2000; Shen 
2002), and this type of approach eventually lost some steam. For example, the frac-
tal dimension of cities in terms of area filling by built surfaces turns out to be quite 
variable and dependent of city size and other factors. As a consequence, cities have 
been found not to be simple spatial fractals. These models remain interesting for 
exploring the development of spatial patterns of urban expansion from potentially 
simple local rules, though (Benguigui et al. 2000; Batty 2007; Shen 2002).

Another strand of models important in sociology and urban economics deals 
with residential choice and neighborhood structure. Much of the modeling history 
of this field started with the Schelling model of residential choice (Schelling 2006; 

AGENT BASED MODELS

network

decision table

game

utility function

?

agents              +            networks decisions/actions

iterate in time

Fig. 10.1 Agent-based models. In these models, agents with a number of given internal states, 
often connected to each other in structured networks (blue lines) and embedded in space, are 
updated based on a given set of rules. Update rules vary considerably from model to model and 
may be based on classical decision or game theory approaches, utility functions, contagion proba-
bilistic rules (see Fig. 10.4), or other models of choice and behavior. In some cases, agents may not 
be people at all, for example, for models describing changing land uses or urban expansion, where 
“agents” become land parcels. Agent-based models can be computationally intensive for large 
systems in structured environments. The essence of these models is the idea of emergence, that 
simple rules at the individual level can generate complex collective behavior as they are iterated 
over time
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Bruch and Mare 2006). Its objective was to attempt to explain why cities are often 
so strongly spatially segregated by race, especially in the USA. The model proposes 
a very simple local rule by which individuals with a given trait (race) choose to stay 
or move neighborhoods so as not to be in a local (neighborhood level) racial minor-
ity. Since then the assumptions of the model have been contested and compared 
with actual choices made by urbanites (Bruch and Mare 2006; Bruch 2014; 
Browning et al. 2016), showing that transitions to segregation are less abrupt than 
the model predicts. Nevertheless the Schelling model provided a very simple 
instance of both emergence (neighborhood segregation) and macrobehavior result-
ing from very simple micromotives. It is in part responsible for a rich literature on 
neighborhood effects in cities in sociology (Sampson 2012; Ioannides and Topa 
2010; Sampson 1997) and remains relevant in light of strong spatial segregation at 
the neighborhood level in cities around the world not just in terms of race but also 
related to income, public health outcomes, educational attainment, and other impor-
tant variables implicated in human development (Bailey et al. 2017; Bruch 2014; 
Lichter et al. 2012; Brelsford et al. 2017).

A larger range of agent-based models has been associated with human mobility 
in cities and with traffic in particular (Helbing 2012; Balmer et al. 2006; Batty et al. 
2012). These models are typically large computer simulations that take the built 
space of cities (all roads and buildings) as their “stage” and move people and vehi-
cles in terms of simple local rules. These models often implement and extend older 
models of traffic in cities, which rely of matching trip originations and destinations 
with specific flows over the street network. The most important of these models 
historically was arguably TRANSIMS (Barrett et al. 1995; Nagel et al. 1999; Smith 
et al. 1995), which replicated the entire population and built environment of several 
cities, including Portland and Los Angeles, and simulated their daily movement 
using novel computational algorithms for statistical extrapolation from census data 
and scheduling in high-performance computing environments (Nagel and Rickert 
2001).

Besides traffic simulations, agent-based models have become important tools for 
public health and emergency management (Epstein 1999). In terms of the latter, 
traffic related to an evacuation could be simulated and strategies could in this way 
be tested and to some extent optimized. Such solutions are used in practice for 
emergency planning by many local and federal agencies in the USA and 
elsewhere.

One of the most compelling applications of these models has arguably been in 
health. A version of these models, based on TRANSIMS, called EpiSimS, and many 
other variants by other mathematical epidemiology groups have become common as 
a means to include structured social networks based on spatial coincidence over the 
built environment that may promote effective contagion transmission events 
(Mniszewski et al. 2008a, b). Conversely, these models were also used to test social 
distancing, vaccination strategies, and other potential public health interventions 
and policies. As such, agent-based models are popular in scenario planning and 
decision support by policymakers (Mniszewski et al. 2008a, b). Although I am less 
aware of other uses, models of population exposure to localized sources, such as 
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those related to air or water pollution, or with risk associated with buildings can in 
similar ways be simulated and tested in these type of models.

Some criticisms of these approaches are that (1) they are computationally inten-
sive (early models ran more slowly than real time); (2) they do not tend to produce 
significantly better predictions, at least in the aggregate, than population level mod-
els (see below); and (3) they lack adaptive human behavior and especially behavior 
change or strategic decision-making.

Thus, these models, despite immense detail, matching each individual and each 
aspect of the built environment of a given city, typically still lack some of the fun-
damental features of realistic agent behavior in urban environments, at least in situ-
ations where learning, adaptation, and strategic decision-making must come into 
play.

The future of these models is likely tied to the ability to assimilate real-time data 
and thus make short-term predictions, updated by observations, rather than being 
used to predict long-term growth and change. There are many interesting precedents 
for this sort of model “refresh” via data assimilation, for example, in weather mod-
eling, via Bayesian methods. The enormous and detailed corpus of data available on 
mobility, traffic, health, and other relevant variables may therefore become the 
greatest opportunity for the next generation of agent-based models, which can in 
this way remain more accurate and predictive of real behavior in very specific local 
contexts.

10.2.2  Spatial Equilibrium Network Models

These are arguably the most successful and mature approaches to quantifying the 
interconnections between many of the properties of cities (Fig. 10.2). Their princi-
pal merit is that they allow us to calculate relationships between various properties 
of cities and thus predict, for example, economic performance, energy use, or traffic 
congestion from the population size or area extent of an urban area (Bettencourt and 
West 2010; Bettencourt 2013).

These models stand in contrast to most computational agent-based models in 
that they start by expressing certain key macroscopic constraints that lead to (short- 
term) spatial equilibria. The earliest version of these ideas, to the best of my knowl-
edge, is von Thünen’s model of a central market, sometimes known as the Isolated 
State (Fujita et al. 2001). As the name indicates, this is not a model of a city at all, 
but of a market where agricultural products are sold. His question was how to cal-
culate land rents in the area adjacent to the market, knowing the price of products 
brought to market and their associated transportation costs. A simple analysis shows 
that products that are more valuable and that have higher transportation costs (such 
as fruit) should be grown closer to market, while those that can be more easily 
transported and fetch lower prices per weight (grain) should be grown further away. 
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In this way von Thünen created the first model of heterogeneous land use, tied to 
economic market value and transportation costs (Fujita et al. 2001; Fujita 1990).

In the 1960s, William Alonso inverted this logic and applied essentially the same 
model to cities (Alonso 1977). He was interested in predicting urban land rents 
(land value) and in socioeconomic patterns where different kinds of people (rich or 
poor) may live closer to the center of cities. It is said that he found it paradoxical that 
in Europe and Latin America richer households live in city centers, while in the 
USA, they often prefer suburbs and inner cities tend to be poor.

SPATIAL EQUILIBRIUM MODELS

CBD

residential zones

city limits
R(d*)=Rrural<<RCBD 

d*d

dd*

Rrural

RCBD

y=R(d)+T(d)
budget:

Gcity unstable

city  exists

G*
Gmin

Gmax

y*-c*

N

y-c

A. B.
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Fig. 10.2 Spatial equilibrium models. Spatial equilibrium models go back a long way, to the first 
instances of quantitative modeling in urban geography and economics. These models today still 
describe the most developed socioeconomic urban theory, associated with urban economics and 
complex systems approaches to cities. Panels a and b show the essential early ideas (as in the 
Alonso model; see text) of a city as a spatial area with a dense population concentration. Over this 
area, individuals earn urban incomes, y, which are assumed to be higher (in nominal terms) than 
rural incomes. They must, in turn, spend part of their budget, y, on land rents R and transportation 
T, which are functions of distance, d, to the central business district (CBD). In the simplest (very 
unrealistic) models, the city is thus radially symmetric: all people work at the CBD and locate their 
residences at some distance d. City limits are defined as the places were urban land rents equal 
rural land rents, Rrural. In more modern and realistic models, Panel c, a person’s multidimensional 
socioeconomic “income” is the result of a set of social exchanges over time embedded in the built 
space of cities, resulting in a population scale-independent spatial equilibrium (right panel) that 
can be independent of city size. Such models describe many of the observed aggregate properties 
of cities accurately, such as a variety of scaling (or agglomeration) relations expressing the size of 
the economy, the extent of a city’s infrastructure, land rents, average building heights, the average 
speed of walking, and many other quantities as functions of city size
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Alonso was able to use von Thünen’s logic to characterize a city as an agglom-
eration of people in space, where the equilibrium between urban and rural land uses 
determines the edge of the city. This model also made clear that there is a trade-off 
between higher land rents and higher transportation costs. So, for example, on the 
same budget, a household working in the city center may prefer to pay higher rents 
and lower transportation costs and live close to work or vice versa (Alonso 1977). 
Many elaborations of this model, including preferences (via utilities) that break this 
symmetry, as well as population heterogeneity and the location of businesses still 
constitute today the core of most models of urban economics (Glaeser 2008).

These models tend however to have too many parameters, resulting from the 
introduction in the model specification of utility functions, production functions, 
transport costs, and other ingredients (Glaeser 2008; Henderson 1991). Most of 
their predictions are only “qualitatively quantitative,” in that they may predict, for 
example, that lower transportation costs will lead to lower population densities but 
that the relationship between these urban characteristics remains a function of a 
(large) number of unspecified input parameters and modeling choices, such as the 
choice of utility function, which has a status analogous to a force in physics. So, in 
my view, while Alonso-type models are core to any understanding of cities, much 
more work needs to be done to understand model ingredients in terms of choices 
that are both simpler and truer to the character of cities.

Other important equilibrium models deal with spatial agglomeration at the 
regional level and less with the internal structure of a city. The most famous of these 
models is the core-periphery model (Fujita et al. 2001), for which Paul Krugman 
won the Economics Nobel Prize in 2008. To date this remains the only Nobel Prize 
related to spatial economics or with cities, an issue that boggles the mind given the 
critical role of cities in shaping economic and social structure as well as problems 
of development. Krugman’s core-periphery model consists of three basic ingredi-
ents: (1) a two-sector economy made up of primary producers (farmers) and manu-
facturers; (2) the existence of transportation costs, which reduce the value of 
products when moved between point of production and point of consumption; and 
(3) a “taste for variety” in that consumers (who are also producers) prefer to con-
sume different products. The model has been elaborated by many authors and is the 
core of modern regional economics and economic geography. Below I give the 
reader only the essence of the original model (Krugman 1991).

The three main ingredients of the core-periphery model, at least at their most 
basic, are as follows. First, imagine a very simple economy with only two sectors: 
food producers tied to the land (spatially immobile) and manufacturers who can 
locate anywhere and thus can be agglomerated in what would be a city or dispersed 
to match the density of food producers. Both farmers and manufacturers are also 
consumers. The question then is how should manufacturers arrange themselves 
spatially?

The other two ingredients supply the opposing forces that determine such an 
arrangement. First, Krugman introduced into the model a utility function for con-
sumers that contains a certain kind of increasing returns to scale. In detail, he used 
a Dixit-Stiglitz model (a common type of constant elasticity of substitution (CES) 
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function). This choice inputs into the model a “force” that is maximized when all 
products (maximum variety) can be consumed by all people. Note that this is an 
input to the model and not a derivation: its form is artificial, though a common 
ingredient of standard economics modeling.

The final ingredient is the inclusion of transportation costs. In the original model, 
these were included as “iceberg costs” meaning that the value of a product decreases 
(“melts away”) proportionally to distance traveled from production to consumption 
points. The model is then solved for maximum overall utility of consumption sub-
ject to the budgets derived from production and transportation costs, for various 
spatial configurations of manufacturers.

In this way, Krugman shows that for sufficiently low transportation costs and for 
a large manufacturing sector relative to farmers, the formation of cities becomes 
inevitable (Krugman 1991; Fujita et al. 2001). In other words, when transportation 
costs are sufficiently low, manufacturing can be spatially concentrated minimizing 
the costs of supplying manufacturing consumers and servicing the periphery from a 
central point. Conversely, when transportation costs are high, or the sector is small, 
manufacturers should be distributed to match farmers and their consumption.

The main virtue of the model is to provide a very simple mechanism—grounded 
on standard ingredients of economic theory—for the formation of cities within a 
background of dispersed agricultural production, tied to land. In other words, the 
model gives an economics-based argument for the formation of a differentiated spa-
tial core and periphery within a region that may have started off with a spatially 
homogeneous distribution of population, production, and consumption.

Most of the assumptions of the model are very simplistic, and many known func-
tions of real cities, such as their capacity for innovation and growth and as nexus of 
information in human societies, are entirely missing. The model also has little to say 
on any other urban phenomena, besides the spatial allocation of economic produc-
tion, viz., consumption, e.g., to do with health, civics, politics, or any other dimen-
sions of human and social development. Important socioeconomic forces, such as 
land rents, congestion, violence, and challenges of public health, which tend to 
diminish the advantages of cities are also missing.

For these reasons, the core-periphery model remains a model of regional agglom-
eration and in some specific ways at odds with the Alonso model of land use in cit-
ies, which, for example, emphasizes the role of lower transportation costs (relative 
to wages) in making cities less dense, not more concentrated. In the Alonso model, 
this is due to the easing of land rents when more space becomes available and pos-
sibly also to a preference for the consumption of more land by each household.

To make sense of this apparent contradiction, it is necessary to go beyond current 
standard approaches of economic geography and consider the more fundamental role 
of socioeconomic interactions in human societies as the mediators of many phenom-
ena, economic and otherwise, and to develop more realistic transportation costs, 
associated with the nature of urban built spaces. These considerations can to a large 
extent be borrowed with modifications from other modeling and conceptual tradi-
tions in sociology and epidemiology (social networks, influence, and contagion), 
social psychology (trade-offs in behavior between density and opportunity), geogra-
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phy (spatial networks and the built environment), and engineering and physics (trans-
portation planning, efficiency of flows of people, goods, and information).

Recently, these ideas have been converging in the field of complex systems, in 
interaction with growing amounts of empirical evidence, which has helped inspire, 
test, and refine quantitative models of cities (Bettencourt 2013; Ortman et al. 2015). 
The last few years has seen a much more realistic approach to these foundational 
ideas, using much more data from actual urban systems around the world and mod-
eling that includes more realistic and empirically sound ingredients.

In this work, cities have continued to be conceptualized as steady-state equilib-
ria. However, both sides of the balancing forces have been elaborated and changed 
(Bettencourt 2013). On the one hand, the idea of a simple given utility function 
common to all agents baking in increasing returns to scale has been replaced by a 
more general socioeconomic network expressing the various contacts that each indi-
vidual has with others over time. These networks can be quite different for different 
people and express in general the exchange of any socioeconomic quantity, from a 
pathogen to money and from violence to pro-social civic behavior. The critical 
insight here is that increasing returns to scale effects observed in economics (e.g., 
higher average profits for companies in larger cities) are likely due to network 
effects. Network effects are well known in information and communication net-
works and express the fact that the value of each node’s quantities is proportional 
not to the number of other nodes in the network but to connections, which naively 
scale with the square of the number of nodes. This superlinear effect, when com-
puted via the interactions an individual has, on average, over the more realistic built 
environment of cities then provides a general approach to understanding the varia-
tion of many urban properties with city population size (Bettencourt 2013; 
Bettencourt et al. 2007; Ortman et al. 2015).

A self-consistent computation of transportation costs over the transportation net-
works of cities provides us with the expectation that overall transportation costs and 
socioeconomic outputs vary with city size with the same superlinear dependence on 
population, and thus the latter remain a fixed fraction of the former, as assumed 
typically in the Alonso model.

This work continues to expand and improve, based on the more detailed study of 
urban built spaces, including transportation networks (Barthélemy 2011; Batty et al. 
2012; Brelsford et al. 2017), building forms, etc., and resulting from the compara-
tive analysis of economic performance, innovation systems, health outcomes, and 
many other fundamental quantities characterizing cities, which can now be studied 
in urban systems worldwide. Such studies have also been systematically applied to 
urban systems throughout history (Ortman et al. 2015, 2014, 2016; Cesaretti et al. 
2016), which provide a unique and sometimes simpler window into many urban 
phenomena.

The main advantage of these spatial equilibrium network models is that they 
produce predictable, empirically observed relationships for many important urban 
quantities, including number and intensity of social interactions, mobility, and qual-
ities of the built environment, all of which are implicated in health outcomes, as 
well as all other socioeconomic outputs. Related to contagion models, see below, 
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the predicted increase in socioeconomic interactions per capita in larger cities pre-
dicted by these models, and observed, e.g., in cell phone networks (Schlapfer et al. 
2014), implies that disease outbreaks may typically have larger reproductive num-
bers, leading to faster spread in larger urban populations.

Going forward, spatial equilibrium network models need to be able to increas-
ingly deal with quantities beyond averages and provide a true statistical picture of 
cities, including issues of heterogeneity and inequality and how they play across 
different scales, from neighborhoods to cities and urban systems. Fast progress in 
the last few years in this direction bodes well for these much needed developments.

10.2.3  Contagion Models

Perhaps the best-known type of models among those described here, especially to 
readers from public health, are contagion models (Fig. 10.3).

These models typically describe a population of individuals who are spatially 
bound and in interaction with each other. These interactions may be “well-mixed” 
or structured in social networks. Individuals belong typically to classes that describe 
their condition, viz., a particular issue, for example, a communicable disease such 
as influenza or HIV. They may be susceptible, exposed, infected, or recovered rela-
tive to this condition and may progress in this order from class to class as a result of 
contacts with other infected individuals and due to the interaction of the pathogen 
with the host’s immune system. This type of models, with appropriate modifica-
tions, has also been commonly been used to account for the spread of information 
in human societies, such as ideas, fashions, panics, and so on.

In the last few years, due to increasing interest in the network structure of human 
societies and built spaces (transportation networks), there has been a shift toward 
the use of probabilistic computational models of contagion over structured net-
works, over more aggregate “compartment” models, which assume that populations 
can in principle interact all-to-all.

This spatialization and personalization of contagion models also allows for mode 
detailed studies of groups at risk and factors associated with space, such as air pollu-
tion, lead poisoning, socioeconomic factors, heterogeneous services, and so on. Most 
such models are thus a type of agent-based model, where updates depend on the 
agent’s state, viz., spreading quantities in the population. The simplest version of 
such models is the Reed-Frost model (Britton 2010; Newman 2002). In this imple-
mentation, the state of an agent in a network of other agents is updated  probabilistically 
based on the current state of the agent and its neighbors over the network. So, for 
example, a susceptible individual will become exposed and may become infected if 
any of its neighbors are infectious, with a given probability. Updating the state of all 
agents in this way yields a population-level dynamics. Structured populations have 
some interesting properties, in that parameters predicting the expected number of 
neighbors being infected by an infectious agent (the reproductive number or  
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branching ratio for the process) depend not only on the average number of neighbors 
(or degree) of the network but also on its variance (Castellano and Pastor- Satorras 
2010) and possibly on higher moments. This is a general characteristic of multiplica-
tive random processes but has special importance for public health in situations when 
populations may be very heterogeneous in terms of risks and contacts. Successful 
interventions at bringing the process of spread below threshold can then be achieved 
by vaccinating or isolating super-spreaders (individuals with the largest number of 
contacts) (Castellano and Pastor-Satorras 2010).

Despite the growing importance of computational, probabilistic models of con-
tagion, simpler population models still have a role to play and permit in general 
much simpler, analytic predictions for important quantities such as the rate of spread 

CONTAGION MODELS
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Fig. 10.3 Contagion models. Contagion models are an important set of tools to describe the 
spread of communicable diseases in human populations. They have also been used extensively to 
model the spread of information, at least in relatively simple cases. These models can be seen as a 
particular instance of agent-based models, where individuals are represented by their epidemic 
state (susceptible, exposed, infected, recovered, etc.) and transition between these states given a set 
of rules iterated over time. These models may deal with a population divided into epidemic states 
and assumed to be well mixed (all interactions between individuals are equally probable, panel b), 
or they may be described by probabilistic rules over structured networks (panel a), embedded in 
physical space. Rates describing the progression of individuals through epidemic states (shown as 
Greek letters) are usually given as inputs to models. These models can also be used as ways to 
measure parameters, given data, using standard regression or more sophisticated Bayesian infer-
ence methods
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of a contagious agent and the estimation of thresholds for contagion and the effect 
of any policy intervention.

Like agent-based models, the greatest criticism of contagion models, networked 
or not, is the rigidity of some of their parameters in situations when, either due to 
policy interventions or to behavior change, their values is expected to change. 
Examples are “distancing” public policies aiming at reducing effective contacts 
between individuals, such as quarantines or “stay at home” curfews as those imple-
mented in Mexico City recently, during the outbreak of swine flu in 2009. Similarly, 
it is to be expected that individuals aware of upcoming outbreaks will change behav-
ior spontaneously, by seeking vaccination, wearing masks, and other precautions 
that reduce their risk of contracting or spreading the disease.

As in other agent-based models of human environments, a general trend has been 
to try to mitigate these issues by modeling contagion parameters over time or by 
estimating them using real-time data. Bayesian methods for data assimilation that, 
for example, adapt contact rates in compartment models have been developed and 
demonstrated to be useful in this context (Bettencourt and Ribeiro 2008). 
Nevertheless, the ultimate solution to these issues and to better models of contagion 
hinges on developing more sophisticated social and cognitive modeling approaches 
that include social behavioral changes in the presence of outbreaks of both biologi-
cal and informational quantities.

10.2.4  Life-Course Models

Life-course models are approaches to modeling the state of agents in a society (usu-
ally a specific person) based on their internal states, viz., their environment and a set 
of discrete events over time (Willekens 1999; Elder 1998). The central idea of these 
models is that the state of an agent at the present time and its future behavior and 
decisions are a function of its personal history. So, for example, an individual may 
become richer by keeping her job, being occasionally promoted, and winning the 
lottery. All of these events reflect discrete choices and chance events that build up an 
individual’s characteristic (wealth) over the life-course (Fig. 10.4).

For this reason, life-course models are typically very different in character from 
other modeling approaches discussed in this paper. They emphasize the uniqueness 
and contingency of an individual’s personal history, and are consequently aimed at 
accounting for and explaining diverging outcomes for different individuals over 
time, even as they share the same broad environment, such a living in the same neigh-
borhood or the same city (Elder 1998; Murray et al. 2011; Sampson and Laub 1990).

Most life-coarse models are not especially quantitative. Their emphasis is typi-
cally on either special events that may trigger negative outcomes for particular 
individuals (Murray et al. 2011; Warr 1998)—such as youth incarceration—or on 
the (sometimes slow) accumulation of events (e.g., lead exposure) that may lead to 
a later condition. For this reason, life-course models have been found so far to be 
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useful in studies of criminology, especially cohort analysis—and in personalized 
medicine, associated with environmental or lifestyle conditions.

One of the most productive ideas arising from these models is that of cumulative 
(dis)advantage (Hannon 2003; O’Rand 1996; Shuey and Willson 2008), where 
vicious or virtuous cycles of decisions and events that feedback on each other tilt 
someone’s life course in ever more negative or positive outcomes. A familiar exam-
ple may be in the area of youth delinquency, where instability at home may lead to 
school absences, and petty criminal behavior, which may then escalate as an indi-
vidual faces challenges catching up at school and acquires a bad reputation for 
trouble.

Fig. 10.4 Life-course models. Life-course models represent an agent’s life as a series of events 
that affect their internal states and accumulate over time. Events typically are seen as triggering 
positive (green) or negative (red) outcomes that are statistically dependent on each other over time, 
possibly generating trajectories characterized by cumulative advantage or disadvantage. Most 
interesting models are multidimensional and describe how, say, progress in education and training 
may lead to improved socioeconomic status or how delinquency and interactions with the criminal 
justice system may lead to cumulative socioeconomic or health degradation. Thus, life-course 
models can be seen as another type of agent-based model but one in which the accumulation of 
events is statistically dependent over time. For these reasons life-course models bridge short-term 
agent-based models (Figs. 10.1 and 10.3) and models of growth and development at the population 
level (see Fig. 10.5)
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Another set of issues are health challenges related to poverty, where someone’s 
physical environment may create health outcomes that are debilitating of their eco-
nomic performance or acquisition of human capital. This, in turn, tends to throw the 
person into more unhealthy situations that compound their sinking socioeconomic 
status and so on. Examples of people doing well (virtuous cycles) in all these fronts 
are also easy to imagine and document, but are less often analyzed.

Life-course models are critically important in explaining heterogeneity of out-
comes in human societies (Shuey and Willson 2008; Elder 1998; Murray et  al. 
2011). I expect that they will gain much greater prominence in the near future as 
issues of inequality in health, wealth, and opportunity receive more attention and 

Fig. 10.5 Growth models. Growth models describe how populations (such as a city) grow both 
demographically (upper panel) and in other ways, for example, economically (lower panel). 
Demographic models rely on strict accounting and conservation laws, so that the number of people 
in a given city is simply the result of processes of birth, death, and migration. Economic models 
invoke, in addition, concepts that rely on a deeper understanding of how value is created. Economic 
growth models place an especially important emphasis on knowledge or information, I, as the 
driver of increases in economic productivity. This is often written in terms of a prefactor (total fac-
tor productivity, A(I), a function of knowledge) that multiplies traditional production factors—
labor and capital—in a given production function such as a Cobb-Douglas form, shown. All 
models of growth express processes of change in terms of growth rates, shown here as γ, with 
subscripts corresponding to each quantity. Computing these growth rates from more fundamental 
and predictive theory remains the greatest challenge for these models. Substantial progress in 
measuring growth rates empirically—at different scales and in a variety of situations—is, however, 
creating new opportunities for modeling and theory describing growth in cities
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become more amenable to quantitative statistical analysis. The challenge for these 
models is to square what is specific to each personal history with the identification 
of broad patterns of risk and prediction in order to nudge behavior and design envi-
ronments that produce positive and holistic long-term outcomes for every individ-
ual. Data on health, education, and wealth over the life course of individuals is 
becoming increasingly more available, leading to many opportunities to also make 
these models more mathematical and quantitative.

10.2.5  Growth Models

Urban models that involve cumulative change in time, over the long term, assume a 
very different character depending on the quantity at play and the time scales 
involved (Fig. 10.5).

This is true even within health, where a fast contagious disease such as influenza 
can be well described quantitatively by standard epidemiological contact models 
over a few days, as we discussed above. Contrast that to a condition such as diabetes 
or heart disease, which requires taking into account many accumulating factors 
through a person’s life course over many decades. Or indeed to how do households 
or businesses manage their cash flow every few weeks, while modern urban econo-
mies double in size every a few decades?

Bridging the gap between short-term and long-term change and development in 
cities remains a general challenge. As, we have seen, models of short-term dynam-
ics are typically more developed because the dynamics they describe can be 
observed more easily in practice and even tested by formal experiments and data. 
Long-term models, however, necessarily involve myriads of events that sometimes 
accumulate change and sometimes not, both at the individual level and for the entire 
population.

Most growth models to date have focused on quantities that are measured consis-
tently and/or are of particular importance to human societies. Two salient examples 
are population and the size of the economy (measured as gross domestic product).

Population growth models illustrate in a straightforward way both what is well 
known and what remains open in modeling processes of growth. Imagine the popu-
lation of a given city (or any other entity with clear boundaries). Given its popula-
tion today, we can readily compute its population at a future date by adding up 
births with in-migration and subtracting deaths and out-migration. This is pure 
accounting and is practiced extensively in population biology and human formal 
demography.

What remains difficult is the modeling of the various rates associated with 
change. Indeed, births, deaths, and migration can be defined on a per person basis, 
which makes modeling their overall accounting very simple. But how should we 
compute birth rates? Or death rates? Or indeed rates of migration from one city or 
town to another?
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A gigantic, mostly empirical, literature exists on each of these topics, though not 
always an urban-rural transition or at the level of different cities (Dye 2008; Coale 
1989; Montgomery 2008). Changes in fertility are known, for example, to be 
strongly dependent on urban to rural transitions, human development, and  especially 
the status of women (Montgomery 2008; Coale 1989; Adsera 2005; D’Addio and 
d’Ercole 2005; McDonald 2000). It is widely observed that urbanization, develop-
ment, and gender equity (usually measured simply as women’s labor participation) 
are associated with lower birth rates per capita and with greater investment in the 
health and education of each child. However, these findings are more qualitative 
than quantitative (Becker and Barro 1988; D’Addio and d’Ercole 2005). While 
structural factors are certainly correlated to fertility choices, they don’t give a recipe 
for reversing population trends, which are systemic: many societies experiencing 
very low birth rates struggle to enact policies that promote increases in fertility, 
once their demographic transition has set in (Frejka et al. 2008; Mcdonald 2006).

Death rates are generally much more predictable, and a result principally of pub-
lic health policies, broadly defined. This may be simply the result that most people 
would rather not die and that it is biology and health that primarily influences death 
rates (Coale 1989). For example, over the time span of a single century, progress in 
epidemiology has all but eliminated deaths from contagious diseases in developed 
cities (Armstrong et al. 1999). Progress in the treatment of cardiovascular diseases 
has also recently reduced related deaths (Mathers and Loncar 2006). The expansion 
of these developments to entire populations including poorer segments of the popu-
lation and those most at risk is also typical of the recent history of most cities and 
nations. Its results are substantially lifting longevity by as much as 20 years in some 
cases, from 1960s to 1980s (Oeppen and Vaupel 2002). In this way, death rates are 
knowable, and well modeled by current empirical trends, given data and a suffi-
ciently strong and effective public health system (Lichtenberg 2002).

Finally, migration rates remain hard to predict in detail, while broad empirical 
trends have been known for a long time (Greenwood 1997; Molho 1986). Migration 
flows between cities tend to be reasonable well modeled by gravity-type models, 
where population flows are proportional to the population of each city divided by a 
factor that grows with increasing distance between the two places (Buch et  al. 
2004). It has become increasingly clear though that people migrate for many inter-
connected reasons, from tangible jobs and opportunities to general aspirations, 
which make most current models of migration decisions—as of other decisions 
reviewed here—quite inadequate (Greenwood and Hunt 2003; Molho 1986; Zhao 
2003). Nevertheless, aggregate migration flows between cities are quite predictive 
of their future values, with slow decadal trends modulating these values, so that 
reasonable practical estimations of migration at least at the level of entire cities are 
possible.

What these considerations imply is that the prediction of growth rates remains in 
general a challenge for models of urban change and development. Deep dives into 
the processes involved are necessary and require knowledge of context, life history, 
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and a sense of strategic behavior on the part of agents and populations. This problem 
becomes much worse when quantities other than population are considered.

For example, current models of economic growth emphasize innovation and 
knowledge in setting up growth rates (Romer 1986, 1989; Jones 2005). The central 
idea of these so-called models of endogenous economic growth is that, controlling 
for flows of labor and capital (i.e., essentially at fixed human population), it is the 
expansion of knowledge that can add economic value to existing production 
(Acemoglu 2009; Jones 2005). In other words, it is the improvement in the recipe 
for the use of labor and capital that creates additional value. While cities and urban-
ization are the context in which economic growth always takes place, cities are a 
necessary but not sufficient condition for economic expansion (Glaeser et al. 1995; 
de Briggs et al. 2015; UN-Habitat 2003). Clear examples abound as specific cities 
cease sometimes to grow economically if their dominant economic sectors become 
uncompetitive, such as those dedicated to large-scale manufacturing of cars, steel, 
coal, etc. Entire nations, such as Brazil and to a lesser extent the USA, have experi-
enced periods in time with no expansion of GDP despite the population growth of 
cities.

Current models to calculate economic growth rates, usually at the national level, 
are rather simple in their attempts to incorporate knowledge (Acemoglu 2009; Barro 
and Sala-i-Martin 2003). This leads to a number of counterfactual properties, such 
as strong scale dependencies on population size (or innovator population size), 
which are not observed in practice (Jones 1999; Jones and Romer 2009). A recent 
focus of interest has been on the role of institutions and culture in propitiating eco-
nomic growth (Acemoglu 2009; Storper 2013), but again there are some obvious 
caveats to these ideas when we consider which cities or nations are growing the 
fastest at the moment worldwide and their institutions. It is also very difficult to 
translate these complicated issues into a calculus of a single growth rate for the 
economy.

Another associated issue is that growth rates are stochastic quantities, so that we 
would like to have a statistical theory that predicts not only their expected value 
over some time period but also its higher moments, starting with their  variance 
(known as volatility) (Peters and Gell-Mann 2016). Such a theory would need to 
express many of the properties of the various models discussed above and play out 
at different scales from individuals to cities and urban systems. All this remains a 
challenge for socioeconomic theory, though many glimmers of hope and much 
empirical evidence exist now that may produce better theory in the near future.

It is perhaps important to clarify why—despite apparently strong growth rates—
models of stationary equilibrium and other approaches appropriate for short-term 
modeling have remained relevant. A growth rate for population or an urban econ-
omy of, say, 3% sets the typical temporal scale for the system to change as a whole. 
A 1% growth rate means that a system’s size doubles in 72 years, so 3% would 
imply a doubling in 24 years. Equilibrium models—and indeed epidemic and agent-
based approaches—aim to describe a city over characteristic time periods of days or 
weeks and thus are perfectly appropriate in the short term. It is this strong separation 
of time scales, between daily hustle and change over a lifetime, that allows us to use 
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many of the models discussed here in practice, even while theory and modeling 
developments on the time scales of decades remain underdeveloped.

10.3  Outlook

In this manuscript, I have discussed the state of the art of leading approaches to 
modeling cities and urban development. My objective was to introduce the reader to 
a number of very diverse approaches, which originate in very distinct intellectual 
traditions and that aren’t typically compared and contrasted against each other. Each 
of these traditions has a large and detailed literature, which is not reviewed here in 
any detail. I hope the curious reader finds this paper a good departing point to fur-
ther reading, though.

The picture emerging from these diverse traditions shows how we have good 
short-term models that capture the essential character and dynamics of socioeco-
nomic processes, social interactions, and epidemiology in cities, over their built 
environment. Much of the progress in the last few years in this front has been 
achieved through the uses of more data and computation, which can render these 
models more detailed and testable, as well as applicable to their context of 
interest.

Over the medium term and over the scale of entire cities, more complex interdis-
ciplinary models of cities as self-consistent social and infrastructural networks over 
built spaces are also emerging, thanks to comparative evidence from urban systems 
throughout the world and across history. Critical to these developments has been the 
perspective from complex systems that social and economic processes must be con-
sistent with each other and constrained realistically by the characteristics of actual 
urban built environments. This has allowed ideas of sociology, economics, social 
psychology, engineering, physics, and health to converge into a predictive quantita-
tive scaling theory of cities, which derives the average dependence of urban quanti-
ties on city size.

Challenges of making these ideas and models more realistic and predictive 
remain on at least three fronts, specifically (1) accounting for heterogeneity and 
inequality among agents across scales, (2) deriving rates of change and growth for 
urban quantities, and (3) wrapping these objectives into a statistical theory capable 
of predicting not only average dynamical outcomes but also associated higher 
moments.

These challenges are well illustrated by the current state of life-course models as 
well as theories of urban growth. Bridging these two approaches—the rich path-
dependent perspective of events and agency of real people in cities to aggregate and 
predictable outcomes for the population—encapsulates the central challenge ahead.

For public health this convergence of a dynamical population perspective with 
individuals histories is not only natural but the focus of most compelling current 
advances, tied to issues of violence, poverty, lifestyles, and environmental factors 
that bridge together aspects of urban social and physical environments over the life 
course of individuals (Dye 2008; Corburn 2004; Galea and Vlahov 2005).
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Chapter 11
Implementing Car-Free Cities: Rationale, 
Requirements, Barriers and Facilitators

Mark Nieuwenhuijsen, Jeroen Bastiaanssen, Stephanie Sersli, 
E. Owen D. Waygood, and Haneen Khreis

11.1  Introduction

The private car has dominated the second half of the twentieth century, which some 
have described as “the century of the car” (Gilroy 2000). The car has become an 
essential part of our contemporary societies and daily lives, in which it plays an 
important role in the economic functioning of cities, regions and countries as it 
facilitates the movement of some people and goods and allows some people to par-
ticipate in essential out-of-home activities such as employment, accessing health 
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services and interacting with social contacts. However, these advantages have come 
at the expense of the environment and society with great adverse environmental, 
social and public health impacts attributable to increasing car travel and usage 
(Lucas 2012; Khreis et al. 2016; Gärling and Steg 2007). Further, the gains by those 
who can profit from the infrastructure for cars come at the expense of those who do 
not use them through increased danger, barrier effects and reduced accessibility as 
education, jobs, retail and services agglomerate and locate in places with poor to no 
access by means other than by car (e.g. Delbosc and Currie 2011; Lucas and Jones 
2012; Lucas et  al. 2016). This has resulted in many cities having a (real or per-
ceived) dependence on cars.

Some cities, recognizing these impacts, are aiming to reduce car usage and shift 
towards active and more sustainable transport modes such as walking and cycling 
and public transport. Hamburg, Helsinki, Madrid and Oslo have recently announced 
their plans to become partly private car-free cities (Cathkart-Keays 2015). Many 
cities have introduced different policies that aim to reduce motorized traffic includ-
ing implementing car-free days, investing in cycling infrastructure and pedestrian-
ization, restricting parking supply and increasing public transport provision 
(Cathkart-Keays 2015; Nieuwenhuijsen et al. 2016). One of the main cited drivers 
of such transitions is to mitigate climate change effects through reduction of green-
house gases. Yet, these measures have many other benefits (Woodcock et al. 2009).

Here we consider a car-free city as a city without private cars but one that may 
still have buses, lorries, taxis, emergency vehicles, motor bikes or even shared cars 
as necessary to move goods and people. The characteristics we envisage are that the 
largest mode share is taken by public and active transport and that these are also the 
modes at the top of the hierarchy for transport planning and engineering. 
Furthermore, the motor vehicles remaining on the roads should be as sustainable 
and healthy as possible—e.g. by being electric, having speed restrictions as well as 
other restrictions in terms of time and areas of the city they can be.

Nieuwenhuijsen et al. (2016) recently described the potential health impacts of 
car-free cities including significant reductions in traffic-related air pollution, noise 
and temperature in the areas freed from cars. These reductions are likely to lead to 
a significant reduction in premature mortality and morbidity (Nieuwenhuijsen et al. 
2016; Mueller et al. 2017). Car-free initiatives, if undertaken at a sufficiently large 
scale, can also result in positive distal effects and climate change mitigation through 
greenhouse gas reductions (Nieuwenhuijsen et al. 2016), which in turn have their 
own positive impacts on public health (Khreis et al. 2017). Furthermore, traffic and 
parked vehicles often dominate large areas, which reduces the viability of other 
means of transport and different land usage and affects the visual quality of the 
physical environment. The reduction of the number of cars, and their infrastructure 
and parking spaces, provides previously non-existing opportunities to increase 
green space and green networks in cities, which in turn can lead to many beneficial 
health effects (Nieuwenhuijsen et al. 2016, 2017). All these measures are likely to 
lead to higher levels of active mobility and physical activity, which may be the path-
way providing the largest public health benefits (Mueller et al. 2017) and provide 
more opportunities for people to interact with each other in public and green space. 
As a form of regular physical activity, walking and cycling, for instance, can have 
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positive impacts on health including reduced morbidity burden and all-cause mor-
tality risk (Arsenio and Ribeiro 2015).

Furthermore, the transition to car-free cities may substantially improve the liva-
bility of neighbourhoods—especially in those neighbourhoods that bear dispropor-
tional burdens of pollution, social disadvantage, crashes and public transport 
disinvestment (Bullard 2003). Inadequate public transport services and lack of 
access to a private car due to legal, financial or physical reasons have been found to 
significantly decrease people’s access to essential out-of-home activities such as 
employment opportunities, health services and social contacts which, in turn, can 
severely increase levels of unemployment, deteriorate health and/or lead to social 
isolation (SEU 2003; Lucas 2012). Children have become a marginalized group in 
the planning for cars with numerous negative outcomes on their well-being (e.g. 
Waygood et al. 2017) and likely greater parental time consumption due to chauf-
feuring (e.g. Mattsson 2002; Waygood 2009). A transition from car-dominated 
urban landscapes and transport policies towards car-free cities that are considering 
the mobility needs of all people to access key destinations, regardless of their access 
to private cars, would, therefore, constitute an important step towards a more inclu-
sive and just urban environment.

Despite emerging initiatives and a growing awareness of the environmental, 
health and social benefits of car-free cities, the academic literature on how to make 
this transition, including prerequisites, potential barriers and facilitators for car-free 
cities, remains scarce. In this chapter, we aim to describe the rationale behind  
car-free cities and early developments, strategies for the implementation of car-free 
policies and prerequisites, barriers and facilitators. We also highlight research gaps 
and provide suggestions for future work.

11.2  Car-Free Cities

11.2.1  Early Steps Towards a Car-Free City

Towards the end of the twentieth century, many cities started to pedestrianize streets 
of their centres (Topp and Pharoah 1994). Although the main reason was to make 
city centres more welcoming to people and provide an economic boost to rundown 
and deflated city centres (e.g. Hass-Klau 2014), we consider the experiences of 
these car-free areas as the first steps towards restricting the use of cars. These  
car-free areas may allow vehicles to enter at night, and access is allowed (sometimes 
only at certain times of day) for deliveries and servicing. In many cases, it seems 
that overall traffic diminished, and there were not significant spillover effects to 
 surrounding areas (e.g. Goodwin 2001). Other cities that have achieved reductions 
in car ownership and use have experienced a rise in taxis and other service and 
delivery vehicles, underscoring the potential to replace private cars with public or 
shared alternatives (Cervero and Tsai 2004; Metz 2013; Nijland and van Meerkerk 
2017; Buehler et al. 2017).
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11.2.2  Rationale for the Car-Free City

Car-free cities are still perceived as a radical idea, and policy-makers need a strong 
rationale to make the shift. Yet, the reasons for car-free cities are more pressing than 
ever. A strong argument, which is often mentioned by cities considering this transi-
tion, is the need for low-carbon transport given the imminent threat of climate 
change (Garfield 2017). Furthermore, there is an urgent need to reduce pollution to 
create healthier environments (Nieuwenhuijsen et al. 2016). The health burden of 
urban and transport-related exposures is particularly high, e.g. causing up to 20% of 
premature mortality in cities (Mueller et al. 2017), and is more immediate than cli-
mate change effects. There is also the need to create socially inclusive (urban) envi-
ronments (Litman 2003) with evidence showing that car use has negative impacts on 
community social interactions (Appleyard 1980) or children’s community connec-
tions (Waygood and Friman 2015), while active transport means like walking are 
associated with greater community networks (Grannis 2011) and children’s social 
interactions (Waygood et al. in press). These issues are not mutually exclusive, for 
example, low-carbon transport has the potential to produce healthier cities when 
there is a shift from private car use to clean public and active transportation (Gouldson 
et al. 2017), and the reduction of traffic leads to lower levels of air pollution and 
noise which promotes and protects public health (Nieuwenhuijsen 2016), as well as 
reduces barrier effects and enhances community cohesion (Khreis et al. 2017).

11.2.3  Early Developments Towards Car-Free City Advocacy

A theoretical design for a car-free city of one million people was first proposed by 
J.H. Crawford in 1996 and further refined in his books, Car-free Cities (Crawford 
2000) and Car-free Design Manual (Crawford 2009). In 1997, the Lyon Protocol 
was published for the design and implementation of car-free districts in cities (http://
www.carfree.com/lyon.html). Created during a weeklong conference in Lyon, par-
ticipants envisioned what would be needed to implement car-free districts. This 
included (1) identifying interested parties; (2) gathering necessary data, e.g. on land 
use, traffic and pollution; (3) conceptualizing preliminary concepts and proposals; 
(4) facilitating dialogue through media attention; (5) engaging the political process; 
(6) gradually implementing car reduction measures; (7) engaging with, consulting 
and listening to local communities; and (8) city planners developing final plans for 
full implementation. Although not specifically mentioning car-free cities, work by 
Newman and Kenworthy highlighted many of the problems with car dependence 
and the benefits of moving away from such development patterns (Newman and 
Kenworthy 1999, 2015).

To be clear, our concept of a car-free city is not a city free of motorized vehicles, 
and this vision is agreed on by other authors (Loo 2017). There are significant advan-
tages related to motorized vehicles such as movement of heavy goods, aiding immo-
bile people or traveling long distances. The key point is effectively eliminating the 
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need and use of private motorized vehicles, especially in cities. To reduce or even 
eliminate the need for private vehicles in cities, numerous steps are necessary. 
Clearly this will involve improving alternatives and on the long term, adjusting the 
city form and land-use to support active travel and (private) car-free living. However, 
to make such “hard” changes, numerous “soft” processes (see, e.g. Loo 2017) are 
required as the attitudes, beliefs and knowledge of decision-makers and the general 
population have for decades been sold on the advantages of private cars with the 
negative implications not sufficiently considered. The next section will describe the 
prerequisites to move towards car-free cities. The final sections discuss strategies, 
barriers, facilitators and the general changes needed.

11.3  Prerequisites to Move Towards Car-Free Cities

We suggest nine essential prerequisites underpinning the transition to car-free cities, 
illustrated in Fig. 11.1.

The first prerequisite is political vision and leadership.
Cities have become the power house of change and innovation and are leaders in 

new environmental initiatives such as C40 Cities Climate Leadership Group, Local 
Governments for Sustainability (ICLEI) and United Cities and Local Governments 
(UCLG), where mayors of the cities take an active role (Gouldson et al. 2015). An 
essential ingredient for the planning of car-free cities is the leadership of city may-
ors and political support across the political spectrum with a shared vision across 
the majority, recognition and acknowledgement of the key challenges associated 
with the use and overreliance on cars and as such dedicating funding for solutions.

Cities like New York and Paris have been able to make progress in paving the 
way for a renewed view on sustainable mobility through clear and determined lead-
ership of their mayors who have implemented a wide range of measures to restrict 
the use of cars. These include speed restrictions and shared street events (Kutsch 
2016), temporarily closing several streets and offering free public transport rides 
(Fitzsimmons and Wolfe 2016), city centre car-free days and speed restrictions in 
other districts (Chrisafis 2015; Anzilotti 2016).

The second prerequisite towards car-free cities is a paradigm shift from mobility 
centre transport planning and policies towards one of accessibility.

A paradigm shift from mobility centre transport planning to one of accessibility 
has been suggested by various authors (e.g. Banister 2008). This includes changes 
in typical transport investment appraisal methods such as cost-benefit analyses 
(Khreis et al. 2016) which provide no insight into latent travel demand (Martens and 
Hurvitz 2011) and in which cyclists and pedestrians are typically not incorporated 
(de Graaf et al. 2015). Where the conventional method of predicting travel demand 
and providing the required means was thought to reduce congestion and therewith 
improve the economic performance of cities and regions, it paradoxically leads to 
increased traffic volumes (e.g. Goodwin and Noland 2003) as it enhanced  
car dependency (Levine and Garb 2002) and unleashed latent demand, ultimately 
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increasing related levels of pollution, road casualties, community severance, spatial 
dispersal of activities and social inequalities (Khreis et al. 2017). Some would argue 
that planning for an elimination of congestion is even disingenuous as it cannot be 
eliminated (Goodwin 2004). As everyone needs access to essential services (jobs, 
health, education, food), some authors have shown that such an approach requires 
that accessibility is the measure of most importance and that reducing congestion 
for those with already high levels of accessibility should not be the priority (Martens 
2016).

Despite the embrace of accessibility planning by some urban and transport plan-
ners from the 1990s onwards and the emergence of “predict-and-prevent” regula-
tions and restrictive car-related transport policies (Owens 1995), a fully fledged 
transition never took place. Conversely, car-related travel and infrastructure contin-
ued to increase in most cities, as transport planning remained demand-driven: pre-
dict and provide (car) mobility and facilitate this with the belief that it boosts the 
economy, although the role that further road construction plays in the economy is 
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not so clear (Banister 2001; Button and Hensher 2001). The dominant role of the car 
and the consequences for people that lack access to it has been linked to social 
exclusion (SEU 2003; Lucas 2012), as lack of mobility can severely hamper peo-
ples’ access to key out-of-home activities, resulting in unemployment, deterioration 
of health or social isolation. For children, this focus on ablest adults (i.e. those who 
can afford and are physically and mentally able to use a car) has manifested in 
reduced independence (e.g. Shaw et al. 2015) which is unfortunate, as active and 
independent travel is positively associated to many well-being measures (Waygood 
et al. 2017).

An important condition for the transition towards car-free cities is therefore the 
recognition of mobility as a precondition for full participation in society (Martens 
and Bastiaanssen 2014). Hence, transport policies should shift from facilitating 
mobility as a purpose in itself to ensuring sufficient levels of accessibility, which 
provide people with access to key destinations necessary for their full participation. 
In practice, this implies that (car) travel demand should no longer guide transport 
interventions. At places where people cannot make necessary trips with transport 
means other than the private car, the transport system is of insufficient quality and 
needs to be enhanced (ibid).

This leads to our third and fourth prerequisites: alternative convenient and qual-
ity transportation means and dedicated funding.

Since many key destinations already have high accessibility by car, a significant 
policy and budget shift is required to invest in high-quality public transport link-
ages, as well as bicycle and pedestrian facilities that meet the needs of all people, 
e.g. public transport services that also run during off-peak hours, are universally 
accessible and provide near-complete coverage. Such enhancements need to meet 
the needs of shift and weekend workers and those whose jobs are in non-central 
locations. Further than serving just workers, the transport system should also cater 
for the needs of children and their caregivers, the elderly, and people with disabili-
ties to be fully inclusive (Greed 2006). A more complete coverage should not solely 
focus on accessing job locations, but the services and amenities that the entire popu-
lation needs. This will require integrated land-use, housing, essential services and 
transport planning, which are all key elements of planning for accessibility.

By establishing the missing transport links and services, sufficient levels of 
accessibility can be ensured for all while also offering the potential for a modal  
shift by current car drivers. These physical barriers to modal shift must be low before 
psychological barriers (e.g. attitudes, beliefs) will be effective (e.g. Swim et  al. 
2009). It is more difficult to have low car use in car-dependent areas than to have low 
car use in more active travel-friendly locations (e.g. Schwanen and Mokhtarian 
2005). Active travel-friendly locations have been shown to maintain low car use over 
decades even in economies that showed growth (e.g. Sun et al. 2009).

Our fifth prerequisite for planning for car-free cities is intensive data collection 
and analyses.

Creating car-free cities will require intensive data collection and analyses in 
terms of land use (e.g. use, densities of population/services/amenities/jobs, diver-
sity), mobility patterns (e.g. distance travelled, mode, accessibility, parking 
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demand), demographics (e.g. age, gender, income, employment status and occupa-
tion, physical and mental ability, vulnerable groups), environmental pollutants (e.g. 
air pollution, noise and heat islands), traffic crashes, social preferences (e.g. cul-
tures, believes, attitudes), health (e.g. health status, physical activity levels) and 
economics (economic activity, employment, job creation, etc.). This is necessary to 
demonstrate and develop an understanding of the current status, the interrelation-
ship between the different factors and the impact of current practices, allowing the 
potential impacts of alternative scenarios (e.g. by using health impact assessments) 
to be estimated and documented (Nieuwenhuijsen et al. 2017). Further, such data 
collection can be beneficial to rigorously evaluate the impact of car-free policies (by 
comparing pre- and post-situations) as they are implemented.

Evaluation of pre- and post-implementation impacts forms the core of our sixth 
prerequisite.

Cities are becoming more interested in post-evaluations, something currently 
lacking in research and practice, but that is becoming increasingly important as 
more radical policies, which may be politically unpopular, are adopted (Sadik-Khan 
and Solomonow 2016). The collection and analysis of pre- and post-data can be 
particularly powerful in the call for and defensibility of changing practices (Whitfield 
et al. 2017). For example, in some regions, data shows that almost half of car jour-
neys are less than 5 km (Xia et al. 2013) with some cities aiming to eliminate such 
“ridiculous” car trips (e.g. “No ridiculous car trips”, Malmö, Sweden1). A reason-
able argument can be made that these could be feasibly substituted by active trans-
port modes, which are both healthier and environmentally friendlier, but actual 
evidence is missing.

In many regions, there are gaps in relevant datasets, which limit research and 
policy-making. There is a need for further and new datasets linking transport and 
health, while some gaps can be filled by applying data fusion to existing datasets 
and/or the synthesis of datasets from different fields.

Strong citizen and business support is crucial in the creation of car-free cities 
and forms the seventh prerequisite.

Citizen and business participation is essential to obtain commitment for the pro-
posed changes and vision. Citizens’ needs and convenience are tightly linked  
to public acceptability, calling for more public participation in the planning and 
policy-making process, which needs to become more transparent to those affected 
first-hand. Public acceptability and citizens’ movements are core to successful 
implementation and radical change (Banister 2008). The process may not be 
straightforward and linear, and it may contain a multitude of policy measures to 
achieve the overarching goal. Indeed, people need to realize the benefits of car-free 
policies, and their accessibility needs (currently catered for by cars) must be catered 
for by alternative convenient and quality transport means (e.g. Loo 2017). The suc-
cess of transitioning to car-free cities will largely depend on baseline car depen-
dency and the extent to which other modes can replace this in a convenient and 

1 http://www.eltis.org/resources/videos/no-ridiculous-car-trips-malmo-sweden
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triple bottom line efficient2 manner (including economic, environmental and social/
health measures). Further, business support is essential, and leaving them out of 
municipalities, decision-making can lead to backlashes and slow down progress, 
e.g. car-free-related restrictions in Oslo have been opposed and hampered by trade 
associations and shopkeepers (Cathcart-Keays 2017).

The eighth prerequisite is the development of a detailed plan aligned with other 
strategies.

The development of a detailed plan must be aligned with other strategies and 
context-specific priorities such as climate change, economic development (more 
jobs, more homes, more businesses and higher productivity), regeneration and urban 
air quality. A detailed plan is essential for consultation purposes and implementation 
of the car-free cities’ strategy. It should also include indicators for measuring prog-
ress including, e.g. mode share, public transport punctuality, traffic injuries, CO2 
emission, air quality and transport-related health impacts. The alignment with other 
strategies and priorities is also key, and the climate change co-benefits discussion 
can be an important resource in this regard (Gouldson et al. 2017).

Our ninth prerequisite is the development of a timely media plan to explain the 
purpose and process of the proposed changes.

It is essential to get the media on board as the agents between decision-makers 
and those affected (Sadik-Khan and Solomonow 2016). The purpose of a media 
plan is to determine the best way to convey messages to target audiences. It must 
identify desired reach (amount of people), frequency (number of times the message 
reaches people), cost and penetration (audience reached). The messages must also 
consider audience stage of change towards low or no car use (e.g. Bamberg 2014; 
Waygood et  al. 2012), social norms (e.g. De Groot et  al. 2008) and values (e.g. 
Graham et al. 2009). Media campaigns are sometimes argued to be ineffective at 
creating behaviour change. Media campaigns may target the reasons why the change 
is needed, which is required to stimulate consideration of behaviour change, but is 
not in itself likely to create behaviour change (e.g. Waygood et al. 2012; Bamberg 
2014). If people do not consider car use to be a problem, then they will not contem-
plate change. Providing rational and emotional evidence will be necessary to con-
vince individuals due to the dual processing nature of human decision-making (e.g. 
Evans 2003). This must take into consideration the role of personal and social norms 
with respect to culpability (e.g. de Groot et al. 2008). It is only at this point that 
people will consider change and look for options (Waygood et al. 2012; Bamberg 
2014), which our third prerequisite aims to provide. Lastly, many people who work 
to reduce the societal burden of excessive car use will use equity and harm/care 
arguments. This may seem self-evident to them, but it is related to their moral foun-
dations. There are key moral foundations that are influential to people of different 
political leanings, and these must be understood and messages that speak to those 
morals developed. Using a limited number of moral-type arguments will limit the 

2 The use of the word efficient can also be a barrier to communication as without defining it, it may 
refer to traffic flow, government expenses, emissions/pollutants per trip, personal cost per trip, 
health benefits per trip, etc.
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message to only those individuals with the same moral foundations. Broadening the 
horizon of moral arguments for the transition towards car-free cities allows for 
 substantiated decisions and incorporation of a wider variety of views in transport 
policy and projects (Graham et al. 2009).

This requires a long-term strategy targeting different target groups holding vari-
ous perceptions, attitudes and behaviours towards the implementation of car-free 
 cities (Fig. 11.2). At the same time, media can play an important role in agenda 
 setting, which would be essential for prioritizing car-free cities in transport policies 
and within politics (McCombs and Shaw 1972).

Having described the nine prerequisites to implementing car-free cities, we turn 
our attention to the various considerations such as urban form, infrastructure and 
lifestyles that influence travel choices. We end with strategies that could be or have 
been used to move towards car-free cities.

11.4  Considerations, Facilitators/Changes Needed 
and Strategies

11.4.1  Urban Form

Urban form is an important aspect to consider for the implementation of car-free 
cites. One of the key urban form characteristics is density or compactness: a com-
pact city such as Amsterdam, when compared to a sprawling city such as Atlanta, 
can reduce travel distances and the need to travel (Khreis et  al. 2017). Studies 
repeatedly find that travel distance is the strongest correlate of walking and cycling 

Fig. 11.2 Information cycle related to support for change towards car-free cities
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(Gouldson et al. 2017). Factors related to urban form that are often found to influ-
ence travel behaviour have been previously labelled as the five Ds and include 
Density, Diversity, Design, Destination accessibility and Distance to transit (Ewing 
and Cervero 2010). These are all important considerations in the design of car-free 
cities: density refers to population density or residential units, diversity refers to the 
land-use mix (e.g. mix of commercial and residential land use), design refers to the 
street network characteristics which can impact travel behaviour, destination acces-
sibility refers to the ease by which destinations can be reached, and distance refers 
to the minimum distance to public transport (Van Wee 2018 forthcoming). Density 
and diversity can reduce travel distances and influence mode choice promoting 
greater active travel and public transport use no matter a family’s life cycle stage 
(e.g. Waygood et  al. 2015) and can maintain this for decades (Sun et  al. 2009). 
Therefore, compact cities are more suited and easier to convert to car-free cities than 
sprawling cities (e.g. in real-world car-free neighbourhood; see Loo 2017).

Sprawling cities would need stronger urban and transport planning policies to 
increase density and diversity and decrease travel distance. Urban form can also 
influence the attractiveness and amount of active travel in different ways. Attractive 
scenery, green space and attractive and safe infrastructure (segregated cycle lanes, 
wide pavements, street furniture, green and blue space) may increase the appeal and 
the levels of walking and cycling. However, attention must be paid to not negatively 
affect distances to locations or create areas where individuals would feel unsafe due 
to a lack of transparency of green spaces.

11.4.2  Changes to Infrastructure and Public Space

Transport infrastructure often covers a vast amount of the available public space in 
cities, with cars being the most space-intensive form of urban transport during use 
(e.g. Héran and Ravalet 2008) and when not in use, i.e. when parking (McCahill and 
Garrick 2012). When moving at 50 km/h, the dynamic space (i.e. the vehicle plus 
the stopping distance) consumed per passenger by cars is estimated to be 20 times 
larger than by bus (Héran and Ravalet 2008). Where most city centres are histori-
cally organized around slower modes with key destinations often within walking 
distance, the creation of suburbs is strongly reliant on the private car (Frumkin 
2002), and a great deal of space and infrastructure has been dedicated to roads and 
parking with the creation of new cities and the expansion of old ones. Therefore, 
one of the key considerations in the transition towards car-free cities will be how to 
change infrastructure that was mainly designed for cars, to infrastructure that caters 
to active and public transportation. Changing the road capacity/infrastructure to 
reduce car traffic (e.g. road diets and surrounding greening) can also potentially 
provide more public and green/blue spaces, which are beneficial for health and 
well-being (Nieuwenhuijsen et al. 2017; Gascon et al. 2015).

Over the years, some cities have transformed large highways into urban parks, 
green space and smaller, less congested streets (Martinez 2016). The city of Seoul 
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was able to remove a central city elevated highway and restore the river that had 
been hidden by it. That space was transformed into an attractive, more natural walk-
ing boulevard that has measurably reduced the heat island effect (Kang and Cervero 
2009; Kim et al. 2009) and improved traffic flow (Lee and Anderson 2013). Another 
example is Quito’s United Nations boulevard where parking space was reallocated 
to pedestrian traffic making the streets a safer place for pedestrians’ daily activities 
(Habitat 2016).

The organization of the street network is also important. The street network 
design in many cities of Japan uses arterial streets which are spaced at 500–700 m 
combined with internal local streets which are “shared space” (i.e. no sidewalks, all 
users negotiate the space) and narrow. These conditions naturally restrict vehicle 
speeds. Car use is low (<20% of household trips) in such areas (Sun et al. 2009), and 
active travel is over 50% (Waygood et  al. 2015). Recently, Barcelona has begun 
introducing Superblocks (Superilles) by making relatively small changes to their 
existing street network to create them. A superblock will consist of nine existing 
blocks of the grid with internal travel by motorized modes restricted. Car, scooter, 
lorry and bus traffic will then be restricted to just the roads in the superblock perim-
eters. They will only be allowed in the within-perimeter streets if they are residents 
or providing local businesses, and at a greatly reduced speed of 10 km/h (typically 
the speed limit across the city is 30–50 km/h in specific areas) (Bausells 2016). The 
(elements of) superblocks’ design can be introduced elsewhere. Superblocks will be 
complemented by the introduction of 300 km of new cycling lanes (from currently 
around 100 km), as well as an orthogonal bus network that has already been put in 
place, whereby buses navigate a series of main thoroughfares (Bausells 2016).

11.4.3  Changes in Lifestyles

Another big challenge is how to cater for changes in societal lifestyles. Simply put, 
this pertains to changing expectations away from using the private car with all its 
conveniences, direct accessibility and flexibility to using public and active transpor-
tation which at times requires more effort and may take longer. People often choose 
to use the car because it appears to be the easiest and fastest option available and 
that is also often considered a cheap one as people will often only consider running 
costs such as fuel consumption and not the sunk costs (ownership, insurance, etc.). 
Indeed, the literature lists determinates for transport mode choice including cost, 
time and access factors (e.g. Collins and Chambers 2005), the built environment 
(e.g. Ewing and Cervero 2010), cohort effects (e.g. Sun et al. 2012) and, especially 
for active transportation, distance (e.g. Morency et al. 2011); topography (Parkin 
et al. 2008); actual or perceived safety, beliefs about the environmental threat of cars 
and pro-environmental behaviours (Collins and Chambers 2005; Shen et al. 2008; 
Anable 2005); and their social responsibility (Loo 2017), the latter two relating to 
Fig. 11.2.
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Unfortunately, most cities have been planned around the private car, making the 
car the convenient, cost-effective and primary mode of transport while decreasing 
the appeal, safety and convenience of active travel means (Khreis et  al. 2016). 
However, understanding the factors that influence mode choice highlights the poten-
tial for transport planners and policy-makers to make active and public transport 
convenient and accessible options for citizens. For example, bus-dedicated lanes 
and solutions such as bus rapid transit can make public transport highly competitive 
with the car making trips almost as fast and potentially cheaper; complemented by 
green walkways or segregated cycling lanes from and to public transport hubs, the 
modal shift and positive impacts may be further reinforced, and access needs for 
other segments of the population that have no access to the car also met. Another 
important consideration is the transition into different stages of life as these change 
household transport needs, but given supportive built environments, car use can be 
kept minimal (e.g. Sun et al. 2009). The difference in terms of parents’ time can be 
considerable as car-dependent areas require chauffeuring as opposed to environ-
ments built for all users (e.g. Waygood 2009).

The presence and proximity of destinations and sidewalks, connectivity, aesthet-
ics, traffic on walking routes and their safety can all influence people’s preferences 
and encourage alternative modes (Gouldson et al. 2017). People’s beliefs about the 
use of the car and their environmental consciousness are also modifiable, and these 
issues are tightly linked with the need for targeted media strategies, strong leader-
ship and knowledge transfer. The emergence of E-bikes can be a particularly impor-
tant technology that can overcome the inconvenience of hilliness and to some extent 
trip length. Other soft measures that can be implemented include cycling sharing 
schemes, providing cycling parking, showering facilities in workplaces and better 
integration between cycling and public transport.

11.4.4  Barriers

Various barriers exist, and not all of them can be mentioned or addressed here. 
Beyond the barriers of infrastructure, car habits and various attitudes and beliefs is 
also the concern of a reducing car access on retailers. However, experience from 
numerous countries would suggest that this is not the case. As Germany pedestrian-
ized its central areas, there was initially the belief that retail would negatively be 
affected, yet this was not found to be the case (Hass-Klau 1993). Two decades later, 
a similar pattern was seen in the UK where Lawlor (2014) reviewed the effect of a 
reduction of cars on existing business performance (footfall and retail), urban regen-
eration (new business, rental income, employment, social exclusion, etc.), improved 
consumer and business perceptions and business diversity. Case study evidence  
suggests that well-planned improvements to these public spaces can boost footfall 
and trading by up to 40% and that investing in better streets and spaces for walking 
can provide a competitive return compared to other transport projects. People who 
walked to the shops spent up to six times more than people who arrived by car. They 
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also suggested that better streets and places may create a virtuous circle by raising 
self-esteem for residents and promoting investor confidence in an area. Studies have 
linked the quality of public spaces to people’s perceptions of attractiveness of an 
area, contributing towards their quality of life and influencing where they shop. This 
was also reflected in the findings of New York City as they reduced car access and 
improved conditions for pedestrians (Sadik-Khan and Solomonow 2016). However 
further research is needed as the evidence is still scarce and not available for full  
car-free cities.

A further important consideration is that a more democratic (as in all residents, 
not just those who are physically, mentally and financially capable of owning and 
operating a private motorized vehicle) transportation system would likely address 
problems such as food deserts (where grocery stores are accessible only by private 
vehicle) and the movement towards larger retail centres that are again mainly acces-
sible by private vehicle and reduce the vitality of cities. That reduced vitality can 
have important impacts on city tax revenues while at the same time increasing 
demands on those revenues through increased infrastructure requirements due to 
urban sprawl. A perception of time and money savings is typically based on ignor-
ing the personal transport costs, the city infrastructure costs and the actual time 
required by the entire population to reach such dispersed locations.

Other concerns are related to important issues around inequalities. Car-free cities 
might mean increased difficulties of accessing vibrant centres by the portion of the 
population who do not live in the vicinity of these centres and who have relied on 
their private cars to access goods, services or opportunities. It is important that this 
portion of the population are given sufficient consideration as not to deter their 
opportunities or exacerbate existing inequalities posed by transport disadvantage 
(though typically the transport disadvantaged are those without cars living in car-
oriented development (e.g. Currie et al. 2009)). Park and ride schemes may provide 
some solutions to this potential issue. Ideally, development and opportunities should 
not be restricted to certain centres of agglomeration, and part of development bud-
gets should be put into ensuring that other towns and centres have their needs and 
opportunities accessible too.

One problem is that people often consider a car-free city from the view point of 
their current situation. An individual who has chosen a location that is car dependent 
cannot see how a car-free city would be an improvement to their current situation. 
They have established their lifestyle patterns around an assumption of high mobil-
ity. A strong car habit is likely to be hard to break (Verplanken and Wood 2006; 
Verplanken et al. 1997). As such, changes will require time as people adjust their 
travel patterns. Programs that directly address changes in travel habits due to life 
changes, such as moving, starting a job, having a baby, retiring, will be key in 
 allowing a transition to travel patterns and transport systems that are not car-centric. 
Such programs can be seen in other domains and are referred to as upstream (i.e. 
context change) and downstream (i.e. information) (Verplanken and Wood 2006).

There are strong political and economic forces such as the car industry and lobby 
groups that may hinder the realization of car-free cities, but which can be tackled 
with strong leadership and city governance. The motor lobby in particular is a 
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 powerful and diffuse force (Irwin 1987, Douglas et al. 2011) and has previously 
successfully opposed traffic restriction measures, from restrictions on parking space 
(Higginson 2013) to scrutinizing and opposition of proposals for car-free zones in 
some German cities (Hajdu 1988), leading municipal authorities to delay plans or 
scrap them altogether. It has also opposed other health-benefiting interventions 
related to improving traffic safety (Sfetcu 2014) and successfully weakened and 
delayed car emission regulations in Europe (The Greens, European Free Alliance 
Group 2015, Neslen 2015). We acknowledge that enormous benefits have been 
accrued by global economies from car manufacturing and car mobility, and that 
these will continue, but there are also significant costs that society and governments 
are paying in terms of increasing inequalities, premature mortality and increased 
morbidity, which also takes its toll on the workforce, productivity and health 
services.

11.4.5  Strategies

General policy measures and strategies that can be considered in cities which aim at 
going (partly) car-free include reducing car use gradually through slow incremental 
changes to restrict traffic in certain areas/roads, or a big bang approach (with sudden 
large changes or restricting or banning car use in large parts of the city). Copenhagen 
followed the former approach by taking away a small percentage of road space each 
year, while Oslo was planning to do the latter with the centre of the city. Slow incre-
mental changes may have an advantage of creating awareness and familiarity with 
the concept of car-free planning, as well as allowing residents to experience the 
benefits of being car-free. Generally, it may be easier to make gradual changes as 
opposed to sudden large changes due to psychological aspects (e.g. Kahneman and 
Tversky 1979). It is important to note that transitions are chaotic and will always, at 
first, encounter resistance. Both short-term (e.g. experiments with closing off streets, 
bike-sharing) and long-term actions (e.g. system/institutional changes such as para-
digm shift and legislation) need to be taken.

There are already a wide range of policy measures that can reduce traffic (e.g. 
Goodwin 2001; Khreis et al. 2017), and the number of available measures continues 
to expand. Detailed information on the performance of some of policy measures can 
be found from the Victoria Transport Policy Institute (VTPI) Transportation Demand 
Management (TDM) encyclopaedia (www.vtpi.org/tdm) (VTPI 2014) and the 
Knowledgebase on Sustainable Urban Land use and Transport (KonSULT) knowl-
edgebase (www.konsult.leeds.ac.uk). Other sources such as ELTIS provide case stud-
ies of successful policy interventions (www.eltis.org). For example, several car use 
reducing policy measures are indexed (and described) in KonSULT including road 
user charging, regulatory restrictions, land use to support public transport, parking 
charges, development density and mix, pedestrian areas and routes, cycle networks, 
private parking charges, company travel plans, vehicle ownership taxes and others. 
An overview on these measures, performance and their likely impacts on public 

11 Implementing Car-Free Cities: Rationale, Requirements, Barriers and Facilitators

http://www.vtpi.org/tdm
http://www.konsult.leeds.ac.uk
http://www.eltis.org


214

health can be found in Khreis et al. (2017). These measures are likely to perform best 
when packaged in calculated strategies aiming at reinforcing the facilitators and 
weakening the barriers (e.g. Cairns et al. 2004). Lessons on behavioural change can 
also come from outside of the transport field (e.g. Avineri and Goodwin 2010).

11.5  In Conclusion

Transport planning and policy-making cater too much for private motorized travel 
and too little for public and active transport modes that could benefit public health, 
mitigate the effects of traffic-related environmental exposures and lead to more 
inclusive and just cities. Decades of planning and investments in car infrastructure 
attracted cars to the cities, and it will take decades to overturn this. Large car-ori-
ented infrastructures continue to dominate with relatively small proportions of the 
budget allocated to and little work done for quality active transport provision across 
most regions. There is an urgent need to rebalance and provide better and safer 
infrastructures and policy support for active and public transport modes. A car-free 
city would provide a catalyst for better town planning by removing the need to 
facilitate car mobility and ensuring that urban areas are planned around people, 
functionality and better built environments instead. In this paper, we have given the 
rationale and identified a number of prerequisites for a car-free city and further 
described potential strategies and barriers for such implementation. This paper is 
not meant to be the final word, but a starting point to discuss a vision that may seem 
to be far in the distance but desirable, needed and possible for many cities. Changes 
require planning and discussion and a good theoretical and evidence base, which we 
have contributed to in this paper.

Furthermore, there are many other ongoing changes that may facilitate or hinder 
the process. Technological advancements such as electric cars and autonomous cars 
have been proposed as the solution to current issues, but they have only a limited 
number of advantages and potentially many disadvantages. The use of electric cars 
may reduce emissions (or at least displace them outside of the city), but it does not 
reduce the number of cars in the city, and they do not help to reduce other health 
problems such as deaths and injuries due to crashes or a lack of daily physical activ-
ity. Autonomous vehicles may reduce the number of cars parked in the city, and to 
some extent the number of cars circulating in the city, but it has also the potential to 
increase car use in certain population groups and may increase actual kilometres 
travelled as vehicles would need to travel between locations of disparate users, 
thereby increasing the problems related to car use. If using autonomous vehicles is 
as easy as waiting for an elevator (an autonomous vertical vehicle) to travel up a few 
floors, many people will choose to wait rather than making the small effort to travel 
short distances. These changes, which seem to have become a focal point of recent 
transport policy, need more investigation and should be integrated within the 
detailed plans or proposals for car-free cities. It is not that such technologies won’t 
play a role in future transport services, but they should not be considered a silver 
bullet to all current transport problems.
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There are yet many uncertainties in terms of acceptability and behaviour change 
when introducing the car-free city and also the likely changes in terms of air pollu-
tion, noise, temperature, social cohesion and physical activity. This will entail eval-
uations of health impacts of (planned) interventions in cities, including changes in 
perceptions and attitudes and health impact modelling of future scenarios. Further 
research and research synthesis are needed to build a good evidence base, which is 
currently nonexistent. It is also vital to better understand how mobility patterns 
change with the introduction of car-free measures.
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Chapter 12
Planning for Healthy Cities

Marcus Grant

12.1  Planning for Healthy Cities

A document submitted by the WHO to the United Nations Conference on Housing 
and Sustainable Urban Development, Habitat III, in Quito states that ‘Healthy urban 
policies can significantly reduce infectious and non-communicable diseases and 
enhance wellbeing’ (WHO 2016, p. 4). I take this as an indication that the role of the 
built environment in addressing the wider determinants of health, in addition to its 
accepted role on addressing infectious disease, is now well evidenced and is starting 
to be accepted. Cities are being pushed to the front of the call for action on health 
(WHO-UN 2016). Despite this, good practice exemplars of cities deliberately using 
a comprehensive approach for policy and practice to provide healthier urban envi-
ronments are not common.

The focus of this chapter is urban form, the processes that control it and its influ-
ence on supporting health and health equity for non-communicable diseases and 
enhanced wellbeing. Planning for healthy cities needs to cover two public health 
objectives;

• firstly, the control and reduction of ‘what is bad for people’s health’, such as 
exposures to air pollution, noise, heat; and

• secondly, providing support for the creation of, and access to, ‘what is good for 
people’s health’ such as good quality green space, inclusive communities, 
healthy food and options for everyday activity.

The overall goal being to support long healthy lives for all. But to what degree 
does urban form matter? A recent study covered five international exposure recom-
mendations across these two objectives. It looked at compliance with recommenda-
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tions for physical activity, air pollution, noise, heat, and access to green spaces.  
The study quantified the associations between exposures and mortality to estimate 
preventable premature deaths. It is estimated that annually almost 20% of prema-
ture mortality could be prevented if international recommendations were complied 
with (Mueller et al. 2017).

With such a complex subject, this chapter can only aspire to give an introduction. 
My intention in writing the chapter is to provide an orientation, key concepts, some 
useful frameworks and tools, a scattering of examples, references to useful texts and 
examples of relevant research and activity.

The chapter starts with an overview as if planning for healthier cities was a game. 
What is the goal and what are the rules of this game, what does the playing field 
look like and who are the players? There is next an outline of planning for healthy 
cities in the WHO European Healthy City Network, a look at the relevance of the 
Sustainable Development Goals and a review of health equity and city planning. In 
the next section, some of the main elements and drivers of city development are 
outlined, including patterns of development and the importance of the planning sys-
tem, concluding with a logic framework for an integrated city planning process for 
health. The next section provides an overview of how city form influences risks and 
challenges to health.

The following two sections look in more detail at actions that can be taken at two 
scales, strategic city planning and place-making. Strategic planning includes 
discussions of growth patterns and sprawl, strategic processes and climate change. 
The local planning section looks at place-making, the neighbourhood scale and the 
importance of involving communities. The chapter concludes by drawing together 
some of the main threads, in particular spatial leadership for health, and co-generating 
new knowledge and healthier places for more effective action.

12.1.1  Playing the Game: Rules, Tactics and Strategy

The nature and strength of the rules will vary according to the local context. Many 
policies influence city planning in addition to spatial planning policy per se. In 
response, the strategy, tactics and game play will need to be determined by local 
stakeholder players. In many cases, city planners may see their role as umpires. The 
best of these umpires will need to see rules adopted that to allow for a high level of 
consensus building, transparency and participation, so that everyone wins (Grant 
and Barton 2013).

All elements of planning for health need to be covered as a complete package. 
Such an approach was adopted in a WHO document setting out the 12 principles of 
Healthy Urban Planning in 2000 (Barton and Tsourou 2000). Table 12.1 shows the 
suggested schema; this has been adapted to better cover some important determi-
nants of health that were not covered in the original, namely, biodiversity, food 
issues, and energy and waste (as resources).
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12.1.2  The Playing Field

This game of planning for health is played on the playing pitch of people’s lives in 
urban areas. At whatever scale you set up the game, city region, district or neighbour-
hood, the pitch has a fuzzy boundary; it is affected by nearby games in other urban 
areas and by other far away games that influences its resources, economics and poli-
tics. The ‘HealthMap’ (Fig. 12.1) is a useful metaphor for playing field and indicates 
that there are consequences for planetary and individual health of any intervention.

The HealthMap places people and their health at the centre with planetary health 
as the global context. In six concentric arcs, from individual lifestyle to the natural 
urban environment, it captures urban components of the determinants of health. The 
three outer arcs are rendered in a darker colour to highlight the core locus of opera-
tion for those actors who intervene directly in the built environment. The HealthMap 
is a systemic tool. Treat any definitions of components as loose and all implied 
relationships as fluid; in each application stakeholders need to reassess the relevance 
of the map to their local situation. For planning a healthy city, each of the arcs can 
be translated into specific and measureable objectives (Table 12.2).

Knowledge in this field is rapidly developing. Research points to the potential of 
using multilevel ecological models of public health, to better understand physical 
environment effects on health and health equity (McLeroy et al. 1988; Sallis and 
Owen 2002; Hanlon et al. 2011; Vardoulakis et al. 2016). The validity of using com-
plementary scientific approaches needs to be recognised; and the understanding 
within cities of what works and why it is an essential ingredient (Pawson and Tilley 
1997). Disparate stakeholders have found that the HealthMap can be a useful device 
for negotiating, understanding and developing a consensus for action.

There has recently been further discussion of the wider societal determinants of 
health in reaction to a narrow ‘personal lifestyles are to blame’ approach to solving 
public health problems. An integrative review of frameworks that focus on social 
determinants and lifestyles as ‘bridging’ concepts between the fields of public 
health and environmental sustainability is useful in this context (Graham and White 
2016). The review found that frameworks which included human health as an 

Table 12.1 The 12 objectives of Healthy Urban Planning

Do planning policies and proposals promote and encourage health through:

Supporting healthy personal lifestyles? Providing safety and the feeling of safety?
Promoting social cohesion and social capital? Supporting equity?
Providing quality housing? Ensuring good air quality and a high-quality 

visual environment?
Access to work? Adopting a sustainable approach to water, 

sanitation and drainage?
Access to local facilities and services? Wise use of land and resources and support for 

biodiversity?
Promoting access to local, sustainable food 
and food production?

Addressing climate mitigation and adaptation 
issues?

Source: Adapted from Barton and Tsourou (2000)
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 outcome also supported a combined public health and environmental sustainability 
approach (Fig. 12.2). This logic model provides another useful way to understand 
the route from social determinants to human health.

12.1.3  The Players

Using planning to achieve healthier cities occurs at the intersection of two disci-
plines. Although having a history of collaboration, and having common roots, the 
two disciplines have built-up working practices that make joint working difficult 
(Arthurson et al. 2016). A simple caricature of the two disciplines would be:

Public health: Population level interventions focused on people.
Planning: Population level interventions focused on place.

Fig. 12.1 The HealthMap as playing field: the determinants of health and wellbeing in our cities. 
Source: Barton and Grant (2006) developed from the model by Dahlgren and Whitehead (1991)
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Table 12.2 Linking the HealthMap to urban planning objectives

Arcs of the  
HealthMap Objectives for Healthy Urban Planning

1. People  • Providing for the needs of all groups in the population
 • Reducing health inequalities
 • Involving people in supporting a healthier local environment

2. Lifestyle  • Promoting active travel
 • Promoting physically active recreation
 • Facilitating healthy food choices

3. Community  • Facilitating social networks, social cohesion and inclusion
 • Supporting a sense of local pride and cultural identity
 • Promoting a safe environment

4. Economy  •  Promoting accessible job opportunities for all sections of the population
 • Encouraging a resilient and buoyant local economy

5. Activities  •  Ensuring retail, educational, leisure, cultural and health facilities are 
located to be accessible to all

 • Providing good-quality facilities, responsive to local needs
6. Built 
environment

 • Ensuring good quality, variety and supply of housing
 •  Promoting a green urban environment supporting mental wellbeing and 

contact with nature
 •  Planning an aesthetically rewarding environment, with acceptable noise 

levels
7. Natural 
environment

 • Promoting good air quality
 • Ensuring security and quality of water supply and sanitation
 • Ensuring soil conservation and quality
 • Reducing risk of environmental disaster

8. Global 
ecosystems

 •  Reducing transport- and building-related greenhouse gas emissions
 • Improving city and city region support for global biodiversity

Fig. 12.2 Social determinants: environmental and health outcomes. Source: Graham and White 
(2016)

12 Planning for Healthy Cities



226

Of course in reality, public health can be concerned with place and environment, 
but in other instances having just a narrow focus on the individual and planning in 
many quarters see its purpose as places for people, but in other quarter it focuses 
entirely on serving economic market-led goals. However, ‘planning for healthy cit-
ies’ can allow each of these traditions to play to their strengths, reaffirm their roots 
and at the same time respond to current and future challenges (Barton 2009). In 
public health, at its best this agenda calls for the expression of a ‘Health in All 
Policies’ approach (Leppo et  al. 2013) and also supports a call for ‘Asset-Based 
Community Development’ (GCPH 2011, 2012). Planning for healthy cities has a 
strong part to play in integrating the four levels of health promotion: environmental, 
social, organisational and individual (Kelly et al. 1993). It also can be a building 
block in the development of the fifth wave of public health (Hanlon et al. 2011). The 
fifth wave of public health sees emergent qualities that relate well to whole city 
planning such as recognising the need to deal with complex adaptive systems; main-
taining a supportive, creative and cooperative mind-set; and a rebalancing of orien-
tation to integrate objective science with ‘the subjective’ (lived experience, inner 
transformation) and ‘intersubjective’ (shared symbols, meanings, values, beliefs 
and aspirations) (Kelly et al. 1993).

In terms of the culture of planning, ‘planning for healthy cities’ strengthens col-
laborative planning (Healey 1996, 2003), placing process at the centre, with ‘public 
goods’ for both people and the environment as an objective. It can help to rebalance 
spatial planning, moving it away from the recent dominance of a market orientation 
and placing people and communities at the heart of planning again. There is a his-
tory of value propositions sitting at the heart of both these realms of human activity: 
public health and planning. In both too, there is an opposing force that claims of 
‘objectivity’ and value free action. Choosing to adopt a healthy city approach is 
unashamedly value based (de Leeuw 2017).

12.1.4  Planning for Healthy Cities: The World Health 
Organisation European Healthy Cities Network

An approach for using the physical planning and design of cities was specifically 
developed within the WHO European Network of Healthy Cities. This initiative 
began in 1988 and is still continuing today, with Phase VII launched in 2018. Each 
phase lasts about 5 years, with cities across the WHO European region eligible to 
apply phase by phase. At the end of every phase, an evaluation helps to guide the 
development of the themes and develop working practices for the next phase (Belfast 
Healthy Cities 2014).

Phase I (1988–1992) involved 34 cities with the goal of introducing new ways of 
working for urban health based on a whole city approach. Phase II (1993–1997) 
included 38 cities. It was more action-oriented, with a strong emphasis on healthy 
public policy and comprehensive city public health planning. Phase III (1998–2002) 
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saw talk of a ‘European Healthy Cities movement’ with 55 WHO designated cities 
and also national networks in several countries for non-designated cities. Moving 
towards a more strategic health development approach, it focused on constructing 
intersectoral city health development plans. This was intended to promote strategic 
planning for health across different sectors at city level. The Healthy Urban Planning 
approach emerged in one of the four themes: transport, environment, planning and 
housing. The other three themes were integrated information, lifelong learning and 
mental health and young people. The 12 objectives of Healthy Urban Planning 
were first used within this phase. Cities who wanted to focus on healthy urban plan-
ning formed a subnetwork and evaluated their experiences of the approach (Barton 
et al. 2003). This helped embed ‘integration’ and ‘co-operation’ as a key principles 
within the next phase.

Phase IV (2003–2008) saw consolidation of this spatial approach, and ‘Healthy 
Urban Planning’ became the name of an identified theme, with a thematic 
 subnetwork of cities meeting regularly. Almost 100 designated cities joined this 
phase. The other three themes were healthy ageing, health impact assessment and 
physical activity and active living. Across all themes was an emphasis on equity, 
tackling the determinants of health, sustainable development and participatory and 
democratic governance. Work continued under a ‘Healthy urban environment and 
design’ theme in Phase V (2009–2013) (WHO EURO 2009). Phase VI (2014–2018) 
encompassed two strategic goals: improving health for all and reducing health 
inequities and improving leadership and participatory governance for health. A spa-
tial approach was nested within ‘creating resilient communities and supportive 
environments’ one of the four core themes.

The evaluation of Phase V showed that well-designed interventions in the field of 
urban planning, transport or housing could all be very effective at meeting multiple 
objectives, addressing several of the Healthy Urban Planning objectives in a single 
intervention (Grant 2015). It also showed that the cities involved were using both 
strategic Healthy Urban Planning and local participatory neighbourhood design 
initiatives to tackle the health equity issues they had identified.

12.1.5  Sustainable Development Goals and Healthy Urban 
Planning

On 25 September 2015, the United Nations General Assembly formally adopted the 
2030 Agenda for Sustainable Development, with a set of 17 Sustainable Development 
Goals (SDGs) and associated targets. A cursory glance at the 17  
SDGs shows health to be the concern of SDG3 ‘good health and wellbeing’.  
Health advocacy in the global processes leading to the development of the SDG 
goals (from the Millennium Development Goals) focused. On ‘maximising healthy 
lives’ through reducing the burden of major non-communicable diseases, ensuring 
universal health coverage and access and accelerating previous commitments (Anon 
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2013). Concern has been expressed that through this process and under the weight of 
many pressing global concerns, health objectives will be weakened. Remedies sug-
gested by Hill et al. (2014) include reframing health in terms of social sustainability 
and relating health to the whole sustainable development agenda; recognition that 
action for health cannot be limited to SDG3 is spreading (WHO 2017) with SDG11, 
cities, and SDG17, partnerships, just two from many others that are relevant.

The message of this chapter is the influence of the built and natural urban envi-
ronment on how people choose or are obliged to live, to move and to consume in the 
places they live (i.e. people’s lifestyles). Through this route, urban environments 
affect personal health and well-being. In addition, these environments we create and 
the lifestyles they promote, both affect the wider ecological processes and systems 
on which everyone relies for health and wellbeing (i.e. many other aspects of sus-
tainable development); refer again to Fig. 12.2. Using urban planning to address 
health provides an approach that can link the two agendas: health and sustainability. 
Implementation and processes for Healthy Urban Planning are very close to those 
required for sustainable cities and towns. As a consequence, urban planning for 
health resonates across several other SDGs in addition to SDG3 ‘good health and 
wellbeing’, including:

SDG8: Promote sustained, inclusive and sustainable economic growth, full and 
productive employment and decent work for all

SDG7: Ensure access to affordable, reliable, sustainable and modern energy for 
all

SDG11: Make cities and human settlements inclusive, safe, resilient and 
sustainable

SDG12: Ensure sustainable consumption and production patterns
Sustainable Development Goals can and should be used as a policy spur for 

healthier planning.

12.1.6  Health Equity and City Planning

Spatial planning and design has a role to play in reducing health inequities. 
SDG10,‘reduce inequality within and amongst countries’, contains seven targets 
for reducing inequalities, and health equity targets are often embedded into national 
health policy. The capacity of local environments to support health is of particu-
larly importance for population groups disadvantaged by relative poverty, unem-
ployment, low status and disability. Those who, for financial, physical or cultural/
racial reasons, are more vulnerable, and have fewer choices open to them, find 
themselves typically in locations and settings that are less conducive to good health 
with little ability to move away or gain respite from unhealthy working and living 
environments. Many features of the built environment that detract from health are 
more likely to be experienced in areas of socio-economic disadvantage (Jones and 
Yates 2013). An outline of spatial factors that can exacerbate health inequity is 
found below.
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12.1.6.1  Transport

In children aged 5–19 years, unintentional injuries are the leading cause of death, 
the majority of these being a result of road traffic collisions (Peden 2008).

There are very wide socioeconomic differentials in the levels of death and seri-
ous injury from road traffic. A study in England showed that children in the most 
deprived 10% of areas are four times more likely to be hit by a car as children in the 
least deprived 10%. Traffic-related issues affecting health such as poor air quality 
and noise also disproportionally affect those living in disadvantaged neighbour-
hoods (WHO 2007, 2011b). There is also now sufficient evidence to support an 
association between the exposure to traffic-related air pollution and the develop-
ment of childhood asthma (Khreis et al. 2017).

12.1.6.2  Neighbourhoods and Facilities

Access to local facilities such as shops, schools, health centres and places of infor-
mal recreation is important for health and well-being both for the exercise taken in 
getting there (generally) on foot and the social interaction en route or at the facilities 
(Croucher et al. 2007). This is particularly important for lower-income groups who 
get much of their physical activity from active travel rather than leisure time recre-
ation. Deteriorating features of an urban environment such as dilapidation, vandal-
ism, graffiti and litter are disproportionately found in disadvantaged areas with a 
corresponding loss of amenity for walking to be pleasurable. In such areas children 
are less likely to be let out to play, leading to reduced physical activity and exacer-
bating health problems such as obesity which is more prevalent in lower-income 
groups. A cross-sectional survey of 12 European cities found that, compared to 
respondents from areas with low levels of litter and graffiti, those from areas with 
higher levels were 50% less likely to be physically active and 50% more likely to be 
overweight (Ellaway et al. 2005).

12.1.6.3  Local Shopping Streets

A high density of cheap, fast-food outlets can contribute to health problems, 
particularly those associated with obesity, for example, type 2 diabetes, hyperten-
sion and coronary heart disease (Robinson 2004). In the United States, it has 
been estimated that up to 10% of children’s total energy intake now comes from fast 
foods, compared to 2% in the late 1970s. This increase in fast-food intake amongst 
children is significantly contributing to the rising childhood obesity in high-income 
countries (Bowman et  al. 2004). Townshend (2017) talks of ‘toxic high streets’ 
found especially in low-income neighbourhoods with a concentration of retail outlets 
that could present a risk to health such as betting shops, discount alcohol, vaping 
emporia, pawn shops and pay day lending, take-away food and tanning salons.
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12.1.6.4  Green Space

Inequality in mortality is lower in populations living in the greenest areas. Evidence 
shows that populations that are exposed to the greenest urban environments also 
have lowest levels of health inequality, accounting for income deprivation (Mitchell 
and Popham 2008). However, green space is not equally available to all of the popu-
lation, with poorer neighbourhoods often lacking green space or with poorly main-
tained or vandalised green areas. Benefits of increases in physical activity and 
improved mental health only arise where the green space is high quality, accessible 
and safe (Ward Thomson et al. 2016; WHO EURO 2016).

12.1.6.5  Inequity of Climate Change Impacts

There are two particular aspects of climate change, influenced by the built environ-
ment, which are likely to impact disproportionately on the disadvantaged:

Increasing temperatures: exposure to heat is a cause of morbidity and mortality 
in the urban environment with lower socio-economic and ethnic minority groups 
more likely to live in warmer neighbourhoods and suffer greater exposure to heat 
stress (Harlan et al. 2006). High residential densities, sparse vegetation and having 
little or no open space, all often found in poorer neighbourhoods, have been corre-
lated with higher temperatures.

Flooding: urban flooding from sea level rise and fluvial inundation presents an 
increasing risk to health through drowning, injuries, infectious diseases, stress and 
loss of essential services. The effects of flooding can be particularly devastating to 
already vulnerable populations, such as children, older people, the disabled, ethnic 
minorities and those with low incomes (WHO 2003). The disadvantaged may also 
live in more vulnerable areas; a study in England found there were eight times more 
people in the most deprived decile living in the tidal floodplain compared to the 
least deprived (Walker et al. 2003).

12.1.6.6  Developing a Strategic Focus on Health Equity

An evaluation of Phase V of the European Healthy Cities Network demonstrated 
that health equity could be addressed project by project or could be absorbed into 
the way a city conducts its spatial and transport policy (Grant 2015). The main sub- 
groups targeted were older people, children, residents living in disadvantaged 
neighbourhoods and cultural minorities (Grant and Lease 2014). Health equity 
checks can be made part of policy and project impact assessment. In Whitechapel, 
London, the local masterplan’s Sustainability Assessment included an Equality 
Impact Assessment which identified lower life expectancy and vulnerable groups, 
including minority ethnic groups and those with ill-health, as a key inequality issue 
and recommended actions to reduce inequalities (LBTH 2006). These included 
improving outdoor space and indoor leisure facilities to make them inclusive. In 
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Ljubljana, Slovenia, a member of the European Healthy Cities Network, they have 
developed a comprehensive and systematic city-wide approach to improve accessi-
bility for disabled citizens. Measures include changes to the physical environment, 
as well as to public services, public transport, information, communication and the 
cultural and recreation sectors (Grant and Lease 2014).

12.2  City Development and Its Drivers

Rapid, unplanned, unsustainable patterns of urban development combined with 
continuing population urbanisation have always made cities in the developing 
nations focal points for environmental and health hazards (WHO 2002). Public 
health issues of waste disposal, provision of safe water and sanitation and injury 
prevention are familiar issues at the interface between urban inequalities, local 
environments and health.

Economic development has often been hailed as essential in a package of solu-
tions to these problems. However, a rise in non-communicable disease and weaken-
ing of the determinants of health is emerging in the urban settlements in high-income 
countries. Diseases associated with sedentary lifestyles or poor-quality food intake 
on the one hand and increasing gaps in health inequalities, loss of social cohesion 
and support networks on the other are gaining public health focus in the developed 
cities in high-income countries. Worryingly some commentators are finding that 
a rise in these non-communicable health risks is now compounding the more fre-
quently encountered communicable disease risks found in the informal of many 
low- and middle-income countries (Oni and Unwin 2015; Oni et al. 2016).

12.2.1  City Development

The idea of a rationally designed master plan for a city or urban area being delivered 
on the ground is a notion that non-built environment professionals sometimes hold 
in their mind as to how towns and cities develop. Although this is not unknown, it 
is a rarity, and such as the spatial process of development does not in itself even 
predict a successful place to live. City development patterns, as found and lived ‘on 
the ground’, result from an interplay of many drivers. Distribution of land use 
function (such as housing, employment, retail or mixed-use) plus the separation or 
mixing of these functions is a strong determinant of health. Three key influences on 
spatial patterns are:

Territorial context: Place; geography and geology, natural features, scale of 
development, patterns of ownership of land

Processes and drivers: Market and economic forces, land values, urban population 
growth, public investment, community interests, public involvement
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Spatial policy context: Local, regional and national planning policy. Other 
sectoral plans (such as protected areas, catchment management and transport) that 
can influence development, the nature of the spatial planning system itself

These influences are non-exclusive and are interdependent. They can give rise to 
a plethora of spatial development patterns even within the same city. An examination 
of the features and driving forces of development in Hangzhou, China, found three 
patterns of development within the category of urban sprawl alone: infilling, edge 
development and leapfrog growth (Yue et al. 2013).

12.2.2  Spatial Planning Systems

The nature of the planning policy context provides important context. Different 
countries have very different spatial planning systems, stemming from different tra-
ditions influencing how planning happens. These styles of planning are deeply 
embedded in the complex historical conditions and cultures of particular places 
(Nadin and Stead 2008). The EU Compendium of Spatial Planning Systems and 
Policies (1997) used a set of criteria to discern idealised types or traditions of spatial 
planning. These criteria were:

• Legal family context
• Scope of the system in terms of policy topics covered
• Extent of national and regional planning
• Locus of power or relative competences between central and local government
• Relative roles of public and private sectors
• Maturity of the system or how well it is established in government and public life
• Apparent distance between expressed goals for spatial development and outcomes

Variations in these criteria give rise to four ‘idealised’ planning types: compre-
hensive integrated, land use regulation, regional economic and urbanism. However, 
Nadin and Stead acknowledged that each country will display its own unique varia-
tions on these idealised types. In addition to influencing that way that health can be 
incorporated into planning, these differences need to be examined if attempting any 
kind of learning or comparisons using international case studies (Grant 2015).

12.2.3  An Integrated City Planning Process for Health

So if the form and nature of the urban environment are critical to urban population 
health, how do we attempt to modify existing places or create new ones? Certainly 
we need to join forces with local communities and use local data. Using spatial 
planning and urban design to achieve health and health equity outcomes can be 
enacted as one or more isolated activities or projects or can be nested within a 
holistic healthy cities approach (Grant 2015). This agenda can be addressed at any 

M. Grant



233

scale, from building and street, home-patch and neighbourhood to district, city  
and city region. Pivotal to success is an understanding of the multilevel context; 
prerequisites such as leadership and vision; different modes of working such as 
through policies, programmes or projects; and the different scales of working that 
can be employed (Fig. 12.3). Scale as an important factor in planning for health is 
slowly being recognised (Garfinkel-Castro et al. 2017). Planning for healthy cities 
is best addressed at all scales simultaneously, potentially triggering a health in all 
policies approach.

Planning for healthy cities must comprise of both health protection, usually 
city- wide policy through licensing, regulation and standards, and health promo-
tion. Health promotion itself can be broken down into city-wide spatial policy for 
Healthy Urban Planning and transport, neighbourhoods scale activity such as 
urban design and housing and promoting innovation, liveability, safety and secu-
rity at the local level. All of this should be directed towards an outcome that sup-
ports people’s ability for healthy living across different sub-groups, with the goal 
of health and health equity.

Fig. 12.3 Planning for healthy cities: modifying lifestyle outcomes. Source: Adapted from Grant 
(2015)
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12.3  City Form and Non-communicable Disease

The fabric of our towns and cities is the outcome of the way we plan, design and 
manage the territory of places, spaces, facilities and buildings of our urban habitat 
impacts on health from both a positive and negative perspective (RCEP 2007; Rydin 
et al. 2012). This physical form of an urban area includes the different land uses, 
where they are located in relation to each other and how they are distributed. This 
encompasses size, configuration and the nature of both human-built environments 
and natural features. However, the form is not immutable. Even in the most devel-
oped cities, there is room for manipulation and change to benefit health, as experi-
ence has shown through decades of remodelling to reduce the dominance of private 
motorised transport and increase the modal share of cycling and walking in many 
European cities.

The evidence base demonstrating associations between spatial urban form and the 
health outcomes is disparate and voluminous. Due to different urban patterning and 
spatial planning systems, much knowledge is location specific and not transferable. 
For some urban characteristics, causality has been found or inferred. But it is those 
characteristics of urban form that can be influenced by planning and design, which 
need to be the focus. Evidence of risks and challengers to health in urban environ-
ments from a spatial planning perspective (Grant et al. 2009) is presented here as a 
matrix linking parameters of urban environment to five risks to health (Table 12.3).

Risks to health such as air pollution, noise exposure, physical activity levels, 
social impacts and pathologies and unintentional injuries are all associated with 
urban elements that are open to manipulation (Grant et al. 2009; WHO 2016; Ewing 
and Cervero 2010; Barton 2009).

Four urban elements have been selected as they represent broad areas for urban 
policy and spatial intervention. At the strategic scale, we have what is termed ‘land 
use pattern’, straddling strategic to local we have ‘transport’ and ‘green space, and 
at local scale we have ‘urban design’ (Fig. 12.4).

Transport infrastructure and the land use pattern are interdependent. The exis-
tence of transport networks affects the pattern of accessibility which helps deter-

Table 12.3 Urban elements as spatial determinants of health

Risk and challenges to health Urban elements to manipulate
Land use pattern Transport Green space Urban design

Physical activity X X X X
Social impacts X X X X
Air quality X X X X
Noise exposure X X X X
Adverse microclimate X X X X
Unintentional injuries X X O X

Main interactions between the urban components and risks and challenges to health. Source: 
Adapted from Grant et al. 2009
X = major interaction, X = minor interaction, O = very little interaction
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mine where land use development occurs. The pattern of use determines movement 
patterns, which in turn triggers demand for extra transport provision.

12.3.1  Land Use Pattern

In most settlements, the land use pattern results from the decisions of a myriad of 
land owners, in a context of market forces, mediated or not and to varying degrees 
by a spatial planning system. Spatial planning policies separating uses into different 
areas (zoning) or large area spatial designs (masterplanning) can have a profound 
effect on the land use pattern.

Land use pattern comprises the nature, disposition and density of land use. Issues 
of layout, networks, connectivity, accessibility, distribution and availability of facilities 
and functions are influenced. In terms of impacts on health, we can discern impacts 
at a series of distinct but nested scales. These are the region, city, town, district and 
neighbourhood scales. Several commentators discuss the general evidence of the 
impact of land use patterns on health (Lavin et al. 2006; Rao et al. 2007; Barton 
2009). There is also evidence of significant health impacts at the smaller spatial 
scales of the street, the block; these are outlined in the section on ‘urban design’.

12.3.2  Transport

This refers to the transport infrastructure, public and private, for all modes of move-
ment. At the larger scales, this encompasses rail, road and water connections 
between a city and its hinterland and between a city and other cities. At the smallest 
scale, this may be the nature of how side streets meet main roads, of residential 
pavement management and of domestic cycle parking. Each of these has its own 

Place-making 
City-region    City    Town      District         Neighbourhood  Street       Block

Land use pattern

Transport

Greenspace

Urban design

Strategic planning 

Fig. 12.4 Coverage of urban scale by components of the urban environment. Source Grant et al. 
(2009)
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impact on the wider determinants of health. Transport policy and infrastructure 
investment is usually determined by transport specialists, often all too weakly co-
ordinated with other aspects of strategic spatial planning.

12.3.3  Green Space

Green space confers many benefits for both physical and mental health and well-
being (Mass et al. 2006; Ward Thompson et al. 2012) and is a critical component for 
urban health (Nieuwenhuijsen et al. 2017; Brown and Grant 2005; Coutts and Hahn 
2015). Urban green space includes a huge variety of land from country parks and 
river corridors running through cities to residential gardens and pocket parks. It 
includes land in public, commercial and individual ownerships. It includes a wide 
range of uses including public and private gardens and squares, amenity and sports 
open space (often associated with mown grass), play space (often associated with 
shrubberies and mown grass), river and canal corridors and movement greenways 
and other functional green space such as allotments, churchyards and cemeteries. It 
comprises natural and seminatural habitats (including derelict and previously devel-
oped land) and managed verges, parks and gardens. In some settlements, this broad 
category could also include remnant countryside now within urban boundary such 
as woodlands, cliff ridges and coastlines. Green space is also taken to include ele-
ments of urban nature, not necessarily connected with a designated land use, such 
as street trees, vegetated walls and green roofs. As such responsibility for urban 
green space is usually spread across several departments in a municipality, includ-
ing those responsible for civic amenity and parks, biodiversity and nature conserva-
tion, public housing, street trees and allotments, ownership and management may 
be in private hands.

Increasing the urban green space is an adaptive and also a mitigating response to 
climate change, reducing heat island effects. Presence or absence of trees and veg-
etation which cool areas through shading and evapotranspiration is important 
(Gartland 2012). Climate change mitigation also occurs through urban tree planting 
in colder climates due to increased wind friction with the potential to reduce heat 
loss from residential areas in winter. Urban heat island reduction policies should 
specifically target vulnerable residential areas and take into account equitable distri-
bution and preservation of environmental resources (RCEP 2007). The progressive 
greening of cities is critical across a number of health objectives.

12.3.4  Urban Design

The way we experience and use our immediate environments in towns and cities is 
determined at the smaller spatial scale of the street, the public square, the develop-
ment block and individual buildings (Rao et al. 2007). This includes much of what 
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is referred to as ‘the public realm’, the work of landscape architects and urban 
designers, but strongly influenced by the form and facades of architecturally 
designed buildings and the decisions of those designing roads. Urban design can 
also determine the degree of social mixing or segregation of communities through 
the locational control of social housing in new build and neighbourhood 
regeneration.

Urban areas will also have to adapt to climate change. When designed correctly 
buildings have a reduced need for mechanical air conditioning in areas with lower 
external ambient temperatures. In more dense urban areas, decentralised energy 
distribution systems, such as combined heat and power and community heating net-
works, which can contribute to climate change mitigation (Barton et  al. 2010) 
become more viable. The nature of the urban materials contributes to urban heat 
islands (Gartland 2012). Buildings, tarmac and paving absorb and store heat, 
increasing air temperature, particularly noticeable at night. To moderate tempera-
ture then the essential parameters are surface roughness, colour and porosity (all 
affecting albedo characteristics).

12.4  Strategic Planning: Working the Whole City

Strategic planning may be formulated through plans setting out a vision or objec-
tives for the next 10, 20, 25 or more years for a city or city region. Work at this scale 
is often an attempt to determine broad future spatial patterns for investment includ-
ing for employment, housing and transport. Plans may also include resource strate-
gies including for energy, waste and water.

12.4.1  Growth Patterns and Urban Sprawl

Development pressures in urban areas are often acute, with demand for housing and 
employment outstripping supply. At a strategic planning level, the resolution, in 
terms of settlement growth, can been categorised into a number of archetypal spatial 
patterns relating to strategic policy. Different strategic policy results in different 
spatial patterns of development. Some idealised types of strategic policy and their 
resultant spatial development patterns are given in Table 12.4.

The impact on health cannot be wholly predicated at this strategic scale. Even the 
outcomes of the compact city option, often advocated for sustainability and quality 
of life, may be adverse for health and health equity if urban design and governance 
at the micro-scale are poor. Outcomes are always dependent on the local context. 
However low-density ‘urban sprawl’, which is market driven and often occurs if 
strategic policies are not implemented or are weak, has been shown to damage 
health (Lavin et al. 2006; Frank et al. 2012).
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Sprawl is a possibility across all these strategic approaches, except intensification; 
and it is actually built into the free market policy. Urban sprawl can be said to occur 
where residential densities are not high enough to support a good range of local 
amenities and services, leading to the creation of environments where travelling by 
car is necessary for daily living, with a detrimental impact on walkability in the 
public realm and on equity. Urban sprawl now occurs at the periphery of most urban 
centres. It results in increased consumption of energy, resources, transport and land, 
raising levels of greenhouse gas emissions and air and noise pollution (EEA 2009a).

12.4.2  Strategic Planning Processes

Three strategic planning processes need to be manipulated to set the stage for health 
and healthy place-making at the local level.

Urban planning: Healthy Urban Planning sees the integration of health consid-
erations into urban planning processes, programmes and projects. This involves 
establishing the necessary capacity and political and institutional commitment to 
achieve this goal. City-wide plans such as for housing, employment, retail or educa-
tion need to be scrutinised. Health impact assessment can be a useful tool, but it is 
important that its methodology aligns with iterative and creative planning and 
design processes (Barton and Grant 2008; Grant and Barton 2013).

Transport planning: This needs to be viewed as movement planning not traffic 
planning. People need to move between home and other locations to access work, 
shops, education and leisure. Health is facilitated by building everyday physical 
activity into people lives—relevant to their ability. Planning for walking (often 
overlooked) and public transport needs careful attention. Access needs to be 
promoted, facilitating everyone, including the very young and people with limited 
mobility, to reach their required destination without having to use a car. The 
emergence of car-free and restricted car developments points to one way forward 
for health and sustainable development (Nieuwenhuijsen and Khreis 2016).

Table 12.4 Strategic urban growth policy and resultant spatial patterns

Strategic urban growth policy Resulting spatial pattern

Intensification: infill and build within urban existing boundaries Compact city
Edge expansion: allow connected growth on any boundary Planned extensions
Linear or corridor expansion: allow growth connected or not only 
along transport corridors

Planned extensions and 
satellite towns

Exurbs: built new suburbs dependent on the exiting city Satellite towns
New settlement: built new self-supporting independent 
settlements

Satellite towns

Free market: allow development to without controls over location 
and form

Dispersal
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Green and blue infrastructure planning: Green infrastructure needs planning at 
the strategic scale and detailed design at the local level. The research into the rela-
tionship between green infrastructure and human health is well advanced (WHO 
2017b). Well-planned strategic green and blue infrastructure can have multiple ben-
efits for health, providing populations with access to nature and amenity; providing 
opportunities for urban farming, food growing and silviculture, and providing active 
long-distance transport routes and microclimate amelioration. This is in addition to 
a number of ecosystem service functions that support planetary health such as sup-
port for biodiversity through provision of species migration corridors and habitat 
reserves.

12.4.3  Climate Change

Spatial planning at the strategic scale has a major role to play in enabling cities to 
cope with extreme weather events. This includes the proper planning of the water 
cycle, including rain water capture, grey water reuse, flood risk management and 
sustainable urban drainage. There is an extensive literature on risks of climate 
change for health (WHO 2014). Urban planning needs to address building and 
transport energy use, two sources of climate emissions. In Europe, urban popula-
tions account for 69% of all energy use (EEA 2009b). Transport accounts for 21% 
of the climate gas emissions levels determined by both mode of travel used and 
spatial land use distribution (EC 2008). Two responses to climate change have been 
established, mitigation and adaptation. Mitigation is technological change and sub-
stitution to reduce resource inputs and emissions. Adaptation refers to measures to 
reduce the vulnerability of natural and human systems to climate change effects 
(Verbruggen 2007). With both responses, co-benefits should be sought which also 
increase the likelihood of healthier urban lifestyles.

12.5  Place-Making: Creating Human Habitat

Places are the everyday and intimate living environments that promote or detract 
from population health. What we have called strategic planning sets the scene for 
local environments. However design and planning decisions at the local level and 
how local people are involved (or not) create places. The idea of place exists at sev-
eral scales, from individual rooms and apartments to neighbourhoods. When think-
ing of place in the context of health, we include physical characteristics: local 
buildings, streets and what people view as their own neighbourhood. However, the 
concept of place also has social dimensions: the relationships, support networks, 
social contacts and other aspects of a community. Urban design can support, 
detract from or even destroy this social dimension. Place must be seen as human 
habitat whose diverse characteristics combine to create, or undermine, health and 
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well- being. The characteristics of a place have a bearing on behaviour and lifestyle 
choices open to individuals who live there. Importantly, what constitutes a healthy 
place can vary for different groups within society. The elderly, young, disadvan-
taged and infirm, for example, all have particular requirements of a place if it is to 
support their health and well-being.

Although individual studies often lack the methodology to show causality (a 
consistent methodological problem when researching real urban situations), there is 
a wealth of guidance providing design characteristics that support population health 
in a local environment (see, e.g. Barton et al. 2010). There is also a growing experi-
ence amongst practitioners about the kinds of processes that are successful in creat-
ing healthier places. People matter, and perceptions of neighbourhood are strongly 
associated with health and well-being (Croucher et al. 2007).

There are two distinct ways that cities can tackle place-making. First, through 
neighbourhood-based projects, these usually focus on specific locations. Projects 
may improve existing neighbourhoods or lay the foundations for new neighbour-
hoods. Two projects from the WHO Healthy Cities will illustrate this. Firstly, an 
urban design project in Kirikkale, Turkey, to transform a successful local street 
market whose growth has compounded local problems of high traffic volumes and 
air pollution (Grant 2015). Secondly, in Helsingborg, where the focus was a residen-
tial problem in four apartment blocks with high levels of vandalism; this was linked 
to a lack of local pride, lack of natural surveillance and no sense of community. 
Following a pilot study, an urban design-led gardening project saw rich health out-
comes for physical activity, well-being and social capital (Grant and Lease 2014). 
Secondly, some projects at this scale are not based on a specific location but cover a 
specific type of local place found repeatedly across a city, such as the ‘Healthy 
Streets’ programme in London (TfL 2017) or the greening of transport corridors in 
Barcelona (Ajuntament de Barcelona 2013).

12.5.1  Neighbourhood Projects as Place-Based Health 
Promotion

Neighbourhood environment are places of particular importance; at this scale evi-
dence consistently indicates that there is an association between the built environ-
ment, health and well-being and levels of physical activity (Saelens et  al. 2003; 
Croucher et al. 2007). Research has often focussed on the measurement of specific 
environmental attributes that may determine health, such as population density, land 
use diversity, street network design, accessibility to transit and greenery and aes-
thetics; but causality remains illusive in such studies (McCormack and Shiell 2011; 
Feng et al. 2010). Neighbourhoods that support walking are associated with higher 
levels of physical activity and lower levels of obesity. Accessible neighbourhood 
resources are strongly associated with levels of physical activity. Local green space 
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plays an important role in facilitating exercise and promoting health and well-being 
(WHO 2016).

One example of integrated neighbourhood work can be found in Gyor,  
Hungary, a WHO Europe designated Healthy City. Here, a physical regeneration 
programme combined with social interventions aimed to reduce health inequalities 
in a multicultural neighbourhood of the city, where many of the social and health 
problems were associated with a run-down urban environment. They began with 
assessments of physical interventions, which included renovations of the physical 
fabric, creating public areas for leisure, sport and play and general greening. To 
complement these physical improvements, the city introduced several social inter-
ventions with the main aims of community building and health and lifestyle 
improvements. These were delivered through programmes focusing on young peo-
ple, children, families, mothers-to-be, mothers with young children and the Roma 
community (Grant and Lease 2014).

12.5.2  Involving Communities in Neighbourhoods for Health

The aspiration should be to engage local communities and stakeholders in designing 
and managing places, settings and communities consistent with the needs of users 
throughout the life course. And the good news is that ‘communities get it!’. In 
Bristol and elsewhere, the HealthMap (Fig. 12.1) has been used as a ‘health lens’ 
through which local communities could understand their locality in terms of what is 
keeping them healthy and what is undermining their health. This approach can 
enable people’s lived experiences to feed into neighbourhood planning processes, 
such as community health impact assessments of a regeneration plan (Hewitt and 
Grant 2010). In Belfast, UK, school children have participated, through a range of 
innovative range of engagement methods, in voicing their needs for an inclusive, 
resilient and child-friendly city. This approach has been particularly effective in 
bringing the poor quality of their walking routes to school to the attention of local 
politicians (BHC 2016).

The Scottish National Health Service has developed a tool to support healthier 
place-making (Scottish Government 2015). Called the ‘Place Standard’, the tool 
provides a method for communities and other stakeholders to come together to 
assess their local environments against 14 parameters, each with a physical mani-
festation that is known to influence health. The tool helps to combine social, eco-
nomic, physical, cultural and historical characteristics of a location. Sixty-five 
separate instances of Place Standard use were recorded between December 2015 
and February 2017. An evaluation report indicated how useful it has been in raising 
awareness and developing conversations leading to action about health and place- 
making (Scottish Government 2017).

12 Planning for Healthy Cities



242

12.5.3  Recognising Co-benefits

Planning for health is an approach that is strengthened, in its execution and out-
comes, if the potential for co-benefits is recognised. In theory and in practice, a 
single intervention can be supported by multiple stakeholders, from several budgets 
if it delivers benefits for several city objectives. A good example of this is a pro-
gramme in the Indian state of Bihar aimed at reducing the gender gap in secondary 
school enrolment by providing girls who continued to secondary school with a 
bicycle to improve access to school. Analysis found that this was responsible for a 
32% increase in girls’ enrolment in secondary school and a corresponding reduction 
in gender gap by 40% (Muralidharan and Prakash 2017). The initiative also proved 
good value for money compared with other options. Framing this in terms of 
Sustainable Development Goals (SDGs), it supported gender equality (SDG5). But 
this is the kind of initiative that would also support targets for good health and well- 
being (SDG3), quality education (SDG4) and sustainable cities and communities 
(SDG11) amongst others.

A global study of premature mortality due to non-compliance with international 
directives for the urban environment gives another example of the potential for co-
benefits. Its findings emphasised the need for the reduction of motorised traffic 
through the promotion of active and public transport and the provision of green 
infrastructure, both of which could also provide opportunities for physical activity 
and mitigation of air pollution, noise and heat (Mueller et al. 2017). A third example 
can be found in Cape Town, South Africa. A public-private partnership formed to 
launch a housing retrofit programme in a low-income neighbourhood of Khayelitsha 
Township. Housing units were upgraded with insulation, low-energy lighting and 
solar water heaters with consequent savings in carbon dioxide emission and energy 
cost for each household. These measures lowered the risk of tuberculosis by reduc-
ing dampness in dwellings and improved hygiene by encouraging washing with 
warm water. The associated reductions in air pollution also lowered the risk of 
pneumonia and other respiratory illnesses (WHO 2011a). Focussing on co-benefits 
allows a stronger coalition of stakeholders to come together and support these more 
complex interventions.

12.6  Setting the Scene for Effective Action

Planning for healthy cities creates the potential for new city level collaboration for 
urban health. This is now supported globally. The Shanghai Consensus for Healthy 
Cities 2016 (Mayors Forum 2016) identified priority action areas for cities to 
achieve SDG3 ‘ensure healthy lives and promote well-being for all at all ages’ and 
SDG11 ‘make cities and human settlements inclusive, safe, resilient and sustain-
able’. The Quito Implementation Plan, stemming from Habitat III, the United 
Nations Conference on Housing and Sustainable Urban Development, provides a 
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platform for national action (WHO 2016). These lay the basis for national and city 
level action to put the wider determinants of health and health equity into city and 
transport planning.

12.6.1  City Leadership for Healthy People

In the quest for ‘the creation of health’, the causes of the wider determinants of 
health (and ill-health) have been the subject of continual dialogue (such as 
Hippocrates 1849; Hancock 1985; Dahlgren and Whitehead 2007; Burns 2014; de 
Leeuw and Simos 2017). The refrain often heard in the context of national policy 
and echoed in city leadership is that economic growth is the main determinant of 
health (Povall et al. 2007) and that economic growth as an objective in itself will 
promote human development and improve health as a matter of course. However it 
is not as simple as that. Economic development can bring with it widening inequali-
ties that frustrate health objectives (Pickett and Wilkinson 2015) and even the way 
that economic development is measured is subject to challenge on the grounds of 
being insensitive or even blind to human and planetary well-being (Jackson and 
Senker 2011). Moreover, the association at national or city level between average 
wealth and health can often mask a deepening inequality. After a basic level of eco-
nomic development, further improvements often skew benefit to those in higher 
socio- economic groups (CSDH 2008). As part of what looks like a circular argu-
ment, health may need to constantly reposition itself in relation to more dominant 
political objectives (Kickbusch 2012). For example, the European Union set an 
additional 2 years of healthy life expectancy as a key determinant of its economic 
growth policy through expecting a longevity dividend in return. This same type of 
reasoning was been applied when negotiating the Ministerial Declaration on NCDs 
at the United Nations in 2011, by calculating the significant loss to national econo-
mies that emerging powers will experience if they do not address the health chal-
lenges at hand (Kickbusch 2012).

With the drive for economic prowess in the minds of many city leaders, there also 
has been recent discussion of the commercial determinants of non- communicable 
disease (Kickbusch et al. 2016; Buse et al. 2017). In Bristol, the public health section 
of the local authority has published a number of working papers of the negative 
impact on health of job creation. Even though employment is a key determinant of 
health, we cannot say that job creation is always pro-health especially where the 
work is insecure, low paid and shift work or involves long commuting times. City 
leaders will need to carefully assess political and economic drivers locally in order 
to clarify, strengthen and position a healthy city or Healthy Urban Planning approach. 
However, with several competing drivers of city development, many conflicting with 
health goals, it can be an uphill struggle to attempt to use planning and urban design 
for such value-based activity without strong political support (Tsouros 2017).
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In terms of action, city leaders will need to:

 1. Prioritise city policies that create co-benefits between health and well-being and 
other social, economic and environmental goods.

 2. Engage with public agencies, spatial planners, voluntary bodies, businesses and 
industry and all other actors whose activities influence the ability of places to 
support and create health.

 3. Engage local communities in identifying the physical characteristics of place 
that most support the health and well-being.

 4. Promote development that is supportive to groups of all ages and levels of 
ability.

 5. Ensure sustainable use and access to natural resources and reduce vulnerabilities 
to climate risks for communities.

12.6.2  Coalitions for Healthy Planning

Policy makers and researchers need to join forces with city leaders and help them 
steer investments in physical change to better support health, together with their 
communities. Pivotal to this success is the contribution of spatial planning, through 
Healthy Urban Planning and healthy transport; it offers the opportunity to shape the 
form and function of cities and the neighbourhoods where people live:

• Through planning, development and design
• Across all sectors; city governance, urban management, community develop-

ment, landscape, architecture, urban planning and transport
• By partnerships; in policy, in practice and in research
• For initial build, for regeneration and for retrofit
• At all scales; from building and street, home-patch and neighbourhood to dis-

trict, city and city region

12.6.3  Changing the Game

Revisiting the analogy of a game. The ever-growing community of those interested 
in healthier cities now needs to take charge of how this game is being played. We 
need to find common cause between action on the ground in cities and the research 
into that action. So we should not forget that one goal of planning for healthy cities 
should be to obtain better knowledge of how to improve urban health through plan-
ning, urban design and transport. We need research methods that can support and 
critically analyse multidisciplinary groups, fully including the communities 
involved, as we all develop our understanding of neighbourhood characteristics that 
support health.
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There are currently two significant areas where more knowledge is required:

• Firstly, the economic case still needs proving and articulating in a way that politi-
cians will find meaningful. There is an implicit hunch that ‘building-in’ health to 
cities and their neighbourhoods makes long-term financial sense. Can we now 
develop the research to prove it?

• Secondly, in this multidisciplinary, multi-professional and multi-stakeholder 
domain, evidence is being ‘created’, and evidence is being ‘consumed’ across 
quite different traditions of validity and relevance. However, we have yet to 
develop a common language. Without this how can we identify the misconnec-
tions and outright gaps that still exist within our ever-growing landscape of evi-
dence and interventions?

I would suggest the following key questions for practitioners, researchers and city 
leaders with their communities, to keep asking of their own local context:

• How can I develop and spread an understanding of health in relation to urban 
form?

• What urban components and determinants of health are locally most dominant?
• What urban planning solutions have been successful and how can we adapt and 

implement them more widely?
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Chapter 13
Land Use Policy, Travel Behavior, 
and Health

Bert van Wee

13.1  Introduction

The transport system, together with the land use system, allows people to participate 
in activities at different places and transport goods between different locations. In 
case of people: it allows us to travel to work, friends, and relatives, amenities, 
health-care services, shops, schools, and many more destinations. This results in 
important economic and other accessibility-related benefits for society.

But these benefits come at considerable costs for the users, and (via the tax 
payer), for governments (e.g., costs of infrastructure, subsidies for public transport), 
and for society (environmental impacts, safety impacts).

An important effect category that is largely (but not only) of a non monetary 
nature is health. Health effects of the transport system can be both positive and 
negative. This chapter’s focus is on travel-related health effects. The four dominant 
categories of such health effects for the traveler are accidents, exposure to pollut-
ants, exercise, and well-being, and in addition, there are health effects for others, 
such as exposure to air pollution and noise for people living near heavily trafficked 
roads. Health is an upcoming theme in the field of transport, both in policy making 
and in research. Since 2013 there is even a journal titled Journal of Transport and 
Health. The growing interest in transport and health is partly related to the increas-
ing awareness of the health risks of transport policies and the health benefits of 
active modes (walking and cycling), and more specifically because cycling is 
becoming more popular in many cities and regions across the world (Pucher and 
Buehler 2012), and receives a lot of attention in academic research anyway. Of the 
ten most downloaded papers of the journal Transport Reviews, six were about 
cycling (assessed 2-12-2016), and all these papers were published recently, since 
2008. Health impacts of travel for people other than the user, mainly exposure to air 
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pollutants and noise, have been addressed in the literature and policy making for 
decades. The same applies for accident risks of travel. The increasing attention paid 
to transport and health is related to all four health-related categories of effects for 
the traveler as presented above: there is an increasing awareness of cycling being a 
form of exercise (and thus improves health), and an activity that might increase 
well- being, but cycling also results in an increased intake of pollutants and is often 
risky (at least expressed as risks per kilometer).

But the relationships between transport and health include more than those 
related to active modes. People traveling by car, public transport, and aircraft are 
also exposed to risks and often to pollutants and experience varying levels of 
well-being.

Several policy categories can influence the impact of the transport system on 
health. Regulations for new road vehicles have an impact on emission and exposure 
levels, and on road safety of both people using these vehicles, and people experienc-
ing the risk of being hit by these vehicles. Pricing policies (e.g., subsidies on public 
transport, levies on fuels, taxes on cars) and parking policies influence mode choice 
and therefore exposures and health effects. Infrastructure policies influence the (un)
attractiveness to travel to distinguished destinations, via influencing travel times, 
travel costs, and effort. Specific public transport policies (such as those having an 
impact on the services offered and tariffs) influence mode choice and the intensity 
of using public transport (number of trips, distances traveled). Land use policies 
influence which activities are located were, and next in multiple ways influence 
travel behavior and next health, but also the health impacts of the transport system 
in other ways (see Sects. 13.4 and 13.5).

Despite the increasing awareness of the relationships between transport and 
health, to the best of my knowledge, there is no systematic overview of policies to 
influence the impact of the transport system on health. This chapter aims to reduce 
this knowledge gap. It is beyond the aims of this chapter to discuss all policies but 
focuses on one important and less researched category: land use policies. Land use 
policies are the most relevant to the scope of the book (which is on urban develop-
ment) in which this chapter is included. More specifically, this chapter aims to 
answer the question:

How can land use policies influence the impact of travel behavior on health?
This general question is answered by answering next sub-questions:

 1. In which ways does travel behavior influence health?
 2. How can the impact of travel behavior on health be conceptualized?
 3. How does land use influence the transport system, travel behavior, and next 

health?
 4. Which land use policies can influence the impact of land use via the transport 

system on health?

Note that land use policies have way more effects than those related to health 
only and can influence the environmental pressure of the transport system on eco-
systems (e.g., by changing mode choice) or levels of accessibility. These effects are 
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excluded from the current chapter (see Van Wee 2011, for a discussion on the envi-
ronmental and accessibility benefits of land use policies).

Before I explain the impacts of travel behavior and the wider transport system on 
health, it is important to make explicit how health is defined. The World Health 
Organization (WHO) defines health as “a state of complete physical, mental and 
social well-being and not merely the absence of disease or infirmity” (http://www.
who.int/about/definition/en/print.html). Following earlier work (van Wee and 
Ettema 2016), in this chapter I also consider health to be broader than the absence 
of disease or infirmity, but I adopt a less broad approach than the WHO, by exclud-
ing the social dimension. This is because the social dimension is only indirectly 
related to the links between travel behavior and health.

Section 13.2 presents two conceptual models expressing the relationships 
between transport and health, answering the first two sub-questions. Next, Sect. 
13.3 explains the relationships between land use and the transport system and travel 
behavior as far as relevant for the health impacts of travel, answering sub-question 
3, and Sect. 13.4 answers sub-question 4 presenting options for land use policies to 
influence the transport system and next health. Section 13.5 discusses some key top-
ics for the impact of land use via travel behavior and the transport system, on health. 
Section 13.6 finally summarizes the main conclusions of this chapter.

13.2  Transport and Health: A Conceptualization

I first discuss health impacts related to people’s traveling. Van Wee and Ettema 
(2016) propose a conceptual model for the relationships between travel behavior 
and health. I take this model, in a slightly revised form, as a point of departure. 
Below I present the model and summarize the underpinnings. For a more elaborate 
discussion of the model and sources used, the reader can refer to Van Wee and 
Ettema (2016) (Fig. 13.1).

Figure 13.1 makes clear that health of people traveling is primarily determined 
by the following components:

• Level of physical activity (Block A)
• Air pollution intake (Block B)
• Casualties/accidents (Block C)
• (Subjective) well-being (Block D)

These four main factors are interrelated, a first example being that the use of 
active modes may result in an increase of subjective well-being (Olsson et al. 2013), 
but on the other hand, accidents (crashes/falls) can decrease the use of active modes 
because people become disabled or because they become scared to use these modes 
(see Lee et al. 2015). Another example: high concentrations of air pollutants are 
unhealthy and can also reduce the willingness of people to walk or cycling, reducing 
the health benefits of physical activity.
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Arrows 1–4 express the direct impact of travel behavior on these four factors. 
Distances traveled influence mode choice and vice versa: the bike is not an option  
if a person needs to travel for 100 km, and a person preferring to cycle will chose 
less remote destinations. Consequently, travel behavior influences the level of 
travel-related physical activity of people (arrow 1—e.g., Handy 2014). If people 
walk or cycle, their intake of pollutants per unit of time can be higher compared to 
when they would drive, especially when they walk or cycle close to heavily traf-
ficked roads (arrow 2—e.g., Nyhan et  al. 2014). But if they travel in areas with 
lower concentrations of pollutants, the intake can also be lower compared to when 
they would drive. People traveling by underground are exposed to relatively high 
concentrations of particulate matter (PM) originating from mechanical friction pro-
cesses (e.g., Şahin et  al. 2012). Therefore, distance traveled and mode choice 
 influence the levels of air pollution exposures. Other risk factors are also mode- 
dependent (Wegman 2013), and in case of road traffic, these vary between road 
types (Amoros et al. 2003) (arrow 3). In Swedish cities (momentary), well-being is 
highest for people who commute by active modes, followed by traveling by car and 
finally public transport (e.g., Olsson et al. 2013). The authors hypothesize that desir-
able physical exercise might explain the high level of well-being for active modes, 

Personal characteristics

Socio-economic and 
demographic characteristics,

Attitudes
Physical activity

(not travel related)

Residential 
choice Travel behavior

Health

Physical 
activity 

(A)

Air pollution 
intake (B)

Casualties (C)

Well-being(D)

7

10

5

4

9

2

6

3

8

1

Fig. 13.1 Conceptual model for the dominant relationship between travel behavior and health of 
people traveling (source: Van Wee and Ettema 2016)
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as well as the relatively short travel distances—long commuting distances are less 
appreciated. They do not explain the difference between driving and public trans-
port. Next, travel influences (subjective) well-being because people can reach loca-
tions of activities and services (e.g., De Vos et al. 2013) (arrow 4).

In addition, several second-order relationships exist, as expressed in Fig. 13.1:

• Socioeconomic and demographic characteristics and travel behavior (arrows 5–7)
• Physical activity: walking and cycling versus wider activity patterns (arrow 8)
• Subjective well-being and the use of active modes (arrow 10)
• Self-selection effects (arrows 5 and 9)

13.2.1  Socioeconomic and Demographic Variables 
(Arrows 5–7)

The importance of socioeconomic and demographic variables (such as age, gender, 
education level, and household characteristics) for travel behavior (arrow 5) is con-
firmed by many studies (e.g., Stipdonk et al. 2013). In addition, these variables can 
mediate the impact of physical activity, air pollution intake, and crashes/falls on 
health (arrow 6). For example, falling from a bicycle in general will have more 
impact on an 80-year-old person than on a 15 years old, and obese people will benefit 
more from an increase of physical activity (Bauman 2004). Comparably, personal 
characteristics may also have an impact on non-travel-related physical activity (arrow 
7), and next its impact on health, as well as on the impact of well-being on health.

13.2.2  Interaction of Travel-Related Physical Activity 
and Other Physical Activity (Arrow 8)

Walking and cycling levels can be related to other forms of physical activity. People 
may substitute these two forms. It could be that a person does not go to the gym 
because she already walks or cycles frequently. On the other hand, it is also possible 
that people who walk or cycle feel fitter and therefore also engage more in other forms 
of physical activity. For example, they might take the stairs and not the elevator. Such 
relationships are hardly studied in the literature, and the results are inconclusive.

13.2.3  Causality of Subjective Well-Being and the Use 
of Active Modes (Arrow 10)

It is possible that people with a high level of subjective well-being walk and cycle 
(arrow 10) more than average, but to the best of my knowledge, there is hardly any 
literature on this topic, an exception being Baruth et al. (2011) who conclude that 
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people with higher levels of subjective well-being achieved more than the average 
increase in physical activity levels during a physical activity intervention program. 
It could be that a higher level of subjective well-being increases the willingness to 
change behavior, but this is rather speculative. The literature generally studies the 
reverse causality: the impact of walking and cycling on mental health and mood (see 
above).

13.2.4  Self-Selection Effects (Arrows 5 and 9)

A potential important phenomenon relevant for the relationships between travel 
behavior and health is self-selection. People self-select in many ways. For example, 
people with higher incomes generally live in neighborhoods with more expensive 
houses. This form of self-selection is generally included in research by including 
socioeconomic and demographic variables, and therefore I do not further discuss it. 
But people can self-select in many other respects, the most often studied form being 
residential self-selection based on preferences for modes or travel attitudes more gen-
erally (e.g., Cao et al. 2009). The impact of attitudes on travel behavior is conceptual-
ized via arrow 5 in Fig. 13.1 and the impact of attitudes on residential self- selection 
by arrow 9. Residential self-selection can also be influenced by health considerations 
(not conceptualized in Fig. 13.1). For instance, people who think exercise is impor-
tant may chose a residential location that encourages walking or cycling.

As expressed by the heading of Fig. 13.1, this figure conceptualizes the dominant 
relationships related to travel behavior for the people traveling. In addition, there are 
effects on other people. Figure 13.2 conceptualizes these impacts.

Figure 13.2 shows that people traveling affect the health of others, nearby or 
“local” effects being a first category (noise, air pollution, risks, and “barrier effects” 
(e.g., crossing ability) being dominant effects). People exposed to these effects are 
other road users, and people staying near roads, such as residents, and children at 
schools located near heavily trafficked roads. Traffic also contributes to larger-scale 
air pollutions in the form of smog. To keep Fig. 13.2 as simple as possible, these are 
not explicitly included in another box but assumed to be included in the “nearby” 
box. In addition, people traveling and the infrastructure they use result in barrier 
effects: people cannot easily cross streets because of traffic, or there are no nearby 
physical options to cross motorways, other main roads, or railways. Secondly, trans-
port contributes to climate change, mainly due to CO2 emissions, and climate 
change will have a range of health-related effects (e.g., Patz et al. 2005), such as 
exposure to flood risks, extremely hot temperatures, and the spread of diseases. 
Next, travel behavior in the long run will induce land use changes, as often expressed 
in the land use and transport interaction literature (e.g., Wegener and Fürst 1999). 
For example, if more people travel by car, companies, shops, and services value car 
accessibility higher and might prefer to be located at locations well accessible by 
car. And such land use changes influence accessibility levels. For example, a shift of 
activities to locations well accessible by car might result in social exclusion of those 
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not having a car available (e.g., Lucas 2004), decreasing the well-being of people 
and next their health. And changing land use has an impact on travel behavior. Land 
use changes also influence the nearness of green space and health effects due to 
exposure of green space.

13.3  Land Use, the Transport System, and Health

I now move to the impact of land use on the transport system and next on health.
Figure 13.3 conceptualizes the ways in which land use can influence the four 

blocks that influence health of people traveling (physical activity, air pollution 
intake, casualties/accidents, and well-being) as presented above. Note that the figure 
is not limited to the direct effects of travel behavior via these four blocks but takes a 
broader perspective also focusing on the locations of travel, which comprise both the 
locations of infrastructure, as well as the use of infrastructure by people traveling.

Figure 13.3 shows that land use (the locations of activities) can influence the four 
blocks relevant for health in multiple ways. First, land use can influence travel 

Travel behavior
Direct ‘nearby’ (or 
‘local’) effects:

•  Noise
•  Air pollution
•  Barrier
  effects

•  Risks

Climate change 
effects

Land-use changes

Accessibility
Well-being
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Fig. 13.2 Conceptual model for the dominant relationship between travel behavior and health of 
others than the traveler
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behavior and next the levels of physical activity and well-being (and next health—
see above). The land use factors that are often found to have an impact on travel 
behavior are sometimes labeled as the five Ds and include density, diversity, design, 
destination accessibility, and distance to transit (Ewing and Cervero 2010). Density 
is expressed in units of a variable per unit of surface, e.g., population size, number 
of jobs, or houses per square kilometer. Higher densities, at least theoretically, allow 
for shorter trip distances because destinations are nearer. Shorter distances increase 
the attractiveness and convenience of walking and cycling and increases the share of 
these modes. And an increase in the levels of walking and cycling can increase both 
physical activity and well-being, as explained above. Diversity expresses the level 
to which different land use categories (dwellings, shops, medical services, schools, 
jobs, etc.) are mixed. Higher level of mixed land  use can reduce travel distances. For 
example, if all shops and services would be concentrated in the center of a town, 
people on average would have to travel longer compared to when shops and services 
would be distributed over neighborhood centers (and the town center). Consequently, 
mixed land use also influences mode choice because, as explained above, active 
modes are relatively attractive for shorter distances. Design expresses street net-
work characteristics and can influence travel behavior in many ways. For example, 

Travel 
behavior

Level of physical 
activity

Attractiveness 
of travel

Locations of 
active travel

Locations of 
motorized 
travel

Well-being

Air pollution 
intake

casualties

Land-use: locations of 
activities

Fig. 13.3 Impacts of land use, via the transport system, on physical activity, air pollution intake, 
casualties, and well-being of people traveling
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a grit-based street pattern can reduce travel distances compared to other street pat-
terns that force people to take longer routes. And next, as explained above, it can 
influence the share of active modes. Destination accessibility expresses how (un)
easy it is to reach the locations of destinations. It is often expressed in travel times 
or distances to (potential) destinations. The nearer destinations, the shorter travel 
distances and the higher the share of active modes. Distance to transit expresses the 
shortest distance (or sometimes time) to travel to a bus stop or railway station and 
influences mode choice, in particular the share of transit. Results of many studies 
reveal that land use does influence travel behavior, after controlling for socioeco-
nomic and demographic variables and even after controlling for (attitudes based) 
residential self-selection. But the influence is not very strong and limited compared 
to socioeconomic and demographic variables (Ewing and Cervero 2010, and see 
many references in that study for further underpinnings of this general conclusion). 
But there still is discussion about the quantitative results, the interpretation, and the 
desirability of related land use policies (e.g., Stevens 2017).

Note that design can also relate to the characteristics of infrastructure, not only to 
land use, and infrastructure characteristics also influence travel behavior. And there is 
a gray area, related to reduced car access, or even car-free zones. Some researchers 
interpret this as infrastructure planning, but one can also see this as a form of land use 
planning. In case of this latter interpretation, it is important to note that zones with 
little or no motorized traffic, often central urban areas, will have better air quality and 
will be more attractive for pedestrians and cyclists—see, for example, Nieuwenhuijsen 
and Khreis (2016) who conclude that such areas have direct and indirect health ben-
efits, but that the size and conflicts between different effects are yet unclear.

Secondly, land use can influence the attractiveness of travel. Nice scenery and 
attractive infrastructure (cycle lanes, wide pavements) increase levels of walking 
and cycling (Meurs and Haaijer 2001) and can improve the well-being of travel 
directly, e.g., due to enjoying the scenery (see Gatersleben and Uzzell 2007).

Thirdly, the locations of active travel and motorized travel infrastructure matter. 
The locations of active travel infrastructure matter, at least because of the attractive-
ness of the specific route taken (see previous point) and next because the specific 
routes taken have an impact on risks and the intake of pollutants. This is because 
risk factors vary between road types (see above), and the concentrations of pollut-
ants also vary between roads. The magnitude of these impacts to some extent not 
only relates to the characteristics of the infrastructure and the direct environment of 
infrastructure but also to the locations of motorized transport (where and when do 
which motorized vehicles drive), as conceptualized by the arrow from “locations of 
motorized travel” to “air pollution intake” and “causalities”. If, for example, roads 
for motorized road traffic are adjacent to cycle lanes, the intake of pollutants will be 
higher compared to cases in which the distance to the nearest road with motorized 
traffic is larger. And also for people traveling by motorized modes, the intake 
depends on the concentrations of pollutants which vary by road, and the risks vary 
by road type (and even road).

The impact of land use on travel behavior also influences the health of others, as 
conceptualized by Fig. 13.4.

13 Land Use Policy, Travel Behavior and Health



262

Land use influences travel behavior and accessibility and next health in the way 
as conceptualized in Fig. 13.2. In addition, it has an impact on where people drive, 
and where other people stay (travel, live, work, shop, etc.), and therefore on their 
exposure to the negative impacts of people traveling (air pollution, noise, barrier 
effects, long-term climate change impacts). It may even influence well-being 
because of other negative environmental implications of travel, such as the impact 
of parked and driving vehicles, regardless of risks, pollution, and noise. For exam-
ple, if many cars are parked in streets in residential areas, it may prevent children 
from playing on the street.

13.4  Land Use Policies

The next question is: How can land use policies influence travel behavior, the attrac-
tiveness of travel, the locations of active and motorized travel, and the locations of 
other activities (working, living, shopping, etc.)? I first discuss the determinants that 
land use can influence, followed by a discussion on specific policy instruments. 
Table 13.1 presents the main determinants for land use policies.

Firstly, land use policies can influence all Ds as presented above and next travel 
behavior. But the options for this influence differ across regions and countries/
states, depending on the policy instruments available and the planning culture at 
stake. In several European countries, it is much more common for policy makers to 
develop land use policies than in the USA, although planning concepts like Transit 
Oriented Development and New Urbanism have gained popularity during the past 
decades (Cervero and Radisch 1996; Handy 1996, 2005).

Land use policies can, among others, include policies encouraging building in 
high densities and policies that stimulate mixed land use (diversity) and building 
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Fig. 13.4 Impacts of land use, via the transport system, on health of others than the traveler
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near railway stations. Such policies often have synergetic effects. For example, not 
only building near stations will increase the share of the train in travel, but building 
in high densities near stations will further increase the potential of rail. See Van Wee 
(2002) for a more elaborate discussion of how land use policies can influence travel 
behavior.

Secondly, land use policies influence the attractiveness of travel, by improving 
the attractiveness of both the infrastructure and the areas adjacent to infrastructure. 
Infrastructure can be made attractive, for example, by constructing attractive noise 
barriers and using asphalt with nice colors. The area adjacent to infrastructure can 
be made attractive by vegetation or water areas and nice buildings near infrastruc-
ture. Infrastructure can be planned making use of already nice areas. The attractive-
ness of infrastructure and the adjacent areas influences the attractiveness of a given 
route and can also influence route choice.

Thirdly, all journeys have an origin, a destination, and a route connecting both, 
and land use planning can influence the locations of activities and consequently the 
locations of active and other forms of travel: where do people travel? The 
 determinants influenced by land use policies are the same five Ds as discussed 
above. In addition, the routes that people chose between given origins and destina-
tions can be influenced by land use planning, as explained above, by influencing the 
attractiveness of infrastructure and the adjacent areas.

Fourthly, land use policies can influence all activities other than travel and con-
sequently the levels of exposure to pollution, noise, and barrier effects and well-
being-related effects.

Which specific policy instruments do authorities have available as far as land use 
policies are concerned? The way in which land use policies are implemented varies 
between countries. I distinguish between direct and indirect policies. Direct policies 
directly determine which land use categories are (not) allowed at which locations, 

Table 13.1 Determinants influenced by land use policies and their impact on travel-related health

Determinants for land use policies Impact on:

Density Travel behavior, locations of active and motorized 
travel

Diversity Travel behavior, locations of active and motorized 
travel

Design Travel behavior, locations of active and motorized 
travel

Destination accessibility Travel behavior, locations of active and motorized 
travel

Distance to transit Travel behavior, locations of active and motorized 
travel

Attractiveness of infrastructure Quality of the environment/attractiveness, route 
choice

Attractiveness of the areas near 
infrastructure

Quality of the environment/attractiveness, route 
choice

Any form of land use in general Locations of other activities
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zoning being a dominant instrument type. Indirect policies can be manifold. For 
example, several policies can influence land values and prices, and these values 
influence land use as expressed by bid-rent theory (e.g., Alonso 1964), examples 
being restrictions on urbanization and anti-speculation policies. Regulations, e.g., 
with respect to maximum speeds, can influence the negative impacts of motorways 
on the environment and indirectly the (un)attractiveness of the surroundings for 
specific land use categories. It is beyond the scope of this chapter to discuss all 
indirect policies. I limit myself to policies related to the level of service of the trans-
port system, distinguishing infrastructure policies and public transport policies.

Infrastructure influences land use, as recognized by so-called Land Use—
Transport Interaction models (LUTI models) (e.g., Wegener and Fürst 1999). Areas 
around railway, metro, or tram stations are attractive for some use categories (e.g., 
companies with many office jobs) because of the high accessibility by public trans-
port; areas near motorway that exists may be attractive for other use categories (e.g., 
distribution centers for goods). On the other hand, areas close to motorways or rail 
infrastructure may be less attractive because of noise or air pollution.

Parking policies are a next category of infrastructure policies that may influence 
land use. Abundant and free parking may have a positive influence on the attractive-
ness for cars but is likely to negatively influence the quality of the urban environment, 
making some areas less attractive. Especially central urban areas suffer from driving 
and parked cars, and many cities have introduced restrictions on parking (see Mingardo 
et al. 2015 for a conceptualization of the development parking policies over time).

In addition to infrastructure policies, specific public transport policies can influ-
ence land use indirectly. Not only do the locations of stations have an impact on land 
use, as explained above, but so do bus stops. And for all forms of public transport, 
the services offered (as expressed by time tables) matter: the “better” the services, 
the higher the likeliness that stations and stops influence land use.

13.5  Discussion

In this section, I discuss the content of this chapter from the perspective of the rel-
evance for research and (land use) policy making.

13.5.1  Lack of Integrative Approaches

This chapter made explicit that the relationships between travel behavior and health 
are manifold and complex. In the debates and research papers on land use and travel 
behavior, health is only seldom addressed. The framing of why land use could mat-
ter is much more related to the environmental impacts of travel behavior, due to 
mode choice and distanced traveled (mainly by car). But this chapter has made it 
clear that land use and land use policies have a much broader link with health than 
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related to environmental impacts only. I think the general theme of land use, travel, 
and health therefore is poorly studied.

A key element in this general theme is the complexity of the many relationships 
as presented in this paper, and this complexity is hardly addressed in the academic 
literature and in (land use) policy making, although there are studies addressing 
parts of these complex relationship (e.g., Nieuwenhuijsen 2016), and studies dis-
cussing qualitatively the complex relationships (e.g., Khreis et al. 2016). There cer-
tainly is a gap in the academic literature with respect to quantifying the complex 
relationships as discussed in this chapter. The relationships between land use poli-
cies and health via travel behavior are poorly addressed in policy documents in 
general, and to the best of my knowledge, the complex relationships are about 
absent. This is understandable, both in the case of research and policy making. 
Focusing on research, I think to fully study the complex relationships is about undo-
able, at least if these need to be studied simultaneously and quantitatively, with one 
large dataset of multiple combined datasets. Data collection then would be very 
complex, and respondents need to provide a lot of data, probably leading to low 
response rates. I think the best way forward is to split the full picture in parts and 
study these. Combining those parts, preferably quantitatively, probably leads to a 
better understanding of the complex relationships.

More specifically, I next discuss some specific topics that are poorly understood, 
the first one being related to Fig. 13.1: we do not know the interactions between 
travel as a form of physical activity and other types of physical activity. And we 
poorly understand the combined effect of all four blocks on health. There are a few 
attempts to at least include multiple effects. For example, De Hartog et al. (2010) 
studied the combined effect of cycling on physical activity, the intake of air pollut-
ants, and accidents and concluded that a shift from driving to cycling increases 
expected life years. But the study did not include the (other) complex relationships 
relevant for the health benefits of the assumed substitution from driving to cycling, 
as conceptualized in Fig. 13.1. Note that this discussion is not only related to the 
impact of land use on travel and next health but is of a more general nature, though 
also relevant for the link with land use.

The relationships as conceptualized in Fig. 13.2 between land use, accessibility, 
and travel behavior are much better understood. The main challenge is to link these 
relationships to the right part of the figure: the impacts on health via intermediate 
effects (“nearby,” climate change, well-being). A lot of literature focuses on the 
impact of land use and land use policies on travel behavior, ignoring emissions, 
exposure to emissions, risks, well-being, and health.

Focusing on Fig. 13.3, the impact of land use on travel behavior has been studied 
frequently, although there still are important debates, as addressed above. And the 
locations of travel are also well addressed. A more or less separate strand of litera-
ture studies the impact of emissions via dispersion to exposure, and these relation-
ships are also relatively well known. The same applies to the impact of this spatial 
distribution of travel (mainly by road type) on causalities. All other relationships as 
conceptualized in Fig. 13.3 are poorly understood, and these are promising chal-
lenges for future research.
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Most relationships conceptualized in Fig. 13.4 are addressed in the preceding 
figures, the exception being the impact of the spatial distribution of activities on 
well-being. To the best of my knowledge, this is also an understudied topic and thus 
an interesting topic for future research.

I now switch to Table 13.1. As mentioned above, the impact of the 5Ds on travel 
behavior is relatively well understood, although important debates remain. The 
impacts of land use on the attractiveness of infrastructure and the surrounding areas 
have received way less attention of literature, and this is a promising area of future 
research. For policy making it is even more understandable that the complexities as 
presented in this chapter are poorly recognized. It is about impossible to “sell” pol-
icy measures to decision makers, if the effects are communicated in a complex way. 
A way out could be to summarize the health effects of candidate land use policies in 
terms of differences in expected life years, quality-adjusted life years or comparable 
indicators, probably added with a brief description addressing who are affected 
(e.g., categories of travelers, neighborhoods) and in which way (e.g., due to changes 
in exercise or exposure to risk or pollutants).

13.5.2  The Evaluation of Land Use Policies

A next topic is the question of how to evaluate land use policies that aim to improve 
health via travel behavior. Let us assume land use policies influence health in a posi-
tive way, in any of the ways conceptualized in Fig. 13.3. Does this mean that these 
policies should thus be implemented? The answer to this question is not necessarily 
“yes”. This is because such policies have many more impacts and these can all be 
relevant to social welfare. In Van Wee (2002), I give an overview of relevant effects:

• Accessibility effects: how (un)easy can people reach destinations, and can com-
panies transport goods between destinations?

• The option value: how do people value options to travel, even if they do not use 
these (see Geurs et al. 2006)?

• The consumers’ surplus of travel: of how much more value is traveling for a 
traveler than it costs?

• Safety effects.
• The valuations of dwellings and the residential area, regardless of travel 

implications.
• Financial aspects: land use policies can influence costs. For example, building 

within the existing urban area is generally more expensive than building adjacent 
to the current urban area.

• Robustness: how robust is the land use and transport system for trend breaks, like 
disruptions due to climate change policies, strong changes in energy prices (up 
or down), or trend breaks in mobility behavior? Will it fulfill its role in societies 
under such changing conditions?
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So, for final decisions, it is important to at least take into consideration the most 
important effects of candidate policy options. If this is not done, policy makers and 
next decision makers are poorly informed about the pros and cons of these options, 
while the role of policy-related research is to inform decision makers.

13.6  Conclusions

This section summarizes the most important conclusions that follow from this chap-
ter. A first conclusion is that travel behavior can influence health via (1) level of 
physical activity, (2) air pollution intake, (3) casualties/accidents, and (4) (subjec-
tive) well-being.

A second conclusion is that the impacts of travel on health depend on personal 
characteristics, other forms of physical activity, and residential choice, and the 
interrelationships between these factors, and the impacts of travel behavior on 
health, are rather complex and under researched.

Third, these complex interrelationships are only partly understood. Consequently, 
several research challenges remain.

Fourth, land use can influence health via the transport system in multiple ways. 
It influences travel behavior, the attractiveness of travel, and the locations of active 
and motorized modes.

Fifth, travel behavior can be influenced by land use policies via the five Ds:  
density, diversity, design, destination accessibility, and distance to transit.

Sixth, land use can also influence the attractiveness of travel, and the locations of 
origins and destinations of trips, and route choice.

Seventh, decision making with respect to land use policies should not only be 
based on health impacts but should include many other aspects, at least  accessibility 
effects, the consumers’ surplus of travel, safety effects, the valuations of dwellings, 
and the residential area, regardless of travel implications, financial aspects, and the 
robustness of the land use and transport system.
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Chapter 14
Complex Urban Systems: Compact Cities, 
Transport and Health

Mark Stevenson and Brendan Gleeson

14.1  The Urban Age

The urban age has been declared. A new conversation welcomes the fact that human-
ity is now preponderantly an urban species, Homo urbanis. The major transnational 
institutions bestow great significance to urbanisation as a force shaping human for-
tunes (OECD 2010; UN-Habitat 2009, 2012; UNICEF 2012; World Bank 2010). 
For the past half-decade, the United Nations has broadcast the message of a new 
urban ascendancy. UN-Habitat enthuses, ‘A fresh future is taking shape, with urban 
areas around the world becoming not just the dominant form of habitat for human-
kind, but also the engine-rooms of human development as a whole’ (2012:v).

For the first time, the centre stage of human contest is urban. Much commentary 
would have us believe that cities are more than human stages: infernal machines at 
the heart of the crisis (e.g. Miles and Miles 2004). Grandly flagged statistics report 
their overwhelming contribution to global consumption and despoliation. Urban 
landscapes are said to consume around three-quarters of the world’s energy and 
generate the same proportion of its greenhouse gas emissions (Urry 2011). Dobbs 
et al. (2012) estimate that global urban growth until 2025 will drive an 80 million 
cubic metre increase in water demand and necessitate newly built floor space equiv-
alent to an area the size of Austria. The hard spectre of the ‘consumptive city’ looms 
over the global environmental consciousness. This truism of the age neglects the 
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dialectic of urbanisation, in which cities are simultaneously engines and  artefacts of 
the underlying process of accumulation, of money, matter, bodies and ambition.

Our long love affair with the city has reached new heights. It will only continue 
and intensify. By 2050, it is expected that three out of every four humans will live in 
an urban setting. The world population will have grown by around a third to number 
ten billion (Urry 2011). In the developed world, nearly nine in ten people will be 
urban denizens, even as some national populations decline.

Suburbanisation was the key form of urban growth in Western cities during the 
twentieth century. It continues apace, now accommodating the desires of aspirant 
middle classes in the developing world. Hamlin reports, ‘What the US did in the 
1950s with 160 million people, China is now doing with more than a billion – mov-
ing to suburbia’ (2013:36). In the fractious ‘developing city’, the suburban shift 
must largely take the forms of ‘imprisoned freedom’, gated villa estates for the elite 
and isolated tower dormitories for the middle classes.

The progressive abolition of slums and the growth of lower-density suburbs were 
undeniably linked to, if not solely a cause of, a vast increase in the health and well- 
being of urban populations. It was, however, also a model of human growth freighted 
with self-endangerment, but this was not to become clear until late into the twenti-
eth century. In 2011, Urry reflects on the ‘high carbon lives’ that were born and 
ordained in its car-dependent fabric (2011:64–65). Recognition of the limits, 
 contradictions and dangers of continued urban dispersal led to the formulation of a 
new urban policy idea, the compact city.

14.2  The Compact City

The compact city has dominated the international urban imagery since the 1990s, 
most particularly amongst the urban professions, planning, architecture and design 
(Breheny 1995; Neuman 2005; OECD 2010). The ideal has been disputed in schol-
arship (e.g. Gordon and Richardson 1997; Troy 1996) and by industry lobbies asso-
ciated with traditional suburban development (e.g. Moran 2006). In the United 
States, often fractious and heated debates have counter-posed ‘sprawl’ with ‘smart 
growth’, traditional development with ‘New Urbanism’ (see Chap. 4), car-based 
development with ‘transit-oriented development’ and so forth. The contest has been 
sharply drawn, producing highly polarised debates in North America and Australia 
in particular. In the United States, Hirschhorn’s 2005 book reports that sprawl kills 
and annihilates comprehensively by stealing ‘your time, health and money’.

Whilst professional and academic planning historically identified itself with, and 
facilitated, suburbanisation (Hall 1992), its mindset and policy outlook has 
increasingly fixed on the compact city as a leading policy goal. A high degree of 
international professional consensus has settled on guiding morphological princi-
ples, which Forster summarises as ‘containment, consolidation and centres’ 
(2006:178). In Australia, the compact city construct is central to all contemporary 
metropolitan planning policy. Forster portrays the compact vision splendidly:
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‘In 20 to 30 years-time, if the plans come to fruition, our major cities will be characterised 
by limited suburban expansion, a strong multi-nuclear structure with high density housing 
around centres and transport corridors, and infill and densification throughout the current 
inner and middle suburbs. Residents will live closer to their work in largely self-contained 
suburban labour sheds, and will inhabit smaller, more energy efficient houses. The per-
centage of trips using public transport, walking or cycling will have doubled’. (Forster 
2006:179)

In the United States, Neuman wrote, ‘The compact city, we are told, is more 
energy efficient and less polluting because compact city dwellers can live closer to 
shops and work and walk, bike or take transit’ (2005:12).

Although freighted with structural principles—notably dispersed concentration 
and multi-nucleation—the construct has been most powerfully associated with its 
qualifier, ‘compact’, engendering a strong emphasis on density and thereby the 
containment of urban development. Not all scholars associated with pro-compac-
tion arguments support a simple generalisable relationship between density and 
energy use or other urban consumption forms and values. Newman and Kenworthy 
(1999), for example, advocate a compact city model with strongly defined struc-
tural features, especially polycentrism and the spatial focusing of densification. 
Neither does ‘compact’ necessarily equate to high density in all analysis nor advo-
cacy (though it does in many). Some compact models and planning frameworks 
explicitly favour spatially targeted medium-density development (Searle and 
Filion 2011).

What is undeniably true, however, is that institutionally and materially, planning 
response to the compact city ideal has focused on densification. Forster explained 
the assumption that urban compaction would achieve sustainability by ‘…produc-
ing higher densities more favourable to public transport than the private car, through 
developing smaller dwellings and blocks that use less water and power, and through 
reducing the impact of urban expansion on surrounding ecosystems’ (2006:178–
179). The new urban commentaries have tended to effuse about the many putative 
remunerations of density, which include sustainability, but also economic benefits, 
such as innovation and agglomerative synergies. As Christensen et al. explain, the 
technocratic enthusiasm for density as a ‘magic lever’ for urban improvement: ‘…
urbanists, like Glaeser, dismiss many ecological concerns out of hand as impediments 
to efficient economies of scale in cities, believing that the efficiency of cities is suf-
ficient on its own to solve our ecological problems’ (2012:B10). This postulate is 
broadly shared by the new urban physics that has asserted ‘scaling effects’ from 
population size and urban density (Gleeson 2015).

The tendency towards exclusive focus on density remains to be explained fully 
but could reflect the constrained institutional possibilities of planning intervention: 
specifically, the difficulties of broader intervention in global urbanisation processes 
(including economic drivers) which have tended to drive physical dispersion of 
activity and development (Troy 1996). In the neo-liberal city, it may be easier to 
pursue densification, usually through relaxation of planning controls, than to 
actively guide the structure of metropolitan development towards less wasteful ends 
(e.g. transport and land use integration, creation of subregional centres). And yet, 
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some compact urbanisms are likely only to arouse social ire and resistance, further 
constraining planning possibility.

At the institutional level and within major policy domains, the goal of urban 
containment and compaction has been strongly linked to reduction in energy use 
and mitigation of greenhouse gas (GHG) emissions. The UN believes that ‘spatially 
compact and mixed-use urban developments have generally significant benefits in 
terms of GHG emissions’ (UN-Habitat 2011:4). The World Bank agrees: ‘Increasing 
density could significantly reduce energy consumption in urban areas… cities that 
are denser produce less emissions’ (2010:19, 28). The principal global climate sci-
ence institution, the Intergovernmental Panel on Climate Change, identifies urban 
low density as a barrier to GHG emission reduction (Mees 2010:53).

The lineage of the density argument lies in scholarship gaining voice in the 1990s 
that asserted a strong observed relationship between urban form and transport use, 
especially at the metropolitan scale (especially, Newman and Kenworthy 1989, 
1999; Newman et al. 1992). Mees (2010) traced an earlier airing of the argument to 
the 1960 Chicago Area Transport Study. Lower-density cities were held to engender 
car dependence and to render public transport unviable or unattractive. Automobile 
dependence was associated with relatively higher metropolitan levels of fuel 
consumption and GHG emissions. Reflecting the broad contemporary acceptance of 
the argument, the World Bank summarises the case for compaction: ‘As density 
increases, people use more public transportation and non-motorized forms of trans-
port, lowering transportation energy use per capita’ (2010:27). The argument for 
compaction has now extended beyond the sequelae associated with car dependence 
to include health impacts of transport such as motor vehicle crashes, traffic-related 
air pollution, noise, heat island effect, lack of green space, physical inactivity, cli-
mate change and social exclusion and community severance (Khreis et al. 2017).

Whilst the original emphasis on GHG reduction through densification was on the 
transport sector, the analytical and professional ambit of compaction was 
progressively extended in many quarters to include other forms of energy use, 
especially household stationary energy. UN-Habitat, typifying this broader associa-
tion, remarks that ‘Density may also affect household energy consumption, as more 
compact housing uses less energy for heating’ (2011:17). The Australian 
Government’s (2011) National Urban Policy Statement reflects this generalised 
association of density and energy use: ‘How cities are planned, their density and 
spread, and the buildings and infrastructure within them, provide an enormous 
opportunity to reduce greenhouse gas emissions’ (Australian Government 2011:42).

In recent years, an accumulating evidence base, including data on revealed con-
sumption, has thrown shadows of doubt over the bright generalisations linking den-
sity and sustainability (Neuman 2005). The many strands of critique emerging from 
this widening empirical base address both conceptual and methodological issues 
(Gray et al. 2010). What is rarely if ever acknowledged is that the scientific failure 
to link density changes with sustainability outcomes has a deeper history of episte-
mological discussion and refinement, especially in geographical debates that took 
issue with positivism (law bound social science) from the 1970s. Sifting the grow-
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ing counter-evidence on density reveals serious scientific problems, such as physi-
cal determinism and ecological fallacy (inferring individual qualities from group 
attributes), which were well rehearsed by geographers in earlier decades.

14.2.1  Geography Matters

The early analyses in favour of the compact city form drew sustained scholarly criti-
cism. A central object of contest were the much reproduced cross-metropolitan 
comparisons of density and transport use forwarded by Newman and Kenworthy 
(Mees 2010). Critical response alleged empirical and methodological errors, 
 especially incorrect measurement (of urban densities), variable constraint and 
causal inference on the basis of broad, bi-variate correlation (Breheny 1995; Gomez- 
Ibanez 1991). Re-examination of empirical sets was held to reveal weak or highly 
variable relationships between densities and transport behaviour at the metropolitan 
scale (Mees 2010). Troy (1996) and Breheny (1995) countered that urban structure 
(fundamental land use patterns) was a greater influence on energy use and sustain-
ability than form (density and aesthetics).

In the past decade, the accumulation of sub-metropolitan scale information about 
density and energy use, in tandem with new modelling approaches (e.g. ACF 2007), 
has strengthened earlier scientific doubts about the compact city generalisations. 
Evaluations of urban density and household consumption differ widely in what 
forms of energy they are measuring: usually all, or components of, stationary and 
transport energy consumption. Terminology and framing vary (operational- 
embodied, direct-indirect, stationary-transport-fugitive, etc.), as do point of analysis 
(inputs-end use), objects of analysis (building forms and social correlates), and data 
types and sources. Density itself can be measured in widely different ways (Mees 
2010). Some studies find evidence of negative relationships between urban density 
and forms of energy use, especially transport (see Mees 2010). Taken together, how-
ever, their findings disrupt and confound the proposition that density determines 
energy consumption in widely predictable ways. Wright’s recent review of 
Australian evidence concludes that the relationship between housing density and 
energy use ‘… is not collinear and is impacted by other variables’ (2010:7). 
Consider a brief sample of the evidence base.

An extensive study of revealed domestic energy use in Sydney, Australia, by 
Myors et al. (2005) showed that, in this setting, higher-density forms were more not 
less consumptive than medium- and lower-density development. Another Australian 
residential study by Perkins et al. (2009) in Adelaide, showed that whilst compac-
tion had the potential to reduce transport emissions, high-density small dwellings 
were associated with higher per capita energy use than suburban dwellings. In Oslo, 
Norway, Holden and Norland’s (2005) survey work on household emissions 
considered wider travel behaviour, including air travel, and found that per capita 
emissions declined with rising density to a certain point, but then rose progressively 
in the most heavily populated neighbourhoods. In particular, ‘… extreme densities 
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statistically correlate with high energy use for long-distance leisure-time travel’ 
(2005:2163). The authors concluded that structural change—decentralised  
concentration—offered the best prospects for reducing urban energy use. In France, 
Gaigné and Thisse (2010) found that as density increases, so do the negative conse-
quences of intensification, namely, traffic congestion and thereby emissions. That 
is, without countervailing changes (e.g. pricing, demand management), intensifica-
tion may generate rising congestion and longer work-trips.

These counterfactual findings and analytical doubts break new empirical ground 
but struggle to gain attention in an urban conversation enthralled with power of 
density to enhance human well-being. The newer waves of studies at the sub- 
metropolitan scale suggests strongly that density does condition human behaviour, 
including energy use, but that its influence is strongly over-determined by multi- 
causation, context dependent and thus subject inevitably to a high degree of spatial 
variability. The evidence base thus underlines the distinction between idealised and 
material urban realities, between the compact city ideal and actually existing 
consolidation. The findings do not logically foreclose on the mitigating potential of 
intensification, but they do point to the difficulty of its material realisation. Harvey 
(1997) believes that the ‘New Urbanism’ guiding many compact city visions is, 
amongst other things, deeply utopian.

A frictional urban reality obviously challenges the compact ideal. And what of 
science? The more simplistic claims about density are clearly marked by ecological 
fallacy. Large, bivariate analyses of energy use at the metropolitan scale do not sup-
port a fixed or non-scalar relationship between density and urban behaviour. In 
dense cities, there are high-density neighbourhoods that consume more than less 
populated areas. In geography, the earlier identification of this fallacy showed the 
importance of careful, multi-scaled spatial analysis that is sensitive to context and 
acknowledges the multi-causal—viz. socio-spatial—conditioning of human  
behaviour. Determination is both multi-scalar and variegated by scale. Thus, cross- 
level fallacy is a possibility at any empirical scale (Johnston et al. 2001:191). There 
appears to be a weak relationship between density and energy consumption at the 
metropolitan scale (Mees 2010). At the sub-metropolitan and local scales, however, 
the connection is even weaker, foreclosing on any meaningful generalisation.

The progressive unearthing of this fallacy lends weight to earlier claims (e.g. 
Troy 1996) that compact city arguments were marked by environmental determin-
ism. This feature of early twentieth-century geography ‘… stimulated a focus on the 
role of physical features – site and situation – as determinants of urban foundations 
and growth…’ (Johnston et al. 2001:876). The tenacious grip of deterministic think-
ing was greatly loosened if not completely released by the break with positivism in 
the social sciences, including human geography, from the 1960s. Importantly, for 
compact city debates and planning, its transcendence imposes a double burden, viz. 
to ensure that all morphological constructs—of form and structure—do not assume 
the status of determining forces in urban analysis.

As Mees (2010) established, the density thresholds usually asserted for public 
transport reliability have poor, even bogus, empirical foundations. They also, 
however, consistently undermine the institutional possibility of public transport 
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provision in suburban areas which can never be expected to redevelop to the densi-
ties demanded by the thresholds:

‘Environmentalists who argue in this manner can unintentionally provide support for the 
continuation of unsustainable transport policies…many British advocates of sustainable 
transport seem more interested in higher-density housing than in fixing public transport’. 
(Mees 2010:51).

14.2.2  The ‘Parallel Universe’ Problem

Compact city advocates frequently fail to consider the concrete forms and directions 
of urbanisation which are largely at counter-purpose to the vision. The Australian 
geographer Forster (2006) termed this a ‘parallel universe’ problem. For Forster, the 
bright diorama of the compact city is a world away from the murkier reality of 
Australian metropolitan urbanisation, marked by the rapid and powerful dispersion 
which is common to many western cities:

‘[T]here is a mismatch between the strategies’ consensus view of desirable future urban 
structure, based on containment, consolidation and centres, and the complex realities of the 
evolving urban structures. In particular, the current metropolitan strategies do not come to 
terms with the dispersed, suburbanised nature of much economic activity and employment 
and the environmental and social issues that flow from that, and they are unconvincing in 
their approaches to the emerging issues of housing affordability and new, finer-grained  
patterns of suburban inequality and disadvantage’ (2006:173).

The compact city ideal thus ‘…sits dangerously at odds with the picture of 
increasing geographical complexity that emerges clearly from recent research on 
the changing internal structure of Australian cities since the early 1990s’ (2006:180). 
Breheny earlier aired analogous concerns for the United Kingdom, pointing to the 
considerable momentum behind urban decentralisation in that country and doubting 
that this ‘powerful force’ could be contained ‘beyond existing levels of constraint’ 
(1995:99). None of this, of course, is to regard dispersion as desirable.

14.3  Compact Cities, Transport and Health

The relationship between density and particularly compact cities and urban form 
appears to be far more contingent and context based than commonly supposed in 
many compact city policies. Density of course is an important dimension of urban 
form and structure, but it acts in complex ways with other social and morphological 
features to shape cities, human behaviour and population health.

It is not surprising that both the urban age and the compact city ideal will con-
tribute in numerous ways to our health: from where we live, how we travel, the food 
that is available, how clean the air and water is and much more. Rapid urbanisation 
and a policy environment that incentivise a city of short distances in which there are 
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higher residential and population densities, greater mixed land use and urban design 
amenable to walking and cycling (Gordon and Richardson 1997) can be both ben-
eficial and detrimental to the health of city residents: from providing access to 
health and social services (Sørgaard et al. 2003) to the pollution from car emissions 
and industrial plants situated closer to residential properties. This dichotomy high-
lights the complex urban age and points to what Forster described earlier in this 
chapter as the ‘parallel universe’ (Forster 2006).

Acknowledging the complexity of the urban age and the potential co-benefits 
associated with compact cities, recent research has begun to unravel elements of this 
complexity by assessing the health co-benefits of a compact city albeit from the 
perspective of changes in key elements of land use and subsequent transport mode 
choice (Stevenson et al. 2016) (Table 14.1). The approach, namely, a health impact 
assessment framework (Dannenberg et al. 2008), integrated findings from an exten-
sive meta-analysis in which Ewing and Cervero (2010) identified key land use 
 elements that influence transport modal choice (see Table 14.1). The influence of 
these land use elements on transport mode choices, namely, public transit, walking, 
cycling and private motor vehicle use, was assessed with respect to their influence 
on three risk exposures: physical inactivity, road deaths and injury and air pollution 
(see Fig. 14.1 infographic).

There is considerable evidence highlighting the increased risks associated with 
physical inactivity and many non-communicable diseases (Lee et al. 2012), and the 
health impact assessment adopted by Stevenson et al. (2016) considered the varying 
transport modes on physical activity or, more appropriately, physical inactivity and 
its effect on overweightedness and obesity and cardiovascular disease.

Table 14.1 Land use elements associated with transport mode choice

Land use element Relationship with transport

Density

Definition: Population density, residential 
unit density, intersection density or 
recreation space density

Associated with transport mode choice even when 
accounting for socio-demographic elements of 
city residents

Diversity

Definition: Alternately named mixed land 
use

Associated with travel behaviour and transport 
choice especially the tendency for increased 
walking, cycling and public transit use

Distance

Definition: The average shortest street routes 
from a place of residence or workplace in an 
area to the nearest public transport option

Strongly associated with transport mode 
particularly if the distances between home, 
workplace or public transit are reduced

Design

Definition: Refers to the characteristics and 
layout of land including streets, building 
setbacks, intersection connectivity, 
aesthetics, footpaths and other physical 
infrastructure

Associated with reductions in motor vehicle 
distances travelled and increased active transport 
such as walking and cycling along with increased 
access to parks, recreational facilities and 
improved aesthetics
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The impact of land use on transport mode choice also goes beyond rates of physi-
cal inactivity with evidence highlighting that increased exposure to motorised vehi-
cles heightens a city resident’s risk of death and physical injury (De Hartog et al. 
2010). For example, the relative risk of death and injury associated with transport 
varies by mode, by the interaction of the transport mode and location and by propor-
tional traffic volumes within the transport system (Bhalla et al. 2007; Elvik 2009; 
World Health Organization 2013). The risk of death and injury, therefore, is greatest 
amongst vulnerable road users or the most unprotected users of the road system, 
namely, pedestrians, bicyclists and motorcyclists, whilst users of public transport 
have the lowest risk per kilometre travelled.

An increasing reliance on private motor vehicle use as a consequence of sprawl-
ing suburbs (as observed across many North American and Australasian cities) has 
also resulted in a heightened exposure to vehicle emissions and air pollution and 
consequent adverse health outcomes (Briggs et al. 2008; Brunekreef and Holgate 
2002; Chen et al. 2008). There is considerable evidence highlighting that exposure 
to fine particulate matter (PM10 and PM2.5) associated with emissions from road 
transport (Ministry of the Environment Ontario 2010) contributes significantly to 
the burden of disease, specifically an increased incidence of cardiovascular disease 
(due to elevated blood pressure) (Lee et al. 2014) and respiratory disease (Janssen 
et al. 2011; Karakatsani et al. 2012; Tamura et al. 2003). For further discussion on 
the significance of this burden, we refer you to Chap. 21 on air pollution.

Taking account of the land use elements, transport mode choices and the varying 
risk exposures in relation to health and well-being, a compact city scenario was 
modelled across six selected cities (Melbourne, Australia; London, United Kingdom; 
Copenhagen, Denmark; Delhi, India; Sao Paulo, Brazil; and Boston, United States 
of America). To reflect a ‘compact city’, the land use densities in each city were 
increased by 30% (from city densities described in 2014), the diversity of land use 
was also enhanced by 30% (from mixed-use ratios based on 2014 estimates), and 
average distances to public transit were also reduced by 30%. As a consequence of 

Fig. 14.1 Compact city—land use, transport and health model
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increasing the compactness of the cities, opportunities for changing transport mode 
choices were assessed such as supporting a 10% modal shift away from private 
motor vehicle use to active transport modes, namely, walking and cycling (Fig. 14.1).

The approach to increasing these land use elements to reflect a compact city 
resulted in considerable reductions (between 13 and 19% in cardiovascular disease 
alone) in the burden of disease (Stevenson et al. 2016), highlighting what could be 
achieved if cities were able to plan or enhance current land use such that it reflected 
a city of short distances, greater mixed use and at the same time, increased public 
transit and presided over a population transition to active transport using safe 
infrastructure. This study, the first to highlight that a compact city influences the 
health of its citizens, points to the need for increased efforts to understand other 
transport exposures such as noise and exposure to green and blue spaces (Nutsford 
et  al. 2016) which is reported to effect mental health. Further it is necessary to 
understand the effects of compact cities not only it relates to health but other urban 
systems including, housing, transport, energy and water.

14.3.1  Complex Cities: The Need for Policy Decision Support

Cities comprise multiple, constantly changing, urban systems, and the transport sys-
tem is an excellent illustration of such change. Globally, the transport system is 
undergoing not only a digital revolution but a significant paradigm shift involving 
increasing electrification of motor vehicles and automation of motor vehicles along 
with on-demand shared mobility (Fulton). Each of these changes will alter the way 
cities operate, bringing with them potential health co-benefits. Some of the likely 
health benefits from these changes will be reduced rates of respiratory and 
cardiovascular disease due to enhanced air quality, fewer road deaths as the human 
error in the driving task is minimised and greater access to health and social services 
for marginalised populations poorly served by public transit. However, the changing 
transport system is not all-positive. The advent of the combustion engine in the early 
twentieth century heralded a new era of mobility, not dissimilar to the current digital 
mobility era. Elements of the early transport system failed, resulting in new and 
necessary services that continue to operate today, services such as insurance 
schemes to compensate road users injured whilst using the transport system. 
Similarly, delivering a transport system in the digital mobility era will be associated 
with considerable risk. Duchemin and Marembaud (2015) highlight a number of 
these risks, namely, (1) increased inequities due to disparities in service provision 
and cost, (2) job losses due to automation, (3) unfair competition by industry 
players, (4) reduced tax revenues and (5) system failures due to a lack of reliability. 
The implication of such disruptors to the current transport system is significant with 
a far-reaching effect across numerous urban systems including employment and 
productivity, health, social services and more; delivery of safe and sustainable urban 
systems is overwhelmingly complex.
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Given the complexity of our cities, it is not sufficient to merely compare urban 
and non-urban areas or compare the varied urban systems with respect to key health 
outcome measures. Instead, the relationship between urbanisation and health needs 
to be observed across multiple levels (such as the levels of government) and multiple 
influences including global influences. Seldom are the associations between key 
urban systems and health simple linear relationships but rather relationships that are 
affected by an array of inputs and feedback across multiple levels.

Recently, the complex relationship between cities, transport and health has been 
assessed using health impact assessment frameworks. Woodcock et  al. (2009) 
examined transport emissions associated with large cities and the likely health 
consequences using such an approach and found that reductions in CO2 emissions 
associated with active transport (walking and cycling) delivered significant health 
benefit than would be expected from increased use of low-emission motor vehicles. 
Although the health impact assessment approach is delivering valuable insights 
with respect to key risk exposures and their relationship to health, they are limited 
in that they cannot assess the city as a dynamic system with multiple interactions, 
relationships and consequences.

Cities are adaptive complex systems which, by definition, means ‘…they are 
systems made up of many individual, self-organising elements capable of  responding 
to others and to their environment’ (Glouberman et al. 2006:328). Urban systems in 
a city comprise an array of elements with varying relationships and interactions, and 
a change in any part of the system will result in changes in associated elements in 
the broader environment. Therefore, cities are considered complex because various 
components of the system interact and change, and the change is not always observ-
able by assessing the characteristics of an individual component, but rather by con-
sidering multiple levels and interactions.

As Vlahov and Galea (2003) and Galea et al. (2005) purport, it is important to 
embrace the complexity of cities, and this can be achieved by changing the focus of 
researchers, planners and policymakers from disease outcome to one where the 
attention is on understanding the multi-level risk exposures in cities (exposures such 
as the risk per vehicle kilometre travelled, air pollution and other elements) that 
influence the health and well-being of city residents.

The emergence of systems dynamic modelling in the 1950s (Forrester 1971), a 
mathematical modelling approach used to understand complex issues, has been 
valuable in providing important insights to the complexity of cities. A recent 
application of a systems dynamic approach has also concurred that compact cities 
that influence transport mode choice can deliver health gains (McClure et al. 2015). 
The systems dynamic modelling approach provided considerable insight with 
respect to the delivery of the compact city. For example, McClure et  al. (2015) 
research specifically outlined elements of compactness that were relevant to 
enhanced health outcomes, namely, ‘…desirable land use changes are ones that 
increase the density of urban dwelling space so residential, work and leisure 
environments are co-located within geographically defined nodes and where nodes 
are connected by safe, clean, and rapid mass transport options’ (McClure et  al. 
2015:S229).
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Although the effects of the transport system (as highlighted here) on health are 
becoming well described, other urban systems such as housing or employment are 
not well described in part, because they occur against a backdrop of dynamic 
environmental, technological, population and economic conditions that evolve over 
years that makes attempts to predict key health outcomes challenging. As  
highlighted, there are now a number of methods that can be used to understand the 
varying inputs and outputs and health-related outcomes of any policy choice.

Such complexity is best explored using policy simulation derived from the inte-
grated models. The development of a policy decision platform that investigates the 
processes that will lead to healthier and more sustainable cities is of paramount 
importance. So what does such a platform look like? A policy decision platform 
would comprise a collection of data from varied sources, standardised in a way and 
modelled such that relationships between key urban systems can be explored with 
respect to the resilience of a city (Ilmola 2016). The platform would be capable of 
assessing the varied effects of compact city scenarios along with the utility to 
explore altered city attributes such as land use mix, transport systems or changes to 
housing affordability and the resultant change in population health outcomes.

14.4  Conclusions

Cities around the world are dealing with transport challenges as a consequence of 
changing population demographics. In 2007, 51% of the world’s population lived in 
cities, and it is estimated that this will increase to 70% by 2050 (United Nations 
2004, 2011). These projections are reflected in population growth estimates that will 
see the world’s population likely increase by 66% from seven billion people in 2013 
to 10.5 billion people over the next 40 years (United Nations 2011). There is no 
doubt that the twenty-first century is a century characterised by urbanisation: the 
urban age.

Cities are complex systems, and to meet the major challenges of this century, 
cities will need to respond rapidly to accommodate growing populations, the grow-
ing inequities particularly on the urban fringe, the ongoing challenges to mitigate 
climate change and the increasing rates of chronic disease and road trauma. Building 
cities that are sustainable, productive and capable of delivering favourable health 
outcomes is an urgent priority. As highlighted in this chapter, a city of short dis-
tances, greater mixed land use and increased public transit, namely, the compact 
city, is capable of delivering important health outcomes. Despite this, the notion of 
a compact city is disputed in scholarship (Gordon and Richardson 1997; Troy 1996) 
and by industry (e.g. Moran 2006).

There are numerous policies focused on achieving enhanced health outcomes for 
residents of cities including the World Health Organization’s ‘Healthy Cities’, ‘Safe 
Cities’ and ‘Child Friendly Cities’. However, there is a paucity of information on 
how cities can achieve the goals of such policies, including those related to compact 
cities. There is an urgent need for robust decision tools and platforms for 
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 policymakers and key city-stakeholders. Such tools would enable stakeholders to 
consider a variety of policies and interventions that relate to the delivery of key 
urban systems including transport and housing and thereby ensure efficacious inter-
ventions are implemented and thereby have a profound impact on the health and 
well-being of growing urban populations.

References

ACF. (2007). Consuming Australia: Main findings. Retrieved from www.acfonline.org.au/
consumptionatlas.

Australian Government. (2011). Our cities, our future. A national urban policy for a productive, 
sustainable and liveable future. Canberra.

Bhalla, K., Ezzati, M., Mahal, A., Salomon, J., & Reich, M. (2007). A risk-based method for mod-
eling traffic fatalities. Risk Analysis, 27(1), 125–136.

Breheny, M. (1995). The compact city and transport energy consumption. Transactions of the 
Institute of British Geographers, 20, 81–101.

Briggs, D. J., de Hoogh, K., Morris, C., & Gulliver, J. (2008). Effects of travel mode on exposures 
to particulate air pollution. Environment International, 34(1), 12–22. https://doi.org/10.1016/j.
envint.2007.06.011.

Brunekreef, B., & Holgate, S. T. (2002). Air pollution and health. Lancet, 360(9341), 1233–1242. 
https://doi.org/10.1016/s0140-6736(02)11274-8.

Chen, H., Namdeo, A., & Bell, M. (2008). Classification of road traffic and roadside pollution con-
centrations for assessment of personal exposure. Environmental Modelling & Software, 23(3), 
282–287. https://doi.org/10.1016/j.envsoft.2007.04.006.

Christensen, J., McDonald, R., & Denning, C. (2012). Ecological urbanism for the 21st century. 
The Chronicle Review, 58(21), B9–B11.

Dannenberg, A. L., Bhatia, R., Cole, B. L., Heaton, S. K., Feldman, J. D., & Rutt, C. D. (2008). 
Use of health impact assessment in the US: 27 case studies, 1999–2007. American Journal of 
Preventive Medicine, 34(3), 241–256.

De Hartog, J., Boogaard, H., Nijland, H., & Hoek, G. (2010). Do the health benefits of cycling 
outweigh the risks? Environmental Health Perspectives, 118, 1109–1116.

Dobbs, R., Remes, J., Manyika, J., Roxburgh, C., Smit, S., & Schaer, F. (2012). Urban world: 
Cities and the rise of the consuming class. Retrieved from Washington, DC.

Duchemin, B., & Marembaud, O. (2015). The digital revolution and changes to individual and 
collective mobility. Paris: Economic, Social and Environmental Council.

Elvik, R. (2009). The non-linearity of risk and the promotion of environmentally sustain-
able transport. Accident Analysis & Prevention, 41(4), 849–855. https://doi.org/10.1016/j.
aap.2009.04.009.

Ewing, R., & Cervero, R. (2010). Travel and the built environment: A meta-analysis. Journal of the 
American Planning Association, 76(3), 265–294.

Forrester, J. W. (1971). Counterintuitive behavior of social systems. Technological Forecasting 
and Social Change, 3, 1–22.

Forster, C. (2006). The challenge of change: Australian cities and urban planning in the new mil-
lennium. Geographical Research, 44(2), 173–182.

Gaigné, C. R. S., & Thisse, J.  (2010). Are compact cities environmentally friendly? Lyon – St 
Étienne: Groupe d’Analyse et de Théorie Économique.

Galea, S., Freudenberg, N., & Vlahov, D. (2005). Cities and population health. Social Science & 
Medicine, 60(5), 1017–1033.

Gleeson, B. (2015). The urban condition. London: Routledge.

14 Complex Urban Systems: Compact Cities, Transport and Health

http://www.acfonline.org.au/consumptionatlas
http://www.acfonline.org.au/consumptionatlas
https://doi.org/10.1016/j.envint.2007.06.011
https://doi.org/10.1016/j.envint.2007.06.011
https://doi.org/10.1016/s0140-6736(02)11274-8
https://doi.org/10.1016/j.envsoft.2007.04.006
https://doi.org/10.1016/j.aap.2009.04.009
https://doi.org/10.1016/j.aap.2009.04.009


284

Glouberman, S., Gemar, M., Campsie, P., Miller, G., Armstrong, J., Newman, C., Siotis, A., & 
Groff, P. (2006). A framework for improving health in cities: A discussion paper. Journal of 
Urban Health, 83(2), 325–338.

Gomez-Ibanez, J. A. (1991). A global view of automobile dependence. Journal of the American 
Planning Association, 57(3), 376–379.

Gordon, P., & Richardson, H. W. (1997). Are compact cities a desirable planning goal? Journal of 
the American Planning Association, 63(1), 95–106.

Gray, R., Gleeson, B., & Burke, M. (2010). Urban consolidation, household greenhouse emissions 
and the role of planning. Urban Policy & Research, 28(3), 335–346.

Hall, P. (1992). Urban and regional planning (3rd ed.). London: Routledge.
Hamlin, K. (2013). Soviet-style suburbia heralds environmental disaster. Australian Financial 

Review. 8(November):36.
Harvey, D. (1997). The new urbanism and the communitarian trap. Harvard Design Magazine, 

1(2), 68–69. Winter/Spring.
Hirschhorn, J. (2005). Sprawl kills. New York: Sterling & Ross.
Holden, E., & Norland, I. T. (2005). Three challenges for the compact city as a sustainable urban 

form: Household consumption of energy and transport in eight residential areas in the greater 
Oslo region. Urban Studies, 42(12), 2145–2166.

Ilmola, L. (2016). Approaches to measurement of urban resilience. In Urban resilience (pp. 207–
237). Cham: Springer.

Janssen, N. A., Hoek, G., Simic-Lawson, M., Fischer, P., Van Bree, L., Ten Brink, H., Keuken, 
M., Atkinson, R. W., Anderson, H. R., & Brunekreef, B. (2011). Black carbon as an additional 
indicator of the adverse health effects of airborne particles compared with PM^ sub 10^ and 
PM^ sub 2.5. Environmental Health Perspectives, 119(12), 1691.

Johnston, R., Gregory, D., Pratt, G., & Watts, M. (2001). The dictionary of human geography (4th 
ed.). Oxford: Blackwell.

Karakatsani, A., Analitis, A., Perifanou, D., Ayres, J. G., Harrison, R. M., Kotronarou, A., Kavouras, 
I. G., Pekkanen, J., Hämeri, K., & Kos, G. P. (2012). Particulate matter air pollution and respi-
ratory symptoms in individuals having either asthma or chronic obstructive pulmonary disease: 
A European multicentre panel study. Environmental Health, 11(1), 75.

Khreis, H., May, A. D., & Nieuwenhuijsen, M. J. (2017). Health impacts of urban transport policy 
measures: A guidance note for practice. Journal of Transport & Health, 6, 209–227.

Lee, I.-M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk, P. T., & Group, L. P. 
A. S. W. (2012). Effect of physical inactivity on major non-communicable diseases worldwide: 
An analysis of burden of disease and life expectancy. The Lancet, 380(9838), 219–229.

Lee, B. J., Kim, B., & Lee, K. (2014). Air pollution exposure and cardiovascular disease. Toxicology 
Research, 30(2), 71–75.

McClure, R. J., Adriazola-Steil, C., Mulvihill, C., Fitzharris, M., Salmon, P., Bonnington, C. P., & 
Stevenson, M. (2015). Simulating the dynamic effect of land use and transport policies on the 
health of populations. American Journal of Public Health, 105(S2), S223–S229.

Mees, P. (2010). Transport for suburbia: Beyond the automobile age. London: Earthscan.
Miles, S., & Miles, M. (2004). Consuming cities. New York: Palgrave Macmillan.
Ministry of the Environment Ontario. (2010). Fine particulate matter. Retrieved from http://www.

airqualityontario.com/science/pollutants/particulates.php
Moran, A. (2006). The tragedy of planning. Retrieved from Melbourne
Myors, P., O’Leary, R., & Helstroom, R. (2005). Multi unit residential buildings energy & peak 

demand study. Energy News, 23(4), 113–116.
Neuman, M. (2005). The compact city fallacy. Journal of Planning Education and Research, 

25(1), 11–26.
Newman, P. G., & Kenworthy, J. R. (1989). Cities and automobile dependence: An international 

sourcebook. Aldershot: Gower.
Newman, P., & Kenworthy, J. (1999). Sustainability and cities: Overcoming automobile depen-

dence. Washington, DC: Island Press.

M. Stevenson and B. Gleeson

http://www.airqualityontario.com/science/pollutants/particulates.php
http://www.airqualityontario.com/science/pollutants/particulates.php


285

Newman, P., Kenworthy, J., & Robinson, L. (1992). Winning back the cities. Sydney: Pluto Press.
Nutsford, D., Pearson, A., Kingham, S., & Reitsma, F. (2016). Residential exposure to visible 

blue space (but not green space) associated with lower psychological distress in a capital city. 
Health and Place, 39, 70–78.

OECD. (2010). Cities and climate change. Paris: OECD Publishing.
Perkins, A., Hamnett, S., Pullen, S., Zito, R., & Trebilcock, D. (2009). Transport, housing and 

urban form: The life cycle energy consumption and emissions of city centre apartments com-
pared with suburban dwellings. Urban Policy and Research, 27(4), 377–396.

Searle, G., & Filion, P. (2011). Planning context and urban intensification outcomes: Sydney ver-
sus Toronto. Urban Studies, 48(7), 1419–1438.

Sørgaard, K. W., Sandlund, M., Heikkilä, J., Hansson, L., Vinding, H. R., Bjarnason, O., Bengtsson- 
Tops, A., Merinder, L., Nilsson, L.-l., & Middelboe, T. (2003). Schizophrenia and contact with 
health and social services: A Nordic multi-centre study. Nordic Journal of Psychiatry, 57(4), 
253–261.

Stevenson, M., Thompson, J., de Sá, T. H., Ewing, R., Mohan, D., McClure, R., Roberts, I., Tiwari, 
G., Giles-Corti, B., & Sun, X. (2016). Land use, transport, and population health: Estimating 
the health benefits of compact cities. The Lancet, 388(10062), 2925–2935.

Tamura, K., Jinsart, W., Yano, E., Karita, K., & Boudoung, D. (2003). Particulate air pollution and 
chronic respiratory symptoms among traffic policemen in Bangkok. Archives of Environmental 
Health: An International Journal, 58(4), 201–207.

Troy, P. N. (1996). The perils of urban consolidation. Sydney: Federation Press.
UN-Habitat. (2009). Global report on human settlements: Planning sustainable cities. London: 

UN Habitat/Earthscan.
UN-Habitat. (2011). Global report on human settlements 2011, Abridged edition. London: United 

Nations Human Settlement Programme/Earthscan.
UN-Habitat. (2012). State of the World’s cities 2012/2013. Nairobi, Kenya: UN Human Settlements 

Programme.
UNICEF. (2012). Children in an an urban world. New York.
United Nations. (2004). World population to 2300. New York: United Nations Publications.
United Nations. (2011). World population prospects: The 2010 revision.
Urry, J. (2011). Climate change and society. Cambridge: Polity.
Vlahov, D., & Galea, S. (2003). Urban health: A new discipline. The Lancet, 362(9390), 1091–1092.
Woodcock, J., Edwards, P., Tonne, C., Armstrong, B. G., Ashiru, O., Banister, D., Beevers, S., 

Chalabi, Z., Chowdhury, Z., & Cohen, A. (2009). Public health benefits of strategies to reduce 
greenhouse-gas emissions: Urban land transport. The Lancet, 374(9705), 1930–1943.

World Bank. (2010). Cities and climate change: An urgent agenda. The World Bank: Washington, 
DC.

World Health Organisation. (2013). Global status report on road safety. Luxembourg: WHO Press.
Wright, K. (2010). The relationship between housing density and built-form energy use. 

Environment Design Guide, 65, 1.

14 Complex Urban Systems: Compact Cities, Transport and Health



287© Springer International Publishing AG, part of Springer Nature 2019 
M. Nieuwenhuijsen, H. Khreis (eds.), Integrating Human Health into Urban 
and Transport Planning, https://doi.org/10.1007/978-3-319-74983-9_15

Chapter 15
Advancing Health Considerations Within 
a Sustainable Transportation Agenda: 
Using Indicators and Decision-Making

Josias Zietsman and Tara Ramani

15.1  Introduction

Transportation is an integral part of human life, providing access to goods, services, 
and economic opportunities. Transportation is also a major consumer of fossil fuel 
energy and is similarly responsible for a large share of global greenhouse gas emis-
sions. The transport sector also has several other negative externalities, ranging 
from safety impacts to pollutant emissions and other environmental disturbances.  
In this context, the concept of sustainable transportation has emerged as a common 
means of framing issues related to transportation. In recent years, public health has 
also emerged as a driver or consideration in the transportation planning arena. 
Several aspects related to health and transportation (such as safety, exposure to 
 pollutant emissions and noise, opportunities for active living, access to healthy 
food, etc.) also relate directly to sustainability considerations. Promoting the use 
of indicators and decision-making aligned toward health is therefore potentially 
compatible with a sustainable transportation agenda. As discussed later in the 
chapter, the exact definition of indicators may vary, but they can broadly be viewed 
as qualitative or quantitative criteria that can be used to assess progress toward a 
specific goal or objective.

This chapter discusses indicators and decision-making for sustainable transpor-
tation planning and how health considerations can be addressed in this process. 
Therefore, it discusses the advancement of public health considerations within a 
sustainable transportation agenda. Specifically, the chapter covers the following:

• Sustainable transportation as a framework for transportation planning
• Framing health as a sustainability issue
• Indicators for sustainable transportation and health
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• Framework to advance health considerations in a sustainable transportation 
paradigm

• A case study application of health-oriented indicators versus sustainability 
indicators

In the authors’ view, it is very important for transportation practitioners to under-
stand the interrelationships between approaches to promote “sustainable transporta-
tion” and those that promote “health and transportation.” Given that the concepts of 
health and sustainability are broad, and often extend beyond the transport sector, 
they individually pose challenges to practitioners tasked with advancing these con-
siderations. Further, sustainability or sustainable transportation already has consid-
erable buy-in as a framing device for transportation planning and policy globally. 
Thus, viewing health considerations within a sustainable transportation paradigm 
can help leverage existing indicators, tools, and resources to address health consid-
erations, without detracting from broader sustainability issues.

15.2  Sustainable Transportation

Sustainability is recognized today as a broad concept that can hold several meanings 
(Beatley 1995), and the most widely cited definition of “sustainable development” 
remains that of the Brundtland Commission. In a report titled Our Common Future 
(WCED 1987), the commission defined sustainable development as “development 
which meets the needs of current generations without compromising the ability of 
future generations to meet their own needs.” Kidd traced the evolution of sustain-
ability from these environmentally/ecologically focused roots, crediting biologists, 
ecologists, and environmental planners for taking leadership in the area. He also 
acknowledged that the concept now signifies something much broader, “encom-
passing a wide range of economic, political and social goals” (Kidd 1992). Current 
discussion of sustainability, in line with this evolution, often refers to the three 
“dimensions” or “pillars” of sustainability or the “triple bottom line”—namely, the 
environment, the economy, and society/social equity.

There are differing perspectives on what sustainable transportation means. Similar 
to discussions of sustainability in general, literature on sustainable transportation 
mostly discusses sustainability along environmental, economic, and social dimen-
sions—with some viewing equity as separate from the social dimension and instead 
as an overarching inter- and intra-generational issue (Gudmundsson et  al. 2015; 
Holden et al. 2013; Zietsman et al. 2011). Several authors have put forward frame-
works and approaches for sustainable transportation, including policy and planning 
frameworks (Hall 2006), performance measure-based approaches and frameworks 
(Litman 2010; Ramani et al. 2011a; Zietsman et al. 2011), as well as the application 
of popular generalized ecological and sustainability frameworks to transportation 
(Jeon and Amekudzi 2005; Pei et al. 2010). A comprehensive view of sustainability 
principles in the transportation context is as follows and is shown in Fig. 15.1.
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Sustainability entails meeting human needs for the present and future while:

• Preserving and restoring environmental and ecological systems,
• Fostering community health and vitality,
• Promoting economic development and prosperity, and
• Ensuring equity between and among population groups and over generations.  

(Zietsman et al. 2011)

Notable in this definition is the lack of a specific mention of transportation. The 
intent is to emphasize that the principles of sustainability are not sector-specific, and 
that sector-specific goals can be derived from the same. Additionally, we see the 
emphasis on equity or the distributional element as a reinforcing aspect of all prin-
ciples (as shown in Fig. 15.1), covering both inter- and intra-generational equity 
aspects.

15.3  Health and Transportation as a Sustainability Issue

Health has emerged as an area of emphasis in transportation planning in recent 
years, with increasing collaboration between public health and transportation 
agencies, as they recognize linkages between the two areas (Ramani 2017a). Early 

Fig. 15.1 Principles of 
sustainability and the 
significance of equity. 
Source Zietsman et al. 
(2011)
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discussions of health as it relates to transportation covered aspects such as active 
living, the built environment, air quality, and traffic safety (Frank 2000; Frank et al. 
2006; Killingsworth et  al. 2003; Lee and Moudon 2004; Litman 2003). 
Environmental justice, health disparities, and the need for collaborative research 
between the transportation and health disciplines were also noted (Sallis et  al. 
2004). In the USA, the focus on active living as the primary linkage between health 
and transportation was also reflected in case studies of collaborative planning 
efforts among health and transportation professionals (Burbidge 2010; Lyons et al. 
2012). However, the health in transportation planning framework from the Federal 
Highway Administration (FHWA) also introduced a concept for a holistic approach 
to health and transportation that covered four main elements (1) active transporta-
tion, (2) safety, (3) air pollution, and (4) access to opportunities for healthy life-
styles (Lyons et al. 2012, 2014). The equity element was also addressed in terms of 
impacts on vulnerable populations. Another view of the connections between 
transportation and health is to look at direct effects (such as physical activity, air 
pollution, safety, etc.) and indirect effects (including access to jobs, services, medi-
cal care, etc.) (CDPH 2013). The Transportation and Health tool developed by the 
US Department of Transportation (USDOT) and the Centers for Disease Control 
and Prevention (CDC) similarly covers a broad range of areas for health and trans-
portation interlinkages, from alcohol- impaired fatalities to commute mode shares,  
land-use mix, seat belt use, and housing and transportation affordability (USDOT 
2015). Similarly, as discussed further in other chapters, the pathways of action 
linking transportation to health can be viewed as covering motor vehicle crashes, air 
pollution exposure, noise exposure, increased urban temperature exposure, lack of 
green space, physical inactivity, climate change effects, social exclusion, and 
 community severance (Khreis et al. 2017).

If we consider the abovementioned goals and issues to be reflective of priorities 
in terms of health and transportation, we see that they overlap with areas that are 
commonly discussed in the sustainable transportation area, covering aspects like 
safety, mode shares and nonmotorized transportation, emissions, and accessibility 
issues. This leads us to emphasize that health and transportation is a sustainability 
issue, touching on several of the social, economic, and environmental facets impor-
tant to sustainability. There is limited literature exploring parallels and conflicts 
between health and sustainability in the transportation context. However, there are 
examples of more general discussions on human health/public health in relation to 
sustainability/sustainable development as a whole. McMichael discusses these 
issues in two papers—one that addresses a new vision for sustainability and another 
on population health as a bottom line for sustainability (McMichael 2006; 
McMichael et al. 2003). As stated, “…public health researchers have a  responsibility 
to ensure that their societies understand that, in the final analysis, sustainability is 
about ensuring positive (and equitable) human experience – of which health is fun-
damental…”(McMichael 2006). King made the case for health as a sustainable 
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state, tracing how health broadened from being an individual concern to a family 
concern, and finally a social issue (King 1990). Additionally, in the context of cli-
mate change as a sustainability issue, a vast body of literature has also emerged on 
the effects of climate change on human health, which range from heat- and cold- 
related illnesses and deaths, air pollution effects, spread of infectious diseases, 
flood- and drought-related death and diseases, etc. (Haines et al. 2006; McMichael 
et al. 2006; Patz et al. 2005).

An examination of the issues that come to the surface in terms of health and 
transportation show a clear overlap with the environmental-, economic-, social-, and 
equity-related considerations of sustainability. The realm of health and transporta-
tion can be viewed as having two main aspects:

 1. Transportation’s impact on human health
 2. Transportation as a provider of opportunities for healthy living

In each of these aspects, there are subareas that converge with sustainability  
considerations, as shown in Fig. 15.2. It is important to understand these convergen-
ces and commonalities to see how health fits into a sustainable transportation 
agenda. As detailed in a mapping exercise conducted to assess sustainability-related 
discourse, including the concepts of livability, resilience, and health (Ramani 
2017b), it is important to note that health does not equally emphasize all aspects of 
holistic sustainability (i.e., environmental, economic, and social dimensions, and 
inter- and intra-generational equity).

Transportation and 
Sustainability

Transportation and 
Health

Convergences

•Environmental
•Economic
•Social
•Equity (inter-and intra-generational) 

• Impacts on human health
• Opportunities for healthy living 

• Environment –emissions and noise 
impacts, walking and active transport 

• Social –Access to healthy food, 
healthcare, recreation and greenspace, 
safety 

• Economic –Access to opportunities, 
cost of healthcare and crashes 

• Equity –distributional effects on 
population subgroups

Fig. 15.2 Health in a sustainability framework—convergences
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15.4  Transportation Planning and Decision-Making 
in the Context of Sustainability

Sustainability considerations are not necessarily a driver of transportation planning 
everywhere. However, there is increased movement toward a more sustainability- 
oriented approach to planning. For example, Hall contrasted a “sustainability 
approach” with the current approach to planning (Hall 2006), and similarly, 
Zietsman and Rilett (2002) discussed a paradigm shift needed in assessing sustain-
able transportation. We also see that the principles of sustainability are often implic-
itly driving transportation planning, even if there is no explicit mandate to do so, as 
seen in the US context (Ramani et  al. 2015). This is echoed by the Sustainable 
Urban Mobility Planning (SUMP) guidelines that distinguishes SUMP from tradi-
tional transport planning by its multimodal focus, integrated planning approaches, 
focus on people and equality of life, engagement of stakeholders, and comprehen-
sive impact assessments (Wefering et al. 2013). Keeping this in mind, we propose 
viewing sustainable transportation planning as the “baseline” from which the health 
context can be discussed and introduced through overlapping priorities and 
synergies.

In this chapter, we use the term transportation planning in the general sense to 
describe activities related to the provision of transportation infrastructure and ser-
vices to the public. Different nations and areas have different approaches, institu-
tional structures, governance models, and local priorities that drive the exact 
transportation planning processes. A discussion of this is beyond the scope of this 
chapter, but it is important to note that transportation planning as defined here actu-
ally encompasses a set of domains—long-range/strategic planning, short-range pro-
gramming, project development, construction, operations, and maintenance 
(Gudmundsson et al. 2015). However, we emphasize the “planning” aspects since 
generally, long-range planning drives the decisions made in terms of specific project 
selection and implementation.

In general, as noted by Amekudzi and Meyer “Transportation planning occurs 
within a societal and legal context that largely influences both the substance and 
approach toward planning ….(and)… historically, transportation planning has 
reflected the policy concerns and issues of the times in which it was occurring” 
(Amekudzi and Meyer 2006). Several authors have tackled some formalization to 
the approaches to decision-making in transportation (Gudmundsson et  al. 2015), 
and a useful means on understanding the prevailing approaches to planning is to 
consider the classification posited by Emberger et al., who discuss vision-led, plan- 
led, and consensus-led approaches, while recognizing that in practice, a  combination 
or hybrid approach prevails, with different aspects being given different levels of 
emphasis in various contexts (Emberger et al. 2008).

For purposes of discussing decision-making and indicators for transportation, we 
make the following generic observations regarding transportation planning 
processes:
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• Transportation planning is a complex set of activities, involving multiple stake-
holders and institutions operating under a range of legislative environments.

• Overall, transportation planning reflects local priorities and higher-level national 
policy goals—the extent of emphasis on each may vary.

• There are variations to the extent to which decision-making processes are for-
malized (e.g., through the use of multi-criteria decision-making (MCDM) pro-
cesses) and whether these types of processes are used in a decision-making 
versus decision-support role.

• There are variations to how aspects such as multimodalism, public-private part-
nerships, collaboration with other agencies, stakeholder engagement processes, 
engagement of private sector, etc. are handled.

Keeping this in mind, we developed a generic, simplified transportation planning 
process for purposes of discussion. It can be viewed as a cyclical process as shown 
in Fig. 15.3. It involves (1) identification of goals (also termed as objectives or pri-
orities), (2) assessment of current situation, (3) identification of potential actions, 
and (4) selection and implementation of these actions. Monitoring and review of the 
impacts of actions taken can serve as a feedback mechanism to adjust goals, priori-
ties, and actions. These key steps are undertaken in a context-specific environment, 
under specific institutional, governance, political, and legal contexts. In this context, 
indicators (or performance measures) can serve a valuable purpose in different 
aspects of the process, ranging from tracking progress toward goals to supporting 
decisions or assessing benefits of different courses of action. This is discussed fur-
ther in the next section.

15.5  Indicators and Decision-Making for Sustainable 
Transportation

As mentioned previously, exact mechanisms, processes, and frameworks for trans-
portation planning vary. At the very basic level however, most planning is done in a 
way that aligns decisions or investments with higher-level goals or priorities. In this 

Fig. 15.3 Generic, simplified transportation planning process
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context, indicators become very relevant as a means of evaluating or assessing 
progress toward these goals or priorities. Indicators are also sometimes termed as 
performance measures, and may also be known as related terms such as parameter, 
measure, proxy, value, variable, etc. (Gallopín 1996; Gudmundsson et  al. 2015). 
Indicators have different definitions and applications (Gilbert et al. 2003; Joumard 
and Gudmundsson 2010), but here we use the definition “a variable, or a combina-
tion of variables, selected to represent a certain wider issue or characteristic of inter-
est” (Gudmundsson et al. 2015). Indicators are a very useful tool for the understanding 
and assessment of broad, multi dimensional concepts, such as sustainability, and 
can range from simple values to complex indices/functions and can be nonnumeri-
cal. A common approach to using indicators or performance measures is to view 
them as part of a hierarchy in which they derive from goals or subgoals, with the 
term “performance measure” used to define indicators used in a goal-oriented set-
ting (Gudmundsson et al. 2015; Zietsman et al. 2011).

Our previous work assessed and defined the uses of indicators for decision- 
making, as follows: (1) description, (2) evaluation, (3) accountability, (4) decision 
support, and (5) communication. These indicator applications often blend into each 
other, for example, the communication function is implied as a part of any indicator- 
based assessment, while the evaluation, accountability, and decision-support appli-
cations can derive from indicators used for descriptive purposes alone. However, it 
is important to keep in mind that certain indicators tend to be more suited for certain 
types of functions (Zietsman et al. 2011).

A common indicator typology relevant to the context of sustainable transporta-
tion is to classify indicators as process (or input), output, and outcome measures, 
based on what they signify from an organizational perspective, scale, and time 
frame (Gudmundsson et al. 2015; Zietsman et al. 2011). Generally, process or input 
indicators represent actions or inputs into a system (e.g., investment levels in a par-
ticular program to increase transit usage); output indicators or measures can be 
viewed as the results as manifesting in the transportation system (e.g., increased 
transit usage as a result of the program), while outcomes may represent progress 
toward broader or longer-term goals (e.g., reduction in percentage of people driving 
as a result of a program). In the context of sustainability (and also health), it is 
important to keep in mind an emphasis on outcomes, while also acknowledging that 
it is often easier to exert control over process or output indicators in the transport sec-
tor, while effecting meaningful change in outcomes is more challenging given 
broader issues beyond transportation that may be in play.

Since indicators have a wide range of uses outside the context of sustainability, a 
question arises about what makes an indicator an indicator of sustainability. Maclaren 
characterizes sustainability indicator as being (1) integrating, (2) forward -looking, 
(3) distributional, and (4) developed with input from multiple stakeholders in the 
community (Maclaren 1996). Others emphasize the need to focus on outcomes 
(Marsden et al. 2005; Zietsman et al. 2011), while other compilations of sustainable 
transportation indicators identify and classify indicators based on specific goals or 
areas of interest relevant to sustainability (Castillo and Pitfield 2010; Jeon and 
Amekudzi 2005; Lautso and Toivanen 1999; Litman 2007; Zietsman et al. 2011). 
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Others also focus on the urban scale, quantifying sustainable transportation indica-
tors for the comparison of cities (Haghshenas and Vaziri 2012; WBCSD 2015).

Often, indicators are also combined or used to develop composite indicators or 
scoring systems, for applications such as decision support. These generally follow 
approaches based in the field of multi-criteria decision-making (MCDM) or multi- 
criteria decision analysis (MCDA), including the use of fuzzy-logic-based 
approaches or Delphi methods to elicit priorities and values and to score indicators 
(Accorsi et  al. 1999; Castillo and Pitfield 2010; Jeon et  al. 2010; Ramani et  al. 
2009). Other approaches to assess sustainability in the transportation context that 
use some form of indicator-based analyses include sustainability rating systems 
(Muench et al. 2010; Oswald and McNeil 2009), or modified versions of a benefit- 
cost analysis (McVoy et al. 2013).

15.6  Adapted Indicator-Based Framework for Sustainable 
Transportation and Health

Previous research by the authors developed a generally applicable sustainability 
framework based on a hierarchy of goals, objectives, and performance measures 
(indicators) to help transportation agencies understand and apply sustainability 
concepts (Ramani et al. 2011b; Zietsman et al. 2011). In this section, we present a 
modified framework that can be used, along with a discussion of sustainable trans-
portation goals and indicators relevant in the context of health. A simplified over-
view of the framework is shown in Fig. 15.4.

As discussed, the overall context or high-level vision will be driven in this case 
by the convergences between health and sustainability in transportation. This con-
text guides the development of goals and subgoals (objectives), which in turn can be 
used to identify appropriate indicators, which can be applied for purposes such as 
description, evaluation, ensuring accountability, for decision support, or communi-
cation. Every step of the process will involve feedback and continuous adjustments, 
to ensure that the indicator applications allow for progress to be made toward health 
and sustainability goals.

In implementing this framework, it is useful to understand where the convergen-
ces between health and sustainable transportation lie in terms of operation goals, 
objectives, and indicators relevant to transportation agencies or to the transport  
sector. In the development of the generally applicable sustainability framework, we 
also developed a set of goals for sustainable transportation, as listed below (Zietsman 
et al. 2011):

 1. Safety—Provide a safe transportation system for users and the general public.
 2. Basic accessibility—Provide a transportation system that offers accessibility 

that allows people to fulfill at least their basic needs.
 3. Equity/equal mobility—Provide options that allow affordable and equitable 

transportation opportunities for all sections of society.

15 Advancing Health Considerations Within a Sustainable Transportation Agenda…



296

 4. System efficiency—Ensure that the transportation system’s functionality and 
efficiency are maintained and enhanced.

 5. Security—Ensure that the transportation system is secure from, ready for, and 
resilient to threats from all hazards.

 6. Prosperity—Ensure that the transportation system’s development and operation 
support economic development and prosperity.

 7. Economic viability—Ensure the economic feasibility of transportation invest-
ments over time.

 8. Ecosystems—Protect and enhance environmental and ecological systems while 
developing and operating transportation systems.

 9. Waste generation—Reduce waste generated by transportation-related 
activities.

 10. Resource consumption—Reduce the use of nonrenewable resources and 
promote the use of renewable replacements.

 11. Emissions and air quality—Reduce transportation-related emissions of air 
pollutants and greenhouse gases.

These goals formed the basis for a compendium of objectives and indicators that 
can be used as a reference to identify relevant indicators and performance measures. 
From an examination of the set of comprehensive sustainable transportation goals, 
we see that the following sustainable transportation goals are most relevant to health 
and transportation issues:

Fig. 15.4 Simplified 
framework for addressing 
health in a sustainability 
framework. Adapted from 
Zietsman et al. (2011)
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• Safety—in terms of injuries and deaths attributable to motorized and other 
transportation

• Accessibility—in terms of access to destinations that promote health and access 
in terms of alternative modes

• Equity/equal mobility—in terms of mobility by nonmotorized and alternative 
modes from an equity perspective and emissions reduction perspective

• Emissions and air quality—in terms of health impacts of air pollution

Table 15.1 shows a set of sample objectives and measures from the compendium 
that are relevant from a health perspective. It should be noted that not all relevant 
health-related exposures are covered in this list, but the list demonstrates that 
several common sustainable transportation indicators can also function as health 
indicators, and vice-versa.

The indicators listed in the table are only a sample of sustainable transportation 
-related measures relevant to health. There are several other indicators and assess-
ment methods for health-related to sustainable transportation. This includes tools 
and criteria that can be used to evaluate healthy places in relation to transportation 
and land use—including walkability audits, health impact assessments (HIAs), and 
certifications such as the Leadership in Energy and Environmental Design (LEED) 
for neighborhood development (Dannenberg and Wendel 2011). Built environment- 
related health measures include metrics such as population density, land-use mix, 
access to recreational facilities, street pattern, sidewalk coverage, vehicular traffic, 
and crime (Brownson et al. 2009). In a study of opinions on health and transporta-
tion among practitioners in the UK, the three most important health-related trans-
portation issues were traffic casualties, air quality, and walking/cycling, followed by 
social inclusion (Davis 2005). As discussed further in the case study in the next 
section, identifying appropriate indicators also depends on obtaining appropriate 
data at the relevant scale of analysis.

15.7  Case Study: Contrasting Health Indicators 
and Sustainability Indicators

This chapter posits that health considerations can be incorporated into a sustainable 
transportation agenda and that there are indicators for sustainable transportation 
that can appropriately reflect converging considerations. It is also important, 
however, to understand the potential implications of a “health-oriented” versus 
“sustainability-oriented” perspective in the use of indicators and decision-making. 
That is, even when there are theoretical and conceptual overlaps between health and 
sustainability, the choice of indicators to reflect each concept may vary and result in 
differences in measured outcomes. This case study presents the findings from an 
indicator-based analysis conducted using a “health-oriented” versus “sustainability- 
oriented” perspective for the El Paso metropolitan area in the USA. The study is part 
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of a broader investigation of sustainability-related discourse and potential impacts 
in the context of transportation planning in the USA (Ramani 2017b).

El Paso is located in West Texas, at the U-Mexico border, across from the city of 
Ciudad Juarez in Mexico. The analysis presented here compares the results from a 
GIS-MCDA-based analysis in which indicators were developed at the transporta-
tion planning level to contrast concepts of “health” and “sustainability” as com-
monly conceptualized in literature and practice in the USA. The process involved 

Table 15.1 Example sustainable transportation indicators relevant to health considerations

Goal/sample objective Sample indicator(s)

Safety/reduce the number and 
severity of crashes

Change in the number and severity of crashes
Change in the number of crashes by crash type and 
contributing factor
Change in the number and severity of truck crashes

Safety/ensure safety considerations 
are addressed for all modes

Change in the number and severity of crashes by user 
type (e.g., pedestrian, bicycle, transit user, freight)

Accessibility/ensure accessibility to 
essential destinations

Change in travel time (by mode) to schools, health 
services, grocery stores, civic and public spaces, 
recreation

Equity/ensure comparable 
transportation system performance for 
all communities

Change in level of transportation service for 
disadvantaged and non-disadvantaged neighborhoods

Equity/ensure reasonable 
transportation options for all 
communities

Change in the percentage of disadvantaged population 
with convenient access to high quality transit service

Equity/ensure accessibility to jobs 
and essential destinations for all 
communities

Change in the level of access for disadvantaged 
populations to jobs, schools, health services, grocery 
stores, civic and public spaces, recreation

Air quality/reduce activity that 
generates pollutant emissions (travel, 
trip length, mode split, emissions)

Change in trips, vehicle trips, VMT, percent nondriver, 
tons of emissions per day

Air quality/reduce polluting exhaust 
emissions (criteria pollutants and 
GHGs)

Change in emissions by criteria pollutant, total and 
mode/ton mile

Air quality/increase land use 
compactness, density, and balance of 
interacting uses (compactness, 
density, balance)

Change in jobs/housing balance

Air quality/increase the use of 
nonmotorized modes

Change in planned miles of transit routes, pedestrian 
facilities, designated bike facilities, population within 
one mile of transit, connectivity index (pedestrian 
facilities, bike facilities, transit routes

Air quality/reduce proximity of air 
pollution-sensitive land uses to major 
pollution sources (high volume 
highways)

Change in sensitive receptors within close proximity, 
residential population within critical distance, 
percentage of ethnic/racial population groups within 
critical distance

From Zietsman et al. (2011)
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(1) identification of representative indicators, (2) quantification of these indicators 
using spatially disaggregated data, and (3) combining the indicators into composite 
sustainability and health indices using a simplified aggregation method based on 
MCDA processes. Data from the El Paso Metropolitan Planning Organization’s 
travel demand model and other sources were used to quantify a set of indicators and 
develop the sustainability and health indices.

The approach to indicator selection was to rely on examples from the literature 
and the stated goals of a health- and a sustainability-oriented perspective. It there-
fore is representative of a good-faith attempt by a transportation practitioner to 
quantify the concepts, taking into account constraints such as the need for a uniform 
analysis and data availability. As seen from discussions earlier in the chapter, there 
are several convergences between the areas of sustainability and health. At the same 
time, there are differences in emphasis in the discourse surrounding these concepts. 
This analysis intends to represent these nuances through the choice of indicators. 
Keeping this in mind, the indicators selected were as follows:

Sustainability-oriented indicator set: This set of indicators were selected reflect-
ing environmental, economic, and social factors that tended to prevail in discussions 
of sustainable transportation planning. It included the following:

• Mode split
• Greenhouse gas emissions
• Criteria pollutant emissions
• Land use type
• Safety

The greenhouse gas and criteria pollutant emissions cover the environmental 
aspects; the safety measures address social considerations, while the land use mea-
sure and mode split measure can be viewed as addressing both the social and eco-
nomic dimensions. This is consistent with several sources that discuss sustainability 
indicators (Haghshenas and Vaziri 2012; Jeon and Amekudzi 2005; Litman 2007; 
WBCSD 2015; Zietsman et al. 2011).

Health-oriented indicator set: This set of indicators were selected reflecting 
transportation’s relationship to human health, especially in relation to four key ele-
ments that prevail in discussions of health and transportation in the USA—safety, 
air quality, active living opportunities, and access to critical destinations. The selec-
tion was intended to represent commonalities as well as distinctions from a “sus-
tainable transportation” perspective and included the following:

• Traffic density
• Safety
• Proximity to clinics and hospitals
• Proximity to parks and recreation

The selection of indicators is consistent with literature on the subject (CDPH 
2013; Lyons et al. 2012, 2014; USDOT 2015). This included a measure of traffic 
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intensity used as a proxy for exposure to traffic-related emissions (Rioux et al. 2010; 
Rowangould 2013), which also accounts for mode split/use of nonmotorized modes 
by taking into account vehicle miles of travel. The safety indicator, proximity to 
parks and recreational facilities (active living opportunities and access to green 
space) and to clinics and hospitals (critical destinations), represents the other consid-
erations. As discussed previously, these indicators are not pure “health indicators” 
but rather represent a health-oriented slant on sustainable transportation indicators. 
The two indicator sets also show an overlap in terms of the safety measure, which is 
understandable given the convergences between the two concepts. Further, the traf-
fic intensity measure was selected for the health-oriented indicator set to represent 
an “exposure-type” planning metric for traffic and emissions, taking into account 
traffic levels (indirectly addressing mode split) and also serving as a proxy for the 
health impacts of vehicular emissions. A case can be made for the mode split and 
emissions metrics to also serve directly as health-related indicators instead. However, 
the intent of this analysis was to develop two representative indicator sets that, taken 
together, best represented the concepts of “health” and “sustainability.”

The indicators were quantified at the level of a traffic analysis zone (TAZ) for the 
study region, consistent with transportation-planning level analyses and the level of 
data disaggregation available for the indicators. The indicators were scaled and 
aggregated into a health index and sustainability index, expressed on a 0–1 scale, 
with a high number representing better performance relative to other zones (Ramani 
2017b). The results of the contrast for the 2010 and 2040 conditions are as shown in 
Fig. 15.5. The findings indicate that there isn’t a very strong correlation between the 
health index and sustainability index values for a particular zone (correlation coef-
ficient of 0.48 for 2010 and 0.45 in 2040). That is, areas that do well (darker colors 
on the map) in terms of sustainability do not necessarily do well from a health index 
perspective. This indicates that focusing solely on health-oriented indicators could 
potentially result in certain aspects of sustainability being neglected. The results are 
presented in further detail in the analysis documentation (Ramani 2017b). Other 
observations of relevance include the high correlations of the health index values 
over the years and the sustainability index values over the years, i.e., demonstrating 
the relatively low levels of change in all indicators over time. This shows that it is 
challenging to effect change through the transportation system alone, in the absence 
of changes addressing land use, socio economic, and other factors. The findings of 
this case study should not be taken as a concrete indication of differences between 
the concepts of “health” and “sustainability,” but rather as a reflection of the impor-
tance of indicator selection on measured outcomes. For example, different indicator 
choices in this context may produce different results; similarly, different priority 
weights assigned to indicators may also have an impact. Thus, any indicator-based 
analysis exercise should attempt to understand the broader context and avoid 
“cherry-picking” of convenient indicators.

J. Zietsman and T. Ramani
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Fig. 15.5 Case study results
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15.8  Summary and Conclusions

This chapter provides our perspective and analysis of indicators and decision- 
making for sustainable transportation, in relation to  the emerging discipline of pub-
lic health. We believe that it is important to advance health within a sustainable 
transportation agenda. Sustainability is a broad and overarching concept, and there 
is recognition of the need for sustainability to be a driver of transportation planning 
activities. Sustainability has evolved from being an environmentally focused con-
cept to function as a “catch-all” for economic, environmental, and social goals that 
we strive for; while this can be a detriment, it also provides a useful framework for 
setting a vision and goals for transportation.

Health has similarly emerged as a broad and holistic concept, and we see that it 
has several overlaps and convergences with the concept of sustainability. We can 
therefore make the case that health is a sustainability issue, and an adapted frame-
work to show how addressing sustainability can also address health issues through 
the use of appropriate goals, objectives, and indicators. We adapted a framework 
and indicator-based approach to sustainable transportation to pursue a joint health- 
sustainability agenda. As practitioners in the disciplines of health and transportation 
come together, it is important for them to acknowledge synergies between the two 
concepts. However, as the indicator-based case study showed, despite convergences 
between the two areas, health and sustainability are not necessarily proxies for each 
other. It also demonstrated the importance of indicator selection and the inherent 
complexities of developing universally agreed upon indicator sets to reflect con-
cepts such as health and sustainability. The use of indicators geared solely toward 
health priorities may run the risk of certain aspects of sustainability being neglected. 
Similarly, a focus on sustainability may potentially reduce emphasis on health- 
related issues that do not serve higher-level sustainability goals.

In conclusion, the established field of sustainable transportation provides a use-
ful jumping-off point for practitioners to understand and apply concepts of health. 
Decision-making process and indicators geared toward common goals can help 
practitioners advance health considerations in the transportation agenda.
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Chapter 16
Measure Selection for Urban Transport 
Policy

Anthony D. May

16.1  Introduction

Measure selection is the process of identifying the most suitable and cost-effective 
policy measures to achieve a city’s vision and objectives and overcome its transport- 
related problems. Logically, therefore, it comes after the process of developing a 
vision, objectives and targets, which are discussed in previous chapters.

Measure selection is a challenge for five principal reasons. Firstly, cities have a 
very wide range of measures available to them; these include building new road and 
rail infrastructure, providing new public transport services, managing the road net-
work more effectively, encouraging behavioural change, providing improved infor-
mation, charging for use of the transport system and modifying development 
patterns to reduce travel demands. They can be applied to the private car but also to 
buses, trains, trams, cycling and walking and to freight vehicles. It is all too easy to 
overlook solutions which would be more effective. Secondly, many stakeholders 
and politicians will have preconceived ideas as to what should be done, and evi-
dence suggests that these solutions are often not the most cost-effective. Thirdly, the 
most cost-effective measures are often not the most easily implemented; split 
responsibilities, lack of funding and public opposition can limit what is done. 
Fourthly, a transport plan is likely to draw on several measures, but its performance 
and ease of implementation will depend on how these measures are packaged. 
Finally, a transport plan needs to be more than a wish list of measures; prior to 
implementation each measure needs to be defined in detail, assessed in terms of its 
likely impact, and appraised in terms of its potential contribution.
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Measure selection, sometimes referred to as option generation, has been high-
lighted as one of the weaknesses of urban transport policy formulation (Eddington 
2006). A failure to consider the full range of possible measures can lead to:

• An over-reliance on preconceived ideas
• A tendency to focus on supply-side measures rather than demand-side 

measures
• Lack of experience of the wider range of measures available
• Lack of evidence of the performance of those measures in other contexts

By definition, a measure which more effectively meets a city’s objectives will be 
more beneficial. One that is more acceptable will stand a greater chance of being 
implemented and thus actually producing benefits. One which offers greater value 
for money will be able to realise those benefits while making less demand on lim-
ited budgets.

An effective package can combine those measures which are themselves most 
effective in ways which achieve synergy—by making the whole more effective than 
the sum of the parts—and which overcome barriers to implementing them, such as 
lack of acceptability. Examples of both these concepts are described more fully in 
May et al. (2012).

To assist in this process, the European Commission has recently published guid-
ance on measure selection (May 2016). In this chapter, we summarise key elements 
of that guidance and look more specifically at ways in which specific measures can 
contribute to protecting and improving public health. In Sect. 16.2 we consider the 
range of measures and the evidence on them. In Sect. 16.3 we outline the principles 
of packaging. In Sect. 16.4 we discuss the concept of strategies. In Sect. 16.5 we 
consider the barriers to using individual measures. Section 16.6 presents a Measure 
Option Generator developed to support the guidance. Section 16.7 considers the 
potential of the range of measures to contribute specifically to improved public 
health. Section 16.8 concludes with a series of recommendations for good practice.

16.2  The Range of Policy Measures

A “measure” is an action which can be taken to contribute to one or more policy 
objectives or to overcome one or more identified problems. Examples range from 
building new transport infrastructure to managing the way in which that infrastruc-
ture is used and from service provision to regulation and pricing. There is a growing 
range of measures available to transport professionals. A total of 64 measures are 
included in the Measure Option Generator (see Sect. 16.6). Some of these, such as 
low emission zones, bike sharing and crowd sourcing, are relatively new. In all, 
planners and policymakers have access to around twice as many measures as they 
did 30 years ago.

There are several ways of categorising these measures. One is the distinction 
between “supply side” and “demand side”. On the supply side are measures which 
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add to the capacity of the transport system to move people and freight. On the 
demand side are measures which affect how people and freight operators use the 
transport system. Demand-side measures are often grouped under the title Transport 
Demand Management. Another categorisation considers the type of impact which 
the measure has. This is the approach which is adopted in the Measure Option 
Generator, which distinguishes between land-use measures, infrastructure mea-
sures, management and service measures, attitudinal and behavioural measures, 
information provision and pricing measures.

Unfortunately, evidence on the performance of many of these measures is incom-
plete. Cities and governments rarely set aside a budget for ex post evaluation of a 
measure’s impact. All too often, the view is taken that the final step is to implement a 
measure, rather than to learn from that experience. This will particularly be the case 
where a measure has not been as effective, as hoped, since those involved will not 
want their decisions questioned publicly. It is particularly important for cities to take 
the opportunity to measure and evaluate the impacts of new measures and to make that 
information available to others. In particular, information on measures which have 
been less successful than planned can help others avoid making the same mistakes.

Even where experience is available, it may not be directly relevant in another 
context. Light rail will work better in larger cities than in smaller ones. Walking and 
cycling provision are more effective in high-density areas than in lower-density 
ones. Parking controls are likely to be more effective in city centres than elsewhere. 
Regulatory controls will be more acceptable in some cultures than in others. For all 
of these reasons, it can be difficult to judge how transferable experience with suc-
cessful policy measures will be. This is a further reason for encouraging as much 
experience as possible to be recorded.

In understanding the performance of individual measures, it is important to con-
sider their impacts in:

• Changing the demand for travel
• Changing the supply of transport facilities
• Changing the cost of provision and operation of the transport system

Initial responses (e.g. changes in mode) may lead to secondary ones (e.g. 
increases in overcrowding). Each of these types of change will in turn affect perfor-
mance against the objectives and hence reduce (or increase) problems. Tracing all 
these impacts can be difficult, and causal chain diagrams (Fig. 16.1) can help to 
understand them. A first principles assessment of this kind can help to assess the 
potential contribution of a measure, and our Measure Option Generator is structured 
on this basis.

Changes in demand result from a myriad of decisions by individual travellers. 
When faced with a new policy measure, or with a change in an existing one, such as 
a fare increase, the individual traveller has a number of options, including changing 
the number of journeys made, combining journeys, changing destination, changing 
departure time, changing mode and changing route. The scale of response will 
depend on the circumstances. Those who are directly exposed to a change will 
respond more strongly than those for whom the impact is indirect. Those who have 
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fewer alternatives will be more reluctant to change. Longer-term responses may 
well be stronger, as people have more time to respond. People are more likely to 
change when they experience life cycle changes, such as having a baby or changing 
jobs. Elasticities of demand are often used to understand the scale of such responses 
(e.g. Paulley et al. 2006).

Changes in the supply of transport can take a number of forms, including changes 
in capacity, the allocation of capacity, permitted speeds, access time, costs of use and 
information. Some of these will have a direct influence on travellers, while others 
will only affect them if they become aware of them. For most policy measures, it will 
be clear how they affect supply, but the scale of this impact may be difficult to assess.

The principal types of financial cost are capital costs of new infrastructure, oper-
ating and enforcement costs and costs of maintenance and replacement. Pricing 
measures such as congestion charging will, in addition, generate a revenue stream 
which will both reduce the net cost of the measure and influence demand. Changes 
in these costs and revenues are crucial in determining whether an individual policy 
measure, or the overall strategy, provides value for money. Low-cost measures typi-
cally offer greater value for money than major infrastructure projects.

There are two main sources of information on these effects: empirical evidence 
and predictive computer models. Each has its limitations. Empirical evidence can be 
collected from before and after studies of the implementation of a particular  measure 
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or a package. Ideally such studies will be carried out whenever a new type of measure 
is implemented or when a measure is implemented in a different context. However, 
as noted above, cities are often reluctant to spend scarce resources on such studies, 
and national governments rarely invest in them. Even where studies are conducted, 
they are often less than comprehensive. Information is needed on resulting changes 
in demand, supply and costs of travel, as well as on changes in outcome indicators 
for each of the objectives of interest to other cities. Moreover, performance will be 
affected by context and may not be transferable. Predictive models can in principle 
overcome these constraints by enabling impacts on demand, and hence on outcome 
indicators, to be predicted in a number of different contexts. But models themselves 
have limitations, as discussed in more detail in Sect. 3.5.2 of May (2016).

There are several useful sources of evidence from those studies which have been 
conducted, including CiViTAS (2016), ELTIS (2015) and Evidence (2016) projects. 
ELTIS case studies are added at the rate of perhaps ten per month and cover both 
policy measures and planning practice. A large amount of evidence has been col-
lected for the Measure Option Generator, which now covers 64 measures and over 
200 case studies (see Sect. 16.6).

16.3  The Use of Packages

No one measure on its own will be sufficient to achieve a city’s objectives or over-
come its problems. Most cities will include several policy measures in their trans-
port plans and need to think about how these different measures might interact. This 
is the concept behind creating a policy package.

The key to developing a package is to identify which policy measures will work 
well together and which measures may be needed to make other measures viable. 
Thus, within a policy package, policy measures can interact in one of two different 
ways:

• They can achieve more together than either would on its own; this is the principle 
of synergy.

• They can facilitate other measures in the package by overcoming the barriers to 
their implementation (which are considered more fully in Sect. 16.5).

London offers a good example of both principles of packaging. Congestion 
charging was unpopular and was expected to affect lower-income car users.  
However, its revenue was used to finance an increase in bus services in inner 
London. These bus services helped overcome the barriers to congestion charging, 
while congestion charging overcame the financial barrier to increasing bus services. 
Moreover, the two together achieved a greater switch away from car use than either 
would have done on its own (TfL 2007).

It is difficult to find empirical evidence on the performance of packages given the 
problems of needing to implement several measures together and of isolating their 
effects from external changes. An alternative approach is to use predictive models to 
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assess how measures might operate together. As an example, the PROPOLIS study 
(Lautso et al. 2004) tested a common set of policy measures in seven European cit-
ies, using each city’s own model to produce a standard set of sustainability indica-
tors. The two most effective policy measures were improvements to public transport, 
through faster, more reliable services and lower fares, and charges for car use, 
through road pricing or higher parking charges. Land use measures, tested on their 
own, had little impact but helped to intensify the effect of the transport measures 
and to reduce their potential contributions to urban sprawl. Few of the infrastructure 
projects being planned by the cities were as cost-effective as these public transport, 
pricing and land use measures.

16.4  Strategies

Cities may find it easier to think about the overall strategy which they wish to pursue 
than to list the measures which they want to use. At its simplest, a strategy is a com-
bination of measures to address a city’s objectives. More specifically, a strategy can 
be a direction of change which a city wants to achieve in the transport system. Such 
strategies are not objectives in their own right but changes which should contribute 
to the city’s chosen objectives.

For example, a city might wish to reduce car use. Presenting this as an objective 
is likely to attract criticism that the city is “anticar”. But demonstrating that reduc-
ing car use should help to improve the environment, liveability, health and safety 
links the strategy directly to objectives and hence helps justify it.

The KonSULT knowledgebase (Sect. 16.6) distinguishes between six strategies:

• Reducing the need to travel
• Reducing car use
• Improving public transport
• Improving the use of the road network
• Improving walking and cycling
• Improving freight operations

Cities may wish to pursue many or all of these, and the Measure Option Generator 
(Sect. 16.6) allows the user to do so and indicate priorities among them. For each 
strategy, it is then possible to identify the measures which potentially contribute to 
it. Some measures will contribute directly to one strategy (e.g. bike sharing is clearly 
linked to improving walking and cycling). Others may contribute to several; for 
example, mixed development will reduce the need to travel but may also make it 
easier to provide for public transport, walking and cycling. Measures appropriate 
for one or more of these strategies can then be combined into a package of measures 
designed to achieve a given change in the direction of the transport system, follow-
ing the principles outlined in Sect. 16.3.
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16.5  The Principal Barriers to Measure Selection

A barrier is an obstacle which prevents a given policy measure being implemented 
or limits the way in which it can be implemented. As a result, some measures may 
be rejected, making the transport plan less effective. For example, demand manage-
ment measures in larger cities can control congestion and improve the environment. 
But cities may be tempted to reject them simply because they will be unpopular. The 
emphasis should therefore be on how to overcome these barriers, rather than simply 
how to avoid them. The Measure Option Generator (Sect. 16.6) identifies six types 
of barrier:

• Legal and regulatory
• Financial
• Governance and institutional
• Political acceptability
• Public acceptability
• Technical

Legal barriers include lack of legal powers to implement a particular measure, 
legal responsibilities which are split between agencies and regulations which require 
involvement of the private sector. A survey of European cities in PROSPECTS 
(May and Matthews 2007) indicates that land use, road building and pricing are the 
policy areas most commonly subject to legal and institutional constraints.

Finance for implementing transport plans will typically come from five sources: 
national and regional government, local taxation, transport users, developers and 
other sources such as bonds, bank loans and private investment. Some of these 
sources of funding will be assigned to certain types of project; for example, the 
French versement transport charge on local firms can only be used to improve pub-
lic transport (Cerema 2015). Some will be for infrastructure (capital funding) rather 
than management measures (revenue funding). Both of these constraints are likely 
to lead to less cost-effective strategies. As shown in Fig.  16.2 (Goodwin 2010), 
infrastructure projects typically have much lower benefit/cost ratios than manage-
ment projects. The guidance on measure selection offers fuller advice on how best 
to overcome financial barriers.

Governance issues are considered more fully in other chapters. As they and the 
EU guidance (May 2016) emphasise, lack of direct control, intervention by other 
tiers of government and involvement of private sector stakeholders may limit a 
city’s ability to adopt the full range of policy measures. The PROSPECTS project 
(May and Matthews 2007) found that it is typically medium-sized cities which suf-
fer most from such governance barriers; smaller cities often have more freedom, 
while larger ones often have more power.

Political acceptability barriers arise where politicians fear lack of public accep-
tance, when different political parties hold opposing views or where pressure groups 
or the media oppose a measure. Public acceptability may differ from political 
acceptability if politicians have not kept in touch with changes in the public’s views. 
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It may well differ by socio-economic group and can be influenced by cultural attri-
butes, such as attitudes to enforcement. The surveys in PROSPECTS (May and 
Matthews 2007) found that road building and pricing are the two policy areas which 
are most commonly subject to constraints on political acceptability. Public transport 
operations and information provision are generally less affected by acceptability 
constraints.

Technical barriers are more obvious. For land use and infrastructure, these may 
well include difficulties in land acquisition. For management and pricing, enforce-
ment and administration are key issues. For infrastructure, management and infor-
mation systems, engineering design and availability of technology may limit 
progress. Generally, lack of key skills and expertise can be a significant barrier to 
progress and will be aggravated by rapid changes in the types of policy being con-
sidered and the emergence of new technologies.

Acceptability and governance barriers can be reduced by effective participation 
and cooperation, as considered in Chap. 26. Effective packaging, as outlined in 
Sect. 16.3 above, can reduce acceptability and financial and governance barriers. 
Legal and technical barriers are harder to overcome in the short term.

16.6  The Measure Option Generator

The Measure Option Generator developed for the EC guidance on measure selec-
tion (May et al. 2016) has been incorporated into the Knowledgebase on Sustainable 
Urban Land use and Transport (www.konsult.leeds.ac.uk). KonSULT itself was 

Fig. 16.2 Capital costs and benefit/cost ratios for different types of policy measure (Source: 
Goodwin (2010))
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developed, with support from the UK government and the EC, with the aim of 
assisting policymakers, professionals and interest groups to understand the chal-
lenges of achieving sustainability in urban transport and to identify appropriate 
policy measures and packages for their specific contexts. It consists of three ele-
ments: a Measure Option Generator, a Policy Guidebook, which contains the infor-
mation on each of the policy measures in the knowledgebase, and a Decision-Makers’ 
Guidebook. We describe the first two in this section.

In the Policy Guidebook, policy measures are grouped into six high-level catego-
ries of land use interventions, infrastructure projects, management and service  
measures, attitudinal and behavioural measures, information provision and pricing 
interventions. Each measure is described following a standard structure:

• Summary: a one-page summary of the description and findings
• Taxonomy and description, which describes what the measure is, how it works, 

what it tries to do and how it contributes to different strategies
• First principles assessment, which assesses from first principles how it affects 

demand, supply and finance; how, through these impacts, it might contribute to 
policy objectives and the resolution of policy problems; and what the barriers are 
to its implementation

• Evidence on performance, which summarises a series of case studies which pro-
vide empirical evidence on their contribution to policy objectives and problem 
resolution

• Policy contribution, which combines the findings of the previous two sections to 
summarise the measure’s contribution to policy objectives and to the resolution 
of policy problems and identifies the areas of a city in which it might most use-
fully operate

• References

To ensure consistency of treatment, a standard eleven-point scoring method is 
applied, ranging from +5 (a highly positive contribution) to −5 (a highly negative 
contribution) throughout the knowledgebase. These scores underpin the operation 
of the Measure Option Generator. Each of the concepts used, including objectives, 
problems, strategies and barriers, is more fully described in the Decision-Makers’ 
Guidebook.

The Measure Option Generator allows cities quickly to identify those policy 
measures which may be of particular value in their context. Users specify their con-
text, including their objectives and strategy, and the Measure Option Generator pro-
vides an ordered list of the 64 measures contained in the Policy Guidebook. From 
the Measure Option Generator screen, the user begins this process by specifying the 
type of area they are concerned with (corridor, town centre, outer suburb, etc.).

The next screen then prompts the user to decide whether to base their search on 
objectives or problems or indicators. An objective-led search and a problem- 
oriented one should lead to the same overall strategy, provided that the problems 
identified are consistent with the objectives set. The user is thus required to adopt 
one of these approaches, to avoid double counting. The user can also assign weights 
ranging from 0 to 5 to the each of the chosen objectives (or problems) to indicate 
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their relative importance in the user’s local context. This addresses the concern that 
objectives may be in conflict and that it may help to specify a hierarchy of objec-
tives (or problems). This stage is one to which stakeholders might usefully contrib-
ute, and the Measure Option Generator is designed to be used interactively.

The third screen prompts the user to select the strategies they envisage adopting. 
As outlined in Sect. 16.4, the strategies included in the Measure Option Generator 
describe broad directions of policy, such as reducing the need to travel or improving 
walking and cycling. Users can reflect a mixed approach by assigning weights from 
0 to 5 to indicate the relative importance of each selected strategy.

Based on these input values which specify the context of interest to the user, 
KonSULT’s Measure Option Generator produces a list of the 64 available policy 
measures ranked according to their potential relevance and ability to contribute to 
the specified context. The example shown (Fig. 16.3) emphasises environmental, 
social and economic objectives, but does not specify any particular strategy. In this 
case, the first six ranked measures include pedestrian areas and routes (under the 
“infrastructure” category), land use to support public transport (under the “land use 
measures” category), cycle networks (under the “infrastructure” category), accident 
remedial measures (under the “management and service measures” category), road 
user charging (under the “pricing” category) and intelligent transport systems 
(under the “management and service measures” category).

A different specification of context will generate a different ranking, and this can 
be used to check on the robustness of any given policy measure. The output in 
Fig. 16.3 also provides a broad indication of the cost for each measure and the tim-
escale for implementation. Users can thus limit their search to low-cost or rapidly 
implemented measures.

The output as in Fig. 16.3 is not intended to be prescriptive but to prompt the user 
to investigate measures which might not previously have been considered. Once 
again, this feature can be used interactively with stakeholders, who may be prompted 
to debate the relative merits of the more highly ranked measures. At any stage, the 
user can click on any of the measures listed and transfer immediately to the fuller 
information on that measure in the KonSULT Policy Guidebook.

As a next step, the output in Fig. 16.3 can be used to develop packages of mea-
sures. The KonSULT Package Option Generator allows the user to consider packag-
ing in one of two ways. The first involves taking a preferred policy measure (such as 
bus rapid transit) and identifying other measures which might support it. These are 
referred to as complementary measures. The second involves true packaging, where 
several measures are chosen which work well together. Computationally, assessing 
packages of several measures from a long list can rapidly become  complex, so the 
packaging option is limited to packages of up to five measures chosen from a list of 
up to ten measures.

As explained in Sect. 16.3, measures can work together in one of two ways, by 
achieving synergy or by helping to overcome barriers. Users can choose either of 
these approaches in searching for complementary measures or packages. The cal-
culation of synergy is based on detailed research using predictive models to assess 
the interaction of different pairs, and sets, of policy measures (May et al. 2016). 
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The assessment of the overcoming of barriers is based on the scores for each mea-
sure against the barriers of governance, political acceptability, public acceptability 
and finance in the Policy Guidebook.

As an example, starting with the output in Fig. 16.3, the user could choose the 
“packages” tool, select the synergy method, set the size of the desired package to 
five measures (the maximum) and select the first ten ranked measures from Fig. 16.3 
for possible packaging. The package option generator produces 252 ranked pack-
ages of size 5 in this case, the first five of which are shown in Fig. 16.4.

The first package, with cycle networks, intelligent transport systems, road user 
charging, pedestrian areas and land use to support public transport, is a logical com-
bination, given the selected objectives. Road user charging reduces car use and 
hence supports the environment; measures to support walking and cycling reinforce 
this and provide alternatives available to all; intelligent transport systems improve 
the efficiency of the transport system; and, as outlined in the PROPOLIS study 
(Lautso et al. 2004), land use measures help avoid road user charging leading to 
relocation of activities.

Fig. 16.3 Ranking of policy measures in KonSULT (Source: www.konsult.leeds.ac.uk)
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16.7  Addressing the Public Health Objective

As initially designed, KonSULT did not directly address public health as an objec-
tive, since it had not then (in 2002) emerged as a public policy objective for transport 
in its own right. However, KonSULT does consider specific objectives of liveable 
streets, environmental enhancement and safety, all of which have implications for 
health. More recently, an attempt has been made to assess the implications for public 
health of each of the 64 policy measures currently included in KonSULT, with the 
intention in due course of including public health as an additional objective (Khreis 
et al. 2017). In this section, we summarise the main findings of that analysis.

An initial literature review was used to identify the range of potential health 
impacts of transport policy measures. These included motor vehicle crashes, air pol-
lution exposure, noise exposure, increased urban temperature, loss of green space 
and biodiversity, physical inactivity, climate change and social exclusion.

The assessment involved considering the potential health impact in each of these 
categories for each of the 64 measures. This assessment was based on the existing 
text in the “summary”, “first principles assessment” and “evidence on performance” 
sections of the Policy Guidebook, using professional judgement and the principles 
identified from an initial literature review. In addition, where the impacts were 
unclear or contested (e.g. in the case of low emission zones and electric vehicles), 
further literature search was carried out to establish the current evidence, and the 
following studies on intervention effects were consulted (Holman et  al. 2015; 
Morfeld et al. 2014; Ji et al. 2012; Timmers and Achten 2016).

The resulting assessment describes the direction of the expected health 
impacts (positive or negative), but does not attempt to quantify the scale of each 
impact. Such assessment is difficult to make given the current limited evidence 
base. Figure 16.5 is an example of the mental models that governed the impacts, 

Fig. 16.4 Ranking of packages in KonSULT (Source: www.konsult.leeds.ac.uk)
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assignment, as applied to the first policy measure in KonSULT: “development 
density and mix”.

Note: The green arrows indicate a positive impact (increase associated with 
increase). The red arrows indicate a negative impact (increase associated with 
decrease). The thicker arrows indicate effects for which the evidence is stronger 
than for the thinner arrows.

The first category of interventions in KonSULT, land use, includes four individ-
ual policy measures. Land use policy measures such as development density and 
mix and land use to support public transport can have health impacts both by affect-
ing the level of travel and by affecting the overall travel patterns. Higher densities of 
activities can improve accessibility, reduce the need for motorised travel and encour-
age shorter journeys and increased levels of walking, cycling and physical activity. 
This can result in reductions in air pollution, noise and climate change effects and 
possibly reduce local heat islands and motor vehicle crashes as a result of reductions 
in road traffic levels. Dense and mixed developments can help make public transport 
provision more viable. Encouraging public transport use through land use planning 
can have positive health impacts by increasing the accessibility of urban areas and 
the convenience of public transport use and hence encourage a mode shift away 

Fig. 16.5 Mental model for the interactions between development density and mix and specific 
health impacts, showing the pathways leading to premature mortality and morbidity. Source: 
Khreis et al. 2017
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from private car use to more active travel and physical activity. Further positive 
health impacts are possible if there is an increase in green space provision and a 
decrease in inequalities by supporting the mobility needs of vulnerable groups by 
transport means other than the private car. The health impacts of parking standards 
policies vary, depending on the direction of these policies. If the amount of parking 
required, or permitted, for new developments is reduced, then developers might 
rethink where to position their developments to provide access for their target cus-
tomers by transport means other than the private car. This can have positive health 
impacts through the same pathways above if the development is positioned in dense 
and mixed urban space and/or near public transport hubs. On the contrary, the gen-
erous provision of parking for new developments can reinforce the use of the private 
car for travel from and to the development and can increase local air and noise pol-
lution as a result of the induced travel demand associated with the new develop-
ment. Further negative impacts are possible if the resulting development leads to a 
decrease in green space or biodiversity. The impact of developers’ contributions 
depends on the infrastructure they support.

The second category of interventions, infrastructure, includes nine individual 
policy measures. Many infrastructure policy measures including trams and light 
rail, new rail stations and lines, bus rapid transit, park and ride, terminals and inter-
changes, cycle networks and pedestrian areas and routes can have positive health 
impacts by increasing active travel and physical activity and reducing traffic levels 
and consequently traffic-related air pollution, noise, heat island effect and climate 
change effects. If there is an increase in green space, more health benefits are 
expected. Furthermore, as green space may improve pedestrians’ and cyclists’ expe-
rience, such green space provision may also reinforce a shift from the private car to 
using these active travel modes. Further positive impacts are expected if there is a 
reduction in inequalities, for example, by supporting the travel of vulnerable groups 
by transport means other than the private car. As some of these infrastructure policy 
measures also tend to increase the geographical accessibility of urban space, inte-
grating these interventions within a wider land use framework is desirable and can 
help to better realise potential positive health impacts. On the other hand, measures 
like new rail stations and lines may encourage urban sprawl, new low-density devel-
opment, longer distance travel and higher associated emissions. Further negative 
impacts are possible if there is a decrease in exposure to green space and an increase 
in inequalities by unaffordable fares, land acquisition or displacement of vulnerable 
groups. From the infrastructure category, new road construction and off-street park-
ing can have negative health impacts by increasing car use and therefore reducing 
active travel and physical activity, increasing air pollution, heat, noise and climate 
change effects and possibly motor vehicle crashes. Further negative health impacts 
will occur if the land uptake for the new infrastructure leads to a decrease in green 
space or biodiversity loss or an increase in severance.

The third category of interventions, management and service, includes 23 indi-
vidual policy measures. Many of the management and service policy measures can 
have a positive health impact through the reduction of motor vehicle crashes (e.g. 
road maintenance, conventional traffic management, intelligent transport systems, 
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accident remedial measures, traffic calming measures, physical restrictions, regula-
tory restrictions, bus services and priorities, cycling promotion measures, pedes-
trian crossing facilities, lorry routes and bans, road freight fleet management systems 
and new rail services). Several will also reduce air pollution, noise and heat island 
effects (e.g. road maintenance using materials to reduce air pollution and noise, traf-
fic management and urban traffic control, intelligent transport systems, high- 
occupancy vehicle lanes, physical restrictions, regulatory restrictions, low emission 
zones, parking controls, bus service and priorities, cycling promotion measures, 
lorry routes and bans and new rail services). Some of these measures such as physi-
cal road restrictions and parking controls may free up urban space that could be 
utilised for green or public space. With the exception of improvements in cycle and 
pedestrian facilities, measures in this category often do little to increase levels of 
active travel and physical activity and may have negative impacts through increase 
in inequalities.

The fourth category of interventions, attitudinal and behavioral, includes ten 
individual policy measures. The health impacts of attitudinal and behavioral policy 
measures such as promotional activities, personalised journey planning and com-
pany or school travel plans are harder to predict and depend on the direction and 
content of the measures, but in general are likely to result in positive health impacts 
through increased levels of active travel and physical activity, and reduction in air 
pollution, noise and climate change effects and possibly motor vehicle crashes. 
Similarly, ride and bike sharing, car clubs, flexible working hours and telecommu-
nications are likely to result in positive health impacts and higher flexibility in 
mobility patterns. Promoting low-carbon vehicles is a controversial measure, and 
lessons learnt from the European diesel car boom indicate that this measure can 
negatively impact air quality and health through the increased exposure to nitrogen 
oxides and particulate matter. On the other hand, electric cars should have a positive 
contribution to air quality and health through reductions in tailpipe emissions, pro-
vided that a target for clean electricity generation is also implemented. However, 
pollution from tyres, brakes, road surface wear and corrosion will remain.

The fifth category of interventions, information provision, includes nine indi-
vidual policy measures. For some of the information provision policy measures, the 
health impacts are unclear (e.g. crowd sourcing), while for others there may be posi-
tive health impacts through a reduction in motor vehicle crashes (e.g. conventional 
signs and marking, variable message signs, barrier-free mobility) and air pollution 
and climate change effects via reducing stop-start driving and idling and encourag-
ing and facilitating the use of public transport (e.g. conventional time tables and 
service information, trip planning systems).

The final category of interventions, pricing, includes nine individual policy mea-
sures. Pricing policy measures are often likely to have positive health impacts 
through general reductions in car use and traffic levels, taxing the most polluting 
fuels, regulating the age of the vehicle stock, reducing the convenience of motoring 
and parking, decreasing public transport fares to increase patronage and providing 
integrated ticketing that allows passengers to transfer within or between different 
public transport modes with ease and convenience. These measures can possibly 
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slightly increase active travel and physical activity and reduce levels of air pollu-
tion, noise, heat island effect, climate change and motor vehicle crashes.

The brief assessment above suggests that there are measures in each category 
which are likely to improve public health, with the most common pathways arising 
from reduced car use and its positive effects on air and noise pollution, crashes and 
heat island effects. Many measures also serve to encourage active travel, either 
directly or by increasing the opportunities for adopting it. Impacts on climate change 
and on green space and biodiversity are more limited. Climate change reduction is 
assisted mainly by land use measures which reduce the need to travel and pricing 
measures targeted on car use. Social exclusion can be reduced by land use measures 
and those which directly promote public transport, walking and cycling. However, 
many infrastructure projects will have a negative impact by encouraging the separa-
tion of wealthy and poorer neighbourhoods.

Overall, land use measures appear to offer the most significant benefits, by reduc-
ing the need to travel, enhancing green space and facilitating shorter distance travel 
by active modes. The only measures in doubt in this category are parking standards 
and developer contributions, where the impacts will be depend critically on how 
these standards and contributions are used. The second most effective category 
appears to be pricing, particularly in the case of low and integrated fares which 
facilitate greater public transport use and help reduce social exclusion, and conges-
tion and parking charges, which can help reduce car use. The categories of manage-
ment and services, awareness and information all contain measures which can be 
effective provided that they are appropriately designed. The category of infrastruc-
ture appears to be the least likely to be effective and the most likely to aggravate 
problems of climate change, loss of green space and social exclusion.

16.8  Conclusions and Recommendations

Option generation is a key input to any transport plan and is often one of the  
weakest links. The guidance on Measure Selection (May 2016) contains a series of 
recommendations which are based on the approaches outlined in Sects. 16.2–16.6 
and are worth repeating here:

 1. Avoid thinking about solutions before you have agreed on your vision and objec-
tives. These will help you to understand what problems you face. Measures can 
then be thought of as ways of overcoming those problems (Sect. 16.2).

 2. In looking at possible measures, cast your net as widely as possible. Look at the 
different types of measure and the information on them. Try to understand how 
each works and can thus contribute to your objectives (Sect. 16.2).

 3. Think about the principles of packaging the measures that you are interested in; 
packaging can help in achieving enhanced performance, but it can also help to 
overcome barriers to implementation (Sect. 16.3).
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 4. Decide whether there are particular strategies that you want to pursue (like 
reducing the need to travel) (Sect. 16.4).

 5. Be clear as to the constraints that you face. Who is responsible for each of the 
types of measure that you are considering? What level of funding is available? 
How acceptable are different measures likely to be? But don’t take these con-
straints as reasons for not pursuing a given measure; you can use packaging and 
careful design to overcome them (Sects. 16.4 and 16.5).

 6. Involve your stakeholders and public in selecting the measures and packages 
which you might adopt. But also consider using the Measure Option Generator, 
which may offer a tool for stakeholder and public involvement (Sect. 16.6 and 
Chap. 26).

 7. Ensure that each shortlisted measure is designed in sufficient detail to ensure that 
it can be implemented and that stakeholders and the public know what to expect 
(See Sect. 3.5 of May 2016).

 8. Assess the likely impacts (on objectives and problems) of each of these detailed 
designs. This will require an ability to predict what might happen and can be 
assisted by predictive models and appraisal methodologies (See Sect. 3.5 of May 
2016).

 9. Use these predictions to appraise each detailed measure and package against 
your objectives. This will help you to prioritise the measures which you adopt 
and may suggest ways in which individual designs can be enhanced (See Sect. 
3.5 of May 2016).

To these should of course be added the recommendation above to carry out a full 
ex post evaluation of the impacts of any newly implemented measure and to dis-
seminate that evaluation so that others may benefit from the experience gained.

It is planned to add public health as an objective in the KonSULT knowledgebase 
in the near future. In the meantime, it appears that land use and pricing measures 
offer the greatest promise for enhancing public health. The management and ser-
vice, awareness and behavioural and information categories all include measures 
which are likely to contribute positively to health enhancement. On balance, infra-
structure measures appear the least likely to assist in a public health campaign.
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Chapter 17
(Un)healthy Bodies and the Transport 
Planning Profession: The (Im)mobile 
Social Construction of Reality and Its 
Consequences

António Ferreira

17.1  Introduction

The ways along which we walk are those along which we live
(Ingold and Vergunst 2008, p. 1)

Transport planning is an activity with key consequences for our individual and 
collective futures. As the quotation from Ingold and Vergunst’s suggests, our 
lives are greatly influenced by the ways along which we walk. However, we move 
more and more seated inside motorised transport means and not due to our own 
physical abilities as when we walk (or run or cycle). Motorised transport is 
becoming increasingly relevant in determining how we live our lives, use and 
shape our bodies, understand our identities and conceptualise the world we 
inhabit (Urry 2004). In others words, our understanding of reality is becoming 
increasingly influenced by transport technologies and lifestyles that not only create 
but actually presuppose ill and feeble bodies with a single outstanding ability: the 
capacity to remain seated for endless hours in closed spaces such as cars and 
planes, offices and living rooms.

The ability to stay immobile on a chair for extensive periods of time should not 
be seen as trivial. As Tofler (1980) notes, during the Industrial Revolution, it was 
very difficult to discipline peasants coming from the countryside to work in facto-
ries where the obedient capacity to remain at their workstations doing the same task 
for endless hours was required (see as well McNally 2012). Their bodies were used 
to freedom, physically mobile daily lives and the great outdoors and were therefore 
not prepared to accept this level of monotony and restraint. The primary schools 
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where the children of factory workers were forced to stay indoors for long periods 
of time, perfectly immobile at their desks and following orders from their teachers 
all day, were therefore of critical importance to prepare future generations of 
workers. First generation peasant workers were very difficult to deal with.

Since the Industrial Revolution, we have achieved a remarkable accomplishment 
as a global species: never had we before so many humans perfectly disciplined and 
physically able (and actually wanting) to remain immobile on a chair all day. The 
world is now populated by what Bowman calls “sitting ninjas” (2014). Our ability 
to stay seated for so long is an extraordinary adaptation to the demands of contem-
porary society. Today we geographically move a lot while we physically move very 
little. We are becoming a deeply physically immobile and geographically mobile 
species. In other words, immobile mobility dominates a good part of our reality.

This book chapter has three key goals. First, it aims at objectively defining and 
highlighting the importance of the process of (im)mobile construction of reality 
presented above. It will allow showing the extent to which the dominance of 
 immobile mobility is problematic and particularly when this is experienced by 
transport planners in a way that frames their understanding of personal life and 
work. Second, and following the previous point, it aims at alerting the reader to the 
importance of the paradox of transport planners—whose societal role is making 
decisions about (geographical) mobility—having a job that is fundamentally (physi-
cally) immobile, as it is characterised by large amounts of desk and computer work 
and long periods of time held in meeting rooms. The emergence of very powerful 
digital technologies has further exacerbated this situation, making it possible for 
transport planners to plan both major transport systems and street-level infrastruc-
tures without ever leaving their desks. Worryingly, but naturally, to this sedentary 
life is associated a “flatland worldview”—a key Wilberian concept that will be 
described in detail later (Wilber 2000b). Third, and finally, this paper aims at pro-
posing how to end this paradox so that transport planners can better contribute to a 
physically mobile society where health and physical mobility are prioritised. This is 
an important and timely subject because human health is experiencing a crisis that 
is to a large extent caused by our physical immobility to which we are not at all 
adapted to as a biological species (Bowman 2014; Forencich 2006). This crisis is so 
serious that it has been considered a global pandemic responsible for numerous 
deaths every year (Lee et al. 2012).

The present chapter is structured as follows. I will start by presenting the different 
forms of mobility and immobility the chapter considers. Then I will argue that any 
profession has a set of restrictions to the range of ideas, forms of knowledge and 
behaviours that are considered acceptable for those practicing it. When profession-
als cross those boundaries, they are incurring in a form of career-specific deviance 
likely to have negative consequences for their professional success. However, it is 
their responsibility as well to critically reflect on the extent to which those boundar-
ies are excessively restrictive and limiting too much their understanding of reality. 
If the boundaries are problematic, they need to negotiate their size and shape so that 
what is considered deviant is reassessed. When the boundaries of deviance are out 
of place, what happens is that professionals will be working in a destructive or, at 
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very best, counterproductive form. After this, I will remember that transport plan-
ning is a profession that is all about mobility. A paradox emerges as a result of that: 
how can professionals that are leaving increasingly less their desks and meeting 
rooms, and therefore are experiencing an increasingly more physically immobile 
existence due to the boundaries of their profession, be the same people that are 
responsible for planning geographical mobility? This is very negative and can only 
lead to one consequence: there are growing numbers of people who are very geo-
graphically mobile and very physically immobile, that is, immobile-mobility is 
growing in frequency, volume and intensity. This happens because planners (as any 
human being) shape reality according to their own understanding and experience of 
it. As more and more people experience this immobile mobility co-created by 
techno- bureaucratic planners, there will be more and more people who find it natu-
ral that transport planners are just techno-bureaucrats whose work is desk-based. 
This is a self-reinforcing feedback cycle, and the consequence of this cycle is more 
and more physical immobility, obesity and health problems.

A specific form of rationality is behind this process: I shall call it the “Brain in 
the Jar” monorational form of thinking. This is the specific rationality of people 
with feeble and inactive bodies whose work is all about deep techno-bureaucracy. I 
propose an alternative to this. This alternative is based on a much more comprehen-
sive and open approach to transport planning, one that includes and honours the 
subjective and embodied experience of reality. This transcends the realms of inter-
disciplinary thinking, which in my view is becoming increasingly less relevant as it 
was framed by the logic of the Brain in the Jar paradigm. It requires “polyrational” 
(a theoretical concept adapted to planning theory by Davy 2008) and “all quadrants” 
thinking (sometimes addressed to in its simplified form as “I, We, It” thinking by 
Wilber 1998), where body and mind, science and subjectivity all have a critical role 
to play. I end this chapter explaining these concepts and their deep meaningfulness. 
I strongly believe that doing that has the potential to reshape the transport planning 
profession towards a situation where health and well-being become central and 
where the practice of the profession will be more productive and emotionally 
rewarding.

17.2  Multiple Forms of (Im)mobility

The knowledge about how to promote active mobility through land use and trans-
port planning measures is abundant and consistent (see, e.g. Alfonzo 2005, 
Christiansen et al. 2016, Saelens and Handy 2008, Frank et al. 2007). Basically, 
there is consensus that promoting high-density mixed land uses with high street 
connectivity and plenty of green spaces is very effective to increase physical mobil-
ity. This body of knowledge has been considered robust enough to be applicable 
across diverse demographic, geographical and cultural settings. This realisation has 
led Reis and associates to invite researchers to stop focusing their key efforts on 
deepening this body of knowledge and instead thinking more about how to scale up 
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interventions aimed at promoting active travelling and disseminating the existing 
knowledge worldwide (Reis et al. 2016).

The benefits of promoting active mobility are very likely to be huge, as its health 
benefits have been measured in economic terms as extremely high (Cavill et  al. 
2008) and its synergies in the fight against climate change have been understood as 
very substantial (Laverty et al. 2012; Woodcock et al. 2009). As Giles-Corti and 
associates put it, amid “growing concerns about the impact of rising obesity and 
physical inactivity levels, climate change, population growth, increasing traffic con-
gestion and declining oil supplies, multiple sectors are now promoting active trans-
portation as an alternative to driving” (2010, p.  122). This raises the important 
question of why promoting active mobility is not the top priority for the vast major-
ity of transport planners today. I propose a possible (and necessarily partial) answer 
to this intriguing question: transport planners tend to be physically inactive people 
due to the techno-bureaucratic nature of their profession. This makes it difficult for 
them to be effective in promoting active mobility. I will do my best to explain the 
ramifications of this argument throughout this book chapter.

At the core of the argument is the following idea: individuals’ geographical and 
physical mobilities strongly influence their daily experiences, ideological under-
standings and identity (Ferreira et al. 2012; Pred 1981b, a). Both forms of mobility 
have a role to play in the kind of daily practices that we take for granted and that we 
accept as standard because we have frequent, and easy, access to them. This will 
contribute to our perceptions of what should be seen as familiar and in the long term 
to the definition of our ideological perspectives. Essentially, mobility plays a key role 
in the social construction of our collective reality (a concept initially explored by 
Berger and Luckmann 1966) because of the people, things and experiences that it 
exposes us to and that it hides from us. This is a very deep and meaningful process 
particularly because different types of physical and geographical mobilities are asso-
ciated with different urban forms, economic arrangements and political ideologies 
(Walks 2008). At last but not the least, the combination of all these factors requires 
and eventually determines very different uses and shapes for the human body. For 
example, people living in low-density areas with low street connectivity and that use 
cars often have a greater probability of being obese and have poorer health (for fur-
ther insights see Badland and Schofield 2005, Christiansen et al. 2016, Falconer et al. 
2015, Frank et al. 2007, Saelens and Handy 2008, Sallis et al. 2016).

It is important to distinguish physical mobility from active mobility because the 
later refers to geographical mobility that is achieved by means of physical activity 
(as in walking or cycling). The former refers to a more general category that includes 
all forms of physical activity, which might lead or not to geographical mobility. For 
example, a manual worker might be very physically mobile (because he lifts objects 
and performs multiple whole-body movements throughout his working day) and not 
actively mobile (as he might stay inside the same workshop all day and drive to 
work). A fitness enthusiast might train intensively in a gym to which he goes by car. 
This distinction is important because it is yet to be fully clarified whether and under 
which circumstances active mobility promotes or reduces other forms of physical 
mobility, and vice versa. Indeed, compensation of one for the other might (or might 
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not) take place, as already discussed in some studies (e.g. Falconer et  al. 2015; 
Panter et al. 2011).

The process through which patterns of physical and geographical immobility and 
mobility shape our bodies, ideologies, social practices, values and cognition can be 
named as the (im)mobile construction of reality. It is important to realise that it is 
difficult to be fully aware of the extent to which this process is powerful and affects 
our beings. It operates in a very subtle but pervasive way. In order to bring more 
awareness about it, an ecological approach to self, transport technology and culture 
is probably the best. This is an approach where the “user and the machine are 
[understood as] intimately related, emotionally and socially, and that these relation-
ships are part of processes that create what is considered to be valuable and morally 
relevant in a given technological practice or culture” (Kronlid 2008, p. 258). This 
ontological approach, the same author highlights, is very different from the instru-
mental approach typically adopted in transport studies.

The instrumental approach assumes a linear and positivistic logic where the user 
of transport technologies is conceptualised as a detached creator, master and user of 
transport technologies, and also as an objective assessor of their merits and draw-
backs. The problem of the instrumental logic is that it fails to take into consideration 
the extent to which humans are deeply shaped, conditioned and perhaps even domi-
nated by the (transport) technologies they use and create—see the classical paper on 
the system of automobility by Urry (2004) for further insights. Following the same 
ecological vein, Kesselring (2008) alerts us to the emergence and importance of 
motile hybrids: highly complex and intertwined assemblages of human beings, 
technologies, architectural forms and economic and social relations. In these hybrid 
forms, the human element is unlikely to play the creator-master-user role typically 
assumed in traditional transport studies.

Decision makers working in the transport profession—in common with all 
human beings—are individuals exposed to this process of (im)mobile construction 
of reality I have done my best to explain above. However, decision makers working 
in the transport domain have a special characteristic, which is that they are at the 
very core of the process of creation, assessment and implementation of future trans-
port developments. This means that there is a particularly strong and direct feedback 
cycle between the (im)mobile construction of reality that transport decision makers 
were subject to, the use of the body they accept as normal, the ideological under-
standings and cognitive predispositions they have and the kind of (im)mobile con-
struction of reality they will help to create in their professional lives.

17.3  The Taken-for-Granted Wisdom and the Importance 
of Deviance

It is important to critically reflect on what kind of research transport planning aca-
demics are willing to undertake in their professional activity and what kind of 
knowledge transport planners accept as relevant and valid. Simon and Dippo, two 
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critical ethnographers, consider “all modes of knowing and all particular knowledge 
forms as ideological, hence the issue is not whether one is ‘biased’; but rather, 
whose interests are served by one’s work” (1986, p. 196). The same authors state 
that academics must become aware that the knowledge they produce is constrained 
by their own histories and hosting institutions (1986, p. 200). On this see as well the 
introduction of Friends of Friends by Boissevain (1974). Something similar could 
be said about transport planners: most certainly the work that they undertake as 
professionals is also constrained by their own histories and their hosting institu-
tions. This psychodynamic view of planning has been explored in great depth by 
authors such as Baum (1983, 1987). As stated by Tewdwr-Jones (2002, p. 70):

I firmly believe that (planning) individuals can hold preferences, gathered independently 
from experiences and influences, not only from relations with other contacts but through 
varying sources, including media, culture, education, and environment, and bring these to 
bear on their professional planning activities.

In line with these considerations, we can address feminist theory. Feminism has 
shown that the forms of knowledge which become legitimated and accepted are 
dependent on who has generated that knowledge and how the knowledge was gener-
ated (see, e.g. Monk and Hanson 1982). There is also, potentially, a self- perpetuating 
power dimension in the social construction of knowledge. The reason for this is that 
“those who have the power to validate their own models of the world can validate 
their own power in the process” (Spender 1981, p. 1). Feminism focuses on the role 
of gender in this process. Here the focus is on the relationship between physical 
immobility and geographical mobility. The reason why this is a very important issue 
is that what urban and transport planners are willing to do in their professional prac-
tice is necessarily related to their ideologies and the functioning and shape of their 
bodies. However, the development of planning ideologies is a result of the opportuni-
ties planners have to learn about alternative practices, body uses and ideas and their 
ability to deviate from mainstream tendencies. Mobility presents them to (or hides 
from them) many learning opportunities. When people are presented to a place, prac-
tice or idea that challenge what they accept as a given, it becomes necessary to 
reconsider to what extent they are right to do what they do and to think what they 
think. Planners are no exception to this. The insights provided by Alan Pred are par-
ticularly relevant to understand this process (1981a, p. 38):

When an individual's life path, or biography, becomes associated with a given family role 
or committed to a specialized role with some other institution she must as a consequence 
intermittently steer her daily path to activity bundles belonging to specific routine or non- 
routine projects.

In other words, the adoption of a life project is associated to specific patterns of 
mobility and immobility which allow the individual to be in the places and do the 
actions that materialise the chosen life project. Pred uses as an example of a life 
project a family role, but we could alternatively mention a professional career in 
planning. Conversely, the possibility of adopting a specific life project is constrained 
by the individual’s capacity to have frequent access to the places where the project 
can become a reality through the corresponding practices.
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It should not be forgotten that the adoption of a certain life project means the 
creation of new mobility constraints to numerous places and people, opportunities 
and ideologies. As Pred also explains, when people commit to the (1981a, p. 46):

Discipline of an institutional project, joining activity bundles at specific times and places, 
they cannot (owing to their indivisibility) directly know, or be aware, of events and phenomena 
occurring elsewhere at the same time. Nor, because of their individually finite time resources 
and the time demands of all travel, can they come to directly know of later happenings and 
created information that are placed outside their ‘reach’ by virtue of such commitment. 
Moreover, the frame of meaning provided by project-based language acquisition may place 
certain knowledge, or understanding, of events and information beyond the mental access 
of an individual or an entire group.

We can say then that to work as a planner (or as a medical doctor, or as an astro-
naut—this applies to all professions) means to create career-specific constraints and 
boundaries to oneself that will impede the person to have access to several places, 
practices, knowledge, ideologies and uses of their own body. A partial way out of 
this condition is to realise that it is indeed impossible to know or experience 
everything, and so planners (as any professional) benefit from dedicating some 
energy to analyse which forms of “unknowing” (Thrift 1979; Thrift and Pred 1981) 
they are creating for themselves through the daily practices and embedded/embodied 
ideologies that they adopt. This relates to the concept of deviance.

The practices that we undertake in our daily lives are influenced by those around 
us because people react negatively when we deviate. This is the reason why 
DeLamater (1968) stressed the importance of geographical mobility when an indi-
vidual wants to undertake deviant behaviour or to learn how to perform it.  
DeLamater also stressed the importance of “learning and opportunity structures” 
(1968). These have a social and a geographical dimension. We have to meet people 
who will provide us with the knowledge, sometimes the means and frequently the 
moral support, to undertake deviant behaviour. To find these people, if they do not 
form part of our primary socialisation circles, we need to move to where they can be 
found. It is also important to acknowledge that different people judge the same 
behaviour differently. We all know that what is deviant in some contexts might be 
mainstream in others. It is therefore pertinent to reflect on the drivers and conse-
quences of transport planning being an increasingly more techno-bureaucratic and 
physically immobile profession essentially concerned with geographical mobility.

17.4  The Brain in the Jar Metaphor

According to Zygmunt Bauman, metaphors can describe particularly well the 
effects of the mobile construction of reality experienced both by individuals and 
society at large (Bauman 1995). He dedicates long and very creative passages to 
describe the nomad, the tourist and the vagabond, which are for him key metaphors 
to understand what are the consequences of high levels of mobility today. Following 
his style, I would like to propose that the best metaphor to think about the 
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condition of many planners today is the Brain in the Jar. A depiction of this is 
shown in Fig. 17.1.

I find this a sufficiently entertaining and benevolent metaphor to make us all 
smile a little while identifying where the problem lies. Note that the use of monsters 
could also be made, consider, for example, the extent to which zombies are part of 
popular culture today as they represent much of the fears we encounter in contem-
porary daily life: being trapped in an existence characterised by scarcity (the zombie 
is always hungry), lack of purpose (the zombie is typically depicted roaming aim-
lessly through streets and corridors) and boredom (the zombie is frequently found 
repeating the same action without any result, e.g. banging with the head on a glass 
wall). This uncomfortable metaphor for people working without any motivation or 
engagement (a condition experienced by alarming numbers of people, as explained 
by Laloux 2014, p. 62) while living in a harsh capitalist world has not escaped very 
serious academic scrutiny (McNally 2012). However, I prefer to keep things a little 
bit lighter on this occasion. So I would describe the Brain in the Jar working in 
transport planning this way (I will call this character Ben Jar):

Ben Jar wakes up with effort and sits on the bed to dress up. The serious lower back pain 
that torments him strikes immediately, and dressing up proves to be a mission against evil 
forces. Coffee in abundant quantities is needed to raise awareness to this sleep-deprived 
individual to levels where driving is possible. Sleeping is very difficult as the back and neck 
hurt in most lying positions. The house is abandoned while eating a sugar-intensive donut 

Fig. 17.1 Brains in the Jar live a hard life, particularly when their work is aimed at promoting 
health and well-being
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while sipping extra-strong capsule coffee from a widely advertised brand. The car trip to 
work is a living nightmare as back pain strikes every time the clutch is pressed or Ben has 
to turn his neck to see things around. Leaving the car takes almost one minute as pain is now 
almost at killing level.

Ben Jar spends all morning in meetings where other Brains in the Jar decide about future 
mobility schemes seated on ergonomic chairs that alleviate some of their back pain (some 
have knee and hip pain instead, or as well). A new highway will be built soon and this 
requires from these Brains intense desk studies and endless PowerPoint presentations. Ben 
considered visiting the area where the highway is going to pass through (a natural reserve 
they have just downgraded so they can build the highway), but there are not roads there (just 
walking paths) and therefore it is impossible for the team to go there without taking pain 
killers for the back, hips or knees. As the stomach ulcer cannot accept those anymore, Ben 
Jar uses Google Earth and the local authority digital databases to check the place out from 
his desktop computer.

Ben checks quickly what kind of media coverage this project is getting at the moment. 
For that, he likes to use Facebook and a couple of websites from local newspapers. It is clear 
that the project is terribly unpopular among local people. They consider that building a road 
through the reserve is an environmental and cultural crime. There are rare birds in the area 
and also some sacred rocks that are important for these people, who like to walk in the 
middle of the bush to go and visit the rocks and probably perform ridiculous rituals there. 
Ben chuckles. “Sacred rocks…” he says to himself. “How can people believe in this kind of 
thing?” he asks with a frown and eats some crisps while checking again the excellent results 
the cost-benefit assessment has awarded to the project. He then feels sad and tired again and 
so he sips from his energy drink. At least tonight there will be some fun, as he is going to 
watch the new episode of his favourite series about zombies on his new widescreen 
television.

17.5  The Problem of Monorational Thinking

As we say goodbye to Ben Jar, I would like to mention the work of Benjamin Davy 
(2008). He explains that, as the urban dweller learns to develop a protection against 
the stimuli of the city in order to survive—this was Georg Simmel’s widely known 
insight: the “flâneur” and his “blasé” attitude (Simmel 1971)—planners sometimes 
do the same when they perform their professional practice. The protection of the 
planner is a simplified mode of thinking which Davy calls “monorational”. This is 
a mode of thinking in which the planner just pays attention to a specific, narrow, 
rationality, in opposition to the mode of thinking that Davy recommends: the “poly-
rational” (on complex modes of thinking associated with planning, see as well 
Ferreira et al. 2009, 2012).

The polyrational mode of thinking is one that simultaneously welcomes different 
concepts and approaches, rationalities and paradigms (some of which might in fact 
be incompatible) as part of the process of understanding a given subject in a com-
plex way. Becoming polyrational is today a form of deviance for many planners, as 
it negates and is negated by the design of the urban environment, the dominant 
mobility practices and the professional standards of planning, which are becoming 
increasingly more techno-bureaucratic, as I already mentioned. On this topic, Davy 
says that people (2008, p. 303):
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…who associate hairdressers with beauty parlours or a bakery with a butcher shop, are 
thinking monorationally. We owe to monorational thinking that this street continues around 
the corner because the local highway engineer did not think of anything but constructing 
more roads. Monorationality explains why subdivisions of terrace houses follow upon sub-
divisions of terrace houses; the developer only thought of young middle-class families, who 
wish to live next door to other young middle-class families (and can afford it). 
Monorationality establishes order. This order arranges conforming uses and developments 
into a pattern of spatial proximity. Anything that does not fit does not count, and remains 
neglected.

This author provides then a theory for why the spatial segregation of urban func-
tions is so common in planning. As a result of this, residential areas become very 
distinct and separated from industrial areas—which in some cases might be a good 
thing due to the pollutants and other negative externalities associated with some 
industrial activities; but also separated from green areas and other amenities—and this 
is not so good for health and mental well-being, as a growing body of research shows 
(Nieuwenhuijsen 2016; Nieuwenhuijsen et al. 2017; Triguero-Mas et al. 2015).

Plans based on spatial segregation of functions and people are easy to conceptu-
alise as they are generated by the simpler (and unfortunately the dominant) mode of 
thinking: the monorational. They are also the plans that many people desire so that 
modes of behaviour perceived by them as deviant do not take place in their neigh-
bourhoods. Mobility and transport networks become consequently very important. 
Indeed, there is consistent evidence that urban environments with mixed land uses, 
high population densities and high street connectivity promote walking and cycling 
(Sallis et al. 2016; Badland and Schofield 2005). There are also good reasons to 
believe that active modes of transport are the best to promote connections among 
people as they travel (Brömmelstroet et al. 2017)—a good example of a polyra-
tional way of conceptualising travelling, in opposition to the dominant monora-
tional approach where travelling is perceived just as a means (or as a disutility) to 
reach a given destination. As places and transport systems are purposefully (even 
though possibly unconsciously) made monofunctional, extensive geographical 
movement becomes needed for having access to diverse urban land uses and people 
connections. The greater the distances one needs to overcome, the less physical 
mobility is adequate to access what is needed and more likely is that people become 
Brains in Jar travelling by car everywhere. As an example of this, evidence was 
found that when the land use mix is higher the probability of obesity is lower among 
local residents. It was also found that when time spent in cars is higher the probabil-
ity of obesity is also higher (Frank et al. 2004). The more one becomes an unfit 
Brain in the Jar used to travel by car everywhere, which is not stimulating at all in 
terms of social interaction or body preparedness for physical mobility, the more 
acceptable is that monorational landscapes are considered the best choice. It is then 
that planning processes that are monorational and result in monorational landscapes 
and monorational travelling can be perceived as successful. This is a snake with the 
tail in its mouth. We can therefore convincingly argue that monorational thoughts 
among planners who are used to travel by car tend to reinforce the presence of urban 
environments and societies where physical immobility is common and well- 
accepted, and vice versa.
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It should be noted however that Davy, or myself, is not the first to present a  
theory of this kind. Before ourselves Christopher Alexander presented ideas in a 
somewhat comparable style (Alexander 1965a, b). Another possible reference is the 
classic work of Jane Jacobs (1970). The relevance that these key theorists attribute 
to the way planners think is meaningful. But how can we challenge dominant ways 
of thinking?

17.6  Challenging the Brain in the Jar Paradigm

There is a long-established tradition in transport planning to argue that interdisci-
plinary thinking is most needed for this profession to develop itself and expand its 
horizons; I have been myself an advocator of this idea (Ferreira et al. 2009, 2012, 
2013). I have in fact developed at a certain stage the quite firm belief that interdisci-
plinary thinking would be the single best approach to combat the tendency in trans-
port planning to think monorationally, to combat the dominance of the private car 
(Ferreira and Batey 2010), to stop ignoring health issues in transport studies (Khreis 
et al. 2016) and to stop putting so much faith on technological solutions for highly 
complex social and environmental problems as those we face today (for an overview 
of this topic, see Morozov 2014).

To my own surprise, I have become in the last couple of years increasingly more 
sceptical about the power of interdisciplinary thinking to change anything for the 
better. This scepticism has appeared in my mind because most contemporary aca-
demic disciplines and universities have become dominated by what Ken Wilber 
describes as the flatland worldview (Wilber 2000a, b). This means that, as long as 
the academic disciplines contributing to transport planning share this worldview, 
the ability to think beyond monorationalism stays limited, no matter how much 
interdisciplinary thinking is done. In other words, both profoundly disciplinary and 
completely interdisciplinary thought can be equally monorational and equally flat.

Using the Brain in the Jar metaphor is useful to explain what I mean above. If we 
have a gathering of three Brains in the Jar, it makes little difference that Brain A is 
a human geographer, Brain B is an artist and Brain C is a transport planner. They are 
all in a jar, and therefore, in that way, their cognition is fundamentally monorational 
and conditioned by their disembodied state. It is then natural that they fundamen-
tally rely on computer-based analysis, techno-bureaucratic procedures and abstract 
thinking. It is also natural that they will have little capacity to promote physical 
mobility and health, as their condition is fundamentally disconnected from and in 
fact terribly ignorant of those subjects. Even if one of them is a health expert, this 
health expertise will be also framed by the Brain in the Jar paradigm. It is not expe-
rienced from “the inside”. However, they will believe that their knowledge is com-
prehensive and their ideas creative because they form an interdisciplinary team.

In order to explore how this situation can be challenged, I would like to focus on 
the work of Ken Wilber, a key proponent of the flatland concept. For a description 
and a critical analysis of the concept, see Slaughter (1998). Perhaps the key  criticism 
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Ken Wilber has been exposed to might be the tendency he has to base arguments on 
his own meditative and personal development practices, which are not fully 
accounted on in his own writings—see again Slaughter (1998). His willingness to 
mix spirituality with social science and history and philosophy with deep 
 metaphysics is also seen with great scepticism by some readers. Being these criti-
cisms important to acknowledge, it is relevant to mention that they are in themselves 
quite well-aligned with the flatland worldview core values and methodological 
 preferences. In flatland, writing like Ken Wilber does is a form of deviance as his 
logic is not monorational.

The flatland worldview can be described as a way of interpreting reality where 
only concepts and processes that can be clearly and precisely mapped out are con-
sidered valid; the rest is perceived as subjective and biased and therefore must be 
supressed from serious professional or academic environments. This means that it is 
considered perfectly fine to base decisions exclusively on performance indicators, 
on supposedly objective conclusions from scientific research and on econometric 
tools such as cost-benefit analyses. For a critique of these analyses, see, for exam-
ple, Naess (2006). It is therefore considered as perfectly appropriate that transport 
planners determine which future developments should take place fundamentally 
using the outputs of transport and econometric models and without leaving their 
offices and meeting rooms. The flatland worldview is that of the Brain in the Jar.

A fully embodied and physically active person who works as a planner, experi-
encing the city using his or her own physical means and senses as a way to gather 
information to support professional decision-making, is increasingly less an image 
to be taken into consideration with any seriousness in the Brain in the Jar flatland 
paradigm. All the focus should be on guaranteeing techno-bureaucratic account-
ability and engaging in procedural activities. As a result, diseased human beings 
talking about databases in front of computer screens transmit a powerful image of 
professionalism in Brain in the Jar flatland. It is upsetting to see that the lack of 
attention that office workers in general and many transport planners in particular 
pay to their sore bodies and minds entrapped all day in air-conditioned cars, offices 
and meeting rooms is so well-mirrored by the lack of attention paid to all the non-
measured negative impacts created by their work.

According to the flatland worldview, the inner experience of things is always 
considered of secondary importance. There is no recognised depth and insideness to 
experiences. What matters is their surface and their exterior value, as measured by 
scientifically validated performance indicators or by peer validation. This lack of 
inner depth has led many of us to a point where there is a troublesome feeling of 
lack of purpose in life beyond achieving some sort of socially recognised goal, 
again and again. According to Ken Wilber, this is the reason why we have become 
focused on expanding the surface realm, in pursuit of external goals that succeed 
each other to infinity upon completion. This is the reason why flatland is focused on 
economic growth, achieving more (of the same, e.g. never ending economic growth 
or more career advancements) and therefore fierce competition. This is also the 
reason why flatland is concerned with fitness (the external and easily measurable 
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appearance of health, as perceived according to a Brain in the Jar logic) and not 
health as something that is lived internally and in the intimacy of the individual 
human experience.

17.7  The Four Quadrant Model Applied to Transport 
Planning

In order to better explain Wilber’s flatland concept and its applicability to transport 
planning, it is constructive to introduce the four quadrant model he proposed (see 
Fig. 17.2). For further insights on the model see, for example, Wilber (2003). This 
model proposes that there are four types of analysis that should be applied to any 
given topic and that all these forms of analysis must be made in order to fully grasp 
the topic. These include the exteriorcollective quadrant, which is characterised by 
attention being paid to large-scale phenomena and processes using objective/ 
scientific means of analysis. This quadrant, when applied to transport planning, is 
typically concerned with aggregate indicators of performance. Radical Brain in the 
Jar flatland-type transport planning accepts only this quadrant as valid. This is the 
transport planning of the hardcore techno-bureaucrat focused on levels of service 
observed in the transport networks. Note that the problem is not that this is consid-
ered (in fact, this must be considered). The problem is when this type of analysis is 
considered enough. Some insights about the shortcomings of doing so were 
provided by Timms et al. (2014).

There is also the exterior-individual quadrant, which focuses on the objective 
analysis of particular and small-scale phenomena. It is interested in analysing 

Fig. 17.2 Ken Wilber’s 
four quadrant model
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 people individually, as famously recommended by Hagerstrand (1970). All the 
research in transport studies that is concerned with stated preferences of travellers 
belongs to this quadrant. Unfortunately, some transport researchers from this quad-
rant became too enthusiastic and started arguing that the researchers from the other 
quadrants were wrong or that their knowledge is irrelevant. That is the flatland 
worldview in operation: when ideas from one quadrant are presented as better, and 
not as complementary, to those coming from other quadrants.

Ken Wilber explains that the dominance of the two exterior quadrants in contem-
porary society is a result of the enlightenment and is active since the Industrial 
Revolution. Nevertheless, a number of authors have proposed that planning would 
benefit from considering the interior quadrants too. These are all about subjectivity 
and perception. This is obviously a brave choice as this type of research is not val-
ued as equally meaningful in flatland as that coming from the exterior quadrants.  
A fine example of interior quadrants work is that of Tewdwr-Jones, who claimed 
that the personal dynamics of planners need to be taken into consideration when 
thinking about planning practice (Tewdwr-Jones 2002). Consider as well the contri-
butions from Baum (1980, 1983, 1987) or Gunder and Hillier (2004). I have myself 
made some attempts to contribute to enrich these quadrants (Ferreira 2013; Ferreira 
et al. 2009).

Regarding work from the interior quadrants applied to the experience of mobility 
itself (and not the experience of the planners as professionals), one can mention as 
an example the contributions provided by Sheller (2004) who has explored how 
automobility feels. See as well my own contribution where we simulate through a 
gamified academic paper the inner experiences of a commuter walking back home 
(Ferreira et al. 2012). This kind of work must not be seen as a substitute for that 
coming from the exterior quadrants, but as complementary. Seeing it as a substitute 
would bring a new pathological understanding of reality that is dominated by the 
interior quadrants. Subjectivity would be gained, but objectivity would then be lost. 
Ken Wilber’s key message is that when knowledge that belongs to one quadrant is 
reduced to knowledge from other quadrant, the result is indeed that a reduction.  
The inner experience of the subjective needs to be accepted as valid as the scientific 
measurement of the objective. Likewise, the realities of individuals and particulars 
(those covered by the individual quadrants) are as important as the large-scale 
 realities of social groups, countries, organisations and ecosystems when studied in 
macroscopic terms (those covered by the collective quadrants). One reality cannot 
and should not be reduced to any other. Gross simplification and bias are the result 
of those reductions. In my view, this is precisely what we need to start changing to 
improve transport planning. Transport planning needs indeed to be interdisciplinary, 
but it needs to be all quadrants too as that is what will help solving the problem of 
the Brain in the Jar flatland where monorational thinking dominates.

The abovementioned means that we need to be able to inform our professional 
activities by means of engaging with them physically, emotionally and even spiritu-
ally. We need to be able to talk about these topics and express those realities with 
much greater freedom. We need our bodies to be engaged in the activities we 
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 contribute to intellectually, and we need to accept the importance of spirituality, 
health, meaning of life, happiness, purpose and what we feel when we feel it. Recent 
research shows that much can be gained from this in terms of productivity of organ-
isations, not to mention in terms of well-being in the workplace (Laloux 2014). We 
need to be accepted as people with an interior dimension that is intrinsically subjec-
tive and emotional; planners are definitely no exception to this (Ferreira 2013). That 
is not our professional weakness and our bias, but our most precious quality and 
source of wisdom as human beings. Ignoring this can only lead to frustration and 
resentment, ultimately to poor health. This is becoming increasingly more accepted 
in a number of highly effective and sophisticated organisations, as described by 
Laloux (2014). This author shows the extent to which companies that allow their 
employees to leave the Brain in the Jar predicament (as I call it) and instead ask 
them to express themselves fully in the workplace have remarkable success. One of 
the characteristics of these organisations is the complete absence of techno- 
bureaucratic structures. For this, however, their workers need to be capable of oper-
ating at very sophisticated levels of human and professional development where 
integrative and polyrational thinking becomes not only possible but natural, as 
explored by Beck and Cowan (2006). This requires a complete rethink of organisa-
tions and education of professionals so that the problem of the Brain in the Jar can 
be solved by means of human/individual and organisational/collective evolution. 
This is a truthfully exciting future for transport planning in particular and for many 
other professions in general. I believe that the positive consequences of this in the 
social realm and the natural environment will be massive. Are we then ready to stop 
living as Brains in the Jar and evolve to something more productive and integrative, 
healthy and rewarding?

17.8  Conclusion: A Utopian Vision for the Future 
of Transport Planning

When he wakes up, he feels refreshed and happy. Another beautiful day is waiting 
for him. Without effort, he gets out of bed and dresses himself while he sings quietly 
not to wake up his partner. After some brief exercises, muscle stretches and a brief 
meditation (interior individual quadrant work), he takes a healthy breakfast sitting 
outside of his house with a couple of neighbours. Even though they don’t talk much, 
they like doing this as it feels good having friends and company. They bond through 
this time they spend together in silence (interior collective quadrant work). He 
leaves the house on his bike some time afterwards, after wishing them a good day 
and being nurtured by their mindful presence and smiles. Yesterday he walked; 
tomorrow he might use his roller blades. Keeping things varied is nice and helps 
him to understand better the journeys to work that different people choose or have 
to do (interior individual quadrant work). On his way to the office, he enjoys the 
ride as many people recognise him and say hi.
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With concern, he realises that in one of the crossroads he passes by regularly 
there are issues with cyclists again. It seems that there are conflicts with car drivers 
happening there all the time; a cyclist he knows confirms this when he asks her 
opinion (exterior individual quadrant work). He buys a piece of fruit and sits out-
side the teashop. He uses his mobile device to communicate that he will be doing 
field work before heading to the office. No problem doing this; checking things 
immediately is standard practice among transport planners.

He watches the traffic for a while with his trained eye, and he starts to formulate 
a hypothesis about what the problem is with the traffic flow (external collective 
quadrant work). Then he cycles back and forth in the area, and he is now confident 
that he understands what the problem is, as he can feel it while he cycles (internal 
individual quadrant work): poor street design. He remembers that this looked good 
on paper, but cycling through it is indeed a bit counter-intuitive. He calls his col-
league; she is already in the office. She appears 20 minutes later on her sports wheel 
chair as she is disabled. This is urgent business as there is safety issues at stake. 
They discuss and explore alternatives. Then they go to the office and ask for a meet-
ing with other people to decide what to do. They start preparing the meeting using 
a mix of technological devices and social interaction approaches (external   
collective quadrant work).

A couple of days later, they have the meeting at work, where they present the 
problem to their colleagues. They all check the digital databases and use the inte-
grated transport model. It becomes clear that the spot is indeed prone to accidents 
and has some issues going on at the social level (external collective quadrant work). 
This has already been identified, but other priorities have been placed ahead of this 
one. No problem, they conclude, and they will do it now.

The team of planners goes to the crossroads with their bikes and cycles and 
walks around, talks with people individually, particularly those who know the area 
well (External Individual Quadrant work), and uses the opportunity to identify 
other issues that might exist in the area and have not been identified yet. They use 
both pen and paper and portable computer devices connected to their office data-
bases and the integrated transport model. They start sketching alternatives using 
various digital and nondigital techniques and discuss them with the people that 
start gathering around spontaneously. All know that when planners show up, it is 
time to stop everything and participate in what they are doing (internal and external 
collective quadrant work).

After some time, the teashop area is filled with people who have gathered to dis-
cuss the crossroads and how to make the area more liveable, safe and enjoyable. 
The planners take notes, inform people, ask things, make jokes, laugh together with 
the locals, hear complaints and file them directly in the right databases, run simula-
tions in the transport model that can be activated real time at long distance and 
show the simulations to people. People see the results, talk about them, bond with 
the planners and understand better what they do and why they do it (internal 
 individual quadrant and external collective quadrant work). More people who were 
just passing by also take part in this; it becomes a proper social gathering.
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At the end of the day, the community has a reasonably clear idea about what they 
will do about the crossroads in particular and the area in general. People volunteer 
to help in the reconstruction of the site; this is standard practice: when there are 
construction works in public space, the public helps, and at the end of the day, there 
is a street party offered by the local authority. This is the way the local authority has 
found to promote a sense of belonging and ownership of public space while reduc-
ing costs. Then the planners return home to their families and friends, and they feel 
good. People say bye to them and to each other as they leave. Next day, the planners 
will have another fantastic day at work!

Our planner is the last one to leave the area. He sits for a while watching people 
passing by. He is tranquil and breathes deeply. For him, making the city enjoyable 
and its people healthy and happy is more than a job. It is his life purpose (internal 
individual quadrant).
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Built Environment and Physical Activity
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18.1  Introduction

There is a growing interest globally on how city planning affects health, particularly 
physical activity given its important role in preventing major chronic diseases 
(Giles-Corti et al. 2016). City planning can improve or harm human health through 
the opportunities created for health-promoting (or health-damaging) lifestyles.  
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The World Health Organization (WHO 2016a) reaffirmed this view in its 2016 
Shanghai Declaration, declaring that “Health is created … in the neighbourhoods 
and communities where people live, love, work, shop and play” (World Health 
Organization 2016b). WHO also recognised that a healthy city is a sustainable city, 
pronouncing that “Health is one of the most effective markers of any city’s success-
ful sustainable development …” and pledged that it would “accelerate the imple-
mentation” of the UN’s Sustainable Development Goals by investing politically and 
financially in health promotion (United Nations General Assembly 2015), including 
an emphasis on creating healthy cities (World Health Organization 2016a).

The WHO’s commitment reflects growing public, policy and scientific interest 
over the last decade in the effects of the built environment on the health and wellbe-
ing of urban dwellers and health equity (WHO and UN Habitat 2016). This has been 
fuelled by multi-sector concerns about the effects of city planning associated with 
rising levels of chronic disease and obesity, low-density car-dependent suburbs on 
the fringes of cities as well as rapid urbanisation, population growth, transport- 
related air pollution, greenhouse gas emissions and climate change (Giles-Corti 
et  al. 2016). In 2011, the UN acknowledged that multi-sector, whole-of-society 
action was required to curb chronic disease (United Nations 2011), and there is 
evidence that healthy, active lifestyles support both individual and planetary health 
(Watts et al. 2015). To this end, the UN’s Sustainable Development Goals include 
Goal 11, to create more sustainable, resilient, inclusive human settings and cities, 
and Goal 3, to create health and wellbeing for all (United Nations General  
Assembly 2015).

Scientific, community and policy concerns are based in part on a growing body 
of evidence on the effects of the built environment on physical activity (Althoff 
et al. 2017; Reis et al. 2016; Sallis et al. 2016a). A simple Web of Science search 
using the keywords “environment” AND “walk*” OR “physical activity” in human 
populations up to the year 2000 identifies only 17 relevant journal articles. However, 
changing the date range to 2001–2010, the same keywords reveal 570 articles and 
1286 article for 2011–2018. This exponential growth reflects the emergence of a 
new field of active-living research focused on the built environment, with research-
ers from many disciplines—including public health, transport, planning,  engineering 
and ecology—bringing their unique perspectives to answer related research 
questions.

With the proliferation of articles exploring the relationship between the built 
environment and physical activity, there is a genuine need to assess the state of cur-
rent active-living research and, after almost two decades of studies, to identify what 
is needed to advance the field. This chapter begins identifying which physical- 
activity behaviours are affected by different aspects of the built environment and 
then reflects on factors that might be contributing to inconsistencies in the evidence. 
It then considers the gaps in the literature, before suggesting opportunities for new 
collaborative research that might change policy and practice.
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18.2  Which Physical-Activity Behaviours Are Affected 
by Which Built-Environment Features?

Physical activity is a complex behaviour. It covers different purposes (recreational, 
transport, work-related), types (formal and informal sport, walking and cycling for 
different purposes, formal and informal exercise such as jogging and gym, domestic 
chores such as gardening) and intensity levels (moderate, vigorous, light). Activity 
occurs in different settings (home, work, neighbourhoods) and is likely to be influ-
enced by different environmental attributes. Hence, more than a decade ago, sys-
tematic reviewers began recognising that different built-environment features were 
associated with different types of behaviour, prompting calls for behaviour-specific 
environmental exposure measures to be studied and context-specific environments 
(Humpel et al. 2002; Giles-Corti et al. 2005b). As active-living built-environment 
research has evolved, two different types of physical-activity behaviours have 
attracted the most attention: walking for transport and walking for recreation— 
particularly in residential neighbourhoods.

18.2.1  Walking for Transport

In the last 5 years, numerous systematic reviews of (mainly) cross-sectional evi-
dence have confirmed earlier reviews that physical activity—principally walking 
for transport—is associated with three main built-environment features: higher resi-
dential density, mixed land use or access to local destinations required for daily 
living and connected street networks (either measured individually or combined 
into a composite “walkability” index). These associations persevere irrespective of 
how physical activity is measured (self-reported behaviour, accelerometry, steps) 
and the age of the adult population (adults or older adults) (Cerin et  al. 2017; 
Sugiyama et al. 2012; McCormack and Shiell 2011; Van Holle et al. 2012).

However, there is a complex relationship between these variables. For example, 
density alone is unlikely to encourage physical activity. Higher-density develop-
ment with few local destinations or little public transport—as is now being built in 
some cities—is simply high-rise sprawl and continues to foster motor-vehicle 
dependency and traffic congestion. Rather, the relationship between higher-density 
development and walking is apparent because density is generally a proxy for other 
environmental characteristics (including demographics; car ownership; access to 
local destinations, employment, shops and services; frequent public transport; con-
nected street networks that make destinations more proximate) that directly influ-
ence choice of transport mode and hence levels of physical activity (Boarnet and 
Crane 2001; Transportation Research Board 2005). Numerous studies report that 
when both density and accessibility are included in the same model, the effects of 
density attenuate, suggesting that the accessibility of shops, services and public 
transport is more important than density per se (Transportation Research Board 2005).
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Nevertheless, increased residential density is a crucial building block in a healthy 
and liveable community that encourages active lifestyles. Recognising policy- 
makers’ need for guidance on how to create such communities, Hooper and col-
leagues explored the interacting effects of different urban design features (Hooper 
et al. 2015). As shown in Fig. 18.1, the neighbourhood’s structure and connected-
ness (for instance, street connectivity) facilitate walking, the activities and mix of 
destinations provide reasons to walk and the design details and qualities of the 
neighbourhoods make walking attractive. Higher density helps make all the other 
building blocks more efficient and effective: the denser the population, the greater 
the likelihood an area will have shops, services and accessible and frequent public 
transport. Nevertheless, more research is required on the levels of density that will 
maximise health benefits and minimise potential harm (Giles-Corti et  al. 2012, 
2014).

Although not widely explored in the health literature, the importance of environ-
mental characteristics at both trip origin and destination is studied by transport aca-
demics in North America. This suggests that higher dwelling densities at both origin 
and destination increase walking and public transport use while discouraging pri-
vate motor-vehicle use (Transportation Research Board 2005). The importance of 
the environment at both ends of the journey was highlighted in a study that found 
that using public transport was 16 times more likely when residents in a suburban 
development lived and worked within 400 m of a public transport stop, compared 
with those without transport access at either end of their journey (Badland et al. 
2014a). The importance of environmental characteristics at both origin and destina-
tion warrants further research.

Fig. 18.1 The building blocks of a healthy, liveable neighbourhood (source: Hooper et al. 2015)

B. Giles-Corti et al.
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18.2.2  Walking for Recreation

Evidence of associations between the built environment and recreational walking 
(walking for leisure, recreation or exercise) is less consistent than for transport 
walking (McCormack and Shiell 2011; Sugiyama et al. 2012; Saelens and Handy 
2008). In an attempt to assist policy-makers, Sugiyama and colleagues extended 
previous reviews by considering both access to destinations (such as parks,  
sports fields and playgrounds) and route attributes (sidewalks, street connectivity, 
aesthetics, traffic, safety) associated with walking, including recreational walking 
(Sugiyama et al. 2012). They confirmed that “no dominant environmental attribute” 
consistently predicted recreational walking. Nevertheless, they found some evi-
dence that recreational walking was associated with access to recreational destina-
tions such as parks and the aesthetic appeal of routes. Moreover, all studies reviewed 
that assessed the quality of recreational destinations revealed associations with rec-
reational walking. So, for volitional behaviours such as recreational walking, desti-
nation quality may be an important—albeit often ignored or under-explored—element 
of the built environment that warrants further investigation (Kaczynski et al. 2014; 
Koohsari et al. 2013b; Taylor et al. 2011; Giles-Corti et al. 2005a; Sugiyama et al. 
2010, 2015).

A review by Bancroft et  al. (2015) focussed on the proximity and density of 
parks associated with objectively measured physical activity in the United States. 
They found “no consistent pattern of results” relating park exposure to physical 
activity yet observed “stronger park–physical activity associations for analyses  
with smaller buffer sizes” (p. 280). A strength of this review was that it comprehen-
sively summarised findings from papers reviewed. This enabled our team to delve 
into the finding to better understand inconsistencies in findings. An analysis of the 
result summaries revealed a lack of agreement between exposure measures and 
standards for measuring environmental exposures that may be contributing to mea-
surement error. This may have accounted for inconsistent findings (Koohsari et al. 
2015b). Our analysis suggested that both researchers and reviewers may be neglect-
ing to apply the same level of rigour to measuring and critiquing environmental 
exposures, as they do to outcome measures such as physical activity. Some of these 
methodological issues are now considered.

18.3  Methodological Problems Contributing 
to Inconsistencies in the Literature

18.3.1  Buffer Size

A major consideration for built-environment and physical-activity studies is the 
measurement and reporting of exposure, including whether there is sufficient varia-
tion to observe an effect. Indeed, close examination of exposure measures reveals 
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why there may be inconsistencies in the literature (Bancroft et al. 2015). Bancroft’s 
review observed considerable diversity in the exposure measures used. Buffers, for 
instance, ranged in size from 1.6 km or more down to 400 or 200 m, 50 m from a 
GPS/accelerometer point or the block where a child lived. Unspecified buffer dis-
tances such as “within walking distance” were defined as 10 or 20 min or distance 
to the nearest park. Aside from some mixed findings in a study applying two buffers 
(400 m and 1.6 km), no other results were significant. In contrast, in five studies 
incorporating smaller buffers of 400–800 m (three with children, one with adults 
and one with seniors), all but the seniors’ study reported significant correlation with 
physical activity.

Bancroft and colleagues suggested that “exposure reporting bias” may explain 
the findings, “in which authors may have coded exposures in multiple ways and 
then presented only the findings most consistent with their hypotheses” (p. 27). An 
alternative explanation might be that, in this emerging field, investigators are (appro-
priately) using inductive research to explore which (if any) buffers are associated 
with outcomes of interest. Nevertheless, Bancroft and colleagues may be correct, 
and, apart from “fishing” for findings, it is also plausible that neither investigators 
nor reviewers pay sufficient attention to the buffer sizes that suit studying (in this 
case) recreational walking and, indeed, ignore the way communities are designed 
by urban designers. In other words, they are failing to consider what constitutes an 
appropriate environmental exposure for the built-environment feature or the recom-
mended or even optimal “dose” of an environmental feature that could produce an 
effect.

To explain the significance of these omissions, consider applying the same 
approach to a hypothetical systematic review of medication use. Manufacturers of 
hypertension drugs, for instance, generally specify a recommended dose of their 
drug. If medical practitioners prescribed patients a quarter or twice the dose, what 
effects would we expect to observe? Moreover, if a systematic review of hyperten-
sion treatments failed to differentiate between doctors who complied with recom-
mended doses and those who ignored them, or if the review did not consider dose at 
all, and simply reported inconsistent positive, negative and non-significant findings, 
what would we conclude? Perhaps that the review had not adequately assessed the 
quality of the evidence and that we should not trust its conclusions. We might also 
question why it got published in the first place.

The same applies to studies of environmental correlates. The importance of con-
sidering the “dose” of the intervention and the way communities are planned is 
highlighted in a study in Perth, Western Australia. It found that 99.1% of respon-
dents had a park within 1.5  km of their home and 22.2% within 400  m (see 
Table 18.1) (McCormack et al. 2008; Sallis 2008). This is because Perth’s planners 
and urban designers have guidelines ensuring that communities have accessible 
public open space. We do not know how alike or dissimilar Perth is to other cities in 
this regard. However, it is plausible that studies of recreational walking using large 
buffer sizes (1.6 km) are producing non-significant findings because there is insuf-
ficient variation in the exposure measure. Conversely, depending on the sample size, 
very small buffers (less than 200 m, or block size) may result in insufficient statistical 
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power: that is, insufficient numbers of people have parks in such close proximity. 
Moreover, if parks are too close, one might expect lower levels of physical activity, 
not only because the parks are likely to be small and may not invite physical activity 
but because very little recreational walking is done en route. Researchers need to 
think carefully about the exposure measures they are adopting. A good starting 
point might be to consider buffer sizes found in the literature to be associated with 
different types of physical activity but also to review local planning policies that are 
governing the built forms observed in different cities (Giles-Corti et al. 2015). This 
would be more useful than “fishing” for appropriate exposures and would provide a 
rationale for selecting different-sized buffers, which are likely to vary for different 
exposure measures.

18.3.2  Buffer Type

Another factor leading to measurement error is the buffer type used to capture envi-
ronmental exposure data, particularly radial buffers (as the crow flies), road network 
buffers or administrative boundaries. Radial buffers are often used due to data avail-
ability. Road network buffers are generally considered the gold standard, but if 
“cleaned” road network data are not available, significant work is required to topo-
logically prepare the data in order to perform a systematic networked buffer analysis 
across a city. Failure to prepare data adequately increases measurement error.

In areas with cul-sacs or curvilinear street networks, radial buffers may signifi-
cantly overestimate access to local destinations compared with grid or connected 
street networks. Figure 18.2 shows 800 m radial buffers in neighbourhoods with 
grid-pattern (left) and curvilinear (right) street networks, with the corresponding 

Table 18.1 Descriptive statistics for destination variables (Perth, Western Australia, 1995)

Respondents with destination 
within 400 m

Respondents with destination 
within 1500 m

Destination n % %

Beach 1394 0.4 7.5
Park 1394 22.2 99.1
River 1391 0.6 7.8
School 1391 7.7 61.3
Post box 1380 41.7 99.1
Bus stop 1284 79.3 100.0
Transit station 1391 1.5 30.8
Convenience 
store

1391 22.7 74.4

Newsagent 1391 13.2 63.8
Shopping mall 1394 8.6 82.6

Source: McCormack et al. (2008)
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road network buffers (shaded) based on travelling along the road network. While 
radial buffers are of equal size irrespective of the street pattern, the area of the road 
network buffer is considerably smaller in neighbourhoods with curvilinear street 
networks (0.6 km2) than grid pattern (1.4 km2). Radial buffers therefore overesti-
mate the environments to which residents living in areas with curvilinear street net-
works are exposed. Yet, systematic reviews rarely report study results by the types 
of buffers used or consider the buffer types used at all.

18.3.3  Boundary Type and Size

Similarly, many studies use administrative boundaries (e.g. census tract) to  
measure their environmental exposures. The size of these artificial boundaries is 
typically based on number of households, so in higher-density neighbourhoods 
(inner city), the area of the administrative boundary will be substantially smaller 
than in lower-density (outer suburban) areas (see Fig. 18.3), further contributing to 
error when measuring exposure. An alternative approach to area-level measures was 
that adopted by Hooper (2014). Rather than using generic environmental exposure 
measures, she developed policy-relevant area-level measures for all dwellings 
within specific housing developments and found significant associations with walk-
ing. Notably, she overcame “edge” effects for study participants living on the outer 
edge of housing developments, by adding an 800-m buffer to the housing develop-
ment to capture the environments of neighbouring housing developments. This 
approach better reflects how communities are planned and developed in practice 

Fig. 18.2 Radial buffer (circle) and road network buffer (shaded) on grid-patterned street network 
(left) and curvilinear-patterned street network (right)

B. Giles-Corti et al.
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(rather than at the individual household level or over administrative boundaries) 
and, if housing development boundaries are available, may offer an alternative 
approach to using administrative boundaries.

18.3.4  Implications for Further Research and Systematic 
Reviews

Despite the maturity of the built environment and health field, many researchers and 
systematic reviewers ignore the importance of the scale, size and type of buffers 
used for different built-environment exposure measures. Although some reviews are 
now reporting whether or not administrative boundaries are used (Cerin et al. 2017), 
most fail to assess the quality or type (radial, road network, administrative bound-
ary) and/or size of the buffer, nor do they consider the appropriateness of the buffer 
size for different types of destinations (e.g. public open space compared with a 
shop). This is important, because buffer size influences the variability observed in 

Fig. 18.3 A Victorian example of a local government and SA 1 (400 dwellings) boundaries in 
high-density and low-density areas
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environmental exposures. Reviewers continue to combine results—irrespective of 
the quality of the environmental exposure measure—without differentiating between 
the size and types of buffers applied. With few exceptions (Ding and Gebel 2012; 
Panter et  al. 2008), systematic reviewers simply report inconsistent or non- 
significant findings without any thoughtful consideration about why this might be 
occurring.

Similarly, as with Bancroft and colleagues’ review (Bancroft et al. 2015), review-
ers continue to combine findings from studies of different population age groups 
(adults, children, older adults), rather than reporting results separately. Environmental 
factors associated with walking by each of these groups may differ. It would be 
more instructive if results were reported separately, to make these differences appar-
ent, rather than combining and reporting mixed or inconsistent findings. Journals 
could play an important role by requesting this as part of their quality assessment 
procedures.

Finally, some reviews combine studies in ways that do not make sense conceptu-
ally. For example, walkability is generally an urban concept, but some reviews 
include studies comparing urban and rural communities and small regional cities 
(Hajna et  al. 2015). Others combine results of studies measuring perceived and 
objective built-environment features, despite now well-established mismatches 
between these different types of measures (Ball et  al. 2008; Gebel et  al. 2011; 
Koohsari et al. 2015a). While both are important for different reasons, there is little 
to be gained by combining studies with measures that measure different things.

Tighter guidelines are required for journals about the reporting of studies and 
systematic reviews that include built-environment measures. For example, future 
systematic reviews should report separately on studies using road network or radial 
buffers, and administrative boundaries of different sizes, as well as studies of differ-
ent population groups. As in any research area, understanding the variables is criti-
cal, and a comprehensive review of the existing literature and its variables is required 
by those new to the area. As research advances and technology improves, journals 
should consider not publishing studies with poorly conceived exposure measures, 
unless they are part of a methodological study comparing measures of different 
types. The latter have considerable value, as they help identify and refine better 
measures (Brown et al. 2009; Christian et al. 2011b; Learnihan et al. 2011; Chin 
et al. 2008).

Some studies may continue to incorporate exposure measures known to have 
limitations (e.g. significant measurement error associated with large administrative 
boundaries or radial rather than road network buffers). This often reflects data ineq-
uities, particularly in lower-income countries where high-quality geographic infor-
mation system (GIS) data are not readily available, or there are insufficient resources 
to clean data. However, the measurement errors and inconsistencies this is likely to 
produce (and the potential to attenuate findings) need to be considered when these 
studies are incorporated into reviews. Data providers and national statistics agencies 
therefore have a critical role to play in making GIS data more accessible and in 
improving data quality. Ideally, these organisations should work together to prepare 
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and clean data to create high-value data sets that can be used for a variety of core 
purposes but which can also be incorporated into walkability studies, to help reduce 
measurement error (Chin et al. 2008). Until high-quality data are more readily avail-
able, particularly in the developing world, research funders need to fully fund the 
expensive process of cleaning GIS data (Jenks and Malecki 2004), and data provid-
ers and researchers should explore how they can overcome licencing barriers to 
enable cleaned GIS data to be shared between groups.

18.4  Where Are the Gaps?

Interventions in the built environment that are designed to reduce chronic diseases 
and health inequity complement urban planning efforts focused on creating cities 
that are more “liveable”, compact and pedestrian-friendly, less automobile- 
dependent and more socially inclusive (Major Cities Unit 2010; Department of 
Infrastructure and Transport 2011; Western Australian Planning Commission 2007). 
Despite a rapid growth of research in this field, there is still a gap between the con-
cept and actual creation of healthy, liveable communities (Hooper et  al. 2013; 
Whitzman 2007; Curtis and Punter 2004). Transport and planning professionals 
have dismissed much public health evidence as merely “accepted wisdom”, retort-
ing: “Tell us something we don’t already know” (Allender et al. 2009). While they 
acknowledge that health evidence adds credibility to their endeavours to create bet-
ter communities, it often lacks the specificity they need to change practice—a major 
challenge to public health academics. The sections that follow reflect on gaps in the 
evidence. Further research here, if policy-relevant and codesigned with policy- 
makers and practitioners, could inform policy development and practice (Giles- 
Corti et al. 2015), perhaps providing the basis for health-promoting urban design 
and the “smart cities” of the future.

18.4.1  Beyond Measuring Associations, Towards Defining 
Thresholds

Establishing the existence and magnitude of any association between the built envi-
ronment and human health has been a crucial first step in active-living research. 
Understanding this relationship is important, partly because changing the built envi-
ronment can be costly (Cao 2010; Boarnet et al. 2008).

The next important step is to provide evidence to planners, policy-makers and 
designers about how to design walkable environments that promote healthy, active 
lifestyles. Attention has turned towards setting standards for how much of a built- 
environment feature leads to healthy behaviours (the “dose”) and identifying any 
dose–response relationships. In seeking to identify thresholds for interventions, 
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researchers must study metrics of the built environment, to inform urban design 
standards that can be used to develop built-environment interventions and to design 
communities that improve people’s health.

18.4.2  Non-linear Methods

Models exploring these relationships need to consider non-linear forms that allow 
for a threshold to be established. Non-linear forms can be introduced in regression 
models via variable definitions such as polynomials, but the preferred method to 
date has relied on using smoothing or cubic splines in the Generalized Additive 
Mixed Model (GAMM) (Wood 2009). This allows for flexible, non-linear forms 
that are useful for uncovering dose–response, linear, non-linear and threshold rela-
tionships. To date, research using these methods has primarily been conducted by 
researchers in the International Physical Activity and the Environment Network 
(IPEN), combining comparable data from several countries.

IPEN’s early studies have examined non-linear relationships between perceived 
built-environment measures derived from the Neighbourhood Environment 
Walkability Scale (NEWS) and a variety of health measures (Kerr et al. 2013). For 
example, a three-country study found that minutes spent in motorised transport 
started to decline when the perceived number of destinations exceeded 10, or the 
destination was perceived to be no further than 20 mins’ walk away (Van Dyck et al. 
2012). Other IPEN papers have found that higher levels of perceived aesthetics led 
to increased leisure-time walking and that higher levels of perceived walking and 
cycling infrastructure led to increases in moderate to vigorous leisure-time activity 
(Van Dyck et al. 2013, 2014). Similarly, there were non-linear relationships between 
various neighbourhood perceptions and walking and cycling for transport (Kerr 
et al. 2016). Specifically, transport walking increased for higher perceived residen-
tial density, before plateauing, yet the results for transport cycling suggested a nega-
tive overall relationship with perceived residential density. Similarly, an IPEN paper 
found a curvilinear relationship between objectively measured accelerometer data 
of daily minutes of moderate to vigorous activity, and a measure of the perceived 
land-use mix access, whereby only higher scores perceiving greater quantities of 
places and transit stops within walking distance of home led to an increase in daily 
minutes of moderate to vigorous activity (Cerin et al. 2014).

These IPEN papers are important, because they have tested new statistical meth-
ods and found evidence of non-linear dose–response relationships with perceived 
built-environment measures. However, studies of perceptions are of limited practi-
cal use to planners, policy-makers and designers. The case for designing healthy 
cities and for developing evidence to inform standards for built-environment inter-
ventions must incorporate objective measures. For example, using a series of indica-
tor variables, Eom and Cho explored dose–response relationships between land-use 
mix, population and street densities and walking and private-vehicle trips (Eom and 
Cho 2015). They found that, in Seoul, walking increased once population densities 
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reached between 9132 and 16,101 persons per km2, but beyond this level of density 
walking decreased. Such evidence is clearly important, suggesting that once cities 
become too densely populated, they may discourage walking. Such “diminishing 
returns” also have implications for planning and investment: they suggest an opti-
mal point for certain built-environment features for supporting healthy and active 
behaviours, beyond which there is limited benefit.

To this end, potentially important IPEN data from 14 cities around the world was 
recently published in The Lancet. Using GAMMs, Sallis and colleagues explored 
non-linear relationships between accelerometry physical-activity data and objective 
measures of the built environment (Sallis et al. 2016b). No dose–response or thresh-
old relationships were found between objectively measured accelerometry data and 
residential, street, park or public transport density. However, another IPEN study—
using similar built-environment measures and studying self-reported transport 
walking—found curvilinear relationships with objectively measured residential 
density, street connectivity and park density exposures: the residential density 
threshold for any transport walking was 12,000 dwellings per km2, for street con-
nectivity 200–250 intersections per km2, and participants with up to 10 parks within 
1 km of their home were between 2.5 and 3.5 times more likely to do any self- 
reported walking. In this study, only linear relationships were observed for residen-
tial density, street connectivity and land-use mix exposures for self-reported 
transport cycling suggesting that there are no specific threshold quantities for these 
exposures (Christiansen et al. 2016).

18.4.3  Lack of Specificity

One reason why the IPEN paper could not identify thresholds using objective mea-
sures of total physical activity and transport cycling is the lack of specificity between 
environmental exposures and behaviour. For example, total physical activity 
includes many types of activity, but the objective measures of the built environment 
studied are relevant only to transport walking. As discussed above, behaviour-spe-
cific and environment-specific models are needed (Giles-Corti et al. 2005b). Such 
approaches should also be applied to threshold analyses, with exposure type chosen 
according to the outcome variable being investigated. By way of example, Kerr 
et al. (2016) found that “walkable environments” did not appear to be associated 
with cycling. However, a person can cycle further than they can walk in a given 
time, so different thresholds may exist for cycling compared with walking. For 
instance, while many transport walking studies use buffer sizes of up to 1.6 km, a 
much larger buffer (such as 3.2 km) may be more relevant for cycling. Also, cycling 
is generally under-studied and requires further investigation.

As research in active living evolves, it remains to be seen what advice research-
ers will offer to policy-makers, should several different or conflicting thresholds be 
found for different health behaviours or health benefits, or indeed what should be 
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done if none are found at all. For example, what will our advice be if linear relation-
ships suggest increasing improvements in physical activity for any improvement in 
the built environment (Sallis et al. 2016b). We would argue that urban design should 
aim to maximise the number of residents able to achieve (at the very least) the rec-
ommended levels of physical activity in their local communities.

18.4.4  Comprehensive Ecological Models Incorporating 
Individual, Social and Environmental Factors

Examining multiple levels of influence reflects an ecological approach to research 
and interventions (McLeroy et al. 1988), yet the adoption of ecological models is 
relatively new in active-living research. Despite these models’ potential usefulness 
in conceptualising research, Ball et al. (2006) have argued that many studies lack 
strong and well-conceptualised theoretical models for testing the interactions and 
pathways among personal, social and environmental factors.

Hence, in the last two decades, social-ecological frameworks (Barton and 
Tsouros 2000; Sallis et al. 2006a) have been proposed, developed and used to exam-
ine the effects of the built environment on physical activity (Giles-Corti and 
Donovan 2002). These models have mapped the interrelationships between indi-
vidual, social, physical and policy determinants and have identified a range of urban 
design attributes related to physical activity—primarily for recreation and transpor-
tation purposes (Sallis et al. 2012).

Nevertheless, a major gap in the literature is studies that simultaneously incorpo-
rate multiple levels of influence: individual, social environment and built environ-
ment (Brownson et  al. 2009; Lee and Moudon 2004; Panter and Jones 2010; 
McCormack and Shiell 2011; Mokhtarian and Cao 2008). This is becoming a par-
ticular challenge for secondary analyses of existing studies, as few studies have 
sought to simultaneously examine the relative influence on behaviour of these three 
factors (Giles-Corti and Donovan 2002, 2003). This is a prime opportunity for 
future research to inform comprehensive interventions.

18.4.5  Natural Experiments and Longitudinal Studies

A major criticism of built-environment research is its reliance on cross-sectional 
studies, which limit our ability to determine cause and effect. The main question is 
self-selection: does neighbourhood design change residents’ behaviour, or do resi-
dents who prefer more active lifestyles simply choose to live in neighbourhoods 
where it is easier or more pleasant to walk? In other words, the relationship between 
the built environment and walking behaviour is confounded by walking preference 
(Cao 2010).
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Nevertheless, from a public health perspective, self-selection may be a moot 
point. In most cities, most people—irrespective of their preferences—do not live in 
walkable neighbourhoods. Indeed, at least in Australia, there is evidence that more 
than 60% of residents of low-walkable neighbourhoods (Bull et al. 2015) or non- 
transit- oriented developments (Kamruzzaman et al. 2016) would prefer to live in a 
more walkable neighbourhood or in a transit-oriented development, while fewer 
residents (just over 30%) of walkable neighbourhoods or transit-oriented develop-
ments would prefer to live elsewhere.

Cao’s hypothesis on the effects of self-selection and misestimating the effects of 
neighbourhoods on walking illustrates this point (Cao 2010). Figure 18.4 shows the 
hypothesised mean walking levels of people based on their preference to live in non- 
walkable or walkable neighbourhoods: if people could be randomised to live in 
varying types of neighbourhoods, those who prefer non-walkable neighbourhoods 
are hypothesised to walk less than those who prefer walkable neighbourhoods. If, 
on the other hand, people could live in their preferred type of neighbourhood, then 
those preferring a non-walkable neighbourhood would walk less, and those prefer-
ring a walkable neighbourhood would walk more. Conversely, if people were mis-
matched (those who preferred a non-walkable neighbourhood were allocated to live 
in a walkable neighbourhood, and vice versa), Cao hypothesises that those who 
prefer a non-walkable neighbourhood but who live in a walkable area would walk 
more than they would have done if left to their own preference, and those who prefer 
a walkable one would walk less than they would otherwise. This is important from 
a public health perspective. It suggests that if more walkable communities became 
the norm, rather than the exception—as is currently the case in most cities—then 
everyone would walk more: those who prefer to walk and even those who don’t, 
particularly if walkable communities implemented strategies to discourage driving. 
Given the current lack of physical activity among a large proportion of the popula-
tion, the health benefits of even a modest increase in the numbers of people who are 
moderately physically active could be large, producing significant annual cost sav-
ings to health systems (Stephenson and Bauman 2000).

Random

All matched to preference

All mismatched to preference

Non-walkable Walkable

µ1 are observed mean walking behaviours of people who prefer living in a non-walkable neighbourhood
µ2 are observed mean walking behaviours of people who prefer living in a walkable neighbourhood

Type of neighbourhood preferred

µ1

µ1 µ2

µ2

µ2µ1

Fig. 18.4 The relationship between self-selection and misestimation (Modified from: Cao 2010)
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Nevertheless, systematic reviewers repeatedly call for more natural experiments 
and longitudinal studies as an alternative to randomised controlled trials (Merom 
et al. 2003; Ogilvie et al. 2007; Petticrew et al. 2005; Kaczynski and Henderson 
2007; Kerr et al. 2012; McCormack and Shiell 2011; Sugiyama et al. 2012; Pearce 
and Maddison 2011; Lee and Moudon 2004; Panter and Jones 2010; Mokhtarian 
and Cao 2008; Van Cauwenberg et al. 2011; Ding and Gebel 2012; Durand et al. 
2011; Saelens and Handy 2008; Cao et al. 2009; Renalds et al. 2010; Ewing et al. 
2003), since—with limited exceptions (Wells and Yang 2008)—it is not feasible to 
randomise study participants to live in certain homes or environments. The aim of 
these studies is to satisfy causal inference concerns (Mokhtarian and Cao 2008), and 
they include panel studies that comprise participants who relocate (“movers”).

Other longitudinal studies have monitored health changes over time in partici-
pants living in high- or low-walkable neighbourhoods. For example, based on eco-
logical data, living in higher-walkable neighbourhoods appeared to protect people’s 
health and was associated with decreased prevalence of overweight, obesity and 
diabetes between 2001 and 2012 (Creatore et al. 2016). At each time point, living in 
highly walkable areas was associated with significantly higher walking, cycling and 
public transit use, and lower car use, than living in the least-walkable areas. 
However, there was little change in daily walking and cycling frequencies; these 
“increased only modestly” over time in highly walkable areas. But perhaps more 
importantly (although not considered by the authors), as participants aged, active 
behaviours did not decline in those living in higher-walkable areas.

“Movers” studies include those that follow participants in longitudinal or panel 
studies who relocate to new neighbourhoods (Krizek 2003; Hirsch et al. 2014a, b, 
c). These have shown varying results, mainly because people who relocate often 
move to neighbourhoods with similar characteristics (Krizek 2003). Hence, although 
people relocate, environmental exposures that encourage more walking may not 
have changed. To overcome this problem, Hirsch and colleagues studied movers 
who relocated to neighbourhoods with a 10-point higher “walk score”. This was 
associated with 16 min more weekly walking, an 11% higher chance of meeting 
goals for transport walking and a modest reduction in body mass index. However—
not surprisingly given the study’s exposure measure—there was no association with 
recreational walking (Hirsch et al. 2014a).

Other types of studies that are informative for built-environment and health 
research are natural experiment studies of the effects of policy changes on physical 
activity. These might involve significant changes to the built environment following 
transport interventions, such as congestion charging or new infrastructure for public 
transport or cycling (Goodman et al. 2013, 2014; Sahlqvist et al. 2013; Ogilvie et al. 
2011, 2012; Panter et al. 2016, b; Heinen et al. 2015a; Martin et al. 2015; Sahlqvist 
et al. 2015; Merom et al. 2003 #921; Cohen et al. 2008), implementation of new 
urban design policies (Egan et al. 2003, 2007; Sallis 2009; Story et al. 2009) or 
upgrades to public open space (Veitch et al. 2014, 2017; Cohen et al. 2009a, b). In 
many cases, the built environment is changed around study participants; the question 
is whether the “dose” of the intervention is sufficient to change behaviour or whether 
people substitute one behaviour for another. In other cases, natural experiments 
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involve monitoring people who relocate to new types of housing (Wells and Yang 
2008) or to new suburbs designed according to new subdivision design codes (Giles-
Corti et al. 2008). In the latter case, a unique, large-scale study conducted by our 
team in Perth, Western Australia, is described in Sect. 18.5.

18.4.6  Policy-Relevant and Practice-Relevant Natural 
Experiments

Academic research—including active-living research—is often criticised for being 
irrelevant or poorly linked to policy and practice (Oliver et al. 2014), even though 
influencing urban planning policy and practice is often a stated goal of built- 
environment and active-living research (Goldstein 2009). This shortcoming has led 
to calls for research to be better aligned with current and future policy environments 
and planning practices (Orton et al. 2011).

Notably, Allender and colleagues found that much of the built-environment and 
health evidence lacks the specificity needed by government planners to inform plan-
ning policy (Allender et  al. 2009). Evidence-based active-living or public health 
recommendations are often provided to planners and policy-makers without any 
obvious links to existing policies or legislation or guidance on how to achieve 
change.

Planning professionals and policy-makers have said that to help translate health 
research into planning policy and practice, more research is required that assesses 
the effectiveness of planning regulations and policies in changing public health 
behaviours, through the evaluation and documentation of innovative communities 
and environmental or planning policies, programmes or codes that promote active 
living (Allender et al. 2009; Koohsari et al. 2013a; Durand et al. 2011; Talen 1996). 
Planning academics have even criticised their own field for neglecting to determine 
the degree to which plans (e.g. planning policies or guides for future urban develop-
ment) have been implemented and adhered to, with few studies quantitatively 
assessing the implementation processes and success (Talen 1996).

While few studies have rigorously examined the role of specific urban planning 
policies in producing built environments that contribute to healthy and liveable 
neighbourhoods, cities are increasingly being viewed as “urban laboratories”. This 
reflects growing recognition of the valuable knowledge that can be created concur-
rently with urban development, when new ideas are implemented and their effects 
measured (Karvonen and Van Heur 2014).

This is also important given the rise in popularity of planning movements, such 
as New Urbanism and Smart Growth, that have emerged in an attempt to counter 
planning codes thought to be responsible for suburban sprawl. Proponents of these 
codes focus on recalibrating and reconfiguring the design of suburbs, based on tra-
ditional neighbourhood designs that create places for living, working and recreation 
(Audirac 1999) and incorporating higher-density, mixed-use, pedestrian-oriented, 
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walkable communities (CNU 1997; Duany et al. 2000; Calthorpe 1993; Kim 2000). 
As more cities adopt the rhetoric of (and often explicitly refer to) these codes in 
their planning work, there has been interest in assessing their claims and how well 
they improve health and wellbeing. While a growing number of case studies and 
research papers measure built-environment concepts that can be linked to New 
Urbanism or Smart Growth principles (such as walkability and land-use mix), an 
explicit connection between these principles and better health has not yet been dem-
onstrated (Durand et al. 2011). Although the principles of New Urbanism or Smart 
Growth make theoretical sense for creating healthier communities, there is virtually 
no empirical work directly assessing and linking the implementation of specific 
planning policies based on these principles to actual health (Talen 1996). This is a 
serious gap in the literature: as more communities implement planning policies 
based on these principles, there is a need for greater certainty about whether, and 
under what conditions, policy change might improve overall community health and 
wellbeing (Durand et al. 2011).

As new or modified planning policies, codes and movements are adopted, tested 
or implemented, opportunities emerge for natural experiments to monitor the effects 
of these interventions on active-living and health behaviours and to provide more 
rigorous evidence than is contained in the cross-sectional studies that dominate the 
literature. Evaluations of urban planning policies and codes that promote active liv-
ing are important, both for providing prescriptive and policy-specific evidence to 
inform urban policy and practice and for strengthening academic evidence (Allender 
et al. 2009; Durand et al. 2011; Koohsari et al. 2013a; Taylor et al. 2011; Brownson 
et al. 2009). In case studies or natural experiment evaluations of planning policies 
and practices, results that are directly relatable to the policy and its implementation 
are essential. We need this type of evidence in order to know which aspects of the 
policy are (or are not) being implemented and to identify those that may (or may 
not) improve people’s health (Hooper et al. n.d.; Brownson et al. 2009).

18.5  A Western Australian Example

A unique opportunity to evaluate the health benefits of urban policy in situ arose in 
1998, when the Western Australian government tested its “Liveable Neighbourhoods 
Community Design Guidelines” (LN): a new planning policy aiming to create more 
sustainable, liveable and healthy communities (Western Australian Planning 
Commission 1997). Based on a local interpretation of New Urbanism (CNU 1997), 
the trial of LN, which commenced in 1997, was designed to eventually replace con-
ventional development controls and design codes that had led to car dependence and 
suburban sprawl with an alternative approach to suburban neighbourhood design. 
LN aimed to create “more compact, pedestrian-friendly neighbourhoods, with good 
links to public transport services” (Western Australian Planning Commission 2000). 
Important aims were to reduce dependence on private motor vehicles, encourage 
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more active forms of transport (walking, cycling and public transport) and foster a 
sense of community.

The RESIDE study was designed as a natural experiment in 74 new greenfield 
developments (19 liveable, 11 hybrid and 44 conventional) under construction 
across the Perth metropolitan region in 2003 (Giles-Corti et al. 2008). All people 
who purchased house-and-land packages in these developments (n = 10,193) were 
invited to participate in the study by the state water authority, which is notified of 
new owners after land title is transferred. Eligible participants were those currently 
building a home in the selected development, who intended to relocate to that home, 
and who were willing to complete three surveys and wear a pedometer for 1 week 
(on three occasions) over a 5-year period. (In 2010, additional funding was secured 
to conduct a fourth follow-up.) Participants completed questionnaires on four occa-
sions: Time 1, baseline, 2003–2005, during construction of their new home and 
before relocation (n = 1813; 33.4% response rate); Time 2, 2004–2006, ≈1 year 
after relocation to their new home (n = 1465); Time 3, 2006–2008, ≈3 years after 
relocating (n = 1229); and Time 4, 2011–2012, ≈6–9 years after relocating (n = 565). 
Using a GIS, objective built-environment measures were generated for all partici-
pants at each time point, to provide a set of consistent and comparable (i.e., longitu-
dinal) measures across the study period. These measures quantified the 
built-environment characteristics of participants’ neighbourhoods (defined as the 
area accessible along the street network within 1600  m of participants’ homes), 
including access to different types of public open space, shops and public transport; 
provision of footpaths, street connectivity, land-use mix, residential density and 
(standardised) neighbourhood walkability measures.

The intention of RESIDE was to undertake policy-relevant research and, in par-
ticular, to evaluate current state government urban design policy. Hence, findings 
were published not only in the academic literature (Hooper et al. n.d.) but also in a 
user-friendly summary for policy-makers (Bull et al. 2015). Briefly, RESIDE’s lon-
gitudinal findings supported cross-sectional evidence that neighbourhood walkabil-
ity (especially land-use mix and street connectivity), local access to public transport 
and access to a mix of different types of local destinations are important  determinants 
of transport walking (Knuiman et al. 2014), but not of body mass index (Christian 
et al. 2011a). Moreover (after full adjustment for individual, social- environment and 
built environment factors and neighbourhood preference), RESIDE found that, fol-
lowing relocation, among those people who now had greater access to transport-
related destinations, transport walking increased by 5.8 min per week for each type 
of destination gained and recreational walking by 17.6 min per week for each type 
of recreational destination gained (Giles-Corti et al. 2013).

However, the LN policy itself did not appear to be effective. We found no signifi-
cant differences in the transport or recreational behaviours of those who relocated 
to neighbourhoods designed according to the LN policy, compared with others. 
While the policy helped to create more supportive environments, the dose of these 
interventions was insufficient to encourage more walking (Christian et al. 2013). 
We proposed a longer-term follow-up, but our findings also raised the question of 
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whether there had been a policy failure or a failure to implement the policy as 
intended (Hooper et al. 2014).

Hence, a unique aspect of RESIDE was the quantification of the actual imple-
mentation of the policy on the ground, to better understand whether the observed 
behaviours were products of under-delivery of the policy or of fundamental short-
comings in the policy itself (Hooper et al. 2014). Using spatial measures tailored to 
the urban design features required by the policy, the evaluation identified which, and 
how much, of the design features had been implemented. None of the developments 
(including those classified as LN developments by the Department of Planning) had 
implemented the full suite of requirements as intended by the policy. Indeed, overall 
across all new developments, the LN policy was only around 50% implemented. 
Nevertheless, for every 10% increase in levels of overall policy compliance, the 
odds of participants walking for transport in the neighbourhood increased by 53% 
(Hooper et al. 2014), the odds of sense of community increased by 22%, the odds of 
good mental health increased by 8% (Hooper et al. 2014) and the odds of being a 
victim of crime decreased by 40% (Foster et al. 2015). These process evaluation 
findings were of considerable interest to the Department of Planning and led to the 
RESIDE findings being translated into a recent policy review. The process evalua-
tion was also able to show which, if any, aspects of the policy were producing the 
desired physical-activity increases and health benefits. Moreover, it allowed the 
study team to communicate to the Department of Planning that the policy levers 
were effective but that there needed to be greater focus on achieving higher levels  
of implementation. RESIDE revealed the need to measure and assess actual imple-
mentation of planning policies. Without such evidence, natural experiments are sim-
ply academic, offering policy-makers no new information that they “don’t already 
know” (Allender et al. 2009).

18.6  Where to Next?

Despite the wealth of knowledge garnered in the last two decades about the influ-
ence of the built environment on physical activity, there is still much to be done. 
First, most of the evidence to date is from developed countries, with research in 
developing countries only beginning to emerge very recently (Giles-Corti et  al. 
2016). While some correlates appear to be universal (Sallis et al. 2016b), there is 
still much to learn about the extent, type and quantity of interventions needed in 
different countries, and the conditions under which supportive built environments 
will be effective (Giles-Corti et al. 2016). For example, do the same interventions 
work (and for whom) in very hot climates or in cities that are actually, or are per-
ceived to be, unsafe?

But even in developed countries, important questions remain about the interplay 
between urban design attributes at the local level and the contribution of regional 
planning to the overall system and whether there is an economic argument for  
building walkable neighbourhoods that produce co-benefits across multiple 
sectors.
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18.6.1  Complex Systems Modelling

As discussed earlier, social-ecological models (Barton and Tsouros 2000; Sallis 
et al. 2006b) consider multiple levels of influence on behaviour and have been used 
to map the interrelationships between individuals and social, physical and policy 
determinants, enabling the identification of a range of local urban design attributes 
related to physical activity, primarily for recreation and transportation purposes 
(Sallis et al. 2012).

However, in the recent Urban Design, Transport, and Health series published in 
The Lancet (Giles-Corti et al. 2016), we argued that opportunities for active living 
arise out of synergies between the “Eight Ds”: five local urban design and transport 
factors (density, design, distance to transit, destinations and desirability) and three 
regional factors (destination accessibility, distribution of employment and demand 
management). It is now clear that simply designing local neighbourhoods that 
encourage walking and cycling is not enough; communities need metropolitan 
regional planning interventions that ensure public transport access to jobs that are 
(typically) inequitably distributed across metropolitan regions. Furthermore, with-
out demand management strategies to reduce the attractiveness of driving (e.g.  
congestion charging, manipulating the amount and cost of parking), it is unlikely 
that higher use of active transport will ever be achieved.

The question of how to plan and design cities that encourage active living and 
physical activity is multifaceted and complex. In established areas, the general con-
ditions that support active living evolve and transform over time as the local urban 
fabric changes (e.g. when land undergoes zoning changes or local destinations are 
replaced with other types). At the same time, broader metropolitan infrastructure 
projects (new suburbs, road expansions, public transport upgrades, relocation of 
government agencies) affect established areas also. Assessing the effects of all these 
changes requires a complex systems approach.

In complex systems, analysis focuses on the behaviour of the system, which 
emerges from the interactions between the components (Von Bertalanffy 1969). 
This mode of thinking involves the use of either analytical deterministic models, 
where the model output is dependent on the parameter values and the initial condi-
tions, or stochastic probabilistic models, where the model allows for random varia-
tion in one or more inputs over time (Ross 2014). Complex systems can be analysed 
using causal loop diagrams and can be operationalised using digital planning tools 
that support urban planning and policy-making (Boulange et al. 2017). Digital tools 
and planning support systems also enable end users to understand, explore and 
interact with these models via easy-to-use visual interfaces. Digital planning tools 
enable planners to simulate possible interventions before they finalise their plans 
and to explore myriad connected factors via an interactive mapping interface made 
available through a desktop GIS (Pelzer et al. 2013; Arciniegas and Janssen 2012; 
Boulange et al. 2017).

Research into the relationship between the built environment and physical activ-
ity could benefit in several ways from complex system modelling:
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18.6.1.1  Bringing Together Researchers, Planners, Policy-Makers 
and Practitioners

Planning support systems based on complex systems help planners and decision- 
makers understand—from a variety of perspectives—how planning will affect the 
design and functioning of the city, depending on the outcomes of interest (e.g.  
health or transport). One example is the Walkability Planning Support System 
(Boulange et  al. 2015, 2017), built in Community Viz, a now well-established 
ArcGIS extension (Walker and Daniels 2011). Ideally, planning support system 
models are designed collaboratively with a range of participants (including planners 
and policy-makers), to stimulate communication about how a complex system 
works. By participating in the design, all parties can develop a shared understanding 
of the main relationships and dynamics of the system and identify vulnerabilities 
and leverage points for changing the system structure. They can also provide valu-
able feedback on the outputs of the model as it is being built and refined (Newell and 
Proust 2009; Newell et al. 2008). Techniques such as face validity and collaborative 
modelling are important to build into the complex model workflow, to ensure that 
the end users trust the structure and behaviour of the model.

Planning support systems and interactive mapping tools such as the Australian 
Urban Research Infrastructure Network portal (AURIN) offer datasets from custo-
dians such as health, housing and transport departments, to model the city as a 
complex system revealing previously unexplored spatio-temporal relationships 
(Delaney and Pettit 2014; Pettit et al. 2015). Such analysis helps us understand the 
various dimensions of a city, further supported by urban “big data” such as spatio- 
temporal housing data at the property level (Pettit et al. 2017), or effects on physical 
activity measured using smartphones with built-in accelerometry (Althoff et  al. 
2017).

Collaborative processes aimed at mapping the complex relationship between the 
built environment and physical activity are a novel way to communicate built 
 environment research and increase awareness among policy-makers of the interdis-
ciplinary nature of urban planning and research. Furthermore, the potential of urban 
big data becomes evident when using new, interactive mapping environments such 
as CityViz, which allows bicycle and other data to be used in city planning and 
decision-making (Goodspeed et al. in press).

For example, Fig. 18.5 shows rider travel movements in Melbourne derived from 
the Bicycle Network’s Riderlog smartphone application. These data can be used by 
city planners to understand cycling patterns and behaviour across the city, such as 
the proportion of female versus male cyclists and their different cycling patterns. 
They can also be mapped and analysed to determine hot spots of increased infra-
structure demand or danger for cyclists (and therefore where to invest in upgrades). 
Understanding patterns and demographics in cycling behaviour is important in rap-
idly urbanising cities (like Melbourne), particularly cities promoting more sustain-
able, healthy and safe transport modes.
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18.6.1.2  Validating Urban Health Indicators

CityViz and Community Viz (the Walkability Planning Support System) demon-
strate that, with appropriate data, complex systems models can be built to explore 
how multifaceted associations between urban design features and transport systems 
result in health risks among population groups (Badham 2010). However, some 
complex systems allow for dynamic modelling; this in turn allows researchers to 
explore causal relationships that help us understand how cities affect people’s phys-
ical and mental health (Gatzweiler et al. 2017).

These types of analyses are also useful when developing and validating indica-
tors of the condition of the urban health system and of the built environment itself, 
offering a convenient way to store information from scenarios tested in the complex 
system model (Badland et al. 2017a; Murphy et al. 2017). Indicators can support 
good urban management and urban policy (Badland et al. 2014b; Lowe et al. 2015). 
In particular, they can help decision-makers measure and monitor cities’ perfor-
mance against population health or environmental protection standards and trigger 
alerts when unwanted results occur.

18.6.1.3  Simulating Urban Future Scenarios

Complex models could be built to examine the interplay of urban design attributes 
at the local level while accounting for the effect of regional planning on people’s 
physical activity. This would allow researchers to work with policy-makers and 
practitioners to determine optimum levels of density, street connectivity and 

Fig. 18.5 Urban big data: rider travel movements in Melbourne, from the Bicycle Network’s 
Riderlog smartphone application
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destination access to increase physical activity. At the same time, one could model 
commuting patterns that are active transport-friendly, for example; after a model 
has been validated, projection and “what if?” analyses can be undertaken. By vary-
ing input parameters, analysts can simulate interventions and estimate the reper-
cussions of changing one or more areas of the system. Although model simulations 
cannot be relied upon to give accurate predictions of what will happen following 
interventions, they are a useful tool to describe the likely results and identify poten-
tial unintended consequences (such as harm to health) (Urban et  al. 2011; Lich 
et al. 2013).

Simulation may be particularly useful when estimating the likely effect of urban 
planning policies or urban design requirements on levels of physical activity over 
time. Simulations could be run using agent-based modelling (ABMs), which model 
synthetic populations and the ways in which agents (e.g. residents in a local 
 neighbourhood) might respond to changes in the built environment under various 
hypothetical changes to the transport network (Badland et al. 2017b).

In modelling urban futures and health, we need to understand the likely effects 
on our cities of disruptive technologies. Uber and Airbnb are two notable examples 
that are already challenging planners and policy-makers, and they have the potential 
to fundamentally change the way our cities function. Dockless bike-sharing schemes 
are also being implemented in many cities; these, along with other disruptive tech-
nologies and the data they can provide, need to be considered when understanding 
and modelling the ever-evolving complexity of the city. Finally, autonomous vehi-
cles are being trialled in some cities, with dissemination on the horizon: what 
changes will they bring, especially to the physical-activity patterns of urban dwell-
ers? Measuring and monitoring to create early warning systems of the effects of 
these major changes on cities and on the health and wellbeing of residents is a prior-
ity for future research.

18.6.2  Economic Evaluations

Low levels of physical activity worldwide represent a health and economic burden 
for individuals and societies (Ding et al. 2016; Kyu et al. 2016). But the health ben-
efits of physical activity are rarely considered in economic evaluations of environ-
mental interventions and policies (Mulley et  al. 2013). One reason may be that 
studies examining the economic merit of environmental initiatives are in their 
infancy, with no agreement on appropriate methods (Brown et al. 2016). Lack of 
full consideration of the health benefits of environmental initiatives that foster phys-
ical activity may underestimate their value to society. This might lead to the mis- 
allocation of resources towards car-oriented infrastructure.

Three recent systematic reviews that include economic evaluations of active- 
transport initiatives (walking and cycling) indicate significant heterogeneity in 
approaches for the inclusion of physical-activity-related health benefits (Brown 
et al. 2016; Doorley et al. 2015; Mueller et al. 2015). Methods to estimate demands 
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on infrastructure or the effectiveness of interventions are diverse and focused on 
transport walking and cycling, without offsetting the substitution effect from other 
forms of physical activity such as recreational walking and cycling (Brown et al. 
2016). Likewise, quasi-experiments suggest that new transport infrastructure may 
not influence total physical activity (Panter et al. 2016), due to a substitution effect: 
people who use this infrastructure may substitute this activity for participation in 
other forms of physical activity, with no overall gain. This may lead economic eval-
uations to overestimate the health benefits.

Most evaluations to date have used a cost–benefit analysis (CBA) framework 
(Brown et al. 2016; Doorley et al. 2015; Mueller et al. 2015), which is consistent 
with methods used when appraising government initiatives (Mulley et al. 2013). But 
CBAs present a problem, as a monetary value needs to be placed on goods without 
a market value, such as health (Drummond et al. 2005). Nevertheless, in the trans-
port field, agreed methods have been developed to evaluate non-market goods: for 
example, travel-time savings are now included in routine evaluations of transport 
projects, despite initial controversy (Mulley et al. 2013).

The World Health Organization has developed the Health Economic Assessment 
Tool (HEAT) as a homogeneous framework to evaluate the health benefits of inter-
ventions that promote walking and cycling (Kahlmeier et  al. 2014). Although a 
promising effort, it quantifies the effect of walking and cycling on premature mor-
tality only, ignoring any improvement to quality of life. Users of the tool still need 
to produce demand estimates from the proposed initiative, which, as highlighted, 
has been generally weak. In addition, HEAT (like most of the literature to date) has 
focused on the transport sector. The built environment is broader than this and 
includes the planning of cities (for instance, based on the Eight Ds). We need stan-
dardised, transparent methods for quantifying the health benefits of physical activ-
ity. This could be achieved through collaborative research between urban and 
transport planners and health economists. Tools such as the Walking Planning 
Support System model, in combination with established methods used in health 
economics that incorporate mortality and quality-of-life measures (Vos et al. 2010), 
may help us evaluate the economic merit of building neighbourhoods that promote 
active living. However, public health researchers also need to improve their under-
standing of the policy-making process, if they hope to generate health-improving 
change in non-health sectors such as transport and planning (Carey and Crammond 
2015).

18.7  Conclusion

Research on the built environment and physical activity is maturing, and it is impor-
tant that we learn from past lessons. While many built-environment features appear 
to influence walking for transport or recreation, there are many inconsistencies in 
the literature, which could in part be due to the way exposure measures are concep-
tualised and measured. Assumptions that researchers have access to high-quality 
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data across cities are unfounded, particularly in many developing countries. There 
is a critical need to create and provide access to clean, reliable and rich data for 
statistical analysis and data modelling. In developed countries, researchers have 
access to many good urban datasets, but there are significant gaps (e.g. footpath 
data), and quality and availability vary between cities. Higher-quality, more acces-
sible data will strengthen our understanding of the built environment and physical 
activity.

A number of promising areas of research might also support the translation of 
findings into policy and practice: identifying thresholds for built-environment inter-
ventions; assessing the relative influence of individual, social and built-environment 
features; using complex system modelling to simulate interventions; and evaluating 
the economics of built-environment interventions. To avoid simply confirming con-
ventional wisdom in the planning and transport professions, researchers are encour-
aged to codesign research with policy-makers, practitioners and disciplines outside 
health. Through interdisciplinary multi-sector research, there is potential to help 
shape the cities in which future generations will live, work and play.
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Chapter 19
Urban Form and Road Safety: Public 
and Active Transport Enable High Levels 
of Road Safety

Paul Schepers, Gord Lovegrove, and Marco Helbich

19.1  Introduction

Road traffic injuries are estimated to be the ninth cause of death with over 1.2 million 
deaths each year globally (WHO 2015). Over half of the health burden of traffic 
crashes can be attributed to deaths; the other part results from disability following 
injuries (Dhondt et al. 2013). Injuries sustained in road crashes are the main causes of 
death among those aged 15–29 years (WHO 2015). Moreover, some children involved 
in a traffic crash experience post-traumatic stress disorder, and the death of a child is 
associated with increased mortality from both natural and unnatural causes in parents 
(Li et al. 2003; Salter and Stallard 2004). Action is needed to reduce this massive and 
largely preventable human toll. Investing in road safety would also lower perceived 
risks that may deter potential cyclists and pedestrians and thereby prevent them from 
enjoying the associated health benefits of physical activity (Götschi et al. 2016). And 
it almost goes without saying that there would be significant economic benefits asso-
ciated with reduced traffic fatalities and improved public health; the current economic 
burden of traffic crashes is approximately 3% of gross domestic product (GDP) 
worldwide (WHO 2015). Clearly there is a social and economic imperative to take 
action in every community to address this road safety problem.

More than half a century ago, Perry (1939) and Buchanan (1963) already sug-
gested that road safety could be improved via urban form, also known as the built 
environment of our community development patterns; however, the lure and  benefits 
of private auto use historically obscured any social and economic externalities 
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caused by traffic crashes. More recently, amid Brundtland Commission (1987), 
WHO (2004) and other increasingly vocal global health authorities, the need to 
reconsider and reduce these negative impacts of auto-oriented communities has 
again been raised. The problem is of course that in the intervening decades since 
Buchanan (1963) first warned us, much of our urban form, at least in higher-income 
countries, has already been built in an auto-oriented development pattern. Once 
built, these sprawling, low-density and freeway-accessed suburbs are not easily 
reversed. For example, a single intersection or roadway can be retrofitted within a 
short time for traffic calming, for instance, converted into a safer roundabout and/or 
1-way, narrower, lower-speed couplets; however, it takes much longer and costs 
prohibitively more (not to mention the social upheaval involved) to overnight retro-
fit the built form of an entire auto-oriented community. It may take perhaps as long 
as an entire generation to make any substantive changes! Fortunately, there are some 
general principles that, if employed successfully, may help to address our current 
built urban form and road safety problems.

Urban form mostly affects road safety indirectly via travel behaviour such as 
modal choice and route choice (Van Wee 2009; Schepers et al. 2014). Understanding 
the indirect relationship between road safety and urban form is not only important 
for traffic safety but also for the health impact of traffic in general. While the opti-
mization of intersection design may have a largely isolated road safety effect, chang-
ing urban design and networks affects other externalities of traffic. For example, 
suppose we build a network of well-designed bicycle infrastructure to travel to a city 
centre. This would encourage cycling which may affect road safety, but it will also 
reduce air and noise pollution by cars and increase physical activity (Nieuwenhuijsen 
and Khreis 2016). A bicycle path physically separated from the vehicle carriageway 
would increase separation between cars and cyclists, and reduce cyclists’ exposure 
to noise, buffeting, and exhaust (Schepers et al. 2015b). In this chapter we discuss 
how urban form affects road safety to inform integrated cross-disciplinary planning 
efforts and health impact assessments, in the hopes that application of this knowl-
edge and its associated planning principles will help to improve the overall health 
outcomes of traffic (Khreis et al. 2016; van Wee and Ettema 2016).

19.1.1  The Impact of Urban Form on Travel Behaviour

It is well established that travel behaviour is affected by urban design (Ewing and 
Cervero 2010). As urban form encompasses a myriad of components, the impact is 
often described using the ‘5Ds’: land use density and diversity, design (of networks 
and street patterns), distance to transit, and destination accessibility (Cervero and 
Kockelman 1997; Ewing and Cervero 2010; Handy 2017). Lower densities (e.g. a 
sprawling city) and monofunctional land use increase travel distance and thereby 
travel time to potential destinations and vice versa (depending on the available 
mode network continuity and infrastructure systems). Unless high-quality public 
transit is heavily subsidized, the private car is the only economically viable form of 
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transport to travel longer distance criss-cross trips in low-density suburban sprawl 
communities within travel time budgets typically available (Mokhtarian and Chen 
2004). Apart from typical geographic considerations (e.g. terrain, climate), increased 
travel distance is a daunting factor for cyclists and even more for pedestrians 
(Heinen et al. 2010). On the other hand, more sustainable forms of development, 
such as higher densities and land use diversity, decrease trip length and thereby 
contribute to more active transport.

As walking (and to a lesser extent cycling) is an important access mode for public 
transport, the modal shares of active transport modes tend to be correlated (Pucher 
2004). Mavoa et al. (2012) found that, with proper community planning and design, 
walking accessibility to destinations via public transit can be significant. So-called 
transit-oriented development (TOD) aims for high densities and mixed (diverse) 
land use within 5–10 min walking distance of key public transport stations (Pucher 
2004; Bach et al. 2006). Not surprisingly, cities everywhere with high population 
densities have a substantial model share of public transport, e.g. the share excluding 
walking amounts to 81% in Hong Kong and 64% in Paris (Sun et al. 2014).

Urban design also must consider network design and street network structure 
(Handy 2017) and their influence on travel time via resistance along their links. 
High-end mobility facilities such as freeways, arterial roads, bus rapid transit (BRT), 
and heavy rail systems allow for high capacity, speed, and performance resulting 
from low intersection/stop densities over longer distances within the same travel 
time budget. Network design can also be used to influence the competitiveness of 
each mode compared to others in terms of travel distance and time, e.g. shortcuts for 
walking and cycling where drivers have to make detours (Rietveld and Daniel 2004; 
Frank and Hawkins 2008; Levinson 2012; Schepers et al. 2013).

Individual travel behaviour results in traffic volumes, a modal split, and distribu-
tion of traffic over time and space (Van Wee 2009). The 5Ds help describe and 
predict to which transport mode(s) an urban area is most oriented.

19.1.2  Indicators to Study the Impact of Urban Form on Road 
Safety

Which indicator is best used for a study of road safety depends on the objective of 
the comparison (i.e. the policy issue) at hand (Hakkert and Braimaister 2002; 
Götschi et  al. 2016). At an aggregated level, numbers of fatalities per capita,  
per-total road lane kilometres (TLKM), or per-vehicle kilometre travelled (VKT) 
are common indicators for road safety (Lovegrove and Sayed 2006). Fatalities per 
TLKM or per VKT can be misleading as these exposure measures in the denomina-
tor (of the risk indicator) can change, without any real safety improvements. For 
example, if fatal collision counts remained constant while more roads and/or more 
vehicle kilometres were driven, it would reduce fatalities per VKT and per TLKM. 
And if fatalities rose at the same rate as exposure, it would appear that the level of 
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safety was unchanged when in reality fatalities were rising. Perhaps more alarming, 
if fatalities remained constant while vehicle-kilometres decreased, for example, due 
to transit-oriented developments and reductions in driving, it would actually appear 
as if safety were worsening, as the ratio of fatalities per VKT would increase! 
Clearly, fatalities per VKT and per TLKM could mask, or completely discount, the 
potential safety and sustainability benefits of more dense transit- and bicycle- 
oriented developments that reduce VKT, serious collisions, pollution emissions, 
energy consumption, and space needed for roads. Moreover, planning for cycling 
and walking that relies on off-road paths and/or car-free exclusive networks would 
offer comparable or even higher levels of human scale and safer accessibility using 
less vehicle kilometres (Cervero and Day 2008; Karou and Hull 2014).

So what is the fairest way to measure road safety that also considers the benefits 
of active transport at an aggregated, area-wide, and macro-level? Macro-level, col-
lision prediction models (CPMs) that evaluate road safety in terms of vehicle-related 
collisions per unit time period are dominated by a non-linear, exponential associa-
tion with these same exposure-based independent variables VKT and to a lesser 
extent TLKM (Lovegrove and Sayed 2006; Lovegrove 2007). These widely accepted 
definitions of traffic crashes focus on (motor) vehicle crashes occurring on public 
roads but exclude those crashes where vehicles have not been involved, i.e. pedes-
trian falls (SWOV 2010b). Methorst et al. (2017) have recently criticized this exclu-
sion. They estimated that 86 pedestrians died on public roads in the Netherlands in 
2011 due to falls where no vehicles were involved, which is significant when com-
pared to the 520 police-recorded vehicle crash-related deaths (SWOV 2017). 
However, to date, these CPMs have only been able to be reliably fit to, and be used 
to predict, data related to collisions involving vehicles, for two reasons. First, data 
on pedestrian falls and, to a lesser extent, single-bicycle crashes is scarce. Second, 
exposure measures for these non-vehicular modes differ from traditional VKT and 
TLKM and have been difficult to predict and assess (Elvik 2009; Wei and Lovegrove 
2012). Thus, other measures are needed to evaluate the road safety benefits of 
increased walking and bicycling.

One possibility is to recall that average daily travel time remains constant, with 
many researchers observing that, regardless of travel mode, humans often travel a 
minimum of 10–20 min to reach desired destinations (Mokhtarian and Chen 2004). 
And while urban sprawl and more road mileage and more driving within this time 
budget have created additional exposures to risk (e.g. VKT), on the other hand, 
increased population density and land use diversity and quality transit service can 
also improve the walking and cycling accessibility of important activities (e.g. 
parks), facilities (e.g. jobs, schools), and services (shopping, doctors) within this 
same time budget. As such, a more inclusive measure of road safety that accounts 
for the human scale walking and bicycling modes, at an aggregated level, would be 
deaths per 100,000 population and is the main indicator used to study the impact of 
urban form on road safety in this context.
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19.2  Modal Split and Developments Oriented 
Towards Specific Transport Modes

To illustrate road safety for the aforementioned transport mode orientations, we col-
lected data on a sample of large, high-income cities from developed countries 
around the world (see Appendix for an explanation of data methodology). 
Figure 19.1 and Table 19.1 show that the number of fatalities per 100,000 popula-
tion in large cities is much lower than the overall rate of the country in which they 
are situated. This result and an association between density and road safety were 
also found in other studies (Ewing and Dumbaugh 2009; Houwing et  al. 2012; 
Kegler et al. 2012; Ryb et al. 2012), suggesting that as density increases, so does 
safety. Moreover, we observe that safer cities tend to be located in safer countries 
and vice versa, that is, countries with fewer overall fatal crashes per 100,000 popu-
lation tend to see that same trend in their cities. For comparison, we have shown the 
middle- sized Dutch new towns including Almere, Houten, Lelystad, Nieuwegein, 
and Zoetermeer; these are discussed in more detail in Sect. 19.3.4. Transit-oriented 
and bicycle-oriented cities in Table 19.1 seem to have reached comparable levels of 
road safety, whereas road safety in car-oriented cities seems worst. Drawing conclu-
sions from this small sample of cities should be done with some caution, but larger 
studies also found lower death rates in cities with higher modal shares of public 
transport and cycling (Marshall and Garrick 2011; Litman 2012; American Public 
Transportation Association 2016).
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Fig. 19.1 Recorded deaths per 100,000 population in 2011–2015  in large, high-income cities, 
and, for comparison, in Dutch middle-sized, new towns (far right)
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19.2.1  Cycling Versus Driving

Elvik (2009) was one of the first to study the road safety effects of shifts from driv-
ing to cycling and walking using CPMs, in which a non-linear relationship between 
crashes and volumes is modelled. His results revealed that cycling, walking, and 
driving tend to become safer as volumes increase, which is known in the literature 
as Smeed’s law on motor vehicle safety, and as the ‘safety in numbers’ effect in the 
literature on cyclist and pedestrian safety (Smeed 1949; Jacobsen 2003; Elvik and 
Bjørnskau 2017). Other benefits of increased cycling volumes may include driver- 
related factors. That is, as these same individuals who now cycle more drive a car 
past other cyclists, they likely become more sensitive to, and aware of the needs for, 
safe passing speed and separation distance, which would reinforce the ‘safety in 
numbers’ effect (Schepers et al. 2017b).

Elvik also observed that as the non-linearity of risk (‘safety in numbers’) applies 
to volumes of both cyclists and drivers, more cycling does, without changes to cir-
cumstances such as infrastructure, not automatically reducing the total number of 

Table 19.1 Modal share, population statistics, and death rate in large, high-income cities and in 
middle-sized, Dutch new towns

Jurisdiction

Modal shares
Pop. 
(×1000)

Density per 
km2 (×1000)

Fatalities per 
100,000 pop’n

Walk, 
%

Bike, 
%

Transit, 
%

Auto, 
%

Public transport (transit)-oriented cities
  Hong Kong NA 1 81 18 7167 6.5 1.7
  Paris 15 5 59 20 2241 21.3 1.8
  London 21 2 44 34 8428 5.5 1.6
  New York 10 1 55 29 8550 10.9 3.7
Bicycle-oriented cities
  Amsterdam 4 40 29 27 838 5.0 2.0
  Utrecht 3 34 24 39 334 3.6 1.9
  Copenhagen 10 30 36 26 565 7.0 1.4
  Antwerp 20 24 17 40 510 2.5 2.7
Auto-oriented cities
  Phoenix 2 1 3 88 1512 1.1 8.5
  San Diego 3 1 4 85 1322 1.5 5.3
  Melbourne 4 2 14 80 4318 0.4 2.7
  Sydney 5 1 21 74 4738 0.4 1.8
Dutch new towns 502 1.9 1.0
  Almere 31 194
  Houten 37 48
  Lelystad 25 76
  Nieuwegein 27 61
  Zoetermeer 27 123
Netherlands 19 27 5 49 16,779 0.4 3.0
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traffic casualties, (Elvik 2013). The CPMs account for the fact that after shifting 
from car driving to cycling (or walking), road users are less hazardous to other 
cyclists and pedestrians because of, among other things, the lower speeds and hence 
lower amounts of kinetic energy released in the event of a crash leading to less 
severe injuries. Other studies found similar results and also distinguished between 
age groups (Stipdonk and Reurings 2012). For instance, Schepers and Heinen 
(2013) expected the number of fatalities above the age of 65 to increase, while the 
number in the 18–64 age group was expected to decrease.

Therefore, the research suggests that more than just a mode shift is required, 
since a higher cycling volumes appear to have only a modest impact on the total 
number of traffic deaths.

19.2.2  Public Transport Versus Driving

While public transport is much safer than driving for transit passengers, it can be 
relatively risky for other road users without proper system design, as shown in 
Fig.  19.2 (SWOV 2011b). CPMs can integrate such risks but have not yet been 
widely applied to estimate the road safety impact of a shift from using private autos 
to using public transport. Lovegrove et al. (2010) predicted significant 2% safety 
benefits of transit investment versus ‘business-as-usual’ (BAU) autocentric 
approaches using an application of community-level, macro-level CPMs, as part of 
an evaluation of both urban and rural areas of the Greater Vancouver Regional 
District’s 3-Year Regional Transportation Strategy. Using similar methodology and 
macro-level CPMs, Alam (2010) predicted an 8% decrease in collision severity due 
to improving transit in Kelowna, BC, Canada, versus a BAU approach.

It bears repeating that the aforementioned CPMs used autocentric exposure and 
road safety measures, which by definition are biased and ignore active transport 
oriented measures, thus discounting overall levels of safety. For example, fatal 
pedestrian falls are not included in international traffic crash statistics (Methorst 
et  al. 2017). Elvik et  al. (2009) studied the modal shift from driving to public 
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 transport on existing infrastructure (i.e. no changes to circumstances), including the 
potential impact on the number of injuries due to pedestrian falls and concluded ‘the 
unrecorded injuries from falls will, however, increase so much that no overall gain 
in safety can be expected if car users start using buses or trains.’ As the elderly are 
particularly at risk of severe pedestrian falls (Schepers et  al. 2017a), it can be 
expected that the benefits of a modal shift to transit found by Alam (2010) also 
apply to the overall level of transport safety for younger age groups. However, more 
than improved public transit service alone is needed to improve transport safety for 
all age groups; a system-based approach to transport safety is needed.

19.3  Network Design and Distribution of Traffic 
Along Infrastructure Networks

19.3.1  Network Design and the Safe System Approach

Organizations such as OECD and the World Road Association endorse the Safe 
System approach for road safety policies (World Road Association 2014). It recog-
nizes that the network must eventually be forgiving of routine human (road user) 
errors and must maintain navigation tasks of all components of a system design at a 
level that will not exceed the user’s mental and physical capacity. Examples of Safe 
System approaches are the Swedish Vision Zero and Dutch Sustainable Safety Vision 
(Koornstra et al. 2002). Two key principles of the Safe System approach for network 
design are homogeneity and functionality (World Road Association 2014). 
Homogeneity implies that differences in speed, direction, and mass should not be too 
large, for instance, a safe speed to mix cyclists with motorized traffic is no higher than 
30 km/h (Tingvall and Haworth 1999). Functionality refers to classification of roads 
in a hierarchical road network and aims for roads to have only one function, i.e. a flow 
function or access function. The Netherlands has adopted a hierarchical road classifi-
cation by which roads are classified as either access, distributor, or through roads.

Table 19.2 lists the recommended maximum speed limits and cyclist location on 
these three classes of road. Access roads are within 30 km/h zones only meant for 
direct access to homes and local destinations. Through traffic should avoid 30 km/h 
zones. Weijermars and Wegman (2011) indicate that categorization of the road 

Table 19.2 Road classification and speed limits in the Netherlands in urban areas

Road classes
Speed limits in urban 
areas, km/h Location of cyclists

Access roads 30 Mixed with other traffic
Distributor 
roads

50 or 70 Separated from motorized traffic by bicycle paths 
or bicycle lanesa

Through roads 100 or 120 Cycling not allowed
aBike paths are physically separated from the carriageway; bike lanes are a delineated space on the 
carriageway
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 network and traffic calming measures such as the construction of 30-km/h zones was 
the most important measure to implement the Dutch sustainable safety approach, 
accounting for a significant share of the 60% drop in fatalities since the 1990s.

Due to their mixed function character, distributor roads have higher risks than 
through and access roads; hence, the Dutch safe system approach recommends that 
the portion of a trip on distributor roads be as low as possible (Dijkstra 2013). 
Figure 19.3 depicts risk observed on urban roads and freeways in the Netherlands. 
Other researchers have also found negative road safety effects for an increased 
length of distributor roads, number of lanes of major roads, and lane-kilometres 
(Dumbaugh and Rae 2009; Marshall and Garrick 2011). More recently, other 
researchers have sought to assess the risk of these distributor roads on active trans-
port and found that they are indeed more hazardous for pedestrians and cyclists, and 
that the likelihood of collisions increases with the number of lanes and road width 
(Miranda-Moreno et al. 2011; Schepers et al. 2011; Ukkusuri et al. 2012).

19.3.2  Lower Levels of the Hierarchy

Elvik (2001) describes area-wide urban traffic calming as the implementation of a 
hierarchical road system comprised of physical restrictions to reduce non-local, 
through-traffic volumes and speeds on residential (access) streets. While this is done 
in response to resident complaints, a truly effective system solution also requires 
improvement of distributor and through roads to carry a larger traffic volume without 
additional delays or more accidents. In a meta-analysis, Elvik (2001) found a colli-
sion reduction of 25% for traffic-calmed residential access roads and a 10% reduction 
for distributor roads, consistent with later research by Lovegrove and Sayed (2006) 
that found closer to a 30% or 50% safety benefit when done as part of a neighbour-
hood-wide, systematic road network redesign (Lovegrove and Sayed 2006).

Several studies have analysed the neighbourhood road network patterns depicted in 
Fig. 19.4a, b using community-based, macro-level CPMs (Lovegrove and Sayed 2006; 
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Wei and Lovegrove 2012; Sun and Lovegrove 2013; Masoud et al. 2015). The benefits 
of convenient vehicular connectivity of traditional grid network have been offset by 
the cost of shortcutting problems. The benefits of the contemporary response, cul-de-
sac network designs that prelude shortcutting, have been offset by the cost of severed 
vehicular connectivity that results in increased VKT (and collisions) and, if not 
 carefully designed for, loss of active transport network connectivity. A three-way off-
set network combines vehicular connectivity and safety benefits using offset 3-way 
 intersections to calm traffic and thereby prevent shortcutting. When a safely designed 
 vehicle network is ‘fused’ or integrated with a coordinated, connected, and compacte 

Fig. 19.4 (a) Neighbourhood road network patterns (Wei and Lovegrove 2012). (b) Neighbourhood 
road network patterns (Wei and Lovegrove 2012)

Distributor road

Access road

a. Grid network
b. Conventional network (cul-
de-sac)

d. Three-way offset c. Limited access 
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land use design, results appear promising, as suggested by recent North American 
research on a design known as the Fused Grid (FG) sustainable neighbourhood, or 
SMARTer Growth Grid (SGG) neighbourhood as it has come to be known.

The SGG concept springs from a study of many historic, human-scale communi-
ties worldwide, including many in Europe, to identify common patterns that con-
tribute to a sustained higher than average quality of life for its residents and 
businesses. With its ubiquitous off-road active transport paths conveniently con-
nected to nearby corner parks and a protected core green space, the SGG neighbour-
hood can be expected to experience up to 60% fewer collisions than conventional 
grid and cul-de-sac road network patterns, as shown in Fig. 19.4b (Grammenos and 
Lovegrove 2015; Masoud et al. 2015).

Unlike the recent SGG ‘rediscovery’ by North American community planners 
and designers and their struggles to apply it and retrofit urban and suburban sprawl 
in the face of physical sprawl realities, European community planners have for 
decades understood and successfully applied safer transport networks and healthier 
community designs as living models of the SGG design principles. There are many 
road network patterns in practice, including many so-called cauliflower neighbour-
hoods built to provide for population growth in the 1970s and 1980s in the Dutch 
new towns and even earlier, as shown in Fig.  19.5 (Wegman 2014). The ‘cauli-
flower’ structure is characterized by winding roads and a maze-like grouping of 
little courtyards or ‘woonerfs’ (literally, ‘residential-premises’ or ‘home zones’) 
intended to preclude through traffic, provide a social play zone, and keep speeds at 
a walking pace. This would be similar to what is only now being recommended as a 
‘residential shared street’ by the North American Association of City Transportation 
Officials (NACTO) in their recently released Urban Street Design Guide (NACTO 
2013). Separated and stand-alone paths built for cyclists and pedestrians conve-
niently connect between woonerfs and other activity destinations, more directly and 
shorter than those offered to car drivers, thus making walking and cycling the most 
convenient mode choices for local trips (Wagenaar et al. 2008).

There are many design measures to achieve the lowered design speed set at the 
network level for access roads. According to PIARC’s Human Factors Guidelines 
for Safer Road Infrastructure (Birth et  al. 2009), drivers tend to accelerate on 
straight, smooth, wide roads with long sight distances and a monotonous 

Fig. 19.5 Cauliflower network pattern with winding roads and limited access (left); example of a 
winding road in a cauliflower neighbourhood (right)
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 environment. Some of their recommended measures to disrupt drivers and reduce 
speeding include (Bach et al. 2006; Birth et al. 2009):

 1. Surface treatments, such as colour and brick pavers instead of asphalt pavement
 2. Physically narrowed roads, such as less road right way, and/or planting flower 

boxes
 3. Visually narrowed roads, such as staggered parking

19.3.3  Higher Levels of the Hierarchy

An example helps to explain the potential safety advantage of the highest ranked 
mobility or through-road category in the hierarchy, freeways. Similar to Fig. 19.3 
for the Netherlands, Bayliss (2009) reports much lower risk of fatal and severe col-
lisions on freeways compared to lower ranked roads (less than 25% of the number 
of fatalities per VKT observed on distributors). Of course, the external costs of 
building more lane-kilometres of freeways include induced traffic (and associated 
energy consumption and pollution emissions) as in the longer term when people 
relocate or change jobs to travel more kilometres within their travel time budget 
(Goodwin 1996). If a freeway allows a person to travel twice as far in the same 
amount of time, simple math suggests that fewer kilometres travelled formerly on 
the lower category road (e.g. distributor) may be replaced by twice as many kilome-
tres on the new freeway. If this were true, for example, a doubling would halve the 
expected road safety benefits noted above, suggesting that a shift from urban dis-
tributor road to a freeway would reduce the number of deaths by much less than a 
factor of 4 (e.g. 1/4 × 2 = 1/2). However, if a 50% reduction could be realized, this 
would still be a large safety improvement and illustrates the reasoning behind 
designing for the highest share of the trip distance to take place on relatively safer 
mobility-oriented, through-roads (Dijkstra 2011). Schepers et al. (2017b) mention 
the dense Dutch freeway network, covering about half of the country’s motor vehi-
cle kilometres, as one of the success factors for the country’s high level of cycling 
safety. In North American parlance, many Dutch freeways resemble higher speed, 
restricted access arterial highways, of usually not more than one or two lanes in 
each direction (see Fig. 19.6).

Cyclists are not allowed on these roads and therefore not exposed to freeway 
traffic. However, for lower population densities, such as in sprawling communities 
in North America, it becomes difficult to provide a limited access, safe freeway 
network dense enough to cover a high share of the distance travelled by motor 
vehicles. For example, the two hypothetical villages in Fig. 19.7 have similar popu-
lations and network design, but the left village has a much higher population den-
sity. Obviously, the residents in the village with the highest population density need 
to travel less kilometres to enter the freeway. A similar line of reasoning would 
apply to the exposure to risk while accessing public transport, as per Fig. 19.7. If we 
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replace the freeway in Fig. 19.7 by heavy rails, we can conclude that less relatively 
unsafe kilometres using light rail or transit buses would be needed to travel to a 
railway station to take a relatively safe train.

19.3.4  Alignment of Network, Land Use, and Different Modes

There are different design practices regarding how to position land uses relative to 
the road network. Slop and Van Minnen (1994) describe conflicts between crossing 
pedestrians and cyclists and high-speed motor vehicles on distributor roads as a key 
road safety problem. They suggest the frequency of such conflicts is minimized if 
traffic-calmed areas enclose neighbourhood-oriented land uses. In the core of resi-
dential neighbourhoods, for example, the designers should locate walking and 
cycling opportunities for primary school, child care, grocery, social meeting spaces, 
parks, churches, fitness, seniors, library, and so on. Lovegrove and Sayed (2006) 
were able to quantify this safety benefit of area-wide traffic calming in North 
American neighbourhoods, including the need to protect the core of each 

Fig. 19.6 Bicycle bride over a freeway (the A50 near Arnhem)

Distributor road

Distributor road

Freeway Freeway

Access 
road

Fig. 19.7 Two hypothetical villages along a freeway with similar populations and road networks 
but different population densities, i.e. high in the left village and low in the right village
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neighbourhood from shortcutting and higher class roads and traffic, a finding con-
sistent with the research on Dutch neighbourhoods that found traffic-calmed areas 
can be as large as possible, up to some 2 km2 (SWOV 2010c).

Despite these findings, Dumbaugh and Rae (2009) found that the more common 
practice in North America is to restrict land uses in residential areas to only parks, 
schools, and churches. Any other uses placed inside communities would create too 
much traffic in the auto-oriented North American culture, and thus they get relocated 
onto perimeter distributors that bound residential areas. This planning approach is 
intended to divert traffic from invading residential areas while still allowing resi-
dents to conveniently access retail stores on their trips to and from work. The prob-
lem with this autocentric approach is that it also increases the frequency of conflicts 
between two distinct streams of traffic: (1) higher-speed, through-vehicles on perim-
eter distributor roads and (2) lower-speed, access- vehicles, and crossing pedestrians 
and cyclists going to and from the retail stores (Lovegrove and Sayed 2006; 
Dumbaugh and Rae 2009). Moreover, it violates the Safe System principle of func-
tionality because the flow (through) and access functions are mixed (SWOV 2010a). 
The impressive safety results achieved in Dutch new towns (i.e. 1.0 fatal crash per 
100,000 residents) seem to confirm that the design approach formulated by Slop and 
Van Minnen (1994) works, while North American communities does not (i.e. 6.8 
fatalities per 100,000 residents in auto-oriented cities).

Finding ways to retrofit and address these safety concerns towards Vision Zero 
are underway within these auto-oriented North American communities, and pockets 
of hope do exist as beacons of a vision of what could be; for example, transit- 
oriented New York experiences only 3.7 fatalities per resident. Others are research-
ing retrofits with safer intersection designs (e.g. roundabouts, three-way offsets) and 
reinvented, calmed 1-way couplet hybrid land use schemes (Masoud et al. 2015). In 
these hybrid, calmed 1-way couplet schemes, each carriageway is narrower and 
controlled by roundabouts to improve visibility and reduce vehicle speeds and task 
demands (i.e. only one-way vehicle flows) for drivers, cyclists, and pedestrians at 
crossing conflict points. Moreover, each couplet’s carriageway is moved away from 
the other by an 80-m wide boulevard on which local retail and service land uses 
occur. While clearly not ideal, this hybrid design recognizes and tries to adapt the 
pre-existing North American built form of communities that mix access and flow 
traffic streams. Emerging research findings appear promising that lower vehicle 
speeds, improved visibility, and reduced driver task demands can reduce risk (and 
associated consequences) of vulnerable road users that must cross these pre-existing 
perimeter roads to access commercial areas (Masoud et al. 2017).

A significant barrier to retrofits remains, however, in the fundamental land use 
planning that encourages ‘big box’ urban and suburban destination retail develop-
ments in North America, which is a foreign concept to planning community-friendly 
smaller retail establishments in most European communities. For instance, the 
Netherlands established rules at the national level to curb the growth of (peripheral) 
hypermarkets and shopping malls (Evers 2002). Box developments are the norm in 
North America and will remain for at least a generation as artefacts of historic car- 
centric BAU sprawl. Some evidence suggests (as shopping malls decline in popularity 
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in favour of more community-oriented shops and activity hubs within local communi-
ties) that they will be reabsorbed and transformed as part of community retrofits and 
SMARTer Growth Grid (SGG) neighbourhood redesigns. However, wherever and 
whenever SGG retrofits occur, there is significant evidence that employing more sus-
tainability-oriented community design principles in a systematic approach can be 
successful, as witnessed by Dutch new town successes over the decades even before 
SMART Growth, FG, and, most recently, SGG labels became ‘in vogue’!

For over 30  years since their development, the Dutch new towns included in 
Table 19.1 have experienced low death rates, even though these cities have a much 
smaller population and density (greater and denser populated cities tend to be safer) 
than the larger bicycle and public transport-oriented cities listed in the same table. 
Interestingly, the modal share of cycling in new towns is similar to that in larger 
bicycle-oriented cities. To explore why this might be, we point to Fig. 19.8 which 
shows the perimeter distributor road network of the smallest Dutch new town, 
Houten, with only 50,000 inhabitants. Houten consists of two traffic-calmed neigh-
bourhoods roughly 5 km2 in area, in which all facilities including railway stations 
can be reached by foot or by bicycle in less than 10 min and without having to cross 
a distributor road. Where access across perimeter roads is needed, for example, 
when residents in one neighbourhood travel to reach the city centre in the other, 
they do so using shallow bicycle tunnels and 2% slopes to pass under it. In this way, 
Houten designers have provided a central, tree-shaped, car-free pedestrian and 

Fig. 19.8 The city of Houten with a population nearing 50,000; southern railway station (bottom 
left) and stand-alone bicycle paths near the northern railway station (bottom right)
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cycle network, a ‘green backbone’ that is heavily used by businesses and residents 
of all ages (Bach et al. 2006).

Designing for people first has been a critical success factor in the Netherlands. In 
Almere, the largest of the Dutch new towns, the main and direct cycle routes to the 
city centre were set at an early stage in the design process. Cycle routes run along-
side and at the level of waterways, while cars cross via bridges without interrupting 
cyclist traffic (i.e. grade separated). Almere also has dedicated bus lanes for fast bus 
travel (Bach et al. 2006). Dutch new towns have large traffic-calmed areas and car- 
free cores, which are characterized by high ped/bike network connectivity and low 
auto network connectivity for local access within and high auto connectivity on 
perimeters. A study by Schepers et al. (2013) shows that cities where cyclists travel 
more kilometres through traffic-calmed areas (either along access roads or  
stand-alone bicycle paths), such as in Dutch new towns, are safer for cyclists but 
also for road users in general.

Bach et al. (2006) describes this people-first, ‘reverse’, or ‘bottom-up’ design 
process as the way to achieve safe and pedestrian- and bicycle-friendly neighbour-
hoods, such as in Houten, containing all frequent destinations for these road and 
non-road user groups. His recommended design process is as follows:

 1. Locate quality-of-life sustaining daily activities and amenities as priority loca-
tions, not forgetting the need to identify plentiful opportunities for ‘green’ areas 
of restorative, spiritual, sport, and social space.

 2. Layout direct walking and cycling routes between these locations and core resi-
dential areas.

 3. Identify and protect the cores and main routes for traffic calming priority, cross-
ing safety and pedestrian precincts.

 4. Integrate ‘people pumps’ such as public transport stops, rail and metro stations, 
and the pedestrian entrances to public buildings and parking garages.

 5. Develop lines and networks for public transport.
 6. Evaluate whether the objectives have been met.
 7. Last, superimpose the network for private cars (on the remaining blank space).

This formalized design process epitomizes the Dutch critical success ‘people- 
first’ factor. It replicates how traditional communities everywhere started (and at 
least in Europe for the most part have organically evolved and been preserved), as a 
community focused on and scaled by the human, not the private car. First, it starts 
by identifying the main daily activities and amenities that sustain quality of life, 
including schools, playgrounds, parks, markets, homes for the elderly, and starting 
points for walking routes. After this, routes for pedestrians, cyclists, and elderly are 
to be laid out from home address clusters (neighbourhoods) to important pedestrian 
and bicycle destinations. Zones such as traffic-calmed areas and pedestrian pre-
cincts can be marked off around frequent routes. Public transport stops and net-
works are planned in the next step. Routes for private car access are designed as the 
last step with a perimeter distributor road around the residential area and short- 
looped local access roads serving each residential cluster that minimize crossings 
and speeds.
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Using a similar line of reasoning, several researchers have suggested to map 
frequent pedestrian and cyclists routes relative to distributor roads to identify poten-
tial safety problems (Bach et al. 2006). Researchers should give specific account of 
the needs and abilities of children and the elderly who may have specific problems 
with complex traffic situations such as crossing a busy road with high-speed motor 
traffic (Räsänen and Summala 1998; Van Beek and Schreuders 2002). Multimodal 
traffic models will support such analyses as pedestrian and cycle traffic is modelled 
at a microsimulation level of detail (Masoud et al. 2017).

19.4  Discussion

19.4.1  Road Safety

To summarize, we have found that the number of fatalities per 100,000 population is 
significantly lower in large cities of denser populations, more diverse land uses, 
greater use of public transport, and more cyclists and pedestrians. However, we can-
not confirm that this is a causal relationship, as neither high-density nor more active 
transport use can directly explain improved road safety (Elvik 2009; Schepers and 
Heinen 2013). Despite many studies to date, the link between road safety and dense, 
mixed development oriented towards active transport is complex and difficult to reli-
ably model in a predictive approach (Wei and Lovegrove 2012). We can say that 
increased volumes of cycling and walking are associated with reduced traffic speeds, 
increased awareness of cyclists, and increased travel times for all road users, espe-
cially at intersections. Intuitively, one would expect public demand for dedicated 
infrastructure for cyclists and pedestrians to increase with increasing levels of 
cycling and walking. We see this happening in North America as community govern-
ments must respond to climate change, energy conservation, and other sustainability- 
oriented challenges, whether handed down as legislated mandates or inherited as 
fiscal realities. Whether or not road authorities concur and take action, community 
retrofits will take time, during which casualties continue to occur. Unfortunately, 
what we are seeing to date in North America are very few governments that seem 
able to find ways out of their traditional patterns of political behaviour and unafford-
able BAU cycles that expend precious tax dollars to increase TLKM and maintain 
travel time budgets between origins and destinations (see Fig. 19.7).

On the other hand, Dutch governments and designers have been able to create 
new towns, but not without overcoming many of these same traditional patterns. 
Dutch designers also planned for car traffic after World War II, but the post- war 
reconstruction took decades to complete, and levels of cycling were still high when 
the 1971 oil crisis hit (Schepers et  al. 2017b), high enough to be recognized by  
policymakers as a solution for issues associated with motorization such as conges-
tion, air pollution, and noise (De la Bruhèze and Veraart 1999). This may explain 
why only the first of the five Dutch new towns planned post-war in the 1960s, 
Lelystad, has a grid network of mostly 70 km/h distributor roads. It was planned 
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first for cars, and separated cyclist path networks were not planned nor built until 
after the road network was built; hence, Lelystad has a less convenient bicycle net-
work, and often cyclists get lost due to its nondirect networks and longer distances 
to local destinations. The city has the lowest bicycle modal share of the Dutch new 
towns in Table 19.1. The lesson to be learned for North American town planners is 
that despite the fact that dedicated infrastructure did not get priority treatment, and 
is only now being thought about given existing auto networks, safety levels can still 
be improved significantly when dedicated cycling and walking infrastructure is ret-
rofitted into existing communities.

Most Dutch cities were built before World War II with higher densities and mixed 
land use. In cities such as Amsterdam, where most of the built environment survived 
the war, heavy roads were planned such as a four-lane arterial (Lastageweg) though 
the Nieuwmarkt neighbourhood. While most of the buildings were demolished in 
the 1960s, a broad coalition of squatters, residents, and conservation advocates were 
able to stop the demolition of the monumental Pinto house. On January 5, 1972, the 
Amsterdam city council decided by a narrow one vote majority to abandon the plan 
in favour of more dense and diverse human-first, cycling-oriented planning. 
Summarizing, key factors that may have contributed to this human-first urban plan-
ning approach in some European countries are the relatively late, post-war motor-
ization, strong pre-war walking and cycling cultures, awareness of emerging 
problems in American ‘auto-oriented cities’, and opposition to demolition of exist-
ing neighbourhoods (De la Bruhèze and Veraart 1999; Ebert 2004).

In both Europe and North America, governments and planners are no doubt  
aware of these studies, yet North American leaders appear afraid to take economic 
and/or political risks. The research shows conclusive evidence of the economic ben-
efits that with higher densities and mixed land uses (not high rises, just modestly 
higher densities), more money becomes available to invest in (sustainably) safer 
transport systems, both between communities (heavy rail, metro systems, and free-
ways having only grade-separated intersections) and within each community (lower 
speed limits, roundabouts, separated paths). Moreover, in denser communities, all of 
these safer transport systems (i.e. safe public transport and freeway systems) are 
closer to origins and destinations, which contribute to a higher share of kilometres 
travelled as safely as possible. This is a significant result when one recalls that in 
low-density, sprawling communities, higher shares of kilometres travelled will need 
to occur along distributor roads where risks are higher due to the multifunction, 
multi-purpose nature of the traffic on these distributor roads. To add more ammuni-
tion with which designers can help change leaders, we suggest that there is a second 
avenue beyond economic benefits to be considered, that being the significant health 
benefits of SGG (aka Dutch new town) community design. For comparison, the 
annual health benefits of cycling in the Netherlands are estimated at €19 billion 
(approximately 3% of the Dutch GDP), while annual capital investments by all lev-
els of Dutch government in road and parking infrastructure for cycling amount to 
only €0.5 billion (Fishman et al. (2015). The estimated health benefits are controlled 
for negative side-effects due to cyclists’ increased exposure to road safety and air 
pollution risks.
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19.4.2  Public Health

In response to the adverse health impacts of urban transport that are the result of 
accelerated and auto-oriented urbanization and motorization (Khreis et al. 2016), 
many cities are beginning to shift their mobility strategies. Official community 
plans and growth management strategies are shifting away from auto-oriented and 
towards more human-focused, active transport-oriented means to reduce green-
house gas emissions and improve public health (Nieuwenhuijsen and Khreis 2016). 
Road safety also benefits from urban designs oriented towards active transport (and 
vice versa). Moreover, it is no coincidence that the sustainably safer North American 
SMARTer Growth Grid and the Dutch new town community designs have in com-
mon the same traits found in traditionally sustainable communities, which also par-
allel human-first design principles by Bach et al. (2006).

Due to arguments surrounding these health benefits, the SMARTer Growth Grid 
design may be starting to catch hold across North America in new developments 
(e.g. Calgary, Alberta, Canada) and in retrofits of existing areas (e.g. Kelowna, BC, 
Canada). Robust, science-based public-health research is lending voice to the need 
to retrofit existing and design new urban form (Handy et al. 2002; Frank et al. 2005; 
Levine and Frank 2007) These built form and public health linkage experts have 
concluded that the following urban design principles paralleling Bach et al. (2006) 
will result in addressing public health problems, for example, related to obesity that 
in NA is commonly referred to now as ‘the new nicotine’.

19.4.3  Study Limitations

In this chapter we mainly focused on the linkages between urban form and road 
safety in terms of traffic deaths. However, it should be noted that cyclists and pedes-
trians are frequently injured in falls by themselves, regardless of urban form design 
(Methorst et  al. 2017). For instance, single-bicycle crashes cause almost three- 
quarters of all serious injuries among hospitalized cyclists, partly due to flaws in 
associated infrastructure (Schepers et  al. 2015a). A shift from driving to cycling 
may result in increased numbers of serious road injuries until infrastructure design 
details catch up (Stipdonk and Reurings 2012), but we know that the health benefits 
of increased physical activity do substantially outweigh morbidity due to these 
active transport road injuries (Mueller et al. 2015). Moreover, while the net health 
benefits of cycling in the Netherlands (after adjusting for mortality due to air pollu-
tion and traffic fatalities) are estimated at €19 billion per year (and are even higher 
if the benefits of walking are added), the total road crash costs of all transport modes 
(including minor injuries and property damage) amount to €13 billion per year 
(SWOV 2014; Fishman et al. 2015). Increasing the quality and dedicated infrastruc-
ture for pedestrians and cyclists would further reduce the likelihood of injurious 
falls and help to keep elderly people mobile and therefore also need to be a priority 
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in any discussion about urban form design (Fabriek et al. 2012; Methorst et al. 2017; 
Schepers et al. 2017a).

19.4.4  Recommendations

The Safe System approach (see the Road Safety Manual for more details; World 
Road Association 2014) is recognized as a solid basis for safe urban road design; 
however, the results of our exploration suggest that urban form can be better opti-
mized by putting road safety policy in the context of a broader policy focussed also 
on improved public health. In this chapter, we have acknowledged that integrating 
urban planning and infrastructure network design for sustainably safer communities 
is easier said than done; however, we have also cited many examples that demon-
strate it can be done, to great economic benefit, especially when linked to public 
health benefits. Relying on historically successful community designs worldwide, 
sustainably safer community design starts with a ‘bottom-up, humans-first’ design 
process of development patterns that focus on the needs of pedestrians and cyclists 
first, supported with high-quality public transport, and only consider motor traffic in 
the last stage. Retrofitting existing, or building new, communities towards a 
SMARTer Growth Grid and sustainably safer design will be a radical departure for 
many designers, just as it was for the Dutch new town planners, but it does work 
when properly done. Therefore, as a critical first step, we urge all urban planners 
and designers to work in a multidisciplinary team under a strong leadership that 
demands forward-thinking, evidence-based input from all disciplines (Van Beek 
and Schreuders 2002). The Safe System approach is based on the ethical premise 
that preventable loss of human life and long-term disability due to traffic crashes are 
unacceptable and transport designers (‘system designers’) are responsible to take 
preventive measures (Fahlquist 2006). There is strong science-based evidence—
economic, safety, and health—that applying this ethical vision to transport and 
health in general is the proper planning and design approach, both in the immediate 
and long terms.

19.5  Conclusion

Dense and diverse land use and urban form oriented towards active transport (walk-
ing, cycling, and transit) have been demonstrated to be associated with higher levels 
of road safety (and public health) relative to ‘business-as-usual’ (BAU) sprawling, 
lower-density cities. However, we found that this relationship between urban form 
and road safety is indirect and the aforementioned urban form characteristics are 
likely to contribute by creating favourable preconditions for road safety (and public 
health in general). It appears that increased volumes of walking and cycling are 
associated with reduced traffic speeds, increased awareness of pedestrians and 
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cyclists, and increased public support for large scale traffic calming and dedicated 
pedestrian and cycling infrastructure. Moreover, with dense and diverse land use, 
more money becomes available to invest in (sustainably) safer transport systems 
such as metro and rail, and more origins and destinations can be served by these 
systems that contribute to a higher share of kilometres travelled as safe as possible. 
To achieve higher levels of road safety and public health in general, we conclude 
that the most sustainable community and urban form design will be based on a 
‘bottom-up, humans-first’ design process that focuses on the needs of local resi-
dents and pedestrians and cyclists first, supported with high-quality public  transport, 
and that only considers private auto traffic in the last stage.

 Appendix: Description of the Data Used for Fig. 19.1 
and Table 19.1

Recorded deaths per 100,000 population in 2011–2015 in Fig. 19.1 are either calcu-
lated using road death and population statistics from governments such as statistical 
agencies or taken from OECD (OECD/ITF 2014, 2016) or WHO (WHO 2015). 
Phoenix or San Diego rates were from Kegler et  al. (2012) and adjusted for the 
reduction in the USA between 2009 and 2011–2015.

Modal share of trips in Table 19.1 data was taken from the Wikipedia (2017) 
page about modes of transport in large cities (https://en.wikipedia.org/wiki/Modal_
share) and supplemented with data for Hong Kong from Sun et al. (2014), Fietsberaad 
(2010) for cycling in Dutch new towns, and Statistics Netherlands (2017) for the 
average modal split in the Netherlands. Population densities from the Wikipedia 
pages of the cities are also added to Table 19.1.

Sources Table 19.1 and Fig. 19.1: Fietsberaad (2010), SWOV (2011a), Kegler 
et  al. (2012), Préfecture de Police (2013), OECD/ITF (2014), Sun et  al. (2014), 
NSW Centre for Road Safety (2015), Office for National Statistics (2015), Transport 
Accident Commission (2015), Transport Department Hong Kong (2015), WHO 
(2015), Department for Transport (2016), OECD/ITF (2016), Transport Accident 
Commission (2016), Statistics Belgium (2017), Statistics Denmark (2017), Statistics 
Netherlands (2017), Transport Analysis (2017).

References

Alam, A. (2010). Quantifying the road safety benefits of sustainable transportation: Transit. 
Kelowna: University of British Columbia.

American Public Transportation Association. (2016). The hidden traffic safety solution: Public 
transportation. Washington: APTA.

Bach, B., Van Hal, E., Jong, M. I., & De Jong, T. M. (2006). Urban design and traffic; a selection 
form bach’s toolbox. Ede: CROW.

Bayliss, D. (2009). Accident trends by road type. London: Royal Automobile Club Foundation.

19 Urban Form and Road Safety: Public and Active Transport Enable High Levels…

https://en.wikipedia.org/wiki/Modal_share
https://en.wikipedia.org/wiki/Modal_share


404

Birth, S., Pflaumbaum, M., Potzel, D., & Sieber, G. (2009). Human factors guideline for safer road 
infrastructure. Paris: World Road Association.

Brundtland Commission. (1987). Our common future: Report of the world commission on envi-
ronment and development. UN Documents Gatheringa Body of Global Agreements. Oxford: 
Oxford University Press.

Buchanan, C. (1963). Traffic in towns. London: Her Majesty’s Stationery Office.
Cervero, R., & Day, J.  (2008). Suburbanization and transit-oriented development in china. 

Transport Policy, 15(5), 315–323.
Cervero, R., & Kockelman, K. (1997). Travel demand and the 3ds: Density, diversity, and design. 

Transportation Research Part D, 2(3), 199–219.
De La Bruhèze, A. A., & Veraart, F. C. A. (1999). Het fietsgebruik in negen west-europese steden 

in de twintigste eeuw (historical comparison of bicycle use in 9 European towns). Eindhoven: 
Stichting Historie der Techniek.

Department for Transport. (2016). Reported road casualties great britain: 2011–2015. London: 
DFT.

Dhondt, S., Macharis, C., Terryn, N., Van Malderen, F., & Putman, K. (2013). Health burden of 
road traffic accidents, an analysis of clinical data on disability and mortality exposure rates in 
flanders and brussels. Accident Analysis and Prevention, 50, 659–666.

Dijkstra, A. (2011). En route to safer roads; how road structure and road classification can affect 
road safety. Leidschendam: Institute for Road Safety Research.

Dijkstra, A. (2013). Assessing the safety of routes in a regional network. Transportation Research 
Part C, 32, 103–115.

Dumbaugh, E., & Rae, R. (2009). Safe urban form: Revisiting the relationship between community 
design and traffic safety. Journal of the American Planning Association, 75(3), 309–329.

Ebert, A. K. (2004). Cycling towards the nation: The use of the bicycle in germany and the nether-
lands, 1880–1940. European Review of History, 11(3), 347–364.

Elvik, R. (2001). Area-wide urban traffic calming schemes: A meta-analysis of safety effects. 
Accident Analysis and Prevention, 33(3), 327–336.

Elvik, R. (2009). The non-linearity of risk and the promotion of environmentally sustainable trans-
port. Accident Analysis and Prevention, 41(4), 849–855.

Elvik, R. (2013). Can a safety-in-numbers effect and a hazard-in-numbers effect co-exist in the 
same data? Accident Analysis and Prevention, 60, 57–63.

Elvik, R., & Bjørnskau, T. (2017). Safety-in-numbers: A systematic review and meta-analysis of 
evidence. Safety Science, 92, 274–282.

Elvik, R., Høye, A., Vaa, T., & Sørensen, M. (2009). The handbook of road safety measures. 
Bingley: Emerald.

Evers, D. (2002). The rise (and fall?) of national retail planning. Journal of Economic and Social 
Geography, 91(1), 107–113.

Ewing, R., & Cervero, R. (2010). Travel and the built environment: A meta-analysis. Journal of the 
American Planning Association, 76(3), 265–294.

Ewing, R., & Dumbaugh, E. (2009). The built environment and traffic safety a review of empirical 
evidence. Journal of Planning Literature, 23(4), 347–367.

Fabriek, E., De Waard, D., & Schepers, J. P. (2012). Improving the visibility of bicycle infrastruc-
ture. International Journal of Human Factors and Ergonomics, 1, 98–115.

Fahlquist, J.  N. (2006). Responsibility ascriptions and vision zero. Accident Analysis and 
Prevention, 38(6), 1113–1118.

Fietsberaad. (2010). Cijfers over fietsgebruik per gemeente 2004–2008. Utrecht: CROW/
Fietsberaad.

Fishman, E., Schepers, P., & Kamphuis, C. B. M. (2015). Dutch cycling: Quantifying the health 
and related economic benefits. American Journal of Public Health, 105(8), e13–e15.

Frank, L., & Hawkins, C. (2008). Assessing travel and environmental impacts of contrasting levels 
of vehicular and pedestrian connectivity: Assessing aspects of the fused grid. Ottawa: Canada 
Mortgage and Housing Corporation.

P. Schepers et al.



405

Frank, L., Kavage, S., & Litman, T. (2005). Promoting public health through smart growth: 
Building healthier communities through transportation and land use policies and practices. 
Vancouver: SmartGrowthBC.

Goodwin, P. B. (1996). Empirical evidence on induced traffic. Transportation, 23(1), 35–54.
Götschi, T., Garrard, J., & Giles-Corti, B. (2016). Cycling as a part of daily life: A review of health 

perspectives. Transport Reviews, 36(1), 45–71.
Grammenos, F., & Lovegrove, G. (2015). Remaking the city street grid: A model for urban and 

suburban development. Jefferson: McFarland.
Hakkert, A. S., & Braimaister, L. (2002). The uses of exposure and risk in road safety studies. 

Leidschendam: Institute for Road Safety Research.
Handy, S. (2017). Thoughts on the meaning of mark stevens’s meta-analysis. Journal of the 

American Planning Association, 83(1), 26–28.
Handy, S. L., Boarnet, M. G., Ewing, R., & Killingsworth, R. E. (2002). How the built environ-

ment affects physical activity: Views from urban planning. American Journal of Preventive 
Medicine, 23(2), 64–73.

Heinen, E., Van Wee, B., & Maat, K. (2010). Commuting by bicycle: An overview of the literature. 
Transport Reviews, 30(1), 59–96.

Houwing, S., Aarts, L. T., Reurings, M. C. B., & Bax, C. A. (2012). Verkennende studie naar regio-
nale verschillen in relatie tot verkeersveiligheid (exploratory study on regional differences in 
relation with road safety). Leidschendam: SWOV Institute for Road Safety Research.

Jacobsen, P. L. (2003). Safety in numbers: More walkers and bicyclists, safer walking and bicy-
cling. Injury Prevention, 9, 205–209.

Karou, S., & Hull, A. (2014). Accessibility modelling: Predicting the impact of planned transport 
infrastructure on accessibility patterns in Edinburgh, UK. Journal of Transport Geography, 
35, 1–11.

Kegler, S. R., Beck, L. F., & Sauber-Schatz, E. K. (2012). Motor vehicle crash deaths in metro-
politan areas—united states, 2009. Morbidity and Mortality Weekly Report (MMWR), 61(28), 
523–528.

Khreis, H., Warsow, K.  M., Verlinghieri, E., Guzman, A., Pellecuer, L., Ferreira, A., Jones, I., 
Heinen, E., Rojas-Rueda, D., Mueller, N., Schepers, P., Lucas, K., & Nieuwenhuijsen, M. 
(2016). The health impacts of traffic-related exposures in urban areas: Understanding real 
effects, underlying driving forces and co-producing future directions. Journal of Transport and 
Health, 3(3), 249–267.

Koornstra, M., Lynam, D., Nilsson, G., Noordzij, P., Pettersson, H. E., Wegman, F., & Wouters, P. 
(2002). Sunflower: A comparative study of the development of road safety in sweden, the United 
Kingdom, and the Netherlands. Leidschendam: SWOV Institute for Road Safety Research.

Levine, J., & Frank, L. D. (2007). Transportation and land-use preferences and residents’ neighbor-
hood choices: The sufficiency of compact development in the atlanta region. Transportation, 
34(2), 255–274.

Levinson, D. (2012). Network structure and city size. PLoS One, 7(1), e29721.
Li, J., Precht, D. H., Mortensen, P. B., & Olsen, J. (2003). Mortality in parents after death of a child 

in denmark: A nationwide follow-up study. The Lancet, 361(9355), 363–367.
Litman, T. (2012). Evaluating public transit benefits and costs. Victoria: Victoria Transport Policy 

Institute.
Lovegrove, G., Lim, C., & Sayed, T. (2010). Community-based, macrolevel collision prediction 

model use with a regional transportation plan. Journal of Transportation Engineering, 136(2), 
120–128.

Lovegrove, G., & Sayed, T. (2006). Using macrolevel collision prediction models in road safety 
planning applications. Transportation Research Record, 1950, 73–82.

Lovegrove, G. R. (2007). Road safety planning: New tools for sustainable road safety and com-
munity development. Berlin: VDM Verlag Dr. Müller.

Marshall, W. E., & Garrick, N. W. (2011). Does street network design affect traffic safety? Accident 
Analysis and Prevention, 43(3), 769–781.

19 Urban Form and Road Safety: Public and Active Transport Enable High Levels…



406

Masoud, A. R., Idris, A. O., & Lovegrove, G. (2017). Modelling the influence of fused grid neigh-
borhood design principles on active transportation use: Part 1–street connectivity. Washington: 
Annual General Meeting of the Transportation Research Board.

Masoud, A. R., Lee, A., Faghihi, F., & Lovegrove, G. (2015). Building sustainably safe and healthy 
communities with the fused grid development layout. Canadian Journal of Civil Engineering, 
42(12), 1063–1072.

Mavoa, S., Witten, K., Mccreanor, T., & O’sullivan, D. (2012). Gis based destination accessibil-
ity via public transit and walking in auckland, new zealand. Journal of Transport Geography, 
20(1), 15–22.

Methorst, R., Schepers, P., Christie, N., Dijst, M., Risser, R., Sauter, D., & Van Wee, B. (2017). 
‘Pedestrian falls’ as necessary addition to the current definition of traffic crashes for improved 
public health policies. Journal of Transport and Health, 6, 10–12.

Miranda-Moreno, L. F., Morency, P., & El-Geneidy, A. M. (2011). The link between built environ-
ment, pedestrian activity and pedestrian–vehicle collision occurrence at signalized intersec-
tions. Accident Analysis and Prevention, 43(5), 1624–1634.

Mokhtarian, P. L., & Chen, C. (2004). Ttb or not ttb, that is the question: A review and analysis of 
the empirical literature on travel time (and money) budgets. Transportation Research Part A, 
38(9–10), 643–675.

Mueller, N., Rojas-Rueda, D., Cole-Hunter, T., De Nazelle, A., Dons, E., Gerike, R., Götschi, T., 
Int Panis, L., Kahlmeier, S., & Nieuwenhuijsen, M. (2015). Health impact assessment of active 
transportation: A systematic review. Preventive Medicine, 76, 103–114.

Nacto. (2013). Urban street design guide. Washington: National Association of City Transportation 
Officials.

Nieuwenhuijsen, M.  J., & Khreis, H. (2016). Car free cities: Pathway to healthy urban living. 
Environment International, 94, 251–262.

NSW Centre for Road Safety. (2015). Road traffic casualty crashes in new south wales; statistical 
statement for the year ended 2011–2015. Sydney: Centre for Road Safety, Haymarket.

Oecd/Itf. (2014). Road safety annual report 2014. Paris: OECD Publishing.
Oecd/Itf. (2016). Road safety annual report 2016. Paris: OECD Publishing.
Office for National Statistics. (2015). Estimated resident population mid-year by single year of age 

1999–2015. London: ONS.
Perry, C. A. (1939). Housing for the machine age. New York: Russel Sage Foundation.
Préfecture De Police, 2013. Bilan sécurité routière de la préfecture de police 2013; blessés graves.
Pucher, J.  (2004). Public transportation. In S. Hanson & G. Giuliano (Eds.), The geography of 

urban transportation (pp. 199–236). New York: The Guilford Press.
Räsänen, M., & Summala, H. (1998). Attention and expectation problems in bicycle–car colli-

sions: An in-depth study. Accident Analysis and Prevention, 30(5), 657–666.
Rietveld, P., & Daniel, V. (2004). Determinants of bicycle use: Do municipal policies matter? 

Transportation Research Part A, 38(7), 531–550.
Ryb, G. E., Dischinger, P. C., Mcgwin, G., Jr., & Griffin, R. L. (2012). Degree of urbanization 

and mortality from motor vehicular crashes. Annals of Advances in Automotive Medicine, 56, 
183–190.

Salter, E., & Stallard, P. (2004). Posttraumatic growth in child survivors of a road traffic accident. 
Journal of Traumatic Stress, 17(4), 335–340.

Schepers, J. P., Hagenzieker, M. P., Methorst, R., Van Wee, G. P., & Wegman, F. (2014). A concep-
tual framework for road safety and mobility applied to cycling safety. Accident Analysis and 
Prevention, 62, 331–340.

Schepers, J. P., & Heinen, E. (2013). How does a modal shift from short car trips to cycling affect 
road safety? Accident Analysis and Prevention, 50(1), 1118–1127.

Schepers, J. P., Heinen, E., Methorst, R., & Wegman, F. C. M. (2013). Road safety and bicycle 
usage impacts of unbundling vehicular and cycle traffic in dutch urban networks. European 
Journal of Transport and Infrastructure Research, 13(3), 221–238.

P. Schepers et al.



407

Schepers, J. P., Kroeze, P. A., Sweers, W., & Wust, J. C. (2011). Road factors and bicycle-motor 
vehicle crashes at unsignalized priority intersections. Accident Analysis and Prevention, 43(3), 
853–861.

Schepers, P., Agerholm, N., Amoros, E., Benington, R., Bjørnskau, T., Dhondt, S., De Geus, B., 
Hagemeister, C., Loo, B. P. Y., & Niska, A. (2015a). An international review of the frequency 
of single-bicycle crashes (sbcs) and their relation to bicycle modal share. Injury Prevention, 
21, e138–e143.

Schepers, P., Den Brinker, B., Methorst, R., & Helbich, M. (2017a). Pedestrian falls: A review of 
the literature and future research directions. Journal of Safety Research, 62, 227–234.

Schepers, P., Fishman, E., Beelen, R., Heinen, E., Wijnen, W., & Parkin, J. (2015b). The mortality 
impact of bicycle paths and lanes related to physical activity, air pollution exposure and road 
safety. Journal of Transport and Health, 2(4), 460–473.

Schepers, P., Twisk, D., Fishman, E., Fyhri, A., & Jensen, A. (2017b). The dutch road to a high 
level of cycling safety. Safety Science, 92, 264–273.

Slop, M., & Van Minnen, J. (1994). Duurzaam veilig voetgangers-en fietsverkeer (sustainable safe 
pedestrian and cycle traffic). Leidschendam: Institute for Road Safety Research.

Smeed, R.  J. (1949). Some statistical aspects of road safety research. Journal of the Royal 
Statistical Society A, 112(1), 1–34.

Statistics Belgium. (2017). Loop van de bevolking; verkeersongevallen 2011–2015. Brussel: FOD 
Economie; Algemene Directie Statistiek en Economische Informatie.

Statistics Denmark. (2017). Statbank. Copenhagen: Statistics Denmark.
Statistics Netherlands, 2017. Statline.
Stipdonk, H., & Reurings, M. (2012). The effect on road safety of a modal shift from car to bicycle. 

Traffic Injury Prevention, 13(4), 412–421.
Sun, G., Gwee, E., Chin, L. S., & Low, A. (2014). Passenger transport mode shares in world cities. 

Journeys; Sharing Urban Transport Solutions, 12, 54–64.
Sun, J., & Lovegrove, G. (2013). Comparing the road safety of neighbourhood development pat-

terns: Traditional versus sustainable communities. Canadian Journal of Civil Engineering, 
40(1), 35–45.

Swov. (2010a). Factsheet background of the five sustainable safety principles. Leidschendam: 
Institute for Road Safety Research.

Swov. (2010b). Factsheet international comparability of road safety data. Leidschendam: Institute 
for Road Safety Research.

Swov. (2010c). Factsheet zones 30: Urban residential areas. Leidschendam: Institute for Road 
Safety Research.

Swov. (2011a). Cognos. Leidschendam: Institute for Road Safety Research.
Swov. (2011b). Road safety hazards of public transport. Leidschendam: SWOV Institute for Road 

Safety Research.
Swov. (2014). Factsheet road crash costs. The Hague: SWOV Institute for Road Safety Research.
Swov. (2017). Cognos. Leidschendam: Institute for Road Safety Research.
Tingvall, C., Haworth, N. (1999). Vision zero – an ethical approach to safety and mobility. 6th 

ITE International Conference Road Safety & Traffic Enforcement: Beyond 2000, Melbourne.
Transport Accident Commission. (2015). Road safety statistical summary 2013/2015. Geelong: 

TAC.
Transport Accident Commission. (2016). Road safety quarterly statistics – June 2016. Geelong: 

TAC.
Transport Analysis, 2017. Road traffic injuries. Stockholm.
Transport Department Hong Kong, 2015. Road traffic accident statistics; year 2015. Hong Kong.
Ukkusuri, S., Miranda-Moreno, L. F., Ramadurai, G., & Isa-Tavarez, J. (2012). The role of built 

environment on pedestrian crash frequency. Safety Science, 50(4), 1141–1151.
Van Beek, P., & Schreuders, M. (2002). Opstap naar de mobiliteitstoets: Ruimtelijke ordening in 

relatie tot verkeersveiligheid. Rotterdam: Rijkswaterstaat.

19 Urban Form and Road Safety: Public and Active Transport Enable High Levels…



408

Van Wee, B. (2009). Verkeer en transport (traffic and transport). In B. Van Wee & J. Anne Annema 
(Eds.), Verkeer en vervoer in hoofdlijnen (outlining traffic and transport). Bussum: Coutinho.

Van Wee, B., & Ettema, D. (2016). Travel behaviour and health: A conceptual model and research 
agenda. Journal of Transport and Health, 3(3), 240–248.

Wagenaar, C., Mens, N., Singelenberg, J., Visser, A., & Sparenberg, S. (2008). De toekomst van de 
bloemkoolwijken (the future of cauliflower neighbourhoods). Rotterdam: SEV.

Wegman, F. (2014). Sustainable communities: The dutch example. Canadian Civil Engineer, 
Canadian Society of Civil Engineers Winter, 2014, 17–19.

Wei, V. F., & Lovegrove, G. (2012). An empirical tool to evaluate the safety of cyclists: Community 
based, macro-level collision prediction models using negative binomial regression. Accident 
Analysis and Prevention, 61, 129–137.

Weijermars, W. A. M., & Wegman, F. C. M. (2011). Ten years of sustainable safety in the nether-
lands. Transportation Research Record, 2213, 1–6.

WHO. (2004). World report on road traffic injury prevention. In M. Peden, R. Scurfield, D. Sleet, 
D. Mohan, A. A. Hyder, E. Jarawan, & C. Mathers (Eds.), World report on road traffic injury 
prevention. Geneva: World Health Organization.

WHO. (2015). Global status report on road safety 2015. Geneva: World Health Organization.
Wikipedia, 2017. Modal share.
Witteveen+Bos. (2015). Effectstudie verkeersveiligheid blankenburgverbinding. Rotterdam: 

Rijkswaterstaat.
World Road Association. (2014). Road safety manual; guide for practitioners. Paris: PIARC.

P. Schepers et al.



409© Springer International Publishing AG, part of Springer Nature 2019 
M. Nieuwenhuijsen, H. Khreis (eds.), Integrating Human Health into Urban 
and Transport Planning, https://doi.org/10.1007/978-3-319-74983-9_20

Chapter 20
Green Space and Health

Payam Dadvand and Mark Nieuwenhuijsen

20.1  Overview

During the last century, the world experienced a rapid urbanization which is still 
ongoing in different parts of the world. Nowadays, more than half of the global 
population lives in cities and this proportion is projected to rise to two-third by 2050 
(UN Department of Economic and Social Affairs 2015). Cities are recognized as the 
powerhouses of innovation and wealth creation where people usually have better 
access to healthcare (Bettencourt et al. 2007). However, urban areas are often asso-
ciated with higher levels of a number of environmental hazards such as air pollution, 
noise, and heat and limited access to nature, including green spaces. At the same 
time, urban lifestyle is predominantly associated with lower levels of physical activ-
ity and higher exposure to crime and psychological stress (Bettencourt et al. 2007). 
These environmental and lifestyle factors could contribute to the existing higher 
prevalence of a wide range of adverse health conditions such as psychological dis-
orders and non-communicable diseases in urban areas (Cyril et al. 2013). Natural 
environments, including green spaces, have been associated with improved mental 
and physical health and well-being and are increasingly recognized as a mitigation 
measure to buffer the aforementioned adverse health effects of urban living. This 
chapter provides an overview of (1) urban green spaces, (2) the methods that are 
applied to characterize exposure to these spaces, (3) the potential mechanisms 
through which green spaces could exert their health effects, (4) the health effects 
associated with contact to green spaces, and (5) the role of socioeconomic status 
(SES) in such effects.
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20.2  Urban Green Spaces

The US Environmental Protection Agency (EPA) defines green spaces as the land 
that is partly or completely covered with grass, trees, shrubs, or other vegetation 
which includes parks, community gardens, and cemeteries (US Environmental 
Protection Agency 2017). The abundance and availability of green spaces in urban 
areas could be a function of several factors from which the climate and urban plan-
ning play key roles. For example, a survey of 386 European cities (2009) revealed 
that while there was a general north-south decreasing gradient in the percentage of 
green space coverage within these cities, still there were greener cities in south and 
less green cities in north (Fuller and Gaston 2009). The amount of green space avail-
able to people in cities also varies considerably from, for example, 1.9 m2 per person 
in Buenos Aires, Argentina to 52.0 m2 in Curitiba, Brazil. There are many types of 
green in cities including parks, street green, and natural green which can be cap-
tured by different maps or remote sensing methods (Gascon et al. 2016a).

20.3  Characterization of Contact with Green Spaces

The methods to assess contact to green spaces are currently evolving. Different 
methods have been developed to characterize the following different aspects of such 
contact:

 1. Surrounding greenness: A major part of the available evidence on health effects 
of green spaces has relied on characterization of greenness surrounding home 
addresses, and to less extent surrounding school or workplace, as an indicator of 
general greenness at living environment of the study subjects. These studies have 
either relied on (a) remote sensing-based indices of greenness (e.g. Normalized 
Vegetation Difference Index (NDVI)) to quantify the amount of photosyntheti-
cally active vegetation in a certain buffer around or within boundaries of home, 
school, or workplace or (b) available land-cover maps to abstract the percentage 
of green land covers in a certain buffer around the aforementioned places.

 2. Physical access to green spaces: Proximity to green spaces has often been used 
as an indicator of access to these spaces. There are two approaches to character-
ize proximity to green spaces: (a) objective proximity to green spaces based on 
quantifying the distance (either Euclidian or network distance through available 
road network) between the address of interest and the closest green space with 
whatever size or those larger than a certain size. These studies have used distance 
as either a continuous variable or have dichotomize them using certain cut-offs. 
For example, some studies have applied the European Commission’s recommen-
dation for access to open spaces (including green spaces) defined as living within 
300 m of an open/green space with a minimum area of 5000 m2 (WHO Regional 
Office for Europe 2016). To date, a few studies (e.g. Dadvand et al. (2016)) have 
used (b) subjective proximity to green spaces to characterize access to green 
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spaces, by asking study subjects whether they have green spaces within a certain 
distance (e.g. 15-min walk) from their homes.

 3. Visual access to green spaces: To date, few epidemiological studies have evalu-
ated health effects of visual access to green spaces. These studies have applied 
either questionnaires asking study subjects about the proportion of green view 
through their window(s) or have rated the green view in the photos taken by 
study subjects or fieldworkers from the windows of interest.

 4. Use of green spaces: Two approaches have been applied by the studies of health 
effects of green spaces to characterize use of green spaces: (a) questionnaires 
asking participants to report the time that they have spent and the type of physi-
cal activity they have conducted in green spaces over a certain period of time and 
(b) Global Positioning System (GPS) or smartphones to objectively measure the 
time that study subjects spend in different microenvironments including green 
spaces.

 5. Quality of green spaces: Quality characteristics of green spaces such as aesthet-
ics, biodiversity, walkability, sport/play facilities, safety, and organized social 
events have been suggested to predict the use of green spaces (McCormack et al. 
2010); however, so far, most studies evaluating health effects of green spaces 
have overlooked these characteristics. Quality of green spaces has been often 
characterized based on systematic observation (audits) of these spaces by 
 fieldworkers/study participants using tools developed for this aim (e.g. Van 
Dillen et al. (2012)). Recently, there has been a limited effort to use remote sens-
ing images (e.g. Google Earth Pro (Taylor et al. 2011)) to characterize quality of 
green spaces which showed a strong correlation with the assessments made by 
in-person audits.

20.4  Potential Underlying Mechanism

The mechanism underlying health effects of green spaces is yet to be established, 
but stress reduction/cognitive restoration; mitigation of the exposure to air pollu-
tion, noise, and heat; enhancing social cohesion/interactions; increasing physical 
activity; and enriching micro- and macro-biodiversity and environmental microbial 
input have been suggested to be involved.

20.4.1  Stress Reduction/Cognitive Restoration

A substantial body of experimental and observational evidence has consistently 
showed the capability of green spaces in reducing stress and restoring cognition 
function. The stress reduction theory suggests that green spaces, through properties 
such as spatial openness, curving sightlines, and the presence of water, induce 
recovery from stress and help to diminish states of arousal and negative thoughts 
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through psychophysiological pathways (Ulrich 1984). Attention restoration theory 
proposes that contact with nature with its inherently delightful stimuli could mod-
estly invoke indirect (i.e. effortless) attention and in time minimize the need for 
directed attention that together could restore the directed attention mechanisms 
(Kaplan and Kaplan 1989; Kaplan 1995; Berman et al. 2008). These pathways have 
been indicated to play important roles in the health benefits of green spaces (de 
Vries et al. 2013; Dadvand et al. 2016).

20.4.2  Mitigating Environmental Exposures

The impact of green spaces on air pollution is complex and context-specific. On one 
hand, vegetations have been proposed to reduce air pollution by direct and indirect 
mechanisms (Givoni 1991). The direct mechanism is via filtering of air pollution by 
vegetations, principally based on dry deposition of pollutants (both particles and 
gases) through stomata uptake or non-stomata deposition on plant surfaces (Paoletti 
et al. 2011; Givoni 1991; Akbari 2002; Nowak et al. 2006). The indirect effect is 
mediated through cooling effects of plants that in turn reduces smog formation 
(Givoni 1991). A study on the effects of greenness surrounding residential address 
on personal exposure to air pollution using personal air pollution monitors reported 
that higher residential surrounding greenness was associated with reduced personal 
exposure to particulate air pollution but not nitric oxides (Dadvand et al. 2012c). 
Another study also showed that higher greenness within and surrounding schools is 
associated with lower indoor and outdoor levels of traffic-related air pollutants at 
school (Dadvand et al. 2015b). The ability of vegetations to reduce air pollution is 
thought to be type-specific with trees being the most efficient and grasses being the 
least efficient types (Givoni 1991). Studies on the capacity of canopies to remove air 
pollution in continental USA (Nowak et al. 2006) and Greater London (Tallis et al. 
2011) estimated that about 1–2% of air pollution in these areas is removed by cano-
pies. Experimental studies on mitigation effects of roadside vegetation on air pollu-
tion have reported inconsistent results with some reports that do not support such an 
effect (Baldauf et al. 2011; Hagler et al. 2012). Simulation studies of such effects 
have also indicated that roadside trees are able to generate a canyon effect with 
higher air pollution levels on the downwind and lower air pollution levels on the 
upwind side of the street (Buccolieri et al. 2009; Baldauf et al. 2011). Moreover, 
biodegradation of vegetation residues generates volatile organic compounds 
(VOCs), a family of air pollutants with potential health effects on humans. VOCs 
can also engage in complex photo chemical reactions with other air pollutants such 
as ozone and nitric oxides and participate in generation of biogenic secondary 
organic aerosols (Kesselmeier and Staudt 1999; Hoyle et al. 2011). Although the 
interaction between green spaces and air pollution appears to be multifaceted and 
complex and the available evidence on such interaction is still limited and inconsis-
tent, the available studies evaluating the mediator role of air pollution in the observed 
health benefits of green spaces are suggestive for such a mediation. For example, a 
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recent study of the effects of green spaces on cognitive development estimated that 
up to 60% of these effects could be explained by the reduction of traffic-related air 
pollutants by green spaces (Dadvand et al. 2015a).

The effect of green spaces on reducing temperature is well established. 
Evapotranspiration (release of water vapour into atmosphere), shading, and micro- 
regulating air movements and heat exchange are among the mechanisms through 
which vegetations could ameliorate the temperature (Bowler et al. 2010). A system-
atic review and meta-analysis of the available literature on such effect concluded 
that the temperature in urban parks is on average 1  °C less than that of other  
nongreen areas in the city (Bowler et al. 2010). Given the existence of heat island 
effect in urban areas, the capability of green spaces to reduce temperate is of impor-
tance for promoting resilience in cities, especially in the context of the occurring 
climate change.

The available evidence on mitigation of noise exposure by green spaces is still 
limited. However, these studies are suggestive for the buffering of the noise expo-
sure/reduction of noise annoyance by residential surrounding greenness and green 
facades (De Ridder et al. 2004; Gidlöf-Gunnarsson and Öhrström 2007).

20.4.3  Enhancing Social Cohesion/Interaction

A cohesive society is defined as a society that works towards the well-being of all 
its members, fights exclusion and marginalisation, creates a sense of belonging, 
promotes trust, and offers its members the opportunity of upward mobility 
(Organization for Economic Cooperation and Development (OECD) 2011). Social 
cohesion/interaction have been associated with improved perceived general health 
(Kawachi et al. 2008), lower morbidity, more longevity, and reduced inequality in 
health (Marmot et al. 2012). The body of evidence on the association between con-
tact with green spaces and social cohesion/interaction is still limited; however, it is 
generally supportive for such an association (Sugiyama et  al. 2008; Maas et  al. 
2009a; de Vries et al. 2013; Dadvand et al. 2016), with a few exceptions (Triguero- 
Mas et  al. 2015). Few studies have also shown the mediation of the association 
between green spaces and perceived general health by the improvement of social 
cohesion/interaction (Maas et al. 2009a; de Vries et al. 2013; Dadvand et al. 2016).

20.4.4  Increasing Physical Activity

Many of the studies have focused on physical activity as an important mechanism 
for the health of benefits. However, the available evidence on the impact of green 
spaces on physical activity is inconsistent with a considerable heterogeneity in the 
reported direction and strength of associations (Lachowycz and Jones 2011; 
McGrath et al. 2015) (Bancroft et al. 2015). A part of this inconsistency could be 
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because of not accounting for the quality of green spaces in most of these studies, 
while these aspects are shown to affect the use of green spaces for physical activity 
(McCormack et al. 2010). The few studies evaluating the mediation of health ben-
efits of green spaces by physical activity are also suggestive for a modest mediation 
role of physical activity in these benefits (de Vries et al. 2013; Dadvand et al. 2016).

20.4.5  Enriching Environmental Biodiversity

Plants are able to directly modulate the microbiome present in the rhizosphere (the 
below-ground microbial habitat provided by plant root systems) and phyllosphere 
(above-ground microbial habitats provided by plants) (Berendsen et  al. 2012; 
Vorholt 2012) and therefore indirectly modulate the environmental microbiome to 
which humans are exposed. Studies have shown that bacterial diversity in humans’ 
faeces decreases with the level of urbanization, which is strongly associated with 
reduced environmental biodiversity (De Filippo et al. 2010; Yatsunenko et al. 2012). 
Human microbiome including gut microbiome has been shown to interact with the 
host tissue, regulate systemic immune response, and prevent chronic inflammation 
(Martinez 2014). Therefore, the ability of urban green spaces to enhance 
immunoregulation- inducing microbial input from the environment (Rook 2013) 
could be a potential mechanism underlying the association between green spaces 
and human health. A study in adolescents, for example, showed that living near a 
forest increases the diversity of the skin microbiome which in turn was associated 
with reduced risk of allergic sensitization later in life (Hanski et al. 2012).

20.5  Health Benefits

Exposure to green spaces has been associated with improved physical and mental 
health and well-being. This exposure, for example, has been associated with 
improved perceived general health, better pregnancy outcomes (e.g. birth weight), 
enhanced brain development in children, better cognitive function in adults, 
improved mental health, lower risk of a number of chronic diseases (e.g. diabetes 
and cardiovascular conditions), and reduced premature mortality.

20.5.1  Pregnancy Outcomes

Higher greenness surrounding maternal residential address during pregnancy has 
been associated with increased birth weight in offspring (Dzhambov et al. 2014). 
The available evidence for such an association for the length of pregnancy is 
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inconsistent. While some studies are suggestive for an increased length of gestation 
(i.e. reduced risk of preterm birth) associated with higher greenness surrounding 
maternal residential address (Laurent et al. 2013; Hystad et al. 2014; Grazuleviciene 
et al. 2015; Nichani et al. 2017), other studies have not supported this association 
(Dadvand et al. 2012a, b; Agay-Shay et al. 2014).

20.5.2  Brain Development

The “biophilia hypothesis” proposes evolutionary bonds of humans to nature 
(Wilson 1984; Kellert and Wilson 1993). Accordingly, contact with nature including 
green spaces is thought to have a crucial role in brain development in children (Kahn 
and Kellert 2002; Kellert 2005). Experimental studies have shown that playing in 
green spaces could reduce severity of symptoms and improve attention in children 
with attention deficit/hyperactivity disorder (ADHD) in short-term (Taylor et  al. 
2001; Kuo and Taylor 2004; Taylor and Kuo 2009; van den Berg and van den Berg 
2011). Observational studies have revealed that higher residential surrounding 
greenness and more time spent playing in green spaces in the long run could reduce 
risk of behavioural and emotional problems including ADHD (Amoly et al. 2014; 
Markevych et  al. 2014b) and enhance cognitive development including attention 
and working memory (Wells 2000; Dadvand et al. 2015a).

20.5.3  Cognitive Function

Exposure to green spaces has been associated with improved cognitive functions 
including better direct attentional capacity and lower concentration problems in 
adults (de Keijzer et al. 2016). The available evidence on the potential impact of this 
exposure in decelerating cognitive decline in elderly is still scarce and inconsistent 
(de Keijzer et al. 2016).

20.5.4  Perceived General Health

More contact with green spaces has been consistently associated with improved 
perceived general health (Gascon et al. 2015). Studies have shown that improved 
mental health and social cohesion and, to less extent, enhanced physical activity are 
among the main mechanisms underlying this association (de Vries et  al. 2013; 
Dadvand et al. 2016).
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20.5.5  Mental Health

The effect of green spaces on mental health is one of the most studied health effects 
of green spaces. More contact with green space has been associated with lower risk 
of psychological distress and psychiatric conditions such as depression and anxiety 
and less likelihood of use of psychiatric medicine (Gascon et al. 2015).

20.5.6  Other Non-communicable Diseases

The available evidence on the impacts of green spaces on non-communicable dis-
eases other than asthma and allergy is still limited but is suggestive for a beneficial 
impact. More contact with green spaces has been associated with lower risk of car-
diovascular conditions, diabetes, and low back pain (Maas et al. 2009b; Dalton et al. 
2016). A recent study has also associated this contact with lower blood pressure in 
children (Markevych et al. 2014a).

20.5.7  Mortality

A recent systemic review and meta-analysis of the available literature on the impact 
of contact with green spaces on mortality have shown that higher residential sur-
rounding greenness is associated with reduced all-cause premature mortality as well 
as cardiovascular mortality (Gascon et al. 2016b). Lower exposure to air pollution, 
higher physical activity, stronger perceived social engagement, and reduced risk of 
depression have been reported to mediate the association between exposure to green 
spaces and mortality (James et al. 2016).

20.6  Health Risks

Green spaces could potentially impose a number of health risks including increas-
ing risk of asthma and allergic conditions, enhancing exposure to herbicides and 
pesticides, hosting reservoirs and vectors of infectious diseases, and increasing risk 
of accidental injuries.
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20.6.1  Asthma and Allergy

The available evidence on the impact of green spaces on asthma and allergic condi-
tions in children is inconsistent. While some studies have associated higher residen-
tial surrounding greenness with increased risk of asthma and allergic conditions 
(DellaValle et al. 2012; Lovasi et al. 2013; Andrusaityte et al. 2016), others have not 
shown such an association or have even shown protective effects (Lovasi et al. 2008; 
Maas et al. 2009b; Hanski et al. 2012; Pilat et al. 2012; Hind et al. 2017). The type 
of green space and the bioclimatic properties of the study region could explain, in 
part, such an inconsistency. One study, for example, has shown that while urban 
parks were associated with higher risk of asthma and allergic attacks, natural green 
spaces (e.g. forests) did not show such an association (Dadvand et al. 2014). Another 
study conducted in seven birth cohorts in Australia, Canada, Germany, Sweden, and 
the Netherlands showed a notable between-centre heterogeneity in terms of the 
direction and strength of associations (Fuertes et al. 2016).

20.6.2  Herbicide and Pesticide Exposure

Application of herbicides and pesticides in green spaces could expose individuals 
living in proximity of these spaces or those who use these spaces to these chemicals. 
Such an exposure could in turn lead to a range of health outcomes including cancers 
as well as adverse conditions in nervous, reproductive, endocrine, and immune sys-
tems (Blair et al. 2015).

20.6.3  Vector-Based and Zoonotic Infections

Green spaces could host vectors and reservoirs of infectious diseases, which could 
increase the risk of vector-borne diseases transferred by mosquitoes (e.g. malaria or 
dengue fever), ticks (e.g. Lyme disease and tick-borne encephalitis), or sandflies 
(e.g. leishmaniasis) (WHO Regional Office for Europe 2016). Exposure to animal 
faeces in green spaces can also result in zoonotic infections such as toxocariasis or 
toxoplasmosis (WHO Regional Office for Europe 2016).
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20.6.4  Accidental Injuries

Users of green spaces, especially children, could experience accidental injuries such 
as falls or drowning while they are in these spaces. However, at population level, the 
injuries that occur in green spaces account for a very tiny proportion of accidental 
injuries (WHO Regional Office for Europe 2016).

20.7  Role of Socioeconomic Status

SES can be associated with both contact with greenness (e.g. high SES groups are 
more likely to live in greener neighbourhoods) and health status (e.g. high SES 
groups generally have better health  status) making SES a potentially strong  
confounder of the analyses of the health benefits of green spaces. In addition to be 
a confounder, SES can also act as a modifier of the health effects of green spaces. 
Available studies are suggestive for greater benefits of green spaces for lower SES 
groups. This could be partly because groups with lower SES generally have poorer 
health status and live in areas with more environmental problems, and combination 
of these could make them more prone to benefit from health promotion interven-
tions such as developing new green spaces (De Vries et al. 2003; Bolte et al. 2010; 
Su et  al. 2011). Furthermore, lower SES groups are more likely to benefit from 
green spaces in proximity of their homes because they spend more time in the vicin-
ity of their homes and availability of green spaces close to their homes can therefore 
increase the likelihood of their use of these spaces (Schwanen et al. 2002; Maas 
2008). On the other hand, higher SES groups are more likely to use the green spaces 
farther away because of higher mobility (Greenspace Scotland 2008; Bell et  al. 
2010) and consequently their use of green spaces is less dependent on having green 
spaces close to their homes.

Given the greater benefits of green spaces for lower SES groups, these spaces 
have the potential to reduce inequality in health. A landmark study conducted in the 
entire England has showed that the income-related inequality in mortality is less 
evident in greener neighborhoods compared to less green neighborhoods (Mitchell 
and Popham 2008; Marmot 2010).

20.8  Green Space as a Pathway to Healthy Urban Living

Given the many benefits of green spaces, health of citizens in cities where there is a 
lack of green space can be improved by increasing the amount of green space 
(Nieuwenhuijsen et al. 2017; van den Bosch and Nieuwenhuijsen 2017). Cities can 
be made healthier and more equitable for people, not by painting trees on walls  
but by having a nearby park where people live, planting trees in the streets, and 
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introducing urban gardens. Urban gardens may have additional benefits in terms of 
local food production and economy and, if done at a sufficiently large scale, can 
contribute to the sustainability and self-sufficiency of cities. Many cities need more 
parks, which can also become part of the identity and attraction of cities. Also, 
green roofs may transform the city, not only in terms of resilience but also in terms 
of visual attractiveness. Our current cites are too car dominated, and car infrastruc-
tures such as roads and parking lots take up much space that can be used for planting 
trees and other green. Reducing space for cars and the number of cars may have the 
additional advantage that people have to switch to public and active transportation 
and thereby reducing, e.g. air pollution, heat, and noise levels in cities and increas-
ing physical activity in citizens (Nieuwenhuijsen and Khreis 2016). Although 
greening our cities is not the only solution to improving health of urban residents, it 
can certainly make an important contribution. Green cities, healthy people.
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Chapter 21
Air Pollution in Cities: Urban 
and Transport Planning Determinants 
and Health in Cities

Barbara Hoffmann

21.1  Introduction

The city is the most frequently inhabited environment for most Europeans and even 
for most people worldwide; more than 70% of Europeans and more than 50% of the 
global population live in cities (European Environment Agency 2015). The propor-
tion of city dwellers is expected to increase in the future (Vallance and Perkins 
2010). The design of the urban environment plays an important role in shaping 
human lifestyle and in influencing health and disease of city dwellers.

Cities can influence health and disease in many ways (Mueller et al. 2015). On 
the one hand, cities can be beneficial for health in terms of supplying resources and 
education within short distances, health-care services and social interactions. On the 
other hand, urban living often coincides with risk factors for increased morbidity 
and mortality; among them are sedentary lifestyles and exposures to environmental 
pollutants such as air pollution and noise, heat islands and lack of green space.

One of the most important environmental pollutants, which influence morbidity 
and mortality, is ambient air pollution. In the global burden of disease study, air pol-
lution was ranked fourth as risk factor for premature mortality, only exceeded by 
hypertension, smoking and dietary risks. Among environmental risk factors, ambi-
ent air pollution was the most important cause of disease, leading to more than  
4 million premature deaths and more than 100 million DALYs annually worldwide 
(Global Burden of Disease Study 2016). In comparison, low physical activity due to 
a sedentary lifestyle is responsible for about 1.6 million premature deaths and 34 
million DALYs annually, according to the GBD study (GBD 2016). Important 
health effects of ambient air pollution include, but are not limited to, cardiovascular 
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and cerebrovascular disease, chronic respiratory disease and infections and lung 
cancer, with ischaemic heart disease being responsible for most of the estimated 
annual premature deaths (GBD 2016).

Important sources of air pollution are anthropogenic as well as natural, with 
road traffic being one of the most important within-city sources (Nieuwenhuijsen 
and Khreis 2016). Due to the proximity of emissions, which usually occur where 
people are living, working and commuting, air pollution hot spots are highly preva-
lent, and personal behaviour might contribute to high-exposure situations. However, 
road traffic also determines other aspects of the urban environment. It requires road 
construction with fixed surfaces, leading to urban heat islands, uptake of urban 
space and potential green space for roads and parking, promotes sedentary behav-
iour and social isolation, emits traffic noise and leads to motor vehicle crashes 
(Nieuwenhuijsen and Khreis 2016).

In this chapter, we will present current knowledge about sources, exposure levels 
and important drivers of personal air pollution exposure within cities. We will look 
into health consequences of air pollution and its impact on the population. In doing 
so, we will specifically focus on potential urban-planning decisions about transpor-
tation and road traffic and how they might influence health. Furthermore, using 
examples, we will present approaches to tackle the health consequences of transport- 
related air pollution within cities to help decision-makers in shaping the city’s future 
environment in a healthy way.

21.2  Components and Sources of Urban Air Pollution

Ambient air pollution is a complex mixture of particulate and gaseous components. 
These include airborne particulate matter (PM), which can be divided by size and 
includes soot, and gaseous pollutants such as ozone (O3), nitrogen oxides (NO2, 
NO), sulphur dioxide (SO2), volatile organic compounds (VOCs) and carbon mon-
oxide (CO). Pollutants can be primarily emitted from their source, such as diesel 
soot and NO2 from diesel-powered combustion engines (referred to as primary pol-
lutants), or they can be formed in the atmosphere from precursor substances 
(referred to as secondary pollutants). An example for a gaseous secondary pollutant 
is ozone, which is formed through complex photochemical reactions of nitrogen 
oxides and volatile organic components. A secondary particle is ammonium sul-
phate, which is formed from ammonia, emitted by fertilizing agents in agriculture, 
and SO2, which is emitted, for example, by coal burning.

Since ambient particulate matter in a specific city comes from a variety of sources, 
it can differ widely in composition and extent to other cities or even neighbourhoods 
within one city. A detailed characterization of air pollution is therefore useful when 
examining the consequences and potential abatement strategies for exposure reduc-
tion. By convention, airborne particles are often classified into three major groups by 
their size, irrespective of their sources or chemical composition, and measured as 
mass concentration. Particulate matter 10 (PM10) is the mass of all particles with an 
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aerodynamic diameter of <10  μm; PM2.5 includes particles with an aerodynamic 
diameter of <2.5 μm. Ultrafine particles are defined as 100 nm or less and measured 
as particle number concentration, since they contribute only little to particle mass 
(Health Effects Institute 2013). In most countries, particle mass concentrations for 
either PM10 or PM2.5 are regulated and therefore included in national monitoring net-
works. Ultrafine particles are not yet measured on a routine basis but only included  
in dedicated measurement campaigns, often in connection with scientific studies. 
Next to fine particulate matter, NO2, SO2, O3 and CO are often included in national or 
regional air quality guidelines and therefore routinely measured at state-operated 
monitoring stations. In addition, elemental components like metals or specific polycy-
clic aromatic hydrocarbons (PAH) are measured according to local or state-wide regu-
lations or in the framework of scientific studies to enable an identification of sources.

Important sources of air pollution are anthropogenic as well as natural. Naturally 
occurring particulate and gaseous air pollutants include sea salt, wind-blown sand 
dust, combustion products from wild fires, resuspended earth crustal material from 
volcanic eruptions and biological material such as pollen or secondary particles 
formed from naturally occurring evaporated precursor gases (EEA 2015). 
Anthropogenic sources of air pollution, which dominate urban areas due to the high 
population density, include combustion products from energy production; motor-
ized traffic; household heating with wood, coal or oil; waste incineration, tyre and 
brake wear; industrial emissions; and emissions from surrounding agricultural areas 
(EEA 2015). Particles, which have already deposited on surfaces, can be  
resuspended by wind or moving vehicles. Air pollutants can also be transported over 
long distances up to hundreds of kilometres, influencing urban environments even if 
local sources are less important. Combustion processes usually result in smaller 
particles (PM2.5 down to ultrafine particles), whereas particles originating from 
mechanical processes such as brake and tyre wear will usually be found in the larger 
particle size fraction (PM10) (WHO Regional Office for Europe 2006).

21.3  Levels of Air Pollution in Cities Worldwide

Ambient air pollution varies in time and space. Recent ground-based air pollution 
measurements in cities are available for about 3000 human settlements in 103 coun-
tries for the years 2008–2015 (WHO 2016). Especially in low- and middle-income 
countries, air pollution measurements are not readily available, even though the 
number of monitoring stations has increased substantially within the last years.

Worldwide, air pollution varies strongly by region (Fig. 21.1). While most of 
North America and Australia shows low to moderate PM2.5 concentrations, central 
Europe has substantially higher air pollution. The highest concentrations can be 
found in megacities in India and Asia. Very few information is available for South 
America and Africa; nevertheless, the few monitoring stations imply high air pollu-
tion levels in large cities.
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Fig. 21.1 Measured PM2.5 in nearly 3000 settlements worldwide, 2008–2015 (WHO 2016)

Fig. 21.2 PM10 measurements by world region and size of city, 2008–2015 (WHO 2016)
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PM10 measurements by city size show a clear gradient for increasing air pollution 
by increasing size of the city (Fig. 21.2). Once again, the highest exposure can be 
found in the WHO Eastern Mediterranean world region, including cities such as 
Abu Dhabi, Doha and Riyadh.

For Europe, the European Environment Agency presents regular assessments of 
spatial and temporal variation of ambient air pollution based on routine monitoring 
networks across Europe (http://www.eea.europa.eu/themes/air), showing a north- 
south gradient of air pollution with higher pollutant concentrations in the 
Mediterranean cities and conurbations. This was also observed in the European 
Study of Cohorts on Air Pollution Effects (ESCAPE), showing substantial differ-
ences in PM2.5 exposure between Scandinavian and Mediterranean study areas 
(Eeftens et al. 2012).

While spatial variation of air pollution is mostly related to the presence of local 
and regional sources, temporal variation of daily exposures is mostly related to 
meteorological conditions. Barometric pressure, wind speed and direction, temper-
ature and sunlight, rainfall and the height of the mixing layer of air affect the forma-
tion, dispersion and dilution of emissions in the atmosphere. To a smaller degree, 
cyclic changes in measured pollutant concentration also depend on changes of 
emission patterns during the course of a year, a week or even a day. For example, 
rush-hour traffic in cities has a cyclic pattern with emission peaks of traffic-related 
pollutants in the early morning and late afternoon. Working days have different 
emission patterns than weekend days, and household heating as well as energy pro-
duction might change in the course of a year due to seasonal requirements.

21.4  Guideline Values and Regulation

Since air pollution is detrimental to health, the WHO has issued air quality guide-
lines including guideline values and interim targets to promote healthy environ-
ments (Table 21.1). Using modelled ambient PM2.5 values to estimate the annual 

Table 21.1 WHO air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulphur 
dioxide

Pollutant Concentration, μg/m3 Averaging period

PM10 50 24 h
20 1 year

PM2.5 25
10

24 h
1 year

NO2 200 1 h
40 1 year

SO2 500 10 min
20 24 h

Ozone 100 Maximal daily 8-h mean

Global update 2005 (WHO Regional Office 2006)
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median exposure by region, only few world regions can actually reach these guide-
line values for their urban population (Fig. 21.3). Even within Europe, the EU-funded 
study ESCAPE revealed non-attainment of WHO guideline values for most of the 
study areas included in this international project (Eeftens et al. 2012). Air pollution 
has increased in more than half of the cities specifically in the Western Pacific, 
South-East Asia and Eastern Mediterranean world regions during the last 5 years, 
while in Europe and North America, a general trend towards decreased exposures is 
seen (WHO 2016).

21.5  Important Determinants Driving Population Exposure 
in Cities

Air pollutant concentrations are typically higher in cities than in the surrounding 
semiurban or rural areas, a fact that is due to the higher density of emission sources 
in cities. One specific aspect of urban air pollution is the proximity of emissions to 
the residential population, resulting in high population exposures. This holds true in 
an exceptional way for traffic-related pollutants, since people live, work and com-
mute in close proximity to traffic. In the European Study of Cohorts on Air Pollution 
Effects (ESCAPE), PM2.5 concentrations at traffic sites were on average 14% higher 
than at urban background sites (Eeftens et al. 2012). Large urban-rural differences 

Fig. 21.3 Modelled annual median exposure to PM2.5 by region. Urban population only, year 2014 
(WHO 2016)
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were also found for soot (average 38% higher) and PMcoarse (42% higher). Ultrafine 
particles peak at the road side and decrease exponentially with increasing distance 
perpendicular to the road (Karner et al. 2010), leading to exposure hot spots along 
highly trafficked roads. Air pollution from diesel exhaust, rich in NOx and cancero-
genic diesel particles, is high in countries with a large proportion of diesel engine- 
powered cars such as Germany. Household heating with wood, oil or coal also leads 
to high emissions directly next to where people live and work. Small wood stoves 
and open fireplaces placed within the main living quarters in the house, which are 
increasingly popular even in cities, additionally increase indoor exposures 
substantially.

21.6  Health Effects of Air Pollution

Air pollution as a complex mixture of particulate and gaseous constituents has mul-
tiple health effects. Due to the concurrent exposure to several pollutants and the 
moderate to high correlation of many pollutants across time and space, it is often not 
possible to tease apart the health effects of a single pollutant or component of the 
mixture.

Air pollution affects the cardiovascular system, respiratory organs, metabolism, 
immune responses, the unborn child and the brain (Table  21.2) (Thurston et  al. 
2017). Depending on duration and intensity of exposure, the severity of health 
effects ranges from subclinical findings, such as slightly elevated inflammatory 
markers that are not noticed by the individual, to clinical symptoms and findings, 
such as respiratory complaints and decrease in lung function, to overt clinical dis-
ease. The worst case is the elicitation of myocardial infarction, stroke or lung can-
cer, eventually culminating in increased mortality.

Table 21.2 Summary of health effects of urban air pollution

Time patter Health effect

Acute 
effects

Increased mortality
Increase of cardiovascular and cerebrovascular events (myocardial infarction, 
stroke, congestive heart failure)
Exacerbation of lung disease, asthma attacks, lung function decline
Increased perinatal mortality

Chronic 
effects

Decrease of life expectancy
Increased incidence of cardiovascular and cerebrovascular disease, atherogenesis
Worsening of lung disease, lung function decline
Lung cancer
Increased incidence of metabolic disease (diabetes mellitus)
Accelerated cognitive decline in adults
Decreased birth weight
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21.6.1  Thresholds for Health Effects and Susceptible 
Populations

Since there are no known lower thresholds for most air pollutants on human health, 
the whole population is exposed to the adverse effects of air pollution. However, not 
every person is equally susceptible to adverse health effects. Specific population 
subgroups who have been shown to be especially susceptible are children, the 
elderly and chronically ill people. In the industrialized high-income western societ-
ies, the proportion of elderly and chronically ill individuals is increasing. Genetic 
factors, lifestyle and additional environmental or other external risk factors might 
superimpose their effects and may further increase susceptibility to air pollution 
effects.

21.6.2  Biological Mechanisms

The biological mechanisms, by which air pollutants cause health effects, comprise 
three major pathways (Franklin et al. 2015). (1) After inhalation of particulate or 
gaseous air pollutants, the substances will be deposited in the respiratory tract 
depending on their size and/or solubility. For example, smaller particles will pene-
trate deeper into the lungs, with ultrafine and submicron particles being able to reach 
the alveoli. At the place of deposition, pollutants will elicit a local inflammatory 
reaction, which can already have consequences for lung health. Furthermore, this 
localized inflammation leads to the secretion of inflammatory mediators into the lung 
tissue, from where it can access the systemic circulation. Eventually, these mediators 
can promote a subclinical systemic inflammation, a process for which the term 
“spillover hypothesis” has been coined. This subclinical systemic inflammation can 
have a multitude of health relevant consequences: the endothelial function of the 
blood vessels decreases, leading to a state of increased vasoconstriction and a rise in 
blood pressure. The propensity of blood to coagulate is increased, while fibrinolysis 
is decreased—increasing the risk for thromboembolic complications such as myo-
cardial infarction and stroke. Systemic inflammation also promotes inflammation of 
the adipose tissue, which can result in decreased insulin sensitivity, making the 
development of type 2 diabetes mellitus (T2DM) more likely. (2) A second biologi-
cal pathway involves the activation of pulmonary receptors of the autonomic nervous 
system. The delicate balance between the sympathetic and the vagal autonomic tone 
will be disturbed by up-regulating the sympathetic response. This up- regulation 
induces an increase in heart rate, blood pressure and risk of arrhythmias. (3) A third 
biological mechanism involves the direct intrusion of particles into the blood stream 
and eventually into specific organs. Ultrafine particles and specific pollutant compo-
nents that were carried into the lungs attached to particle surfaces (e.g. cancerogenic 
PAHs attached on the carbon core of diesel soot) can cross biological membranes, 
enter the blood stream and reach organ tissues. Ultrafine particles have also been 
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shown to migrate from the nasal respiratory epithelium alongside the olfactory nerve 
into the frontal brain regions (Block et al. 2012).

21.6.3  Latency of Health Effects

The latency period and required time for the above-mentioned biological mecha-
nisms varies from minutes and hours to months and years (Langrish et al. 2012a). 
For example, the activation of pulmonary reflexes with resulting consequences for 
autonomous nervous system control will be accomplished within minutes. Many 
studies have shown acute increases in blood pressure after a few hours of increased 
exposure (Brook 2005). Other effects may be achieved within days, such as the 
elicitation of a local or systemic inflammatory response. Yet again, other mecha-
nisms, such as the development of cancer after exposure to cancerogenic PAHs, are 
a matter of years.

21.6.4  Mortality

The by far most important and alarming effect of air pollution exposure is increased 
mortality. Short-term changes in exposure from day to day, which is a natural con-
sequence of changes in meteorology and in part also due to daily emission patterns 
resulting from commuting and industrial activity, lead to an increase in daily total 
mortality of about 0.4–1.0% per increase in PM10 of 10 μg/m3 (WHO REVIHAAP 
2013). Per 10 μg/m3 increase in 8-h average ozone, daily mortality increases by 
0.3% (WHO fact sheet 2016). Per 20  ppb NO2 (24-h average), daily mortality 
increases by 0.5–8.1% (Integrated science assessment, U.S. EPA 2016). The short- 
term effects of ultrafine particles on mortality have been less well studied so far with 
inconsistent results. First studies point to increased mortality within a few days after 
exposure increases (Kettunen et al. 2007). One multicentre study reported an excep-
tionally high but imprecise effect with an increase of 9.9% (95% CI 6.3–28.8%) in 
respiratory mortality per increase of 2750 particles/ml in the 6-day average 
(Lanzinger et al. 2016).

Living in a place with higher air pollution will also increase mortality compared 
to others who live in cleaner areas of the city. The assessment of health effects of 
chronic exposure is difficult and very cost-intensive but is very important because it 
reveals cumulative health effects over a long time period. Early studies conducted in 
the USA yielded a 4% increase in total mortality per 10 μg/m3 PM2.5 increase (Pope 
III et al. 2002). The recent ESCAPE study was specifically designed to measure and 
estimate long-term air pollution exposures in more than 20 European mostly urban 
study regions and to assess long-term health effects on mortality and a multitude of 
other health outcomes. This study showed that chronic exposure is associated with 
an increase in natural cause mortality by 7% (95% CI 2–13%) per 5 μg/m3 PM2.5 
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(Beelen et al. 2014). A large cohort study by Crouse et al. (2012) showed that even 
below current air quality guidelines, the association is linear. This finding under-
scores that the population will benefit from lowering air pollution, regardless of the 
current absolute level of air pollution. Pope et al. (2009) quantified the benefit by 
showing an increase in average life expectancy of about 9 months per decrease in 
average PM2.5 exposure by 10 μg/m3 over a period of 20 years.

21.6.5  Cardiovascular and Cerebrovascular Effects

Short-term changes in air pollution concentrations are associated with incidence of 
fatal and non-fatal myocardial infarctions, stroke, acute deterioration of congestive 
heart failure and hospital admissions for cardiovascular disease (Cesaroni et  al. 
2013; WHO 2013). In Copenhagen, the risk for incidence of stroke increased by 
21% (95% CI 4–14%) per increase in mean daily ultrafine particle number by 3918 
particles/ml (Andersen et al. 2010). On a subclinical level, air pollution causes sys-
temic inflammation, endothelial dysfunction, increased blood clotting and reduced 
fibrinolysis (Franklin et al. 2015). Blood pressure and the likelihood for arrhythmias 
increase, and heart rate variability, a measure of a well-functioning autonomous 
nervous system, decreases. While these subclinical effects can lead to manifest det-
rimental sequelae within hours to days, like triggering an acute myocardial infarc-
tion or stroke, they also illustrate the biologic mechanisms by which long-term 
consequences of air pollution exposure lead to the development of cardiovascular 
disease in the long run.

The long-term consequences of air pollution exposure on cardiovascular health 
are detrimental and are the major contributor to overall air pollution effects on pre-
mature mortality and morbidity. According to the GBD study, ischaemic heart dis-
ease and stroke are responsible for 2.4 million premature deaths annually worldwide, 
which represent about 57% of all deaths and 50.1% of DALYs caused by ambient 
air pollution in 2015 (GBD 2015). In the multicentre European ESCAPE study, the 
probability to suffer from a cardiovascular event rises by 12% (HR: 1.12 95% CI 
1.01–1.25) per 10 μg/m3 PM10 long-term exposure at the residence (Cesaroni et al. 
2013). In the same study, risk for stroke was also increased, specifically in the 
elderly (Stafoggia et al. 2014). In the Heinz Nixdorf Recall Study, which is located 
in the German metropolitan Ruhr Area, the risks for stroke, given an increase from 
the 5th to the 95th percentile of exposure, were 2.61 [95% CI 1.13–6.00] for PM10 
and 3.20 [95% CI 1.26–8.09] for PM2.5.

Several cohort studies suggest that long-term exposure to air pollution promotes 
the development and progression of atherosclerosis, the underlying pathology for 
most cardiovascular events and one of the major contributors to many chronic dis-
eases of the elderly (Hoffmann et al. 2007). Animal experiments have supported this 
observational finding. The above-mentioned biological mechanisms point to differ-
ent pathways, by which air pollution can exert its influence on vascular pathology. 
One of the most important risk factors for the development and progression of 
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 atherosclerosis is arterial hypertension. Recently, it has been shown in the ESCAPE 
study that individuals exposed to higher levels of air pollution are more likely to 
develop hypertension during a mean follow-up of 9 years (Fuks et al. 2016). This is 
a particular important finding, as the potential effect of road traffic noise was 
accounted for in the analysis and because hypertension is the number one global 
risk factor for premature morbidity and mortality (Lim et al. 2012).

21.6.6  Respiratory Effects

Air pollution can cause short-term effects after transient high-exposure situation as 
well as long-term consequences for respiratory health after years of living in an 
area with high exposure. Within hours of high exposure, specifically vulnerable 
people (e.g. with pre-existing asthma or chronic obstructive pulmonary disease 
(COPD)) can experience shortness of breath, cough and a decrease in lung function, 
possibly leading to a hospital admission (McCreanor et al. 2007). In the long run, 
living in dirty areas of a city can cause a decrease in lung growth in children and 
adolescents, an accelerated decrease in lung function in adults and possibly even 
the development of asthma and COPD, a disease predominantly affecting year-long 
smokers (Gauderman et al. 2004; Khreis et al. 2017a). A reduction in traffic-related 
air pollution on the other hand can lead to an improvement of respiratory health in 
children as well as in adults as was shown in two studies that observed an increased 
development of lung function in children and an attenuated decline of lung function 
in adults when air pollution decreased (Gauderman et  al. 2015; Imboden et  al. 
2009).

Ambient air pollution also leads to the development of lung cancer. In the 
European ESCAPE study, we observed an increased risk for lung cancer of 22% per 
10  μg/m3  PM10 (Raaschou-Nielsen et  al. 2013). The International Agency for 
Research on Cancer (IARC) has classified diesel soot as carcinogenic to humans in 
2012—this is one reason among others, why high exposure to traffic-related air pol-
lution can lead to lung cancer over many years.

21.6.7  Emerging Health Effects of Air Pollution

Further well-founded evidence is available for air pollution effects on metabolic 
health, such as type 2 diabetes mellitus and insulin resistance, impaired cognitive 
development in children and accelerated cognitive decline and dementia in adults, 
as well as influences on the unborn child such as decreased birth weight and preterm 
birth (Clifford and Zaman 2016). New studies are under way to investigate these 
emerging health effects and quantify their impact on the population. However, 
already it is quite clear that the current impact of air pollution on human health is 
underestimated, because important health effects such as these are not included in 
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the calculations. We can expect that the long-term consequences of living in bad air 
will be larger than currently estimated.

21.6.8  Co-exposures

Air pollution is but one of several contextual urban exposures with the ability to 
influence human health. To adequately capture all health effects related to urban liv-
ing and transport, a broader view must be taken. However, so far only few studies 
have taken a more comprehensive approach to investigate health effects of urban 
living and transport. This is a growing area of research, and we are likely to see more 
studies including air pollution, noise, green space, temperature and the social envi-
ronment in the near future. First evidence shows that co-exposure of air pollution 
and road traffic noise might actually synergize in their deleterious effects on cogni-
tive function in adults in a manner that people with double exposure experience 
more cognitive impairment than if they had received the two exposures separately 
(Tzivian et al. 2017). This hypothesized synergism will put even more pressure on 
regulators and city planners to provide a safe and healthy environment.

21.7  Evidence for Beneficial, Neutral or Adverse Effects 
on Health by Specific Interventions

Many potential interventions are available (Khreis et al. 2017b), and urban-planning 
decisions that will have a positive effect on air pollution-related health effects in cit-
ies can be made. Most of these interventions do not target only one specific air pol-
lutant or one specific health outcome but are broad and intersect with positive effects 
on climate change, heat stress and noise exposure abatement, leading to broad health 
and environmental benefits (Münzel et al. 2017; Nieuwenhuijsen et al. 2017).

Interventions to reduce health effects of urban air pollution can be accomplished 
on different regulatory levels. Many emission reduction interventions will be imple-
mented by state or regional authorities, for example, emission reductions through 
improved combustion engine technology or new and improved fuels. Strict air qual-
ity limit values will support the development of electric transport combined with a 
sustainable power generation strategy. This will synergize with positive effects on 
greenhouse gas emissions (Tobollik et al. 2016). The already implemented clean air 
policies are expected to reduce air pollution by approximately half between 2010 
and 2020 (Tobollik et al. 2016).

Another approach that has been taken in some exemplary situations is active 
emission removal through vegetation. It has been suggested that specific mosses, 
ornamental plants or trees may act as a sink to improve air quality in highly polluted 
areas (Saxena and Ghosh 2013). The positive effect of cooling and reduction of 
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greenhouse gas emissions can be another positive effect; however, many questions 
are still open, and the success of this strategy remains to be seen. Specifically, trees 
or other plants may inhibit effective ventilation of dense inner-city roads, which 
could be disadvantageous to air quality.

Comprehensive city-specific policy mixes have shown the greatest benefit for air 
quality and population exposure in the most dense and most polluted areas of the 
city (Silveira et al. 2016). In London, next to the EU-wide emission standards and 
air quality regulations, buses were equipped with diesel particulate filters; a Low 
Emission Zone, limiting access for highly polluting vehicles, was implemented; 
new low-emission hybrid buses acquired; and further local-scale schemes were 
implemented. This comprehensive intervention lead to relevant reductions in air 
pollution exposure (Font and Fuller 2016). However, achieved reductions were het-
erogeneous across the city through changes in traffic flow patterns; even increases 
in air pollution exposure are possible. It is therefore necessary to take a comprehen-
sive multilevel approach to regulation and traffic limitations.

Restricted access zones are currently a widely used approach in Europe to reduce 
air pollution exposure of the highly exposed urban population. Different models 
exist, from small incoherent areas or streets closed to specific vehicles (e.g. heavy-
duty vehicles) during specific times of the day or week to larger coherent areas with 
multiple emission reduction measures (i.e. London). The resulting improvements 
are variable: In Venice, for example, single car-free days did not have a positive 
effect on air pollution, while the complex intervention of the London Low Emission 
Zone and comprehensive actions during the Olympic Summer Games 2008  in 
Beijing lead to substantial reductions of several air quality indicators (Font and 
Fuller 2016). Another form of traffic-related intervention is the reorganization of 
traffic into arterial roads and quiet quarters. This can lead to a decrease in road-side 
pollution through better traffic flows and less polluted and quiet islands within the 
city through reduction of traffic (Thaker and Gokhale 2016).

The most sustainable, challenging and promising intervention is a modal shift for 
transportation, which means a decreased reliance on individual combustion engine- 
powered cars and an increased use of public transport, bikes and other forms of 
active transport. This modal shift will lead to many positive effects in addition to its 
direct improvement of air quality. Through less dependence on combustion engine- 
powered vehicles, emissions, including greenhouse gas emissions, will be reduced, 
with a resulting positive health effect; noise exposure decreases; less space is taken 
up by more and wider roads, leaving more room for green spaces and leisure time 
activities in an improved environment; and physical activity of residents increases. 
Cities have implemented a variety of measures to promote this beneficial and neces-
sary modal shift, ranging from parking restrictions in inner cities to improvement of 
public transport (Kwan et al. 2016), construction of bike paths and walking trails, 
implementation of public bike rental stations and promoting car sharing. An early 
intervention, which may lead to long-lasting beneficial behavioural effects, is the 
premium for high school students who ride their bikes to school instead of using 
publicly financed bus system in the city of Münster in North Rhine-Westphalia, 

21 Air Pollution in Cities: Urban and Transport Planning Determinants and Health…



438

Germany, and the free public transport and railway tickets provided to all university 
students in North Rhine-Westphalia, Germany.

Active transport by itself is a highly beneficial effect of the surge towards a sus-
tainable modal shift, because it will increase physical activity, with benefits out-
weighing by far any possible increase in air pollutant uptake by increased ventilation. 
Mueller et al. (2015) emphasize that physical inactivity is one of the most important 
risk factors for morbidity and mortality. When compared to international recom-
mendations, the greatest impact on preventable mortality could be achieved by 
increasing population physical activity. Further factors were air pollution, noise and 
heat stress. Through the provision of a functional green infrastructure within cities, 
several positive effects can be achieved simultaneously—increasing physical activ-
ity through active transport and leisure time physical activity as well as a reduction 
in traffic (Mueller et al. 2015).

Personal protective measures are a final last resort, which can be helpful for 
those with pre-existing medical conditions that predispose to adverse acute effects 
of air pollution. The American Heart Association, for example, recommends limit-
ing outdoor activities on high-pollution days, specifically in those patients with 
coronary artery disease (Brook et al. 2010). Filtering household air or wearing face 
masks is now increasingly prevalent in Asian cities. However, the surgical masks, 
which are mostly sold and used in drugstores, do not fit tight and will allow polluted 
air to enter through the sides. High-efficiency filters which are effectively used in 
the occupational realm are uncomfortable and will seldom be worn long time 
(Langrish et  al. 2012b). Moreover, the costs of personal protection material will 
increase health disparities between the affluent and the less privileged populations, 
increasing existing environmental inequity.

21.8  Conclusions

The city is the most frequently inhabited environment for most Europeans and even 
for most people worldwide. Cities can influence health and disease in many ways, 
including ambient air pollution as one of the most important environmental pollut-
ants. Sources of urban air pollution include traffic, industry and household heating. 
Due to the proximity of emissions to the population, road traffic emissions are par-
ticularly important drivers of exposure. Depending on the dominant sources in a 
specific city or area of the city, the amount, chemical components and physical char-
acteristics of the complex air pollution mixture can vary substantially. Air pollution 
concentrations vary from day to day depending on meteorology and diurnal varia-
tions in source emissions. Short-term increases in air pollution can have acute effects 
such as triggering myocardial infarctions and stroke or the elicitation of asthma 
attacks. Long-term exposures can lead to the development and progression of many 
chronic diseases, including coronary artery disease, lung cancer, diabetes mellitus 
and dementia. Through combined interventions, it is possible to substantially 
decrease urban air pollution. Many potential interventions will also have synergistic 
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effects in terms of climate change, heat stress and noise exposure mitigation and 
increasing physical activity. The promotion of a modal shift to more public and 
active transportation seems to be the most promising avenue for healthy city 
planning.
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Chapter 22
Noise in Cities: Urban and Transport 
Planning Determinants and Health 
in Cities

Peter Lercher

22.1  The Reasons and the Scope of the Noise Problem

Historically, urbanization is clearly one of the drivers of increasing noise problems 
in the society. However, there are other more important drivers, like the growing 
general mobility demands, paired with an enormous increase in urban freight trans-
port (De Vos and Van Beek 2011). Although a trend for suburbanization of freight 
center activity is observed—the goods need to be brought to the shops and the cus-
tomer in the city. Therefore, around megacities both centrifugal and centripetal pro-
cesses are at work (Cidell 2010; Malecki 2014). The size of each force depends on 
monocentric or polycentric development—but all lead to increased person and 
freight traffic. In contrast to other environmental stressors (air pollution), noise 
exposure is often still increasing in European cities, in spite of large efforts with the 
advent of the Environmental Noise Directive.

Supranational institutions and governments approach the noise problem mainly 
by two means. Either by opinion surveys about satisfaction with noise climate and 
noise annoyance in cities or by physical noise level mapping. Most complete infor-
mation is available from Europe, where the Environmental Noise Directive (END) 
required member states to carry out systematic noise mapping. Non-systematic 
information is available in Asia (from megacities), North America (Metropolitan 
areas), South America (Brasilia), and less from Africa—although data sources and 
awareness increase.
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22.1.1  Satisfaction with Noise Climate

The latest Eurobarometer survey on the “Perception of Quality of life in European 
Cities” indicates a wide variation in satisfaction with the noise climate (European 
Commission 2016). The levels of total satisfaction (highly + rather satisfied) in cit-
ies range from 88% (Oulu, FI) down to 28% (Istanbul, TR). On the dissatisfaction 
side, the highest percentage comes from Istanbul (72%) and the lowest from Oulu 
and Newcastle (11%). Less is known about how people with certain health condi-
tions rate their city environment. People with learning, speech, and mental disorders 
and dyslexia were more dissatisfied with their current neighborhood environments 
(Shiue 2016).

22.1.2  The Contribution of the Major Noise Sources 
to the Dissatisfaction with the Noise Climate

Considering transportation noise across Europe, by far the major reason for dissat-
isfaction is road traffic noise (80%) both inside and outside agglomerations, fol-
lowed by rail traffic and air traffic. In urban agglomerations of the EU, about 94 
million people are exposed to more than 55 dBA, Lday from road traffic noise, 
nearly 6 million by railway, and 2.25 million by airport noise. Note: neighbor noise 
ranks second in the list of reasons for dissatisfaction with the noise climate, and 
obviously complaints about this source are higher in cities with higher population 
density and higher shares of apartment housing when compared to suburban or rural 
areas.

22.1.3  The Measured Noise Levels in Cities

The EU noise-mapping data for European cities (Source: First round of noise map-
ping, Brussels 2008) show—like the satisfaction data (Satisfaction survey 
2009/2012, Brussels 2015)—substantial variation between cities. However, the cor-
relation between the two sets of data is not very high.

In Table 22.1 the noise exposure at night in European capitals is shown in the left 
column. The two other columns indicate the percentage of people satisfied with the 
noise climate or the neighborhood. The observable differences are not unexpected: 
while the noise indicator measures the physical intensity of the sound reasonably 
correct, the perceived affectedness by noise depends rather on the soundscape char-
acteristic of the city and other contextual factors (more in Sects. 22.2 and 22.3). For 
example, Paris and Madrid show below 20% with Lnight > 55 dBA, but satisfaction 
with noise is in the lower range.
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A study in Hong Kong (Lam and Chung 2012) determined that 36.2% of its 
population suffers from road traffic noise exceeding governmental guidelines. A 
recent monitoring campaign found mean daytime Leq,1-h values ranged between  
54.4 and 70.8 dBA, while the mean nighttime Leq,1-h values ranged from 52.6 to 67.9 
dBA (To et al. 2015).

City Noise level
Lnight>55 dBAa (%)

Satisfied with
noisea (%)

Satisfied with
neighborhoodb (%)

Stockholm SE 4 69 45
Berlin DE 9 60 46
Amsterdam NL 11 69 46
Paris FR 11 43 48
London UK 12 73 n.a.
Vilnius LT 12 68 36
Helsinki FI 14 74 52
Wien AT 14 69 44
Madrid SP 15 31 48
Bratislava SK 16 53 45
Warsaw PL 18 46 47
Copenhagen DK 20 73 n.a.
Prague CZ 21 49 46
Dublin IE 22 83 48
Tallinn EE 26 60 47
Bucharest BG 31 27 34
Budapest HU 36 52 46
Sofia BL 39 40 18
Athens GR n.a. 33 21
Lisbon PT n.a. 51 37
Roma IT n.a. 37 36

Table 22.1 Nighttime sound levels in European capitals and satisfaction: % of exposed population 
above 55  dBA, Lnight compared to satisfaction with noise climate, and the beauty of the 
neighborhood

Green colors indicate better noise or satisfaction values; orange means less favorite conditions
n.a. not available
a2012
b2009
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A representative monitoring program in India also found large variations in noise 
levels across seven major cities. The night noise levels of three cities (Fig. 22.1) 
continuously exceed the 55 dBA level. This level should not be exceeded to avoid 
sleep disturbance and other health effects (Kim and van den Berg 2010). Figure 22.1 
indicates also that most Indian cities show higher noise levels in summer.

Due to the large data and missing legal requirements, noise-mapping initiatives 
outside the EU are usually limited to a restricted (most exposed) area of a city or 
areas close to traffic arteries.

Large difference in noise exposure are not only observed between cities but also 
within cities. A huge noise-mapping effort in Seoul, Korea, makes this important 
difference visible (Lee et al. 2014b). The Lnight exceedance of 55 dBA varies from 
15% to 65% between districts of Seoul (mean = 35%).

Note: although noise levels are generally highest around roadways and near 
transportation terminals, the exposure of the large majority of city inhabitants is 
determined by a city’s overall background. Within the framework of the 
EU-URGENCHE project (http://www.urgenche.eu/project/), the study in Basle 
indicated (Keuken et al. 2014) that about 90% of the city’s population is affected by 
urban background levels, the rest by the somewhat higher levels from direct dwell-
ings’ to road, rail, or airport noise. A study in New York estimated the additional 
street noise exposure to contribute approximately 4% to an average individual’s 
annual noise dose (McAlexander et al. 2015).

An additional issue in this context is the distribution of environmental justice 
related to exposure to noise in the light of segregation tendencies. On average—
across cities or within city areas—often no difference or ambiguous empirical 
results regarding differential noise exposure were found (Havard et  al. 2011; 
Bocquier et al. 2013; Carrier et al. 2016a, b; Dale et al. 2015; Guo et al. 2017). In 
Hong Kong, for instance, differential results were obtained: the socially deprived 
groups tend to live in building groups exposed to higher noise levels. This is 

Fig. 22.1 Monthly variation in equivalent sound pressure level, Lnight for residential areas in 
seven Indian cities in year 2014. Source: Garg N et al. (2017)
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 particularly  pronounced in private housing estates where older, less educated, those 
engaged in craftsman and elementary jobs, and nonowners of their dwellings are 
exposing to higher levels of traffic noise—while in public housing estates, this rela-
tionship is not found to be a significant factor (Lam and Chung 2012). The same 
differential relationship was found for air pollution in Hong Kong (Fan et al. 2012).

Even though, the correlation between air pollution and noise may vary strongly 
(0.25–0.85) between cities (Allen et al. 2009) and across city areas (Foraster et al. 
2011), the relation is strongest at the road side (Kim et al. 2012), differs across the 
time of the day (Kim et al. 2012; Ross et al. 2011), and depends on the emission 
indicator used (Can et al. 2011; Gan et al. 2012). Note: there is a substantial differ-
ence between exposure to noise and air pollution depending on traffic volume. 
While already a small traffic volume increases noise up to 55 dBA (Seto et al. 2007), 
higher traffic volumes are required to increase ultrafine particulate exposure (Shu 
et al. 2014). The possible reasons for the observed large variation in levels of noise 
between and within cities will be discussed in the next section. The reasons for the 
discrepancy between objective exposure levels and subjective citizen assessment 
are related to accompanying co-exposures (air pollution, vibration), the differing 
potential to cope (sleeping room to the quiet side), and restoration options (quiet 
and green areas).

22.2  The Main Known Determinants of Noise Levels 
in Cities

In the literature, a number of factors which can determine noise levels were investi-
gated at different scales: the underlying city form/morphology, aspects of the built 
environment, population and household density, noise regulations, traffic network 
density and composition, amount of traffic jams, the number and type of sound 
sources (e.g., scooters, tramways), the quality of the tire-road interaction, the aver-
age insulation of the homes, and the motorized driving behavior.

The following subsections will shortly inform about relevant indicators and 
determinants and its relationship with noise exposure in cities.

22.2.1  Macro-Scale Structures (Space, Infrastructure, 
Population, Geographic Context) and Noise

The recent trend to increase urban densities and avoid sprawl certainly was paral-
leled by changes in urban form and structure. All changes may have possible impli-
cations for noise levels experienced by inhabitants at different scales of the city. 
Some intended planning changes may work well on average at the macro scale but 
have possible adverse effects at the neighborhood or dwelling scale, where people 
actually spend most of their time.

22 Noise in Cities: Urban and Transport Planning Determinants and Health in Cities
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22.2.1.1  Population Density

Urban density is expressed in various ways, such as building density, road network 
density, and population density. The variation of density between cities is very large. 
A comparison between Greater Manchester in the UK (19.5 inhabitants/ha) and 
Wuhan in China (48.8 inhabitants/ha) showed lower average ground noise levels in 
Wuhan: Lavg and L50 is by 5.6–6.5 dBA lower than that of the Greater Manchester 
samples (Wang and Kang 2011). Note: at the building façade, levels of Lavg and L50 
are even higher in Greater Manchester (7.7 and 9.1 dBA, respectively). This is in line 
with data from the International Association of Public Transport (UITP) which 
showed that population densities of 50–60 inhabitants/ha are required to increase the 
share of journeys on foot, by bicycle, and by public transport (UITP 2002).

22.2.1.2  General Urban Form and Morphology

The comparison between Greater Manchester in the UK and Wuhan in China 
revealed also that the density of buildings in Wuhan is much higher than that in 
Greater Manchester, creating a huge area that is lowvehicle accessible and with 
high-rise street canyons (Wang and Kang 2011). Conversely, the road coverage in 
the Wuhan cases is much lower than that in the Greater Manchester area (1.7% vs 
11.3%). It should, however, be noted that some Wuhan areas have equally high 
noise levels (wide-open space and high-density residential areas). Urban morphol-
ogy can also determine the amount of green space and the consecutive noisescape. 
The analysis of (Margaritis and Kang 2017) found that the effect of green spaces on 
traffic noise pollution varies according to the scale of analysis. Only at the kernel 
level (small areas of 500 × 500 m) a positive relation between green and noise was 
found, supported by a further cluster analysis.

22.2.1.3  Traffic Network Density and Traffic Elasticity: Traffic 
Composition

Traffic volume is typically represented by vehicle kilometers (VKM) driven on the 
road network. Traffic volume and (population) density is somehow related. However, 
the relation is not as uniform as some positions in urban planning let us believe.

In the US substantial variations in traffic and noise within and between cities 
were observed in a comparison between larger cities (Lee et al. 2014a). The total 
number of vehicle counts explained a substantial amount of variation in measured 
ambient noise in Atlanta (78%), Los Angeles (58%), and New York City (62%).

For the cities Amsterdam and Rotterdam, it was found that the average sound 
level increased with road network density and vehicle kilometers per square 
 kilometer per 24 h and decreased with ground space index (building coverage), floor 
space index (building intensity), and population density (Salomons and Berghauser 
Pont 2012). This is only true in these two cases (with traffic elasticity of −1). In the 
author’s simulations with other values of traffic elasticity (e = 0 and −0.5 = high car 
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use in densely populated areas), the average sound level increases with increasing 
FSI and GSI. This means that restrictive measures (e.g., environmental zones) need 
to be implemented in such cases to protect inhabitants of dense inner city areas from 
increases in traffic noise. An investigation into the temporal and spatial variability 
of noise in the city of Toronto made clear that noise variability was predominantly 
spatial in nature. Spatial variability accounted for 60% of the total observed varia-
tions in traffic noise (Zuo et al. 2014), and traffic volume, length of arterial road, and 
industrial area were the three most important variables. Another study into the spa-
tial determinants of traffic noise in the Taiwanese city of Taichung found road width, 
traffic flow rates, and land-use types (commercial and industrial sites) significantly 
associated with annual average LAeq, 24 h. Furthermore, noise levels at 125 Hz 
revealed the strongest prediction in the multiple regression model—indicating that 
low-frequency components from vehicles constitute a large proportion of road traf-
fic noise (Wang et al. 2016). This result is supported by specific investigations into 
the contribution of traffic composition to observed noise levels. A study in San 
Francisco points to the special importance of heavy truck vehicles and buses (Seto 
et al. 2007). Trucks and buses emit also strong low-frequency noise and vibrations 
(see Sect. 22.4.1.2). Eventually, pass-by noises of motorbikes and other two- 
wheelers are especially annoying due to its spectral and temporal signal properties 
(Paviotti and Vogiatzis 2012; Morel et al. 2012; Gille et al. 2016).

22.2.1.4  Traffic and Noise Level Assessment: Modeling and Mapping 
at Different Scales

Traffic modelers found the variability of sound levels in cities largely explained by 
the following variables: traffic flow, type of vehicles, and average vehicle speed 
(Kumar et al. 2014). In the city of Toronto, spatial variability accounted for 60% of 
the total observed variations in traffic noise, and traffic volume, length of arterial 
road, and industrial area explained the majority of the spatial variability (70%). 
Only a fine-tuned hourly model found that regions with roads of high traffic vol-
umes, high share of heavy goods vehicles, and being close to activity centers have 
larger impact on the prevailing ambient noise (Alam et al. 2017). This is only the 
picture at the macro scale.

The spatial heterogeneity of the built-up environment in cities is substantial, and 
the local traffic flow, the temporal distribution, the street design and road mainte-
nance, and the building facades induce certain errors and require the inclusion of 
mesoscale and microscale factors to carry out a proper assessment. In the  
SONORUS project, the measured noise levels of an inner yard in the city of 
Gothenburg were compared with typical sound-mapping software: an underestima-
tion of 13 dBA was observed. With an improved software (QSIDE), the differences 
were reduced to 3  dBA difference (Kropp et  al. 2016). In addition, perception-
related aspects need to be considered. Sound sources which produce prevalent 
noticed- sound events (NSE) will produce higher annoyance. Cities with a high 
share of two-wheelers but also cities with frequent horn use in traffic differ (Phan 
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et al. 2009, 2010; Nassiri et al. 2013) and need other modeling approaches (Torija 
and Ruiz 2012, 2016). Significant differences in sound frequency components were 
observed between land-use types, with noise levels at low frequencies (125 Hz), had 
the highest correlation with total traffic, and revealed highest prediction in the mul-
tiple linear regression (up to 80%).

Moreover, a cautious note: noise estimations from land-use regression models, 
widely used in air pollution assessment, are not yet reliable enough—even when 
supplemented with short-term noise measurements. While road traffic noise esti-
mates correlate reasonably enough with annoyance reports (Aguilera et al. 2015)—
this is not the case with railway and aircraft noise assessments (Ragettli et al. 2015). 
An evaluation against improved noise-mapping software (e.g., QSIDE) is necessary 
before it’s widely use in health effect studies—especially, when combined effects of 
transportation noise are an issue. Another important issue—relevant for both plan-
ning and epidemiologic studies: noise and air pollution levels correlate moderately 
on average across cities but poorly at smaller scales (Seto et al. 2007; Fecht et al. 
2016).

22.2.1.5  Land Use

Studies studying city design effects on the macro scale reveal often controversial 
results regarding noise levels or impact on health. Most land-use effect studies have 
methodological limitations due to its ecological nature, have not investigated noise 
levels, and cover mainly cities of North America. Only few studies include informa-
tion on land use and noise level. One study found statistically significantly higher 
levels of environmental noise in mixed-use neighborhoods (Lday  =  8  dBA, 
Lnight  =  6  dBA) when compared with classical residential neighborhoods in 
Halifax, Canada (King et al. 2012).

A further Canadian study found elevated risk of shortened sleep and sleep prob-
lems associated with living in dense commercial, residential areas, and living near 
industrial sites with subjective noise measures (Chum et al. 2015). A related study 
also found that the level of urbanicity was negatively associated with infant sleep 
duration (Bottino et  al. 2012). Another study found that living in green spaces 
reduces the risk of short sleep duration (Astell-Burt et al. 2013)—but noise levels 
were not investigated. Likewise, an ecological study of 49 large US cities found no 
association between greenness and mortality from heart disease, diabetes, lung 
cancer, or automobile accidents—but did not control for noise (Richardson et al. 
2012). It is likely that the macro-scale level of analysis did average out the spatial 
variation necessary to detect effects. Also greener cities cannot always be consid-
ered as quieter, as the effect of green spaces on traffic noise pollution varies accord-
ing to the scale of analysis (Margaritis and Kang 2017). Eventually, how does land 
use and the built environment affect health equity and environmental justice and 
avoid segregation? See the notes to this subject in Sect. 22.3.5.2. Ecological and 
social effects.
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22.2.2  Meso- and Microscale Structure (Interface 
Between Building Structure, Neighborhood, 
and Human Perception) and Noise

The large spatial heterogeneity of urban environments makes it difficult to calculate 
reliably noise levels with one program (Hornikx 2016). Apartments that are exposed 
to the same level of road traffic noise at the most exposed façade often have very 
different neighborhood soundscapes. A Norwegian study showed substantial varia-
tion, depending whether you included also the immediate neighborhood (75  m 
radius) where people live. A later study showed: when, e.g., 50-m radius buffers are 
compared with 400-m buffers, the assigned LAeq,24 h level can vary across buildings 
from −9.4 to +22.3 dBA (Tenailleau et al. 2015). Lam and Ma expanded this area 
even further (600 m) and called it “community” activity space. Therefore, in noise 
health effects studies, it should be noted that noise-mapping results can be substan-
tially distorted by the local neighborhood shape and size which is included in noise 
exposure assessment (Kropp et al. 2016).

22.2.2.1  Building Block, Street Design, and Neighborhood Quality

Several investigations have found certain building block and façade designs to pro-
vide better shielding and avoid scattering than others (Onaga and Rindel 2007; Lam 
et al. 2013; Salomons and Berghauser Pont 2012). From these investigations it can 
be concluded:

• Closed building blocks lead to lower noise levels at quiet facades than open 
building blocks.

• The percentage of quiet area is negatively related to the street canyon index, both 
for the whole development site and at the periphery.

• In high-façade streets, the absorption of the façade is determining reverberation 
between buildings—while in low-facade streets, scattering by the buildings is 
equally important.

Two extreme examples about the amount of shielding of building block shapes in 
the high-rise city of Hong Kong are shown in Fig. 22.2. It has been found that the 
so-called sky-view factor can assist in predicting the shadowing effect (Silva et al. 
2017).

An analysis of residential blocks development in Tianjin (China) found low-rise 
small blocks having the largest spread (~5 dBA) in observed sound level—although 
on average they show slightly lower levels than other block designs. In the same 
block design, a larger lot area (size of land where the block is built) was associated 
with lower noise levels, a higher street coverage ratio with higher noise levels. 
Further building layout indicators such as ground space index (GSI), street interface 
density (SID), and floor space index (FSI) influenced noise levels at the buildings 
(Zhou et al. 2017).
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In Hong Kong, Lam and Ma (2012) found that residential complexes built in the 
1990s showed lower noise levels at all scales of their analysis (community, neigh-
borhood, dwelling).

22.2.2.2  Building Form and Location of Sleeping and Living Rooms

What is often underestimated by planners, but the shape, design, and position of the 
façade relative to the roads, the slope of the roof, the greening of the roof (Van 
Renterghem and Botteldooren 2009), eaves/louvers (Sakamoto and Aoki 2015), and 
the form of the balconies (Tang 2005; Lee et al. 2007; Naish et al. 2012), can make 
a noticeable difference to noise levels (see Fig. 22.2). The possible cumulative effect 
of such factors should be considered in the planning and the design of city build-
ings. Of overarching importance is the form, the position, and the shape of the build-
ing which determines the amount of shielding the building provides to guarantee a 
quiet façade toward the backyard, where sleeping and living rooms should be 
located.

22.3  The Main Effects on Health and Health-Related Quality 
of Life (HRQoL) in Cities

Typical transportation noise in modern cities acts as an ambient stressor via the 
nervous system (Evans 2001). Although, we can live and adapt with noise to some 
extent, the efforts of coping with noise come with some costs. Even in the short 
term, after effects will occur (Glass and Singer 1972).

In the long term, the possible health costs arrive via our evolutionary heritage. It 
prevents our body to fully habituate during sleep (although we adapt on the surface 
by waking up less often). Notably, the cardiovascular system is still responding 
without observed parallel changes in the brain (Muzet 2007) as measured by the 
electroencephalography (EEG). The way we react depends on our genetic makeup, 

Fig. 22.2 Building block shapes in Hong Kong with different shading of noise. Shading from 
green color (lower sound levels) to red (high sound levels) (courtesy of KC Lam)
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the coping abilities, and the restoration options in and around our home. The physi-
cal intensity of the noise—as measured by a conventional noise meter in dB and 
with A-weighting—is a reasonable indicator of noise effects at high levels 
(>65 dBA). Already at intermediate sound levels (50–65 dBA) and particularly at 
levels below 50 dBA, the signal to noise ratio (the “noticed events”) is the decisive 
element in how humans respond to the sound environment (Schomer and Wagner 
1996; Sneddon et al. 2003; De Coensel et al. 2009). The human sensory system 
reacts relative to the quiet (the L95 or L90 percentile level) as experienced in the 
surroundings: the so-called adaptation level (Helson 1964). Only a difference of 
10 dBA between background and peak level is required to trigger autonomous reac-
tions (Chang et al. 2015). Equivalent research shows that the “startle response” can 
be reduced when the signal to noise ratio is below 15 dBA (Franklin et al. 2007). For 
instance, already 100 cars/h can result in equivalent noise levels around 55 dBA 
with approximate peak levels of up to 70 dBA (e.g., Fig. 7  in Seto et  al. 2007). 
Considering a background level of 40–45 dBA, a high signal to background noise 
ratio results and creates already well noticeable events for cardiovascular reactions 
and can interfere with sleep. Therefore, planning needs to protect the city dweller 
not only against high peak levels but also against an increase in background levels 
and noticeable events.

22.3.1  Severe Noise Annoyance

In health risk assessment, the estimated effects of noise on annoyance in studies to 
arrive at disability adjusted life years (DALYs) are determined by assigning a dis-
ability weight (DW) to the health outcome in question (high annoyance). In the 
WHO DALY assessment (Fritschi et al. 2011), a low value (DW = 0.02) was used. 
Another study revealed a DW of 0.033 (median, 0.03; range, 0.01–0.12) for com-
munication disturbance. Thus, any choice implies a high uncertainty for annoyance 
estimates in risk assessment. In a European national scale study, the authors even 
left out severe annoyance as health outcome (Hänninen et al. 2014), which leads to 
a substantial underestimation of the problem and is scientifically not well justified.

Annoyance is measured in field studies by means of two ICBEN or ISO 15666 
defined questionnaire items (Fields et al. 2001). Either using a 5-point verbal or an 
11-point numerical scale (0–10), with end points “not annoyed” up to “extremely 
annoyed”. With the 11-point scale, the highly annoyed indicator (cut-off point = 72% 
of scale length = 8 + 9 + 10) is derived. With the verbal 5-point scale (equal steps), 
the upper two steps (60% scale length) are—in accordance with the ICBEN 
 recommendation—used predominantly to indicate severe annoyance. The hitherto 
available exposure-response relations (Miedema and Oudshoorn 2001; EEA 2010) 
are becoming outdated with the advent of the new WHO evidence reviews on this 
subject (Guski et  al. 2018). Figure  22.3 shows the summary of the updated  
exposure-response relations observed from available studies. Based on the GRADE 
system, 112 studies were rated with respect to the risk of bias, and overall 57 studies 
were included in the quantitative meta-analysis. We limit the discussion to the 
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results of the road traffic findings (34.211 respondents). The aggregated regression 
line is strongly influenced by the very large Hong Kong study (N = 10.077) at the 
lower end of the annoyance response. The observed heterogeneity in the noise 
annoyance range from 50 to 75 dBA; Lden is large. Although among the highest 
scorer are three studies from predominantly rural-suburban areas (transalpine 
freight traffic routes), there is also a wide spread among road traffic annoyance in 
larger cities. The lowest annoyance response being from Athens and Hong Kong—
the highest originate from London-Heathrow, Milan-Malpensa, Stockholm, Berlin, 
and Gothenburg (with detached housing). All those higher responses level off 
against the WHO full set from 60 dBA onward.

A further meta-analysis of 21 available studies using Pearson correlations 
between Lden or Ldn and road traffic noise annoyance raw scores yields a summary 
correlation of 0.325 (95% CI 0.273–0.375). This means that the explained variance 
of the relationship between noise level (Lden) and high annoyance is only 10.6%. 
Thus, the contribution of the noise level alone is low. (Fidell et al. 2011) coined the 
term “community tolerance level” (CTL) for the observed large between commu-
nity differences in annoyance prevalence rates. These authors hypothesize that the 
large spread is caused by a combination of acoustic and non-acoustic factors. 
Schomer et al. (2013) added that non-acoustic factors and non A-weighted factors 
(such as fluctuation, emergent sound events) reflect the context in which the sonic 
environment is perceived. This is not captured by the physical noise level indicator 
alone, and the “community tolerance level” is therefore an indicator for the local 

Fig. 22.3 Scatterplot and quadratic regression of the relation between Lden and the calculated 
percentage highly annoyed for 25 road traffic noise studies, together with the old exposure-
response function by Miedema and Oudshoorn (2001) in red with confidence interval
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distortion of the community soundscape through the road traffic load. Apart from 
individual factors (noise sensitivity or attitude to the source), reviews of non- 
acoustic factors (Fields 1993; Lercher 1996; Guski 1999; Flindell and Stallen 1999; 
Miedema and Vos 1999; Schomer 2005) underline the significant contribution of 
policy relevant situational (e.g., bedroom position, house type, quiet facade), envi-
ronmental (e.g., air pollution, vibration, quiet and green space), and traffic variables 
(traffic composition, road type, road surface, speed) as effect-modifying factors of 
the annoyance response. Furthermore, studies having included such non-acoustic 
factors with extended analyses (multiple regression or SEM) revealed much higher 
variance explanation (up to 60%) of annoyance effects (YANO et al. 2002; Hong 
and Jeon 2015; Oiamo et al. 2015; von Lindern et al. 2016; Lercher et al. 2017). 
There is also indication from specialized research that taking account of certain 
acoustic features (non-A-weighted factors), not captured by the standard physical 
noise indicators, such as strong low frequency, tonal, impulsive components, modu-
lations, noticed events, can increase further the variance explanation of annoyance. 
The advancement and lower cost of recent development in sensor technique 
(Sevillano et al. 2016; Zappatore et al. 2017) will make the use of such advanced 
sound monitoring also feasible for larger studies in the near future.

22.3.2  Severe Sleep Disturbance

Noise-induced sleep disturbances are mainly caused by transportation noise 
(Finegold et  al. 2008). Sleep disturbances show the largest share of disability- 
adjusted life-years (DALYs) lost from environmental noise in Europe, based on a 
WHO expert report (Fritschi et al. 2011). The disability weight applied (DW = 0.07) 
was also more conservative. The upper uncertainty of the DALY assessment would 
be estimated with a DW of 0.10. Research on the effects of environmental noise on 
sleep distinguishes three major types of possible effects. Primary effects are related 
to the actual noise exposure (difficulty to fall asleep, waking up, difficulty to regain 
sleep, too early awakening, feeling tired). Secondary effects (after effects) are pre-
dominantly related to performance, mood, and proneness to accidents on the upcom-
ing day. Tertiary effects (long-term effects) are related to the development of chronic 
diseases. The last line of evidence is the most difficult to observe and detect. It 
would require longitudinal studies of 20 years of duration. Nevertheless, uninter-
rupted sleep of sufficient length is also vital for next day functioning, cognitive 
performance, physical fitness, and mood. Therefore, the public health importance of 
primary and secondary short-term effects should not be underestimated.

The difficulties to obtain reliable estimates are mainly related to the fact that 
sleep disturbance is highly prevalent among adults (Ford et  al. 2015; Cao et  al. 
2017; Pallesen et  al. 2014) (up to 20%) and associated with a high comorbidity 
(Morin and Jarrin 2013; Levenson et al. 2015). As both noise and sleep loss are 
independently associated with the development of hypertension, noise (but also air 
pollution) is thought to act as a possible moderator (Akinseye et al. 2015). But there 
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are additional health-related stressful life conditions (family, and work stress, finan-
cial stress, etc.) which can considerably affect sleep (Vedaa et al. 2016). Thus, to 
reliably extract the single contribution of the noise exposure, sleep laboratory or 
small field studies are the only option where you can apply the “gold standard” of 
polysomnography (which is invasive to some degree) to separate out the “true” 
noise effect and account also for spontaneous awakenings (~5–8%). This means to 
impose restrictions with regard to health (mostly younger and healthy people) and 
selection of the sample investigated and to lose representability with respect to the 
actual population exposed, where illnesses and noise exposure occur simultane-
ously. The current WHO evidence update on sleep (Basner and McGuire 2018) 
provides moderate quality evidence (with dose response, N = 2) for an increase in 
cortical awakenings with measured indoor LAS, max sound levels (OR 1.36 (CI 
1.19–1.55)) per 10  dB increase of road traffic noise (starting at 30  dB). Similar 
results were obtained also for aircraft and train noise (Fig. 22.4).

Studies using less invasive motility measures proved not to be an alternative, 
revealed inconsistent results and were of lower quality. Moderate evidence was also 
found for self-reported measures of sleep disturbance (OR 2.12 (CI 1.82–2.48)) 
with a 10 dBA increase in road traffic sound (Lnight, outdoors); however, only in 
those studies (N = 12) where the sleep question was asked with reference to noise 
sources. The estimates for train noise were higher (OR 3.06 (CI 2.38–3.93)). When 
the sleep question was asked without reference to noise as potential source, the odds 
ratio for sleep disturbance was increased but not significant (all traffic sources). This 
supports two possible interpretations: either people are not aware of the traffic noise 
associations of their sleep problems (underestimation) until they are reminded or it 
is a systematic bias (overestimation) by introducing noise in the question. Probably, 
both factors are at work in practice. People habituate to some degree at the behav-
ioral level (less conscious awakenings), but at the EEG and the level of the autono-
mous nervous system, the effect is still detectable. No results were reported for 

Fig. 22.4 Probability of additional sleep stage changes to wake or S1 in a 90 s time window fol-
lowing noise event (spontaneous awakenings removed) related to maximum indoor sound pressure 
level (L AS, max). Ninety-five percent confidence intervals (dashed lines), unadjusted models
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cardiovascular effects of sleep disturbance. This may contribute to another possible 
underestimation of noise-related sleep impairments on health. It is well known that 
repeated autonomic arousals habituate much less to noise than cortical arousals 
(Muzet 2007). Thus, the true estimate for road traffic in the general population may 
be between the estimates for cortical arousals and self-reported sleep disturbance, 
when mentioning noise sources in the interview in the range of an OR of 1.5–1.7 per 
10 dB increase.

Neither secondary nor tertiary effects were subject of this evidence review. Also 
studies on sleep medication use associated with noise exposure were not included in 
this review.

The WHO intervention evidence review (Brown and van Kamp 2017) reports 
several types of interventions. High-quality evidence (GRADE) for a decrease in 
sleep disturbance came from six studies, where various interventions were imple-
mented (façade insulation, tunnel, quiet-side concept) which resulted in noise level 
reductions of various degrees (7–12 dBA).

Low-quality evidence (GRADE, only cross-sectional studies) when noise was 
lower in the bedroom. Specifically, location of the bedroom at the quiet site resulted 
in decreased annoyance at night Beta = 0.81 (CI 0.65–0.97) in the large sample of 
the HYENA study (Babisch et al. 2012).

22.3.3  Effects on Cardiovascular and Metabolic Health

In the WHO burden of disease (BoD) from environmental noise assessment (Fritschi 
et al. 2011), the specific attributable fraction for ischemic heart disease (IHD) in 
people exposed to road traffic noise in agglomerations with more than 250,000 
inhabitants was estimated to be 1.8%. For people with higher exposure, it was: 
65–69 dBA (6.3%), 70–74 dBA (13.9%), and >75 dBA (23.2%). This was respon-
sible for 2.7% of the DALY’s, while 58% were attributable to sleep disturbance and 
38% to severe annoyance. No estimates could be derived for hypertension and asso-
ciated illnesses at that time. In the new WHO evidence assessment, the evidence 
base increased substantially, and further related health endpoints could be consid-
ered (van Kempen et al. 2018). The most robust evidence (GRADE, high quality) 
was extracted from studies of road traffic noise and ischemic heart disease. It was 
based on three cohort and four cross-sectional studies (7033 cases). The risk increase 
per 10 dBA (Lden) for contracting IHD was 1.08 (1.01–1.15). This was supported 
by an estimate from eight cross-sectional studies of 1.24 (1.08–1.42). The evidence 
for a relation between noise and hypertension was based on 26 cross-sectional stud-
ies (18,957 cases). The risk increase per 10 dBA (Lden) was 1.05 (1.02–1.08). No 
significant association was observed in one larger cohort study: 0.97 (0.90–1.05).

Additional evidence was found for an association with stroke incidence (based 
on one larger cohort study with 1881 cases). The per 10 dBA (Lden) risk increase 
for stroke being 1.14 (1.03–1.25). No increase was found with stroke mortality in 
three cohort studies: 0.87 (0.71–1.06).
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New evidence was found for diabetes incidence with road traffic noise (based on 
one larger cohort study with 2752 cases). It revealed a 1.08 (1.02–1.14) risk increase 
per 10 dBA (Lden).

Note: this new assessment will substantially increase the DALY assessment for 
road traffic noise for two major reasons: more health outcomes are included, and the 
threshold values at which the increase in risk are taking place are lowered to noise 
levels, which larger city populations are exposed to (50–55 dBA, Lden).

22.3.4  Other Effects on Health and Health-Related Quality 
of Life (HRQoL)

22.3.4.1  Cognition and Performance in Children (Mostly Aged 8–12 
Years)

The last WHO BoD of environmental noise assessment concluded that each year, 
45,000 DALY’s are lost due to cognitive impairment in children in agglomerations 
with more than 250,000 inhabitants across Europe. The attributable proportion cal-
culated for the area (WHO EUR-A) was 2%.

The new WHO evidence review on cognitive effects on children  (Clark and 
Paunovic 2018) shows that the evidence has increased, but most studies being cross- 
sectional and therefore downgraded by the GRADE approach adopted by WHO for 
this assessment. A full meta-analysis was not possible. The effects observed were of 
moderate quality for reading and oral comprehension, standardized school test 
scores (SATs), and long- and short-term memory for aircraft exposure—but only of 
low or very low quality for road traffic noise. This was mainly due to the number of 
studies (aircraft 32, road 11) and the higher methodological quality (6 longitudinal 
studies with aircraft). Other reviewed outcomes were children’s attention and exec-
utive functioning with low to very low evidence for both aircraft and road traffic 
noise effects. Cognitive effects of transportation noise on elderly people (Tzivian 
et  al. 2015) were not included. Too few studies were available for railway 
exposure.

22.3.4.2  Health-Related Quality of Life (HRQoL) and Mental Health

Hitherto, these outcomes were not assessed with a systematic review. The new 
WHO evidence review on environmental noise and quality of life, well-being, and 
mental health considered 29 studies (Clark and Paunovic 2018 in press). Most stud-
ies were cross-sectional (83%). Most of the evidence was rated as very low quality. 
The downgrading of the obtained evidence is due to the lack of longitudinal designs 
(only two) and the inconsistency of the observed results. A limitation of this review 
is the restriction of the time period 2005–2015 searched for studies. Several papers 
appeared at the end of this time period or later and were not assessed (Héritier et al. 
2014; Riedel et al. 2015; Dreger et al. 2015; Oiamo et al. 2015, b; Tzivian et al. 
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2015; von Lindern et al. 2016). A few of those later studies have also made further 
adjustments for air pollution and other confounding facets of the environment.

22.3.4.3  Adverse Birth Outcomes

Three recent systematic reviews (Hohmann et  al. 2013; Ristovska et  al. 2014; 
Dzhambov et al. 2014) found conflicting evidence for the effect of occupational and 
environmental noise exposure on pregnancy outcomes. The new WHO evidence 
review (Nieuwenhuijsen et al. 2017) focused exclusively on environmental noise 
and adverse birth outcomes. The review period is extended until December 2016 
and included the quality selected studies from the three previous reviews. The evi-
dence for road traffic noise and low birth weight, preterm delivery, and small for 
gestational age was of low quality (GRADE). Too few studies (N = 8) were avail-
able for a meta-analysis, and three of those were of ecological design. Air pollution 
was controlled for in most of the selected studies.

22.3.5  Less Studied, Subtle, and Other Indirect Effects on City 
Dwellers

We need to keep in mind that it is extremely difficult to separate such type of—pre-
dominantly—indirect effects from other determinants embedded in various neigh-
borhood socioeconomic compositions (Diez Roux and Mair 2010; Diez Roux 
2016). The evidence-base from studies, where attempts were made to isolate noise 
effects, is small and mixed. Positive associations were found only in older experi-
mental studies, where control over the studied environment is better, but generaliza-
tion is limited.

22.3.5.1  Behavioral Effects on Streets

In the tradition of Milgram’s “the experience of living in cities” research, short-term 
noise was used as a potent stressor in earlier psychological research (Cohen and 
Spacapan 1984; Evans 2001). In naturalistic settings, evidence was found for 
reduced helping behavior, under high noise conditions equivalent to exposure in city 
roads within 7.5 m. The contribution of noise to stimulus overload and masking, 
which reduces speech intelligibility and auditory feedback, attention, and empathy 
and increases in escape and avoidance behavior, is discussed as main explanatory 
factors. Other experimental studies found higher levels of aggression, decreases in 
frustration tolerance and attention after high noise exposure. A recent field study 
found various noise indicators (low-frequency sounds, high peaks) associated with 
displaced aggression (Dzhambov and Dimitrova 2014). Another experimental study 

22 Noise in Cities: Urban and Transport Planning Determinants and Health in Cities



460

observed decreases in cooperative behavior in a standard linear public good game 
under acute noise exposure (Diederich 2014). A prospective study on children did 
find an association of green space exposure (0.5–3 years) with reduced aggression 
(Child Behavior Checklist), considering surrogate measures of noise exposure in a 
sensitivity analysis. However, the aggressions scores of the highest quartile were 
higher for children being exposed to high traffic density within a 150–300 m area 
(Younan et al. 2016).

These possible effects need to be interpreted cautiously in a conceptual multi- 
stressor framework (Evans and Lepore 1997; Evans and Kim 2010; Riedel et  al. 
2015) which includes a restoration perspective (Hartig 2008; von Lindern et  al. 
2017)—as numerous factors influence and moderate the complex relationships 
between noise, aggression, violence and crime, and neighborhood quality including 
green space (Cozens 2007; Bogar and Beyer 2016; Younan et al. 2016). Discussed 
contributing factors to these possible effects are stimulus overload, reduced attention/
frustration tolerance, and empathy induced by high noise exposure or traffic density.

22.3.5.2  Ecological and Social Effects: Segregation, Reduction of Quiet 
Areas, and Change in Social Relations

Only few of these studies on environmental justice included measured noise levels. 
Inequality can be introduced through segregation of people with lower financial 
resources into areas exposed to high noise levels—often coupled with high air pol-
lution exposure and other unfavorable social conditions (Riedel et al. 2015; Carrier 
et al. 2016b). Two London studies found evidence for inequality at several levels: 
NHS hospitals in Inner London are considerably noisier than those in Outer London 
(by 5.4 dBA on average). The household size is smaller, and there are more one- 
person households. Such flats are more likely to be found in noisier areas, associ-
ated with unemployment. Also the pupil/teacher ratio has a significant negative 
correlation with noise levels (Xie and Kang 2009). In the second study, unemploy-
ment rates and academic achievement of school children did not significantly cor-
relate with noise at the borough level. At the neighborhood level, areas with a higher 
noise level tend to be more deprived, especially in terms of health, barriers to hous-
ing and services, and living environment.

In Hong Kong, where nearly 50% of the population is accommodated in public 
housing, also a differential picture was observed (Lam and Chung 2012). On aver-
age, at all scales (community, neighborhood, dwelling level) private housing expe-
rienced higher noise levels—however, median income was negatively associated 
with average noise exposure and exceedances: the reason being that luxurious con-
dominiums of higher-income groups are placed in quieter areas, while low-income 
people lives in tiny flats in crowded inner city conditions served by private housing. 
This points to the need to consider further aspects (the multi-stressor dimension) of 
segregated communities with high noise exposure (Evans and Kim 2010). In such 
segregated neighborhoods, a reduction of quiet areas takes place and imposes an 
additional constraint of restorative qualities of the living environment (Lercher et al. 
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2015; von Lindern et al. 2017, 2016). Apart from the direct effects of noise on com-
munication and social interactions in the streets themselves, the nonavailability of 
nearby quiet and green areas has an additional negative effect on the likelihood to 
engage in social relations.

22.3.6  Summary of Health Impact Assessment of Noise 
Exposure in Cities

One limitation of this “single-effect approach” is the disregard of possible cumula-
tive effects (multiple sound sources) or combined effects (noise and vibration/air 
pollution). Secondly, these methods assess only the direct pathways. The meta- 
analyses do not provide insight about indirect pathways through vulnerability vs 
adaptability in multi-exposure stressor designs—as data are not available for most 
studies (Lercher 2016).

However, with this limitation in mind, and based on a conceptual model of trans-
port policies and health, several multifactor integrating health impact assessments 
(HIA) for cities have been conducted (Mueller et  al. 2015; Barceló et  al. 2016; 
Tainio 2015; Tobías et al. 2015) and gave slightly different answers. The last study 
from Madrid found the magnitude of the health impact of noise among people aged 
≥65 years similar to reducing average PM2.5 levels by 10 μg/m3 (Tobías et al. 2015). 
The Warsaw study found about equal contributions (air pollution 44%, 46% due to 
noise) to DALYs (Tainio 2015). Overall, the negative effect of transport was coun-
teracted to a certain degree (30%) by health benefits of active travel (walking, 
cycling). The external costs, calculated for Switzerland (Vienneau et  al. 2015), 
amounted to equal parts for air pollution (higher mortality) and noise (higher on 
HRQoL).

22.4  Classical Preventive and Mitigation Measures: Noise 
Reduction

The classical approach in noise control aiming exclusively at noise reduction based 
on noise mapping has experienced several limitations (Kang 2013; Alves et  al. 
2015; Hornikx 2016). The main reasons are outdated technical textbooks, where 
often still a 3 dB reduction criterion (LAeq) is mentioned as requirement for a suc-
cessful implementation of a noise abatement measure (Ortscheid and Wende 2004). 
This view underestimates the role subjective perception plays in integrated assess-
ments of the human response to noise from transportation (Riedel et  al. 2014; 
Nilsson et al. 2015; Lercher et al. 2015). First, the perception (and judgement of 
annoyance) of a noise abatement depends not only on the physical intensity but also 
on frequency and temporal aspects of the changed sound experience (Schorer 1989; 
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Zwicker and Fastl 1999). For example, a reduction of emergent sound events or 
specific disturbing sound features (modulation, LFN, sharpness, roughness) is 
already well perceived—although the average sound level may be reduced by only 
1 dBA or less. Secondly, with the implementation of a traffic reduction (e.g., traffic 
calming, speed reduction), not only the noise is reduced but also other perceptible 
aspects (vibration, air pollution, safety, residential satisfaction) are simultaneously 
affected and influence the integrated judgement of the exposed human. Therefore, 
enough examples exist, where the sound reduction was only small (around 1 or 
2 dBA, Leq), but the observed effect on annoyance or residential satisfaction was 
significant. Eventually, the use of generalized exposure-response relationships may 
also underestimate the achievable effect due to the different structure and contextual 
factors of cities. At least for annoyance, the reduction in annoyance in most studies 
is larger than could be expected based on noise level change (Brown and van Kamp 
2017). Thus, a positive excess response is observed compared to responses pre-
dicted from steady-state exposure-response relationships, and this excess response 
does not show a relevant decrease over time (Brown and van Kamp 2009).

22.4.1  Source Oriented: “Technoscape” Measures

There are many single options. Obviously, only integrated legislation efforts, which 
combine emission reduction of vehicle noise limits with effective traffic manage-
ment, speed limits, improved road surfaces, better tires, and adapted driver behav-
ior, will ultimately lead to the theoretically possible improvements in the city 
environment.

22.4.1.1  Classical Means of Noise Control

Noise Control at Source: Emission-Reduction of Transportation Means

There are several options. Propulsion noise, speed, and tire/road noise are the main 
contributors of the noise emission of a single vehicle. Harmonizing emission regu-
lations worldwide is a long-term goal. The type approval procedures need to be 
more realistic of daily traffic routines.

Whether all sorts of traffic calming schemes and congestion pricing reduce noise 
is still an open question. Other and more efficient options are available. For  example, 
setting speed limits and elimination of heavy vehicles from certain roads (at low 
speeds in urban streets, a heavy-duty trucks have a noise impact levels which is 
equivalent to 8–16 cars (Seto et al. 2007; Heinz Steven 2012). Reducing speed from 
50 to 30 km/h in urban areas achieves up to 4 dBA reductions, provided tight speed 
monitoring is enforced. Also the annoyance triggering acoustic features (accelera-
tion, gear changes) are reduced. If a permanent setting of speed limits or vehicle 
restriction is not feasible, a temporary setting during evening and nighttime is an 
alternative option to prevent sleep disturbances.
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Tire-road surface interactions (Sandberg and Ejsmont 2007): smaller and softer 
tires reduce noise. This effect can be additionally enhanced through a combination of 
quieter tires with sound absorbing road surfaces. Recent experience reveals that low-
noise pavements can constitute an effective noise abatement measure at the source 
(Heutschi et al. 2016; Tonin 2016). Various types of surface layers can reduce sound 
levels from 4 up to 12 dBA (depending on type and costs). The maintenance for an 
ongoing good performance over time is still a problem of any pavement surface.

The “natural” spread of sound emissions from passenger car tires (6–7 dBA) and 
traction tires from heavy vehicles (4–5  dBA) could be reduced. Low-noise tires 
exhibit a significant noise abatement potential for passenger cars already at urban 
speed regimes (Heutschi et al. 2016). The EU-project FOREVER found that in the 
125 Hz octave bands, the rolling noise is underestimated (Czuka et al. 2016)—even 
under ideal test conditions. A further problem is that the “low-noise” tires—as 
labeled by the EU tire label—do not fit: the tire with the lowest label and those with 
the highest labels yields similar noise levels, whereas the largest noise levels are due 
to tires with an intermediate label (Czuka et al. 2016). Eventually, rolling noise from 
light electric vehicles does not differ from conventional vehicles. The overall pass-
 by noise level came evidently from the tire-road noise, even at speeds of 20 km/h 
(Czuka et al. 2016).

Noise Control in the Transmission Path: Greening Instead of Classical Walls

An overview of options and effect sizes is provided by the EU-project HOSANNA 
(Nilsson et al. 2014). Often little efforts show an effect. For example, the presence 
of thick, sufficiently dense hedges (about 2 m) in combination with soil is expected 
to give about a 2 dBA reduction in realistic road traffic conditions at low vehicle 
speeds. The presence of a strip of grass increases the effect slightly. The interaction 
with soil is important for the reduction of noise frequencies below 2 kHz. Above 
2  kHz, the foliage effect of the hedges becomes relevant. Higher reduction 
(9–11 dBA) can be achieved with a 5 m vegetation barrier of moderate to high den-
sity (Ow and Ghosh 2017). Vertical green wall systems are another option, where 
horizontal space is limited (Ismail 2013; Davis et al. 2017). In addition, landscape 
plants provide excess noise attenuating effects through subjects’ emotional process-
ing, as indicated by EEG-recordings (Yang et al. 2011).

These measures can be combined (Fig. 22.5) with other measures of the road 
design (sinking the road, quiet asphalt, low-level sound barriers) and a speed limit 
to achieve the equivalent effect of a typical (unattractive) 4 m-high noise barrier 
(European Soundscape Award 2011).

Noise Control at the Receiver Point

In difficult situations corrective measures can be applied through “canyonisation” 
(bordering roads with continuous apartment buildings) to reclaim high noise impact 
zones for residential living (de Ruiter 2005). This can be enhanced by several 
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architectural means (atrium façade, balcony design), vegetation belts, or vertical 
green, when horizontal space is limited (Ow and Ghosh 2017; Ismail 2013; Davis 
et al. 2017).

Moreover, such a strategy needs to be combined with a reduction of vibration 
entering the buildings and an improvement of the perceptual quality of the backyard 
side of “canyonised” building rows (as outlined in Sect. 22.5.2).

Other architectural options to improve the “canyonisation” strategy are oriented 
toward direct façade (Neuhaus and Neuhaus 2016; Sakamoto and Aoki 2015) and 
balcony design modifications (Hossam El Dien and Woloszyn 2004; Lee et al. 2007; 
Naish et al. 2012, 2014) which improves both the visual appearance of the façade 
and reduces sound intensity and reflections.

Another option is to implement suitable buffer zones to eliminate negative 
impacts of “infill development” on environment and public health (Qiao et al. 2016)

22.4.1.2  The Forgotten Dimension: Vibration and Low-Frequency Noise 
(LFN) from Traffic

Buses, heavy trucks, tramways, and underground rail systems emit structure-borne 
sound, low-frequency noise, and perceptible vibrations into nearby buildings 
(Crocker 2007). The weight of tramways increased substantially over the past two 
decades, and due to increasing demand for public transportation in a 24/7 hour soci-
ety, night and morning hours of operation were extended. Sleep research has found 
these times especially critical regarding interference with the sleep and restoration 
process (Hume et al. 2012; Basner et al. 2015). Noise and perceptible vibrations 
from railways and roads can exert combined effects on annoyance (Ohrstrom and 
Öhrström 1997; Zapfe et al. 2012; Lee and Griffin 2013; Trollé et al. 2015; Lercher 
et al. 2017). The importance of LFN from transportation is widely underestimated 
(Berglund et al. 1996; Schreurs et al. 2008; Can et al. 2010; Ascari et al. 2015). Due 
to the nonlinearity for facade attenuation, higher frequencies are more effectively 
attenuated than lower frequencies which enter buildings easier. This effect is under-
estimated by the A-weighting scheme (Kjellberg et al. 1997). Notably, speech per-
ception is strongly impaired by LFN. The relevance of LFN for health assessments 
can be estimated quickly by the dBC-dBA difference (as recommended by DIN 

Fig. 22.5 Combining several abatement measures. Source: European Soundscape Award 2011
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45680). The presence of strong low-frequency components can enhance vibration 
perceptions through cross-modality interactions (Takahashi 2013). Few studies 
have analyzed the relation between LFN components of road traffic noise and health 
(Chang et al. 2014; Dzhambov and Dimitrova 2014; Baliatsas et al. 2016).

Perceptible vibrations can be reduced at the track, the propagation path to the 
building, and hindered to reach upper floors of the building by the so-called block-
ing floor (Sanayei et al. 2014).

22.4.1.3  The Forgotten Dimension: Effects of Combined Exposures 
to Traffic Sources

Urban densification increases the likelihood of exposure to multiple environmental 
stressors. It has been questioned whether it is appropriate to use standard exposure- 
response curves also for mixed exposures in health impact assessment (Gille et al. 
2016). Although a not well investigated area, some evidence from experimental and 
field studies is available—but most include two sources only. The studies show that 
annoyance (Lam et  al. 2009; Lercher 2011; Di et  al. 2012; Ragettli et  al. 2015; 
Bodin et al. 2015; Lercher et al. 2017) and sleep disturbance (Basner et al. 2011; 
Perron et al. 2016) are increased in a mixed sound exposure situation, depending on 
the source combination. Fewer studies investigated multisensory effects: the pres-
ence of air pollution or odors affect annoyance and HRQoL in a cumulative way 
(Lercher et al. 1995, 2017; Klæboe et al. 2000; Oiamo et al. 2015; Pedersen 2015; 
Shepherd et al. 2016; von Lindern et al. 2016)

22.4.2  Planning, Built Environment, and Land Use: 
“Enviroscape” Measures

Sustainability and resilience are the buzz words of innovative conceptual frame-
works in city planning. In a review outlining the multidisciplinary and complex 
nature of urban sustainability and resilience, noise is not mentioned at all (Jabareen 
2013). Many conceptual ideas (the compact city, new urbanism, the transit village) 
are oriented toward mixing housing development for greater density, less segrega-
tion by taming the ubiquitous automobile. This should lead to more compact, dense, 
and more walkable cities with less noise. In reality, some experts say, such develop-
ments often lack the high-density development needed (~50–60 inhabitants/ha) 
which enables sustainable mobility (UITP 2002; Harata 2017) and mixed-use 
options. The approaches are often weak in reducing ecological impacts or promot-
ing more sustainable lifestyles (Beatley 2012), livability, and neighborhood 
 satisfaction (Howley et al. 2009). Only, when compact cities provide “vital” neigh-
borhoods which are self-supporting in terms of facilities, having good travel 
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accessibility, being safe, and having high interactions between neighbors, then can 
car travel be significantly reduced (UITP 2002) and noise levels as well.

However, a review summarized in 2004: “the spatial resolution of present (city) 
models is still too coarse to model neighborhood scale policies and effects,” and the 
integration of environmental sub-models for air quality, traffic noise, land take, and 
biotopes is likely to play a prominent role in the future (Wegener 2004). This lack 
of city models with appropriate spatial resolution still hampers planning. Specifically, 
the proper classification of quiet areas suffers from this low spatial resolution of 
noise-mapping software (Kropp et  al. 2016). Classical noise prediction through 
static traffic flow analysis (as used in noise mapping) tends to underestimate noise 
exposure (see Sect. 22.2.1.4), especially at the meso- and much more at the 
microscale level where the transport dynamics (fluctuation-emergence of events) is 
of outmost importance. Higher spatial resolution is increasingly important in plan-
ning for the reduction of possible health effects—especially during nighttime—as 
there are trends for an increase of noise during nighttime hours.

22.5  The Promotive Approach: Improve the Soundscape 
in General

A soundscape is defined as “acoustic environment as perceived or experienced and/
or understood by a person or people, in context” (ISO/FDIS 12913–1 2014). “What 
sounds are noticed, become meaningful or disturbing is a multisensory process 
which involves visual, olfactory (odors), and somatosensory (vibrations) input from 
the overall city environment which codetermines the real effect on annoyance and 
perceived HRQoL. In practice, often, only small acoustic improvements are feasi-
ble. By improving in addition the environmental context, the expected effects are 
often enhanced. Absolute quietness (“silence”) is not the ultimate goal (Job 1999)—
the improvement of the acoustic quality of cities for the main human activities 
(work, communication, sleep, recreation) is the central aim of this approach: so-
called hi fidelity soundscapes by the founder of this notion (Schafer 1977). The 
focus is directed at a balance between unwanted (sounds of discomfort) and wanted 
(sounds of preference) sounds in the environment (Berglund 2006; Brown 2010; 
Andringa and Lanser 2013; Kang and Schulte-Fortkamp 2015; Kang et al. 2016a, 
2016b). For this purpose, both quantitative and qualitative aspects of sounds need 
to be assessed (Genuit and Fiebig 2016; Botteldooren et al. 2016; Kang et al. 2016a, 
2016b). The use of psychoacoustic parameters (Genuit and Fiebig 2006) and the 
detection of temporal and spectral patterns through specialized sound indicators 
(Lercher et al. 2012; De Coensel et al. 2009; Morel et al. 2012; Trollé et al. 2013; 
Klein et al. 2015; Can et al. 2015; Wunderli et al. 2015) support soundscape evalu-
ations and can lead to improved noise assignments in epidemiologic studies.
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Eventually, soundscape management is a holistic task. Therefore, the knowledge 
of positive and adverse effects of exposure combinations (see Sects. 22.4.1.2 and 
22.4.1.3) in a multisensory environment on human reactions (Viollon et al. 2002; 
Botteldooren and Lercher 2004; Hong and Jeon 2015; Jahncke et al. 2015) are pre-
requisites for implementing effective improvements in an urban soundscape.

On the health side, the orientation is toward outcomes at the lower end of the 
health spectrum (subjective well-being, HRQoL to annoyance, and self-reported or 
perceived health). Physiologic indicators of health are rarely studied (Hume and 
Ahtamad 2013; Lercher et al. 2013).

22.5.1  Providing Relative Quietness for Coping with Noise 
and Restoration

22.5.1.1  Relative Quietness and Restoration

Even in urban residential settings with high road traffic noise exposure (60–68dBA, 
Leq24), the provision of a quiet site (Fig. 22.6) with access to a green area reduces 
annoyance and psychosocial symptoms and increases the use of outdoor spaces 
(Veisten et  al. 2012; Van Kamp et  al. 2015). Among other studies, a study in 
Amsterdam revealed that relative quietness provided by a less exposed façade is an 
independent predictor of less annoyance (de Kluizenaar et al. 2013). If the differ-
ence between the most exposed and the least exposed façade is larger than 10 dBA, 
the effect on reduction of annoyance is higher (equivalent to a 5 dBA level). When 
associated with a nearby quiet and green area, noise-induced stress can be reduced 
(Ward Thompson et  al. 2012), and additional restorative (Alvarsson et  al. 2010; 
Jahncke et al. 2015) or stress-buffering effects (Wells and Evans 2003; Dzhambov 
and Dimitrova 2015) can be achieved both in children and adults. These improve-
ments will further foster physical activity and social ties, resulting in improved 
HRQoL. Moreover, it will support children to do homework and develop cognitive 
skills in quieter places and the elderly to walk around in the neighborhood without 
fear. Eventually, children and persons with hearing aids will get better oral compre-
hension in such places, as the spatial separation of noise and speech is improved 
(“cocktail party effect” reduced) and the annoying recruitment phenomenon is less 
likely to occur. Also the blind will feel more comfortable (Rychtáriková et al. 2012). 
A soundscape assessment tool for the evaluation of urban residential areas can 

Fig. 22.6 A schematic illustration of the two types of quiet places in cities. Source: 
QSIDE-project
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support urban planning or reshaping processes (Berglund and Nilsson 2006) for 
such places of relative quietness.

22.5.1.2  Innovative Architectural Implementations

Architectural concepts and options for new developments have been described for 
several scales of planning. Double or deaf façades, shielding galleries, terrace wall 
structures, curtain walls, glazed conservatories (green house), and loggias are a few 
of those options in the planning process. More principles are outlined in specific 
EU-projects (QSIDE, SONORUS, CityHush), described in the literature (de Ruiter 
2005; Pheasant et  al. 2010; Hellström et  al. 2014; Kang and Schulte-Fortkamp 
2015; Kang et al. 2016a, 2016b; Schulte-Fortkamp and Jordan 2016), or proposed 
by sound-oriented architectural groups (Hellström 2003; Neuhaus and Neuhaus 
2016). The additional consideration and use of biophilic design patterns (Gillis and 
Gatersleben 2015; Ryan et al. 2014) may be promising in such planning processes. 
Similar sound attenuation options are also available at older buildings or on the 
propagation path to these buildings or walkways (Van Renterghem et  al. 2015). 
More money for evaluations of architectural implementations is needed.

22.5.1.3  Providing Social Cohesion and Safety for the Neighborhood

Planning oriented toward a higher acoustic quality in cities is simultaneously asso-
ciated with more green places and parks for repose and social communication. Such 
developments foster a sense of place, increase social networks and the responsibil-
ity for this place, and work against segregation. These factors as a group have been 
found to reduce opportunities for crime, less litter, and lead to a better integration of 
the elderly (Kweon et al. 1998). “Sounding Brighton” is an example, where adding 
positive sound into the streets of a large event resulted in greater short-term safety 
(Lavia et  al. 2016). The reshaping of the Nauener Platz in Berlin is an example 
where a rundown neighborhood park (litter, graffiti, needles from drug users, loiter-
ing) was reclaimed with a few soundscape measures (Kang et al. 2016a, 2016b) and 
brought back neighbors to use it again (https://www.eea.europa.eu/highlights/
berlin-park-wins-award-for).

22.5.2  Improving the Soundscape by Masking or Adding 
Positive Sound

The reduction of road traffic noise near urban roads is often not feasible. An alterna-
tive concept is to improve the soundscape of confined places (places, parks) in the 
neighborhood of these roads (Hong and Jeon 2013; De Coensel et  al. 2011). 
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Soundscape research shows that introducing sounds of preference to directly mask 
(energetic masking) or distract attention away (informational masking) from road 
noise is a feasible strategy (Brown and Muhar 2004; Di et al. 2011; Lavia et al. 
2016). Sounds of moving water or nature were found to be preferred sounds across 
cultures, and most examples have analyzed the suitability of such sounds to mask 
road traffic noise (You et  al. 2010; Yang and Kang 2013; Jeon et  al. 2010; De 
Coensel et  al. 2011). A wide diversity of waterscapes were developed along the 
Gold Route in Sheffield in course of the regeneration of the Sheffield City Centre 
and studied by psychoacoustic means (Kang 2012). Masking water which had 0 to 
3 dB lower sound pressure level was evaluated as preferable when the levels of road 
traffic noise were 55 or 75 dBA (Galbrun and Ali 2013; You et al. 2010). Even the 
sound level remains unchanged; also an improvement of the spectral balance as well 
additional nature features working via visual pathways can reduce annoyance. For 
example, a vegetation belt against a road led to an overrating of noise reduction by 
the belt through the participants—but this overrating correlated with the results of 
the (portable) EEG measurements, indicating a buffering effect (“psychological 
noise reduction”) in this group behind the vegetation belt compared with the group 
without such a green belt (Yang et al. 2011).

22.5.3  Policy Integration

A recent analysis of the EEA shows that noise action plan measures around major 
roads are still dominated (nearly 80%) by classical means such as measures on the 
propagation path, at the receiver site, or traffic management (EEA 2014). Only 10% 
of measures are oriented toward land use and planning. Examples of good practice 
are collected by the EEA through the European Soundscape Award and outlined in 
large EU projects (QSIDE, SONORUS, HOSANNA, CityHush). Methodological 
tools for the assessment and improvement of city soundscapes were developed dur-
ing the past decade (Kang 2010, 2011; Rychtáriková and Vermeir 2013; Davies 
2013, 2014; van Kempen et al. 2014; Kang et al. 2016a, b; Aletta et al. 2016; Genuit 
and Fiebig 2016; Bento Coelho 2016), although further practice research needs to 
be done. The few examples that arrived at the city planning level in Europe are still 
dominated by the classical abatement approach.

In Dublin, Ireland, the city council combined noise modeling and measurement 
to identify long-term average noise levels below noise exposure that harms health. 
This led to the designation and protection of eight areas in the city. In Gothenburg, 
Sweden, a policy regarding new dwellings in central areas was established. When 
the expected noise exposure is above 65 dBA, then no dwellings should be built. 
Instead, other less sensible buildings should be used as barriers. In cases between 55 
and 65 dBA, a quiet side of 45 dBA (which we call a quiet façade) or at least one 
below 50  dBA, (called a “silenced” side) will be projected. In Zoetermeer, the 
Netherlands, a curved-shaped building was implemented, which provides a 
45–50  dBA quiet backyard side—even when the road exposed façade has noise 
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levels above 65 dBA. Examples of typical urban soundscape implementations are 
published in two books (Kang et  al. 2013; Kang and Schulte-Fortkamp 2015). 
Specific example for historic city centers or city waterfronts are included. At the 
planning level, acousticians are frequently called at a late stage in the design pro-
cess. A sustainable environmental design requires that consideration is given to all 
the human senses, including sound. It is timely to integrate innovative classical and 
soundscape planning in transportation and land use planning policies in all stages 
and at all scales to improve public health in cities worldwide (Nieuwenhuijsen and 
Khreis 2016).
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Chapter 23
Heat Islands/Temperature in Cities: Urban 
and Transport Planning Determinants 
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Xavier Basagaña

23.1  Introduction

The city structure, its land uses, and the materials used in buildings or streets can all 
alter the ambient temperature experienced in urban areas compared to the tempera-
ture registered in surrounding rural areas. Heat islands are a well-studied phenom-
enon by which urban areas can register temperatures that are several degrees hotter 
than surrounding rural areas. In this chapter, we describe the heat island phenome-
non, its causes, its consequences, and proposed solutions to alleviate it. Appropriate 
urban planning and architecture are two key elements that can contribute to alleviate 
this phenomenon. The chapter will also devote a section to health, as exposure to 
extremely hot or cold temperatures is a well-recognized health threat. We will 
review what is known on the effects of temperatures on health, how the heat island 
effect can intensify the health effects, and how several studies have shown that mea-
sures to reduce the heat island phenomenon can be translated into health benefits.

23.2  Heat Island Definition

It has been known for some time that large urban areas can register hotter air tem-
peratures than surrounding rural areas, a phenomenon that is known as the urban 
heat island, which is driven by the replacement of green or open natural areas with 
buildings, roads, and parking areas built with materials that absorb and store more 
heat. Such differences in temperature can reach values of more than 10 °C at night-
time, although in most cities, the daytime difference is between 2 and 4  °C 
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(Table 23.1) (CalEPA 2017). The urban heat island represents one of the most sig-
nificant human-induced changes to Earth’s surface climate (Zhao et al. 2014).

There are several reasons that contribute to the increased temperatures in cities, 
including a large area covered by heat-absorptive surfaces, the lack of vegetation 
and moisture, the generation of heat by human activities, and the city geometry, all 
of which can influence the city energy balance. However, there are many other fac-
tors that play a role, such as the size of the city, topography, elevation, latitude, 
location relative to the sea or vicinity to bodies of water, local climate, land use, 
presence of urban canyons, presence of industry, building density, and urban air pol-
lution, which make the intensity of the heat island effect a very site-specific issue 
(Burkart et al. 2016; Heaviside et al. 2017; Koppe et al. 2004; Santamouris 2015; 
Tzavali et al. 2015). Even within a city, there might be variations in the heat island 
intensity, with the presence of micro-urban heat islands that are usually located in 
parts of the city covered by buildings and roadways and with a small presence of 
green space.

The heat island effect can be present throughout the year and at any time of the 
day, although it is usually more noticeable at night, and in days with clear skies and 
light winds, which prevent the dispersal of the warm air accumulated in the cities. 
The nighttime pattern is explained by the fact that several urban materials, such as 
concrete or pavement, absorb the sun energy they receive during the day and gradu-
ally release it during the night. The surrounding rural areas, without those materials 
with high heat capacity, cool down faster during the night. The heat island effect is 
particularly evident during heat waves, i.e., during episodes with several consecu-
tive days of extreme heat. Thus, urban areas are usually hit harder by heat waves 
than rural areas. The heat island effect is also influenced by humidity, with lower 
intensity of the phenomenon in regions or days with higher relative humidity 
(Santamouris 2015).

Table 23.1 Magnitude of urban heat island in different cities around the world. Data obtained 
from Tzavali et al. (2015) and Santamouris (2015)

City Country Magnitude of heat island

Melbourne Australia 2–4 °C, with daily peaks of 7 °C
Tokyo Japan 8 °C
Delhi India 8.6–10.7 °C in dense and commercial built-up areas, 3.1–6.9 °C in 

open and green areas
Tel Aviv Israel 3–5 °C, 5.2 °C
Cairo Egypt 0.5–2 °C
Moscow Russia 0.8–0.9 °C, to 14 °C under strong anticyclone conditions
Athens Greece 6–12 °C
London UK 0.7–0.8 °C during the day, 2.5–3.0 °C at night, with peaks of 8 °C
Johannesburg South 

Africa
2.8 °C, reaching 11 °C during strong-inversion winter nights

Chicago USA 2.34–2.68 °C
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23.3  Causes of Heat Islands

As mentioned, heat islands are created by a combination of reasons. In this section, 
we review some of the most important ones. The built environment of cities usually 
leads to a reduction of evaporative cooling (e.g., by the reduction of vegetation), 
which is one of the main factors involved in the heat island phenomenon. The arti-
ficial materials used (e.g., dark pavement or roofing) can also reduce the albedo (sun 
reflectance), thus storing more radiation energy during daytime that can then be 
released during the night. Street canyon geometry also has influences on the radia-
tion balance and on the redistribution of energy through convection with the atmo-
spheric boundary layer. Other human activities that generate heat, such as those 
involving engines or generators, including emissions from vehicles, can also con-
tribute the warming of cities.

23.3.1  Urban Area Materials

The materials used to build urban areas absorb and reflect solar radiation, store heat, 
emit infrared radiation, and release sensible and latent heat through convection and 
evaporation processes, and they do that at different rates than rural areas. On hot and 
sunny days, urban surfaces can become up to 50 °C hotter than the air, while shaded 
or moist surfaces remain close to air temperatures. For example, dark and dry surfaces 
can reach temperatures of up to 88 °C when exposed to the sun (Tzavali et al. 2015).

23.3.2  Vegetation

Differences in vegetation can influence the difference in temperature between rural 
and urban areas (Burkart et  al. 2016; Heaviside et  al. 2017; Koppe et  al. 2004). 
Vegetation absorbs solar radiation, so reflected radiation is small. Green spaces also 
provide cooling through evapotranspiration. Instead of increasing air temperatures, 
solar energy is used to evaporate water from plants, which cools the plant and 
reduces the amount of energy that is left to warm the air. In addition, vegetation has 
lower heat capacity and thermal conductivity than the materials used in buildings. 
Another important way in which vegetation can contribute to cooling cities is 
through shading, which reduces the incident shortwave radiation, leads to lower 
ground and wall surface temperatures, and reduces radiant temperature. Different 
trees have different shading capacity, which is one of the criteria that urban planners 
need to take into account when deciding to plant trees in an urban area. Finally, 
green spaces can also reduce wind speed within a city. This may be undesirable in 
terms of reducing temperature in the summer, as it leads to reduced cooling through 
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wind. For example, in hot and humid areas, it is recommended to use trees with high 
canopies that allow for ventilation at ground level (Koppe et al. 2004).

23.3.3  City Form and Topography

City morphology influences the air temperature of cities in complex ways, by modi-
fying, for example, the area of exposed external surfaces and surface reflectance 
(Koppe et al. 2004; Zhao et al. 2014). As an example, a cubical form can collect 
three times more radiation than unbuilt ground. Thus, things like the orientation, 
layout and width of streets, the height, shape, and location of buildings, and the 
resulting shading patterns can all influence the heat transfer of the urban area by 
modifying the magnitude of shortwave radiation reaching the street level and the 
longwave radiation escaping from the canyon (Santamouris 2015). Although it is 
complex to capture all these aspects in a single index, the Sky View Factor (SVF), 
defined as the fraction of sky visible from the ground up, is a good marker of the 
heat island effect, as it is related to the long-wave heat radiation losses. Figure 23.1 
shows two examples of SVF. Indeed, several studies have documented a negative 
correlation between SVF and the increase in temperature comparing built-up and 
open areas (Svensson 2004). It is important to note, though, that wind patterns can 
modify those associations.

Topography is also important in modulating the heat island effect. Having moun-
tains around can prevent air circulation and heat dispersion and can prevent the cir-

Fig. 23.1 Examples of Sky View Factors (SVF) obtained from fisheye photographs in two differ-
ent locations. Figure adapted from Fig. 1 in: Landscape and Urban Planning; Vol 125; Sookuk 
Park, Stanton E. Tuller, Myunghee Jo; Application of Universal Thermal Climate Index (UTCI) for 
microclimatic analysis in urban thermal environments; pages 146–155; Copyright 2014; with per-
mission from Elsevier
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culation of the sea-land breeze. The San Francisco Bay Area is an example of ocean 
and mountains modulating the heat island effect (CalEPA 2017). The breeze from 
the ocean cools coastal cities, but the inland mountains trap warm air and displace it 
to other areas, thus warming areas that are upwind of the heat island. Dark- colored 
mountains can also absorb shortwave radiation and contribute to the warming of  
cities, as shown for Muscat (Oman) (Santamouris 2015). It is well-known that areas 
that are close to large bodies of water show less extreme temperatures, in part because 
of the land-sea breeze generated by temperature and pressure differences between 
the land and the sea. The heat island can prevent the inland movement of the sea 
breeze. Then, the cooling impact of the breeze can only be noticeable at the coastal 
front. For example, the waterside districts in Lisbon (Portugal) register temperatures 
that are up to 3–4 °C lower than in the city center (Burkart et al. 2016).

23.3.4  Size of the Urban Area

Several studies have reported that the larger and the more populated an urban area 
is, the more pronounced is the urban heat island intensity. In 1973, Oke reported that 
the maximum urban-rural difference of 2.5  °C for towns of 1000 inhabitants 
increases to 12 °C for cities of one million inhabitants (Oke 1973).

23.3.5  Wind

As mentioned, wind can influence heat islands, as in the case of sea breezes or wind 
systems in mountain valleys (Koppe et al. 2004; Santamouris 2015). Usually, faster 
winds imply a higher rate of heat dissipation by convective cooling. When the rural 
areas surrounding the cities are open country, wind speed is lower in the city than in 
the rural areas and so is the heat dissipation. However, street canyons can create 
complex airflow patterns that may alter this pattern, increasing wind speeds in the 
city. Winds can also contribute to warming areas downwind the city. A study in 
Birmingham (UK) found a warming of 1.2 °C up to 12 km downwind of the city, 
and this phenomenon can reach up to 40 km for a large city such as London (UK) 
(Bassett et al. 2016).

23.3.6  Heat-Generating Activities

Several human activities that generate heat can contribute to the heat island phe-
nomenon, although the anthropogenic heat is much smaller than that received from 
the solar radiation in summer (Santamouris 2015; Tzavali et al. 2015). Those activi-
ties include transportation, industry, or energy consumption at homes. The average 
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anthropogenic heat flux in urban areas has been suggested to be 100 W/m2, although 
they can reach 250 W/m2 in European and North American cities. In Tokyo (Japan), 
the anthropogenic heat flux exceeds 400 W/m2, with a maximum reaching 1500 W/
m2 in winter (Santamouris 2015). The translation of those fluxes to air temperatures 
depends on many features of the city, including prevailing climatic conditions and 
geographical location. In Taipei, the anthropogenic sources were estimated to con-
tribute 0.2 °C to air temperature, while in an industrial zone in Malaysia, they con-
tributed 1.1 °C (Santamouris 2015).

23.3.7  Building Types

Different housing types have been found to have different risks of overheating, also 
in part due to their location within a city. For example, in a study in the West 
Midlands (UK), Macintyre et al. found that the type of housing that is more likely 
to overheat (flats in buildings) tends to be located in the warmest parts of the city 
(Macintyre et al. 2018). They registered ambient temperatures around buildings and 
terraced houses were 0.1 °C higher than the average for all housing types, while 
detached houses, which tended to be in the suburbs, had 0.2 °C lower temperatures. 
Interestingly, care homes and hospitals tended to be exposed to higher ambient tem-
peratures than average.

23.3.8  Daytime Cool Islands

Apart from heat islands, cool islands, i.e., urban areas with cooler temperatures than 
surrounding rural areas, have also been documented (Santamouris 2015). This is 
mostly a daytime phenomenon that may occur in deep and dense urban canyons due 
to the extensive shading provided by the buildings, along with their high heat storage 
capacity. Thus, deep canyons can present a heat island effect during nighttime and a 
cool island effect during daytime. In Beijing, urban cool islands were observed dur-
ing the morning period and were attributed to reduced solar radiation because of high 
concentrations of aerosols and to the possible advection of warmer air to rural areas.

23.4  Consequences of Heat Islands

Heat islands have several adverse effects (CalEPA 2017; Heaviside et  al. 2017; 
Koppe et al. 2004; Kyriakodis and Santamouris 2017; Santamouris 2015; Tzavali 
et al. 2015). The increase in temperature can exacerbate the health consequences of 
heat waves, as detailed below, and reduce human comfort. In addition, the warmer 
temperatures favor the creation of ground-level ozone, which is associated with the 

X. Basagaña



489

exacerbation of several health conditions such as respiratory and cardiovascular 
problems. Air pollution and high temperatures may act synergistically during heat 
waves to produce stronger health effects. The warmth of urban sites can also favor 
the spread of vector-borne diseases. Apart from the health-related problems, high 
temperatures also accelerate the degradation of materials, e.g., road surfaces. In 
addition, one of the most studied consequences of heat islands is the increase in 
electricity consumption because of the increasing use of air conditioning.

The widespread use of air conditioning contributes to peak electricity loads. The 
increase in energy consumption leads to increases in greenhouse gas emissions. It 
has been calculated that the peak electricity demand increases from 0.45% to 4.6% 
for each 1 °C increase in maximum temperature during the summer (Kyriakodis and 
Santamouris 2017; Tzavali et al. 2015). A study based mainly on cities in the USA, 
Europe, and Australia estimated that the increase of the demand for cooling in build-
ings has increased by 23% in the last four decades (Tzavali et al. 2015). A study in 
Athens estimated that the urban heat island may double the cooling load and triple 
the peak electricity load of buildings designed for having low cooling and heating 
needs (Koppe et al. 2004). Projections estimate that future energy consumption for 
cooling in residences will increase up to 750% (Kyriakodis and Santamouris 2017). 
This is due not only to global warming but also to the increase of population in  
cities and the increased penetration of air conditioning systems in many parts of the 
world. An economic study in Los Angeles, USA, estimated that the costs of the heat 
island were about $150,000 per hour, resulting in $100 million for cooling (Koppe 
et al. 2004). The use of air conditioning also contributes to the increase of anthropo-
genic heat in cities. Although the use of air conditioning may be beneficial for 
health, relying on air conditioning to combat heat can widen inequalities, and it 
makes the population vulnerable in the event of power outages, which occur in some 
cities during hot summer days with large energy demands.

On the contrary, the heat island effect can have some benefits in winter. In par-
ticular, the study in Athens estimated that the heat island reduced the heating load of 
the buildings by 30% (Koppe et al. 2004). The beneficial effects of heat islands have 
received less attention in the literature.

23.5  Proposed Mitigation Actions

The heat island phenomenon can be moderated by appropriate urban and transport 
planning actions or by using certain technologies. The most popular measures 
include replacing urban materials by others that reflect more solar radiation (“cool” 
materials) and increasing the vegetation in the city. However, there are more poten-
tial actions, such as reducing anthropogenic heat. This section reviews some of the 
suggested actions. More detailed information can be found, for example, in the 
US  Environmental Protection Agency report Reducing Urban Heat Islands: 
Compendium of Strategies (2008).
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23.5.1  Increasing the Albedo of Cities

Increasing the albedo or reflectance of the city can be achieved in several ways. 
Simple solutions such as painting roofs or building walls or pavement with white 
colors can already achieve increases in reflectance that can be translated into lower 
air temperatures. This is an old solution applied for many years in many South 
European and North African towns characterized by white houses. The effective-
ness of this measure is due to the fact that white surfaces directly reflect much of the 
sun radiation back to space, unlike dark materials, which absorb the sunlight and 
then reradiate it at much longer wavelenghts, which is then trapped by the green-
house gases in the atmosphere.

There are several materials available for “cool roofs,” the term used for the use 
of highly reflective materials in roofs of buildings (see US Environmental Protection 
Agency (2008)). While traditional roofing materials in the USA have a reflectance 
of 5–15% (i.e., they absorb 85–95% of solar radiation), some cool roof materials 
can reach more than 65% reflectance. In the summer sun, black asphalt roofs can 
reach temperatures of 85 °C, metallic roofs can reach 165 °C, and cool roofs can 
stay below 46 °C. This can be translated into reductions in air temperature. A simu-
lation conducted for New York City found that replacing 50% of roofs with cool 
roofs would achieve reductions of 0.2 °C in the average temperature of the city, with 
reductions of up to 0.8 °C in some parts of the city (US Environmental Protection 
Agency 2008). Increasing the albedo of a city would not directly affect the  
nighttime urban heat island, but it can have indirect effects by reducing the amount 
of heat that is absorbed during the day and, therefore, the amount of heat that is 
released at night (Zhao et al. 2014).

Cool roofs are not necessarily more expensive than traditional ones. The degree of 
success of implementing cool roofs will depend on several conditions, including 
local climate and the building design, but several studies have reported annual cool-
ing savings ranging from 10% to 69% (US Environmental Protection Agency 2008). 
A detailed cost-benefit analysis is needed before implementing cool roofs, as, for 
example, having a cool roof may require consuming more energy for heating in win-
ter. One study found that, in California, cool roofs had a net benefit of up to $0.66 per 
square foot. Implementing cool roofs may have other unintended consequences for a 
city. For example, the increased reflectance may favor ozone formation (Heaviside 
et al. 2017). Thus, appropriate planning of such policies is recommended.

Acting on pavements is another way to improve the reflectance of a city and 
reduce the heat island effect. For example, a study in Athens evaluated a large-scale 
intervention to introduce cool asphalt in a major traffic street (Kyriakodis and 
Santamouris 2017). They concluded that the intervention could reduce the surface 
temperature by 11.5 °C and the ambient temperature by up to 1.5 °C, although the 
efficacy of the asphalt will be reduced by aging. Many other studies have evaluated 
similar interventions and found reductions in temperatures of around 0.6 °C.
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23.5.2  Increasing Vegetation

As explained above, vegetation can reduce the heat island effect through multiple 
pathways, especially through evapotranspiration, increased shading, and decreasing 
radiant temperature, which is a key parameter for thermal stress in humans 
(US Environmental Protection Agency 2008; Koppe et al. 2004). Increasing vegeta-
tion in an urban area needs to be carefully planned taking into account issues such 
as water demand and availability, maintenance costs, the different shading provided 
by different species, or their allergenic potential. Vegetation can have other benefits 
apart from reducing the heat island effect, such as reducing air pollution levels 
through dry deposition; reducing noise levels; carbon sequestration; reducing expo-
sure to UV radiation; increasing physical activity levels of residents around green 
areas; and reducing the volume of storm water received and thus preventing sewer 
overflow.

Several cost-benefit analyses have shown a net benefit of planting trees. For 
example, studies in several cities in the USA have calculated benefits of $1.50–
$3.00 per dollar invested, or of around between $15.50 and $85 per tree 
(US Environmental Protection Agency 2008; Koppe et al. 2004). Other studies in 
the USA have also documented that increasing the urban tree coverage by 25% can 
lead to savings of up to 40% in the cooling load of a city, although results depend, 
among other factors, on the city current spending on cooling (Koppe et al. 2004). 
Another study estimated that the peak temperature in summer in New York City 
could be reduced by 0.2 °C by adding trees to increase shade in 6.7% of the city area 
and estimated a reduction of 0.5 °C if 31% of the city was changed to have trees and 
green roofs (Mills and Kalkstein 2012).

Green roofs, i.e., having a layer of vegetation on top of roofs, and green walls, 
the same concept applied to vertical surfaces, are other proposed solutions to coun-
teract the heat island phenomenon. The cooling potential of green roofs depends on 
several factors, including the local climate, the type of vegetation and soil, irriga-
tion, and maintenance. Green roofs also provide insulating effects in winter 
(Heaviside et al. 2017). A study in Toronto, Canada, estimated that adding green 
roofs to 50% of the downtown surfaces would reduce ambient temperatures by 
between 0.1 and 0.8 °C, and those reductions could be increased to 2 °C by irrigat-
ing those green roofs (US Environmental Protection Agency 2008).

Installation of green roofs may have large initial costs, but full life-cycle analyses 
have shown that green roofs can result in net benefits in densely populated areas, 
especially through reducing the energy needs of the building. When incorporating 
the public benefits, those investments are even more favorable.

23 Heat Islands/Temperature in Cities: Urban and Transport Planning Determinants…



492

23.5.3  Other Strategies

Another strategy that could be considered is trying to reduce the anthropogenic heat 
of a city. However, a study estimated that such a strategy would result in almost no 
changes in the heat island effect (Zhao et al. 2014). Other strategies that focus on 
managing the convection efficiency of the city by changing its morphology could 
bring important benefits, but they are unfeasible as they would require, for example, 
citywide changes in building height.

23.6  Effects of Heat on Health

It is well-known that temperatures influence human health. In particular, it is well 
documented that episodes of extreme heat and cold result in increases in mortality 
and hospital admissions (Basu 2009; Basu and Samet 2002; Gasparrini et al. 2015). 
To cite a few, heat waves produced 5000–10,000 extra deaths in the USA in 1988, 
70,000 additional deaths in Western Europe in 2003, 11,000 extra deaths in Russia 
in 2010, and 3500 additional deaths in India and Pakistan in 2015. However, even 
non-extreme episodes of heat and cold produce such increases in mortality. Actually, 
results from an international study using mortality data from 384 locations in 13 
countries estimated that 0.42% of all deaths can be attributed to heat every year, 
even if no heat waves occur (Gasparrini et al. 2015). The relationship between mor-
tality and temperature is U-shaped as displayed in Fig. 23.2 for the city of Barcelona 
(Spain). The same relationship, with different slopes for the effects of heat and cold, 
has been documented in many other parts of the world. The temperature of  minimum 
mortality also changes by location, showing the adaptation of the population to its 
local climate (e.g., the effect of heat on mortality starts to be detected at hotter tem-
peratures in hot cities in comparison to colder cities).

Humans need to maintain a constant body temperature of around 37 °C regard-
less of the outdoor temperature. To do so under hot ambient temperatures, the body 
activates several thermoregulatory mechanisms, such as increased sweating leading 
to loss of water and minerals, diverting blood from internal organs toward the skin 
to dissipate body heat, changing blood viscosity, or increasing the heart and 
 respiratory rate (Koppe et  al. 2004). These changes are well tolerated in healthy 
people, but they may put an additional stress to the body of vulnerable populations 
such as the elderly or those suffering from chronic diseases. Ultimately, a heat epi-
sode may trigger acute events such as heart attacks or renal failure in a percentage 
of that frail population, leading to the observed excess deaths during hot episodes. 
Other vulnerable populations include children, pregnant women, the obese, those 
with limited mobility and little social contact, those with psychiatric conditions, 
those taking medications that alter thermoregulation, and the socially disadvantaged 
(Basu and Samet 2002; Klein Rosenthal et al. 2014).

Apart from the increases in mortality and hospital admissions, other studies have 
shown that heat can trigger delivery and thus increase the number of preterm births 
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(Zhang et al. 2017) and that heat increases the likelihood of accidents (including 
traffic crashes) and injuries to occur (Otte im Kampe et al. 2016).

23.7  Influence of the Heat Island on Health Effects

Heat islands can aggravate the health consequences of hot temperatures and heat 
waves. In situations of extreme heat, the increased temperatures of urban areas put 
an extra burden to the human body. In particular, it has been reported that high 
nighttime temperatures are especially sensitive for health, as they limit the ability of 
individuals to cool down. As explained above, the heat island effect is especially 
noticeable at night. Some studies also have shown that those living on the top floors 
of buildings are at increased risk of health events during heat waves (Klein Rosenthal 
et al. 2014; Laaidi et al. 2011). A number of papers have also documented that the 
hotter parts of the city show increased mortality rates during heat waves, indicating 
an extra effect of heat islands (Goggins et al. 2012; Heaviside et al. 2016, 2017; 
Smargiassi et al. 2009; Vandentorren et al. 2006).

A study in Montreal, Canada, found that heat increased mortality by 28% in the 
areas with highest surface temperatures, while this increase was only 13% in the 
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Fig. 23.2 Relationship between temperature (°C) and number of daily deaths in Barcelona, Spain. 
The shaded region indicates 95% confidence intervals
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areas with lowest surface temperatures (Smargiassi et al. 2009). Similarly, a study in 
Hong Kong found that the increase in mortality for every 1 °C increase in tempera-
ture over 29 °C in the areas with high urban heat island index was 4.1%, while it was 
only 0.7% in areas with low urban heat island index (Goggins et al. 2012). A study 
in the West Midlands (UK) estimated that 50% of the total heat-related mortality 
during the 2003 heat wave could be attributed to the heat island effect (Heaviside 
et al. 2016). In London (UK), however, a study suggested almost complete acclima-
tization of the heat island effect (Milojevic et al. 2016). A study in the USA esti-
mated that the heat island phenomenon was associated with an increase of 1.1 deaths 
per million population (Lowe 2016). In terms of projections and economic costs, a 
study in Melbourne, Australia, estimated that the heat island is expected to add 
2.2 days with temperatures over 35 °C per year and an additional heat wave every 
10 years compared to the areas that are outside of the heat island. This was associ-
ated with an extra cost of $300 million (AECOM Australia Pty Ltd 2012).

As mentioned above, the heat island effect can bring some benefits in winter, 
although these have been less studied. However, a study in the USA estimated that 
the urban heat island could reduce cold-related mortality by four deaths per million, 
in comparison with an increase of 1.1 deaths per million due to heat-related mortal-
ity (Lowe 2016).

23.8  Influence of Green and Blue Spaces on Health Effects

Given the potential of green and blue spaces to reduce ambient temperatures, several 
studies have investigated the variation of the health effects of heat within a city by 
these characteristics. A study in Lisbon, Portugal, found that a 1 °C increase in tem-
perature over the 99th percentile was associated with a 14.7% increase in mortality 
in the area with lowest greenness, while it was associated with a 3% increase in the 
greener areas. Likewise, in areas that were more than 4 km away from a water body, 
the increase in mortality was 7.1%, while it was only 2.1% in the areas close to blue 
spaces (Burkart et  al. 2016). Thus, the study supported that both green and blue 
spaces are able to mitigate the effects of extreme heat on mortality. A study in Seoul, 
Korea, also found decreases in heat-related mortality from 4.1% to 2.2% as green-
ness of the area increased (Son et  al. 2016). In Michigan (USA), the increase in 
cardiovascular mortality during extreme heat was 17% in the areas with low green 
space, while there was no increase in greener areas (Gronlund et al. 2015). A study 
that included the Medicare beneficiaries in the USA found that the effect of extreme 
temperature on mortality was 3% higher in areas with less green space (Zanobetti 
et al. 2013). On the contrary, a study in Australia, one in Philadelphia (USA), and 
one in Massachusetts (USA) did not find differences on heat-related mortality by 
vegetation (Madrigano et al. 2013; Uejio et al. 2011; Vaneckova et al. 2010).

Other studies have estimated what the health benefits of different vegetation 
interventions could be. Although these studies are extremely useful, it is often dif-
ficult to validate their estimated impacts. A study in Melbourne, Australia, estimated 
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that reductions in heat-related mortality could go from 5% to 28% if the vegetation 
cover of the business district increased from 15% to 33% (Chen et  al. 2014). 
Transforming the entire business district into a forested park could reduce heat- 
related mortality between 37% and 99%. A study in Arizona, USA, estimated a 48% 
reduction on heat-related emergency service calls associated with simultaneous 
improvement in emissivity, vegetation, thermal conductivity, and albedo (Silva 
et al. 2010). Finally, a study based on metropolitan areas in the USA estimated that 
changes in vegetation cover and surface albedo could reduce the projected increases 
in heat-related deaths due to global warming by 40–99% (Stone et al. 2014).

23.9  Conclusions

Heat islands have been documented in many large urban areas around the world. 
They can contribute 2–4 °C to the ambient temperature of cities during daytime and 
to over 10 °C in certain places and times, especially at night. Certain actions related 
to urban planning, such as using cool materials or increasing the vegetation of cities, 
can have an important influence in ameliorating the intensity of heat islands. These 
actions have been shown to produce benefits, especially in terms of energy savings 
and also in the reduction of the health effects of heat. Given the complexities associ-
ated with the multiple benefits and costs of such interventions, implementations to 
correct the effects of urban heat islands should be based on full life-cycle studies 
involving public planners, climatologists, experts in air pollution, botanists, and 
public health experts.
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Chapter 24
Aiming at Social Cohesion in Cities 
to Transform Society

Mikael Stigendal

24.1  Introduction

Does social cohesion exist? Obviously, it does as a term. Otherwise I would not have 
been able to write this chapter. But does it also exist as a concept? That is not the 
same as a term. To exist as a concept, it has to be defined, or in other words, the term 
has to be provided with a content: an idea. The difference between term and concept 
means that social cohesion can be defined in different ways. But yet, to exist as a 
concept, it has to be defined in one way or the other. Is it normally used as a concept 
and not just as a term? Far too seldom, in my view. In the common use of it, I would 
describe its content as floating. People use the term but not with any precise mean-
ing or with a meaning which is taken for granted (Eizaguirre et al. 2012: 2007).

The choice of words and terms matter. They put our minds on a certain track and 
direct our attention. They can, for example, put us on track to take things for granted. 
It also matters how we define them, what we mean by them, more or less intention-
ally. In addition to term and concept, social cohesion also exists in a third way, 
namely as something which we can refer to by using the term and concept of social 
cohesion (Fairclough et al. 2002). But how can we refer to something which we 
have no idea about? That is unfortunately the situation with the normal use of the 
term social cohesion. People use it but do not really know what they are talking 
about. Then, it gets filled with a content which is taken for granted.

In this chapter, I will start to analyse the use of the term in the EU context. It is 
part of the EU cohesion policy which directs the structural funds, and through mea-
sures funded by them, the definition of the term has had a profound impact on cities. 
Thereafter, I will draw on recent research to present a preliminary definition of the 
concept. Finally, I will suggest a further elaboration of that definition, based on an 
explanation of the problems that social cohesion could become a solution to.  
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To highlight the required changes, I will use the concept of social innovation but in 
the sense of something transformative, which replaces existing societal forms and 
not only reforms them. The chapter will finish with the presentation of five criteria 
which social innovations should comply with.

24.2  The EU Cohesion Policy

The EU’s position on social cohesion is part of its cohesion policy with roots in the 
reassessments of the 1980s. The experience of the 1970s had convinced many poli-
ticians that the Keynesian welfare policies of the nation-states did not work any-
more. In the second half of that decade, influential organisations such as the OECD 
had also begun to advocate changes in a neoliberal direction (see, e.g. Jessop 2002). 
The British Government after the election of the Tories in 1979 with Margaret 
Thatcher as the new Prime Minister came to spearhead such a change.

The neoliberals at the time argued, and the contemporary ones still do, that high 
unemployment and low growth occur because the market is not free enough. 
Deregulation has thus been demanded as remedy. The markets must be freed and 
people must be encouraged or forced to apply for a job, regardless of the job’s qual-
ity. Activation, it has been called. Safety is less important. The state should focus on 
supporting the supply side and not to strengthening demand, whereof the latter was 
characteristic of the Keynesian policy (Morel et  al. 2012). In Encyclopedia of 
Globalization, Bob Jessop (2012) defined neoliberalism as a “political project that 
is justified on philosophical grounds and seeks to extend competitive market forces, 
consolidate a market-friendly constitution and promote individual freedom”.

For a start, many politicians on the continent opposed the neoliberal policies 
represented by the Thatcher government. The President of the European Commission 
Jacques Delors became a rallying figure for those who wanted to defend a regulated 
capitalism, and he was instrumental in developing a response to the crisis of 
Keynesianism and the emerging neoliberalism (Novy et al. 2012: 1876). Cohesion 
policy was central to the EU’s reorientation. When established in 1988, it was to 
replace the nation-state Keynesianism with something else at the European level, 
but not with neoliberalism. As Liesbeth Hooghe (1998: 459) writes, the reform of 
1988 constituted “the bedrock of the anti-neoliberal programme. Though the imme-
diate goal is to reduce territorial inequalities in the European Union, its larger objec-
tive is to institutionalise key principles of regulated capitalism in Europe”.

However, it was not a question of replacing a national Keynesianism with a 
European one. In Keynesianism, social policy was concerned with the redistribution 
between people. That orientation was shifted in cohesion policy to a redistribution 
between regions, i.e. from a people-based to a place-based redistribution. That 
could be seen against the background of the new member states from southern 
Europe joining the EU during the first half of the 1980s, which highlighted the large 
differences between the countries. That is the orientation that cohesion policy in 
Europe has maintained ever since. The view of differences has remained  place 
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based and as a regional problem. Redistribution should thus take place between 
regions and places, while redistribution between people at the national level is 
increasingly restricted. As current cohesion policy does not primarily concern the 
relationship between rich and poor people (see also Novy 2011), it is therefore not 
the same as social policy before the 1980s.

The structural funds have been the main tools for implementing cohesion policy. 
The largest ones are ERDF (European Regional Development Fund) and ESF 
(European Social Fund). Cities and regions across Europe have attracted huge 
amounts of money from these funds. The rules for applying, how to spend the 
money and how to think of progress have been set by the EU Cohesion policy. In 
this way, what the EU means by cohesion has had a profound impact on urban and 
transport planning as well as on policies dealing with health inequalities. Therefore, 
we need to know what the EU means by cohesion.

24.3  What Does the EU Mean by Cohesion?

The European Commission published its first report on cohesion policy in 1996 
(European Commission 1996). It begins commendably with a chapter called “What 
do we mean by cohesion?” In line with the regulated capitalism that the initiators of 
cohesion policy advocated, the report refers to a European social model based on 
the values of the social market economy:

This seeks to combine a system of economic organisation based on market forces, 
freedom of opportunity and enterprise with a commitment to the values of internal 
solidarity and mutual support which ensures open access for all members of society 
to services of general benefit and protection. (European Commission 1996: 13)

This is the model of society that the European Union should seek to preserve; it 
is said in the first report on cohesion. Deepening European integration means that 
the European Union must take greater responsibility and share it with member 
states, something which should be done with the help of the cohesion policy. 
Cohesion must therefore be not only economic but also social, and as stated in the 
quotation, these two forms of cohesion should be combined. With economic cohe-
sion, the report means “convergence of basic incomes through higher GDP growth, 
of competitiveness and of employment” (European Commission 1996: 13).

Social cohesion is said in the report to be a little harder to define. Based on the 
notion of solidarity, it is associated with “universal systems of social protection, 
regulation to correct market failure and systems of social dialogue” (European 
Commission 1996: 14). That creates favourable conditions for economic develop-
ment, the report stresses. Economic and social cohesion appear in the report as 
interdependent.

The key term to social cohesion, however, is solidarity, the word of the day at the 
time of the World Exhibition in Paris in 1900. In fact, as Sven-Eric Liedman (1999) 
claims in his book on solidarity, its importance at that time corresponds to today’s 
“sustainable development”, which was also the theme of the World Expo in Hanover 
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in 2000. Solidarity had also its leading theorist, namely, Emile Durkheim, one of the 
classics in sociology. Durkheim saw solidarity as a fact and not primarily as an 
ideal. It was built into the functioning of society. Earlier forms of society were char-
acterized by a solidarity which Durkheim calls mechanical, based on similarity. In 
such a form of society, individuals are similar because they experience the same 
feelings, cherish the same values and hold the same things sacred. Eventually, an 
opposite form of solidarity emerged, called organic by Durkheim, based on diver-
sity and differentiation (Novy et al. 2012: 1875).

The use of the word solidarity in contemporary European cohesion policy has its 
roots in those decades around the turn of the previous century. It is easy to trace the 
word solidarity back there, also because it stems from French. It was written into the 
Code Civil already in 1804. In the 1840s, it spread to German and English as a con-
sequence of the revolutionary sentiments of that decade. Marx used it at a later stage 
but then only for the class, not for the whole of society; partial or collectivist soli-
darity as Liedman calls it. In contrast, the approach advocated by Durkheim referred 
to the whole of society.

For both Marx and Durkheim, however, solidarity meant a reciprocity. That is a 
different definition than the one that simply relate solidarity to those who suffer, 
normative solidarity as Liedman (1999: 86) calls it, which means that the fortunate 
should care about the poor and oppressed, while they in their turn should accept the 
privileged position of the fortunate. It is a definition of solidarity that has come to 
dominate, to the extent it is whatsoever spoken about solidarity nowadays. The 
strength of the normative notion of solidarity also depends on its foundation in 
Catholicism since the 1930s. Hence, the boundary between solidarity and charity 
has been relaxed. At the same time, the word has become associated with history 
and not with the future. It is not a new society that is foretold in the Catholic use of 
the word, but rather a return to the principles of an old one, as described in the Bible.

24.4  The Vanishing Substance of Social Cohesion 
as a Concept

The EU cohesion policy expresses such a normative notion of solidarity, although 
not between groups of people but between states as well as regions. The fortunate 
regions and states should show solidarity with “the poorest Member States and 
regions and with the most disadvantaged regions and people in the more prosperous 
Member States” (European Commission 1996: 11). In the most recent cohesion 
reports, the word solidarity does not only lack a clear meaning, but it disappears 
almost entirely. In the EU’s fifth Cohesion Report (European Commission 2010), a 
normative concept of solidarity is purely reflexively expressed in the preface, writ-
ten by the two Commissioners for Regional and Urban Policy and Employment, 
Social Affairs and Inclusion: “Our efforts will in particular support development in 
the poorest regions in line with our commitment to solidarity”.
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The current cohesion policy is clearly a cohesion on market conditions. It is pri-
marily through our roles in the market such as consumers and wage workers that 
cohesion should be achieved. And it does happen. Even neoliberals have an idea 
about cohesion, Liedman (1999: 44) reminds, as “the market links producer and 
consumer”. But some of these social relations cause inequalities. Neoliberals have 
not much to say about such social relations within what they see as the economy, 
grounded as they are in neoclassical economics (Fine 2007).

The influence from neoclassical economics seems obvious in the distinction 
between economic and social cohesion. The neoclassical revolution of the 1870s 
consolidated an emerging division between economics and the other social sci-
ences, as Ben Fine (2007: 48) puts it, “with the former tending to offer an individu-
alistic approach (economic rationality) to market relations, and the latter focusing 
on holistic approaches to non-market relations (and/or “irrationality” in individual 
behaviour)”. In this way, the economists made economics their own subject while 
other sciences were expected to deal with the rest, understood by the economists as 
the social.

Well in accordance with this scientific background, the cohesion reports do not 
say anything at all about the content of economic cohesion, but only about its pre-
conditions. What the earlier reports do say a little about is the content of social 
cohesion, but that rather reflects a conservative thinking and in the later reports the 
term has almost disappeared. That, I would say, reflects the success of neoliberal-
ism. As Gamble (2016: 50) says: “Many of the challenges to the survival of the 
welfare state, whether in its conservative or socialist form, are now expressed in 
market libertarian language”.

This leads me to the quite paradoxical conclusion that the European cohesion 
policy lacks an idea about cohesion. It really deals with the preconditions for cohe-
sion, but a cohesion whose meaning one talks quietly about. This is the outlook that 
has made its mark on the operation of the Structural Funds across Europe and met-
ropolitan measures which have become the transmission belts for it. Fully in line 
with neoliberalism, it is taken for granted that cohesion policy creates the precondi-
tions for a cohesion that is in everyone’s interest.

In the absence of an idea about social cohesion, the referents (see Sect. 24.1) 
have become increasingly important. Social cohesion has become a signifier for the 
situation in certain neighbourhoods (referents), where it does not look socially 
cohesive, at least not in comparison with the life of the included middle-class people 
in other neighbourhoods. The latter have, thus, become the norm and yardstick. “Be 
like us”, the included call out to the excluded, “and the city will become socially 
cohesive”. This expresses an empiricist approach, which means that knowledge 
becomes a matter of putting names (signifier) on observations (referents), without 
spending much time on developing ideas (signified) of what hidden patterns they 
may express (see also Jessop 2015: 252).
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24.5  Social Cohesion as a Problématique

A profoundly different approach to social cohesion ran through “Social Polis  - 
Social Platform on Cities and Social Cohesion”, the largest research project up to 
date on these issues, that lasted from late 2007 until the end of 2010. The project had 
borrowed the term polis from ancient Greece where it meant a city. In Social Polis, 
it rather meant urban democracy. Social Polis involved 11 research institutions from 
across Europe (even one from Canada), a network consisting of experienced 
researchers and more than a hundred stakeholders from governments, the civil soci-
ety and private organisations at different levels.

The overall objective with Social Polis was to develop a research agenda on the 
role of cities in social cohesion and key-related policy questions. This was 
approached on two fronts: by critical analysis of research to date and by construct-
ing a social platform of networks for information gathering, dialogue and agenda 
setting. In contrast to the approach implicit in the EU cohesion policy, Social Polis 
did not locate the issue of social cohesion to some kind of existence beside eco-
nomic cohesion but treated it as overarching, as here explained in an information 
leaflet:

Since social cohesion concerns society as a whole, at multiple spatial scales, beyond issues 
of inequality, exclusion and inclusion, and across public, market and voluntary sectors, 
‘Social Polis’ assembles multiple dimensions of relevant debates (on economy, polity, soci-
ety, culture, ethics) across the city and a variety of life spheres. To facilitate analysis of the 
highly interlinked dynamics involved in social cohesion, a range of specific fields affecting 
people’s existence are focused upon.

Thirteen such so-called existential fields were identified. In relation to each one 
of these fields, research to date were analysed critically in survey papers. These 
papers were then further elaborated, and in the end, some of them were published in 
a Special Issue of the journal Urban Studies in 2012, with the objectives of “concep-
tualising, exploring and operationalising different meanings of social cohesion to 
make them useful for studying the dynamics of ‘cities and social cohesion’ in urban 
Europe” (Miciukiewicz et al. 2012: 1855).

I was myself part of Social Polis and I had the privilege to popularise the results 
in a report with the theme “Cohesion of the city as a whole” (Stigendal 2010). 
Thinking back on Social Polis, now some years later, its most important achieve-
ment, as I see it, can be summarised as the suggestion to treat social cohesion as a 
problématique. To understand that, we need to recall the distinction that I presented 
above between signifier, signified and referents (Jessop 2015: 251). Social cohesion 
is first of all a name (signifier). In the EU, social cohesion has become the name of 
a referent, i.e. something which can be pointed out, often the life of middle-class 
people in certain parts of cities. Social Polis, in contrast, made it the name of an idea 
(signified) by treating it as a problématique. This middle position of signifieds has 
been short-cut in the EU cohesion policy. Instead, social cohesion becomes the 
name of an existing condition, which is then taken for granted. In contrast, Social 
Polis addressed and problematized the ideas and understandings of cities.
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In the EU, social cohesion is the name of a condition that parts of cities are in, 
while in Social Polis it signifies a mode of understanding. The only thing we have 
got to know from the EU on social cohesion is what the previous cohesion reports 
say on solidarity. And when that disappeared, social cohesion becomes the state of 
events and conditions as they seems to be. Its self-evidence emerges from referring 
to situations that seem not to be social cohesion.

When Miciukiewicz et al. (2012: 1857) said that “no clear progress in under-
standing ‘urban social cohesion’ has been made ever since the publication of the EC 
DG Employment and Social Policy’s analysis of Urban Social Development (1992) 
…”, I don’t find that strange, given the restrictions of the EU perspective to the 
referents. The EU expresses an empiricist perspective on social cohesion and the 
lack thereof, inspired by the life of the included. It takes for granted that something 
called cohesion more or less exists in the middle-class way of life. And it urges us 
to mainly talk about the lack of cohesion in certain situations and places. When, for 
example, young people set cars on fire, they break the norm and do not seem to 
comply with a condition of social cohesion. Thus, social cohesion becomes part of 
the justification for stopping these young people from setting cars on fire. This so 
called referent-definition of social cohesion is incompatible with a critical perspec-
tive. It does not go behind the obvious and ask what it may give expression to. This 
is an almost forbidden question, which I now still want to deal with.

24.6  If Social Cohesion Is the Solution, What Is 
the Problem?

Whatever we think of contemporary cities, we cannot call them particularly cohe-
sive. On the contrary, cities are characterized by big cleavages between, for  example, 
rich and poor or different ethnic groups. Often these categories of people live in 
different parts of cities which makes the lack of social cohesion highly visible. It is 
a reality which we can experience by just walking around, comparing, for example, 
Lozells and East Handsworth in Birmingham, Trinitat Nova in Barcelona, Feyenoord 
in Rotterdam, Elefsina in Athens or Herrgården in Malmö with other parts of these 
cities. This reality may also intrude on us when we, for example, hear about riots or 
unemployment figures. It makes us appalled to read that the gap in life expectancy 
between the Calton and Lenzie areas in Glasgow amounts to 28 years (Therborn 
2013: 112). In terms of the philosophy of science that I represent, critical realism, 
such experiences and figures belong to the level of reality called the empirical.

We respond to these empirical experiences by calling them something, i.e. label-
ling them with a signifier. Cleavages like the one between rich and poor are usually 
called inequality. Many of us also want to make sense of our experiences by provid-
ing the name of them with a content: a signified. In science, the signified usually 
means a definition. By defining a term, it turns into a concept. A common and useful 
definition of inequality is the one suggested by Sen (2013). On this basis,  inequalities 
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should be seen as differences which violate the human rights of the disadvantaged. 
Recent research has highlighted the existence of different types of inequality, for 
example, with regard to income (Piketty 2014).

Others have focused on inequality in terms of health, defined as systematic dif-
ferences in health between socially determined groups of individuals on the basis of 
class, gender, ethnicity, age and residency (Marmot 2015; Wilkinson and Pickett 
2009). Health inequality is particularly detrimental to social cohesion. As Sen 
(2013) has emphasised, health constitutes a human right that comes before other 
human rights since those rights can only be fully enjoyed if the individual first 
enjoys good health.

Göran Therborn (2013: 49) makes a distinction between three general types of 
inequality: vital inequality, existential inequality and inequality in terms of 
resources. These three types are described as applying to us in our capacities as 
biological beings, persons and actors, respectively. According to Therborn (2013: 
35), “very little theoretical reflection on the meanings and implications of inequal-
ity, and of equality, has come to the fore”. He calls for a multidimensional and 
global approach to inequality (2013: 4).

In my view, such an approach should be underpinned by critical realism (Bhaskar 
1989; Sayer 1992, 2000; Danermark 2002). This means a treatment of what we see and 
experience as not the whole story, but in the first place as belonging to a certain level 
of reality, called the empirical. We make sense of these impressions and experiences by 
understanding them as expressing something else, i.e. by treating them as symptoms. 
As such, the empirical express a specific content associated, in turn, with another level 
of reality, called the actual. The forms of inequality mentioned above belong to that 
level. They certainly exist but express themselves at the level of the empirical.

To explain the causes of inequality, however, we need to understand the existence 
of the most profound level, that is, the level of the real, which embraces it all, i.e. 
not only what appears to be and what has been actualised but also the potentials. 
Before we can establish the actual causes of inequality, we need to know what has 
the potential to cause inequality. These potential causes of inequality should be seen 
as the main problems that efforts to achieve social cohesion should address.

This understanding of inequality draws on the broad societal perspective called 
Cultural Political Economy (CPE) (Sum and Jessop 2013), underpinned philosophi-
cally by critical realism. In line with this perspective, a further distinction can be 
made of existential inequality into cultural and structural inequality (Stigendal 2016, 
2018). This can be motivated by the ontological assumption of our social existence 
as being both cultural and structural. We become part of the social world by on the 
one hand making sense and meaning of it and on the other hand by structuring social 
relations. According to CPE, this is how we reduce the complexity of the world.

Both cultures and structures have to be produced and reproduced by actors. 
Otherwise they would not exist (Jessop 2005). Thereby, actors may also reproduce 
causes of inequality, even though it is not their intention. In line with critical realism 
(Sayer 2000), causes should be understood first of all as potentials, inherent in 
 systems, institutions, actors, cultures, etc. The actualisation of potentials always 
takes place in specific, contextual and concrete situations. There, different potentials 
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combine to produce effects which should be regarded as emergent as they cannot be 
derived from only one of the potentials. An explanation of a certain event needs to 
take the context into consideration. We need to examine the potentials and their 
properties at higher levels of abstraction, apart from the concrete situations and 
contexts where they get actualised. By doing that, we can understand that causes are 
inherent in individuals and other single objects, as mentioned above, but also in how 
both social structures and contexts of meaning work, i.e. their so to speak structural 
and cultural mechanisms. But then we need to carry out empirical investigations of 
concrete situations in order to explain what happens and why.

So what has the potential to cause the inequality actualised in cities and appear-
ing at the empirical level as, for example, differences in health? Such potential can 
be inherent in transport practices, according to the extensive review by Khreis et al. 
(2017) of 64 different transport policy measures. Similarly, the WHO Commission 
on Social Determinants of Health (WHO 2008: 35) “stated that a toxic combination 
of poor social policies, unfair economics, and bad politics is responsible for much 
of health inequity”. These toxic combinations constitute, what the WHO Commission 
calls, the social determinants of health.

As I see it, it is not only about certain policies, procedures and practices. In a 
more fundamental sense, it is about how systems work. Accordingly, I claim that the 
most important potential causes of inequality are inherent in capitalism (Stigendal 
2018). One of the main effects of neoliberalism is that it has brought about new 
structural forms for the actualisation of these potential causes, associated with the 
dominance of finance capital, and with a global coverage, not national. This has led 
to a major redistribution of wealth, confirmed by, for example, OECD (2011) and, 
of course, Piketty (2014).

As part of this new global economic order since the 1980s (Arrighi 2007; Becker 
et  al. 2010), the responsibilities of cities have been much enhanced. On the one 
hand, globalisation has put cities at the forefront, strengthening them with regard to 
their regional and national territories and generating new prospects. Every employ-
ment hub, city or region, has to compete with the others to attract and keep invest-
ments in its area. As Doreen Massey (2007: 12) describes it, neoliberalism is made 
in the city. On the other hand, cities have become concentrations of inequality, 
where different forms coincide, often also with segregation.

The EU cohesion policy has been instrumental in this development, supporting 
the market forces in the hope that it would be beneficial for all. Purporting to 
improve social cohesion, the current neoliberal EU cohesion policy has instead 
aggravated health inequalities, which Stuckler and Basu (2013) show when they 
highlight the effects of austerity measures. In terms of economic cohesion, con-
veyed by the structural funds, the EU policies have favoured a transport design, 
planning and policy-making “that are operating separately from public health deliv-
ery at some level, resulting in adverse impacts on the population's health, many of 
which only manifest on the long term” (Khreis et al. 2016: 255). It has paved the 
way, literally speaking, for the car-centred urbanisation and mass motorisation, 
exacerbating the negative health impacts of the transport systems.
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On the one hand, society has turned into a condition of social inclusion with sur-
rounding borders consisting of demands on what to have, to do and to mean in order 
to be included. On the other hand, spatial concentrations have emerged of people 
who do not have, do or mean what is demanded to participate in society. The socially 
included and the socially excluded thus tend to live in different parts of cities. In 
between, borders have arisen, which I prefer to see as societal (Graham 2011). 
Transport and urban planning measures have contributed to such community sever-
ance by favouring the more profitable transport modes, regarding, for example, road 
constructions and rail services (Khreis et al. 2017). The calm neighbourhoods in the 
cities where most people go to work in the morning and thus appear as examples of 
social cohesion represent in fact the included side in the development of society to 
a condition of social inclusion. What the EU in its cohesion policy has come to see 
as the solution of social cohesion should from the perspective that I represent, thus, 
be seen as part of the problem.

24.7  Prospects for Social Cohesion in Cities

The most comprehensive project to date on the issue of cities and social cohesion, 
Social Polis, ended up by treating social cohesion as a problématique. As explained 
above, I see this as the most important legacy of Social Polis. That is because it 
restored social cohesion as an idea, in contrast to using the term as a signifier to a 
natural referent, i.e. what seems to be. The use of the term problématique can also 
be justified in order to treat social cohesion in the first place as a problem, not some-
thing which necessarily exists. Cities are not socially cohesive and that is the prob-
lem. They can perhaps become socially cohesive, but in that case how and what 
does it mean?

I have tried to develop this perspective further in the chapter, by in the first place 
highlighting potentials. To explain inequality and thus the lack of social cohesion, 
we need to understand the involved potentials, their ability to cause inequality. Let 
us call these potentials negative, because they cause problems of inequality. In such 
a perspective, we can also identify positive potential. These are, for example, the 
ones of the young people who get to know each other across ethnicities and cross 
the borders of social inclusion everyday they go to school or work. By that, many of 
them develop an intercultural competence; really a scarce resource among policy- 
makers in contemporary societies.

To understand this, a perspective is needed which can be called potential- 
oriented. I want to use this term (signifier) because it can bring hope. It urges us to 
look after the possible and is in itself an example of what I wrote in the introduction 
about how the use of signifiers can put us on a certain track. Potential-oriented is the 
name (signifier) of the perspective (signified) that I have pursued in this chapter. 
Adopting this perspective is the first of five criteria that I have suggested on the 
basis of the project CITISPYCE, spelled out as “Combating Inequalities through 
Innovative Social Practices of and for Young People in Cities across Europe”, where 
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I also participated, which lasted for 3 years, 2013–2015, and just like Social Polis 
was funded by the seventh framework programme. In total, CITISPYCE involved 
13 partner organisations from 10 cities in just as many countries across the EU: 
Athens, Barcelona, Birmingham, Brno, Hamburg, Krakow, Malmö, Rotterdam, 
Sofia and Venice. In my own conclusions from this project, I have suggested five 
criteria, which should be met for initiatives to combat the causes of inequality. In 
accordance with the objective of the CITISPYCE research project, the criteria are 
designed to concern young people and I will stick to that here, also because young 
people have been highlighted as one of the categories worst affected by inequality.

In contrast, the notion of social cohesion, as part of the EU cohesion policy, deals 
with the inclusion of people in existing society, without addressing the causes 
excluding them. It presupposes that there is nothing inherently wrong with contem-
porary society. It simply has to improve its measures to include young people in it. 
This perspective is also characterized by a depoliticisation of collective action, 
instrumentalisation of local initiatives, localism and individualism. It is limited to 
what critical realism calls the empirical and thus associated with empiricism. What 
appears to be a problem is also seen as the problem that has to be solved. That 
means that the problems are taken for granted. No particular effort is made to define 
the problems. Instead, they are perceived as self-defining, as if people appear as 
excluded, that is, seen as the problem, not the societal causes of their exclusion. This 
problem-oriented perspective should not be seen as guidance towards solutions but 
on the contrary as one of the causes of inequality and, thus, part of the problem.

Various efforts are needed to combat the causes of inequality and at different 
scale levels. It requires not only reforms but a transformation of society. This should 
not, however, be seen as a call for revolution. The old dualism of reform versus 
revolution has to be overcome, in line with the idea of a double transformation, 
which, according to Novy (2017), “describes the twofold challenge of civilizing 
capitalism by overcoming the neoliberal mode of regulation while at the same time 
taking the first steps towards transcending capitalism and its unsustainable social 
forms …”. That makes the work of local actors particularly important and enables 
me to put the five criteria in the context of not only combatting the causes of inequal-
ity but at the same time also a transformation of society.

Firstly, projects, initiatives, practices and indeed services in general should adopt 
a potential-oriented approach to young people which means that young people 
should be seen and approached in the first place as potentials and not only for solv-
ing their own problems but for tackling the causes of inequality and developing 
society. The potential-oriented perspective means to understand causes first of all as 
potentials. To have an effect, they must be actualised. That always happens some-
where, in a specific context, at different levels, and it is made by actors who always 
have a discretion to make a difference.

Secondly, on the basis of a potential-oriented perspective, it becomes imperative 
to produce knowledge on the causes of inequality by taking advantage of the experi-
ences, views and cultural expressions of young people. Producing such knowledge 
in collaboration with young people and establishing contexts which favour creativ-
ity can be called knowledge alliances. In principle, they should include all the ones 
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with an interest in combatting inequality, e.g. practitioners in general, public sector 
workers, citizens, policy-makers, young people, politicians and volunteers. The 
term knowledge alliance is also used by the European Commission in its strategy 
Europe 2020. The definition, however, tends to be limited to alliances between 
“education and business”. A broader definition was suggested in Social Polis 
(Stigendal 2010), but also by the influential report Cities of Tomorrow: Challenges, 
Visions, Ways Forward (Hermant-de-Callataÿ and Svanfeldt 2011).

Furthermore, the term was picked up and redefined by the commission for a 
socially sustainable Malmö (the “Malmö Commission”), which was set up in 2011 
against the backdrop of increasing health inequalities. Its main source of inspiration 
was the WHO Commission on Social Determinants of Health, led by Michael 
Marmot, which had published its final report, “Closing the Gap in a Generation”, in 
2008. To reduce health inequalities, the Malmö Commission (Stigendal and 
Östergren 2013), in the first of two overarching recommendations, proposes that the 
City of Malmö pursues a social investment policy that can reduce inequities in liv-
ing conditions and make societal systems more equitable. In the second overarching 
recommendation, the Commission proposes changes to the processes embedded in 
these systems through the creation of knowledge alliances (see also Novy et  al. 
2013).

Thirdly, this recognition of young people’s knowledge does not of course imply 
that they know enough. Young people have a lot to learn, but education systems 
should draw much more on their potential and experience of inequalities. The cul-
tures of young people should be used as tools for education. Young people should 
be encouraged to express injustices in processes that educate them to become criti-
cal citizens with a wish to be politically engaged. To be critical means to learn how 
to not take things for granted, but instead question the obvious and reveal what lies 
behind.

Fourthly, wherever young people are involved attention should be paid to how 
the work is organised. As work makes us who we are, the demand on the quality of 
jobs should be raised. Just to get a job should not be seen as sufficient. The EU 
should fund projects which show how the potential of young people could be taken 
advantage of, enabling young people to learn and grow on the job. Such projects 
should then serve and be highlighted as sources of inspiration for the development 
of work organisations in general.

Fifthly, practices that aspire to become innovative should open up opportunities 
for young people from different parts of a neighbourhood, city and even across 
Europe to get to know each other and about each other’s situations as well as work-
ing together. Young people should be empowered to deal collectively with the prob-
lems of inequality, in line with the idea of collective empowerment, based on the 
notion of collective solidarity. That should be regarded as a concern for all of us and 
the future of societies. This is the social cohesion to aim at, which also may turn 
cities into strongholds for the needed societal transformations. The extent to which 
this social cohesion succeeds should be possible to assess regarding, for example, 
participation in political organisations/party or community-/environmentally ori-
ented organisations as well as in political elections.
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Chapter 25
Establishing Social Equity in Cities: 
A Health Perspective

Carme Borrell, Mercè Gotsens, and Ana M. Novoa

25.1  Introduction

The percentage of the world’s population living in urban areas is projected to 
increase from 54% in 2015 to 60% in 2030 and to 66% by 2050. In absolute terms, 
more than 1 billion people were added to urban areas between 2000 and 2014. It is 
important to recognize that cities are not just economic drivers for countries but are 
hubs of ideas, culture, science, productivity, etc. Cities are centres of innovation that 
have to manage and respond to dramatic demographic and epidemiological transi-
tions. However, cities can also produce great health inequalities, for instance, 828 
million people live in slums today, and this number will increase (WHO/
UN-HABITAT 2016).
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Social health inequalities are differences in health which are ‘unnecessary and 
avoidable but, in addition are also considered unfair and unjust’ (Whitehead 1992). 
People of working class, immigrants of poor countries have worse health and higher 
mortality. Women have worse self-perceived health although their life expectancy is 
larger than men’s (World Health Organization 2016). The WHO Commission on 
Social Determinants of Health (CSDH) concluded that social inequalities in health 
arise from inequalities in the conditions of daily life and the fundamental drivers 
that give rise to them: inequities in power, money and resources. These social and 
economic inequalities underpin the determinants of health—the range of interacting 
factors that shape health and wellbeing (CSDH 2008).

Following the Millenium Development Goals, in 2016 the Sustainable 
Development Goals (SDFs) of the 2030 Agenda for Sustainable Development were 
established. They are 17 goals adopted by world leaders in September 2015 at a UN 
Summit. These new goals aim to fight inequalities and tackle climate change while 
ensuring that no one is left behind. The new goals call for action by all countries to 
promote prosperity while protecting the planet and fighting poverty. Goal number 
11 specifically refers to ‘Make cities inclusive, safe, resilient and sustainable’ 
(Table 25.1). These SDGs are not legally binding, but governments should establish 
national frameworks to achieve them and monitor their implementation.

This chapter starts with reviewing the social determinants of health in urban 
areas, followed by a section on surveillance of health inequalities in cities including 
some examples. Finally, policies to tackle health inequalities in cities are presented 
with the example of Urban HEART as a useful tool.

25.2  Social Determinants of Health in Urban Health

The factors or determinants of health are important to understand what causes health 
inequalities. These factors can vary in urban areas because cities do not have the 
same capacity as countries to implement policies. Figure 25.1 shows a conceptual 
framework with the factors or determinants related to health and health inequalities 
in urban areas (Borrell et al. 2013). These factors are:

Urban governance: This refers not only to the political power of the government 
(local, regional, national) but also to other actors who play important roles, such as the 
private sector and the civil society through community groups. To tackle the root causes 
of health inequalities implies building good governance for action on social determi-
nants and to implement collaborative action between sectors (‘intersectoral action’), and 
therefore governance is related with physical and socioeconomic environment policies.

Physical environment: This refers to the natural context (climate or geography). 
Also, the built environment is based on urban planning and housing policies and 
usually depends on local authorities. Urban planning determines the public infra-
structure (communications, sewerage system), the general regulations (concerning 
buildings and the use of public space) and the equipments in a  neighbourhood 
(sport, health and education facilities, markets, libraries, etc.). A good housing 
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 policy (taxation, social housing for rent or for sale) can make high-quality housing 
affordable for everybody and particularly for low-income households, while the 
absence of this policy can convert housing into a means of speculation. This policy 
can heavily influence income distributions by offering housing for a relatively cheap 
or moderate price. On the other hand, housing quality, informal settlements or over-
crowding are also factors to be taken into account. Another aspect of the physical 
context is transport planning and transport mobility, affecting the capacity to walk 
and to use public or private transport and impacting land use, the public infrastruc-
ture and also housing development. The factors mentioned can influence environ-
mental characteristics, as, for example, water and air quality and noise pollution, 
which are important determinants of health in urban areas. Food security and access 
to healthy food (availability and price) are also important. Finally, emergency man-
agement, for example, to terrorism, bioterrorism, climate change and natural disas-
ters, is included in this section.

Socioeconomic environment: This refers to different aspects such as economic 
factors (taxes), employment and working conditions, domestic and family environ-
ment, public services (education, health care, care services for families, etc.) and 

Table 25.1 Targets of Goal 11 of Sustainable Development Goals of United Nations: ‘Make cities 
inclusive, safe, resilient and sustainable’

• By 2030, ensure access for all to adequate, safe and affordable housing and basic services 
and upgrade slums
• By 2030, provide access to safe, affordable, accessible and sustainable transport systems 
for all, improving road safety, notably by expanding public transport, with special attention to 
the needs of those in vulnerable situations, women, children, persons with disabilities and 
older persons
• By 2030, enhance inclusive and sustainable urbanization and capacity for participatory, 
integrated and sustainable human settlement planning and management in all countries
• Strengthen efforts to protect and safeguard the world’s cultural and natural heritage
• By 2030, significantly reduce the number of deaths and the number of people affected and 
substantially decrease the direct economic losses relative to global gross domestic product 
caused by disasters, including water-related disasters, with a focus on protecting the poor and 
people in vulnerable situations
• By 2030, reduce the adverse per capita environmental impact of cities, including by paying 
special attention to air quality and municipal and other waste management
• By 2030, provide universal access to safe, inclusive and accessible, green and public 
spaces, in particular for women and children, older persons and persons with disabilities
• Support positive economic, social and environmental links between urban, peri-urban and 
rural areas by strengthening national and regional development planning
• By 2020, substantially increase the number of cities and human settlements adopting and 
implementing integrated policies and plans towards inclusion, resource efficiency, mitigation 
and adaptation to climate change, resilience to disasters, and develop and implement, in line 
with the Sendai Framework for Disaster Risk Reduction 2015–2030, holistic disaster risk 
management at all levels
• Support least developed countries, including through financial and technical assistance, in 
building sustainable and resilient buildings utilizing local materials

Source: Sustainable Development Goals. Goal 11. http://www.un.org/sustainabledevelopment/cit-
ies/ [Accessed 2 June 2017]
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social transfers (pensions, unemployment benefits, etc.). Although most of these 
factors are the responsibility of the country’s government, cities have the capacity to 
modify them. For example, city governments can try to improve living conditions of 
the poor population by redistributing the income collected through city taxes or 
distributing income pensions to people under the poverty threshold. Other aspects 
included are safety and security, social networks and community participation, 
aspects that have also been associated with health inequalities.

Settings: A setting is where people actively use and shape the environment; thus 
it is also where people create or solve problems relating to health. Settings included 
in the framework are neighbourhoods, schools and workplaces, although there are 
many other settings as, for example, places of worship, clubs and community activi-
ties and places for recreation and leisure. Settings are related with the physical and 
socioeconomic contexts.

Segregation may be important in settings, and it refers to the separation of 
humans into groups determined by axes of inequality as, for example, social class 
or race. Segregation can be referred to where people live (residential segregation) 
but also can refer to other settings (school segregation).

Fig. 25.1 Determinants of inequalities in health in urban areas (Source: Borrell et al. 2013)
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Axes of inequalities: The different determinants commented above may change 
according to the different social axes of inequality such as social class, gender, age 
or ethnicity/migration which are social constructs that determine the social struc-
ture. For example, working conditions are not the same for men and women or for 
people of different social classes, and it can be expected that there will be differ-
ences in the degree of physical and social working exposure experienced by differ-
ent genders and social classes as well.

25.3  Surveillance of Health Inequalities in Cities

Public health surveillance is the continuous and systematic collection, analysis and 
interpretation of information related to the health of the population and their deter-
minants, information that is essential to the planning, implementation and evalua-
tion of public health interventions.

Therefore, surveillance of inequalities in health involves monitoring inequalities 
over time and across the different axes of inequality with the objective to follow 
them over time or to compare different groups (Espelt et al. 2016). To achieve this 
objective, it is necessary to have adequate urban health metrics that allow to mea-
sure both inequalities in health and in its determinants because it is essential for 
surveillance but also for promoting more healthy and equitable cities (Corburn and 
Cohen 2012). Therefore surveillance is a useful tool to implement and evaluate poli-
cies. The 2010 WHO and UN-HABITAT report, Hidden Cities (WHO/UN-HABITAT 
2010), notes: ‘Understanding urban health begins with knowing which city dwellers 
are affected by which health issues, and why. To achieve this understanding, avail-
able information must be disaggregated according to defining characteristics of city 
dwellers, such as their socioeconomic status or place of residence…’.

Metrics usually are based on indicators. An indicator is a variable with character-
istics of quality, quantity and time used to measure, directly or indirectly, changes 
in health and health-related situations. It is important that urban indicators are based 
on a conceptual framework of social determinants of health as the model shown in 
Fig. 25.1. To obtain these indicators, several sources of information have to be used 
as, for example, the census, demographic and health surveys, information based on 
the different registries of the municipality, environmental measurement stations, 
health registries, vital statistics, etc. In order to measure socioeconomic inequalities, 
it will be necessary that the data allows to calculate indicators at the small area level 
(ideally, data should be geo-referenced) and/or in different social groups (Prasad 
et al. 2016). However, many health information systems do not allow to obtain indi-
cators at this level of disaggregation, since they are not geo-referenced and/or do not 
include the necessary information (such as the neighbourhood or social class). A 
very important source are health surveys, since they collect a wealth of information 
on health, use of health services and health determinants, and they usually include 
information on social variables.

Metrics for the surveillance of health inequalities should be analyzed and dis-
seminated. The analysis is usually based on analysis of trends over time or analysis 
comparing different areas or different socioeconomic groups. This can be done by 
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simply comparing the numbers obtained across the different groups as, for example, 
comparing the rates of disease of social class V (more disadvantaged) with social 
class I (more advantaged). Moreover, it is possible to estimate an inequality indica-
tor such as the Relative and Slope Indexes of Inequality which can be interpreted as 
the ratio or absolute differences of rates between the two extremes of the socioeco-
nomic spectrum, among others (World Health Organization 2013a). The dissemina-
tion is very important in surveillance. Sometimes it has been neglected. It is 
important to use the tools to disseminate taking into account the target population. 
Some tools are reports (for public health workers), leaflets and videos (for general 
population), etc.

25.3.1  Examples of Surveillance of Health Inequalities 
in Cities

Different initiatives have been launched to monitor health inequalities and their deter-
minants in urban areas around the world. Some of them are explained in this section.

At worldwide level, the Global Health Observatory (GHO) is an initiative of the 
World Health Organization (WHO) with the objective to share data on global health 
and, in particular, on urban health (World Health Organisation 2017). It includes 
statistics by region and by country on specific health determinants, service coverage, 
risk factors and outcomes and disaggregated by socio-demographic variables such 
as wealth and sex. Data are presented in the form of global situation and trends, 
graphs and maps and country profiles. These profiles have been developed for the 
purpose of visualizing urban health issues, especially focused on urban health 
inequalities. Table  25.2 presents some examples of health indicators and health 
determinants by urban wealth quintile. The infant mortality rate for children in the 
poorest 20% urban households is approximately twice as high as that among chil-
dren in the richest 20% urban households, globally. The highest infant mortality rate 
occurs in African region where it is 70.0 per 1000 live births in the poorest 20% 
urban households, while in the richest 20% is 46.0 per 1000 live births. The same 
pattern is observed in the under-five mortality rate. The under-five mortality rate is 
114.5 per 1000 live births in the African poorest 20% urban households while is 
57.5 in the African richest 20% urban households. In contrast, this rate is 27.3 in the 
Eastern Europe poorest 20% urban households and 13.5 in the Eastern Europe rich-
est 20% urban households. The prevalence of smoking among men is higher in the 
poorest 20% than in the richest 20% urban population in all regions of the world 
except in the Asia Pacific. On the other hand, the prevalence of stunting among chil-
dren in the poorest urban 20% households in Africa and Asia-Pacific are more than 
twice as high (around 35% in the poorest urban household and 15% in the richest 
urban household), and nearly four times as high in Latin America and the Caribbean, 
as their richest 20% counterparts, respectively (19.3% in the poorest urban house-
hold and 5.8% in the richest urban household). In addition, the antenatal care cover-
age among urban women in the richest 20% households in Africa (82.7%) and 
Asia-Pacific (92.3%) are about 1.5 times as high as that among women in the poorest 
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20% urban households (51.1% and 56.3%, respectively). These inequalities are 
smaller in the rest of regions. Finally, in Africa only, 3.8% of the poorest urban 20% 
households use a drinking water source that is piped into their premises compared to 
80.0% in the richest 20% urban households (World Health Organisation 2016a).

Another initiative of WHO Kobe Centre is the development of the Urban Health 
Index, published in 2014, for assessments of intra-urban inequalities in health deter-
minants and outcomes, as well as for intercity comparisons (World Health 
Organisation 2016b). This index is constructed using several indicators that belong 
to different domains or categories such as income, education, access to water, living 
in slum conditions or crowding. However, the selection of exact indicators forming 
the Urban Health Index varies with each region depending on the availability and 
purpose of the index (World Health Organization 2014). The Urban Health Index 
provides information about the level of health and health inequalities in small areas 
within cities. In addition, the Urban Health Index guides users through a flexible 
approach in the selection of indicators, tailored to local needs. This is particularly 
useful since priorities can vary substantially across cities and contexts. This index 
adopts a method used to construct the Human Development Index, using standard-
ized indicators for small area units on a (0, 1) interval and combining them using 
their geometric mean. Inequalities are assessed using the ratio of the highest to low-
est decile and measuring the slope of the eight middle deciles (middle 80%) of the 

Table 25.2 Health indicators and determinants of health in urban areas by urban health quintile, 
2005–2013

African Asia-Pacific Eastern Europe
Latin American 
and Caribbean

Urban 
poorest 
20%

Urban 
richest 
20%

Urban 
poorest 
20%

Urban 
richest 
20%

Urban 
poorest 
20%

Urban 
richest 
20%

Urban 
poorest 
20%

Urban 
richest 
20%

Infant mortality 
rate per 1,000 live 
births

70.0 46.0 40.6 20.7 23.0 13.5 35.0 15.6

Under-five 
mortality rate per 
1,000 live births

114.5 57.5 56.5 23.0 27.3 13.5 42.0 19.0

Prevalence of 
cigarette smoking 
among men (%)

20.5 15.8 43.3 49.4 53.8 50.0 24.8 16.4

Prevalence of 
stunting in 
children (%)

35.3 14.0 36.1 16.2 19.4 11.5 19.3 5.8

Antenatal care 
coverage (%)

51.1 82.7 56.3 92.3 90.3 97.6 88.9 97.5

Households using 
a piped onto 
premises water 
source (%)

3.8 80.0 27.9 70.2 79.6 93.2 61.3 81.8

Source: Global Health Observatory, urban health (World Health Organisation 2016b)
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data. The Urban Health Index has been successfully computed for Atlanta, USA; 
Rio de Janeiro, Brazil; Shanghai, China; and Tokyo, Japan, among other places 
(Rothenberg et al. 2014; Bortz et al. 2015; Stauber et al. 2003).

In the UK and Ireland exists the Association of Public Health Observatories 
(APHO) which is made up of a network of 12 public health observatories (PHOs). 
The APHO produces information, data and intelligence on people’s health and 
health determinants for practitioners, policy makers and the wider community 
(Wilkinson 2015). One of the most popular observatory is the London Health 
Observatory which provides up-to-date information on health determinants and 
health of the people who live in London (World Health Organization 2013b). One 
of the products that the London Health Observatory produces is the Local Health 
Profile (Public Health England 2016). It provides an annual snapshot of the overall 
health and the differential patterns of health of every local population in England 
through detailed data maps and spine charts, all accessible via an interactive tool. 
For example, Southwark is one of the 20% most deprived areas in England, and 
about 28% (15,000) of children live in low-income families. Its profile reports that 
life expectancy is 8.3 years lower for men and 6.2 years lower for women in the 
most deprived areas of Southwark than in the least deprived areas.

In 2015, the Equality Indicators project was launched in New York City. The 
purpose of this project was to investigate whether New York City (NYC) and, in the 
future, also other cities are making progress in reducing inequalities on an annual 
basis (Institute for State and Local Governance 2017). The Equality Indicators 
framework consists of 96 indicators to measure progress towards equality across six 
thematic areas: economy, education, health, housing, justice and services. Static 
Scores capture findings for a given year; and Dynamic Scores capture change from 
1 year to the next. These scores will provide more meaningful measures since the 
primary purpose of the Equality Indicators is to capture change over time. Each of 
the 96 indicators is scored on a scale from 1 (highest possible inequality) to 100 
(highest possible equality) using a conversion table. Two groups, generally the most- 
and least-likely to be disadvantaged for each issue, were compared to calculate the 
ratios. The new report indicates that the 2016 NYC Equality Score was 46.01 out of 
a possible 100, an increase of +0.56 from the 2015 score of 45.45. These scores sug-
gest that NYC continues to be characterized by vast inequalities and that, when look-
ing at the city as a whole, little has changed. Generally speaking this score means 
that overall, disadvantaged groups such as children, immigrants, poor people or with  
low education, racial minorities, elderly, single parents, women, etc. are almost 
twice as likely as those not disadvantaged to experience negative outcomes in funda-
mental areas of life, as measured by the Equality Indicators (Lawson et al. 2016).

Another initiative is The San Francisco Indicator Project (San Francisco 
Department of Health 2014). This project was created in 2007 by the San Francisco 
Department of Health, and it is a neighbourhood-level data system that measures 
how San Francisco performs as an equitable community in eight dimensions of 
health (environment, transportation, community cohesion, public realm, education, 
housing, economy and health systems). Each dimension contains multiple indica-
tors which are presented in the form of maps and tables. The goal of this project is 
to support collaboration, planning, decision-making, and advocacy for social and 
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physical environments that meet the needs of all citizens (San Francisco Department 
of Health 2014). Furthermore, there are Neighbourhood Profiles which provide a 
summary of the indicators by neighbourhood. These profiles can be used to assess 
data for a particular neighbourhood in comparison to other neighbourhoods and for 
San Francisco as a whole. In addition, the metrics and methods used in the San 
Francisco Indicator Project have been used and adapted by a number of other cities 
including Richmond, California; Denver, Colorado; Galveston, Texas; Oakland, 
California; Philadelphia, Pennsylvania; and Geneva, Switzerland (San Francisco 
Department of Health 2014).

In 2011 the Canadian Institute for Health Information published the Urban 
Physical Environments and Health Inequalities report which explored two aspects of 
the urban physical environment known to negatively affect health: outdoor air pollu-
tion and heat extremes (Canadian Institute for Health Information 2011). This report 
showed that those who are already more vulnerable to poor health may be at increased 
risk of being exposed to the effects of air pollution and heat extremes because of the 
areas in which they live. Moreover, the analyses of green space data for five Canadian 
cities showed that there were large differences in the percentage of green space 
between the lowest and highest socioeconomic areas within those cities. In general, 
a clear positive gradient existed, i.e. the higher the socioeconomic level, the more 
green space there was in the area (Canadian Institute for Health Information 2011).

25.3.2  Examples of Research of Inequalities in Mortality 
in Cities

Moreover, in recent years there has been an increase in the number of research stud-
ies that analyse socioeconomic health inequalities in small geographical areas, since 
area of residence has been recognized as a factor affecting health, independently of 
individual determinants. These studies are useful to advance research but also in the 
monitoring of health inequalities at small area level. In this sense, the Ineq-Cities 
project (https://www.ucl.ac.uk/ineqcities/), led by the Barcelona Public Health 
Agency in the period 2009–2013, aimed to study socioeconomic inequalities in 
mortality in the census tracts of 15 European cities at the beginning of the twenty-
first century. This project revealed the existence of socioeconomic inequalities in 
total mortality and in some specific cause of death. In general, socioeconomic 
inequalities in mortality were more pronounced for men than for women, and rela-
tive inequalities were greater in Eastern and Northern European cities (Borrell et al. 
2014; Marí-Dell’Olmo et al. 2015).

Another example is the Euro-Healthy project (http://www.euro-healthy.eu/about-
euro-healthy), a 3-year Horizon 2020 research which started in 2015 that, among  
its objectives, aimed to analyse the evolution of socioeconomic inequalities in mortal-
ity in nine European metropolitan areas. In the majority of the metropolitan areas, 
socioeconomic inequalities in mortality tended to be stable during the three periods 
studied (2000–2003, 2004–2008 and 2009–2014) in men and women. In addition, 
these inequalities are higher for men than for women. The results for Barcelona are 
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shown in Fig. 25.2. In men, areas with relatively higher smoothed age standardized 
mortality ratios correspond to those areas that are more deprived, indicated by the 
clusters of brown areas. Similarly, areas with relatively lower smoothed age standard-
ized mortality ratios correspond to those areas that are less deprived, indicated by the 
clusters of green areas. This pattern remains constant over time. In women, the pattern 
is not clear in any period.

25.4  Policies to Tackle Health Inequalities in Cities

In October 2016, the United Nations Conference on Housing and Sustainable Urban 
Development established the New Urban agenda by the world leaders, in order to 
rethink the way cities are built, managed as places to live. The agenda also provides 
guidance for achieving the Sustainable Development Goals. Table 25.3 shows this 
New Urban Agenda where an emphasis is the importance to ensure that all citizens 
have access to equal opportunities and face no discrimination, which mean equity. 
Other aspects mentioned are related with social determinants of health.

Fig. 25.2 Maps of socioeconomic deprivation and smoothed age standardised mortality ratio 
(sSMR) for total mortality in the three periods in men and woman. Barcelona, 2000–2014 (Source: 
Created by the authors on the basis of mortality register of Barcelona and inhabitants register of 
Barcelona)
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25.4.1  Principles for Action for Tackling Health Inequalities

When implementing policies to reduce health inequalities, it is necessary to take 
into account the following principles for action (modified from Whitehead and 
Dahlgren 1991, 2006; Dahlgren and Whitehead 2006):

 1. Polices should strive to level up, not level down: The levels of poor health of 
disadvantaged populations have to be brought up to the levels of the groups 
who are better off. Levelling down is not an option.

 2. In order to reduce social inequalities in health, it is necessary to use the three 
main approaches, which are (a) focusing on people in poverty only, which 
implies to target the most disadvantaged groups; this is a selective approach 

Table 25.3 Key commitments of the New Urban Agenda

Provide basic services for all citizens: These services include access to housing, safe drinking 
water and sanitation, nutritious food, healthcare and family planning, education, culture and 
access to communication technologies
Ensure that all citizens have access to equal opportunities and face no discrimination: Everyone 
has the right to benefit from what their cities offer. The New Urban Agenda calls on city 
authorities to take into account the needs of women, youth and children, people with disabilities, 
marginalized groups, older persons, indigenous people, among other groups
Promote measures that support cleaner cities: Tackling air pollution in cities is good both for 
people’s health and for the planet. In the agenda, leaders have committed to increase their use of 
renewable energy, provide better and greener public transport and sustainably manage their 
natural resources
Strengthen resilience in cities to reduce the risk and the impact of disasters: Many cities have 
felt the impact of natural disasters, and leaders have now committed to implement mitigation 
and adaptation measures to minimize these impacts. Some of these measures include better 
urban planning, quality infrastructure and improving local responses
Take action to address climate change by reducing their greenhouse gas emissions: Leaders 
have committed to involve not just the local government but all actors of society to take climate 
action taking into account the Paris Agreement on climate change which seeks to limit the 
increase in global temperature to well below 2 °C. Sustainable cities that reduce emissions from 
energy and build resilience can play a lead role
Fully respect the rights of refugees, migrants and internally displaced persons regardless of 
their migration status: Leaders have recognized that migration poses challenges, but it also 
brings significant contributions to urban life. Because of this, they have committed to establish 
measures that help migrants, refugees and IDPs make positive contributions to societies
Improve connectivity and support innovative and green initiatives: This includes establishing 
partnerships with businesses and civil society to find sustainable solutions to urban challenges
Promote safe, accessible and green public spaces: Human interaction should be facilitated by 
urban planning, which is why the agenda calls for an increase in public spaces such as 
sidewalks, cycling lanes, gardens, squares and parks. Sustainable urban design plays a key role 
in ensuring the liveability and prosperity of a city

United Nations Conference on Housing and Sustainable Urban Development, 2016
Source: Sustained Development Goals. http://www.un.org/sustainabledevelopment/blog/2016/10/
newurbanagenda/ [Accessed 2 June 2017]
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(One example can be to focus a programme in poor neighbourhoods), (b) 
narrowing the health divide between the better off and the worst off and (c) 
reducing social inequalities throughout the whole population: as inequalities 
in health affect the whole population (tend to increase with declining socio-
economic status), universal policies targeting everybody are also necessary.

 3. Actions should be concerned with tackling the social determinants of health 
inequalities. For example, social conditions that change across different 
social classes (as, e.g. working conditions) have to be taken into account. 
Tackling such social determinants, therefore, requires a greater understand-
ing of the processes that generate and maintain social inequalities and then 
intervening in these processes at the most effective points.

 4. It is necessary to have appropriate tools and metrics to measure health 
inequalities in order to monitor them. Moreover, it is important to monitor 
actions doing harm as, for example, the budget cuts on the National Health 
System that have occurred in the financial crisis that started in 2008.

 5. Participation: It is necessary to make efforts to give a voice to the voiceless. 
Participation has to be encouraged in all the steps of program implementation. 
Usually the better off have more chances to participate in society and have 
more power to influence decisions. It is important to reverse this situation.

 6. Wherever possible, social inequalities in health should be described and ana-
lysed separately for men and women and also by ethnic background: these 
analyses are important in order to understand the health differences in these 
social groups.

25.4.2 Tackling Health Inequalities in Cities

Policies to tackle health inequalities in urban areas have to be related with the con-
ceptual framework of the determinants of health inequalities in these areas. Taking 
into account the conceptual framework presented in Fig.  25.1, policies should 
address the following aspects:

 (a) Governance: Policies to improve good governance and democracy have to be 
implemented. For example, the participatory budgeting, a process of demo-
cratic deliberation and decision-making, in which residents of a city decide 
how to allocate part of a municipal budget. Participatory budgeting allows 
citizens to identify, discuss and prioritize public spending projects and gives 
them the power to make real decisions about how money is spent.

 (b) Physical environment: As has been explained in Sect. 25.2, policies related to 
the physical environment are very important in urban areas. For example, 
municipalities have the possibility to decide the urban planning of the city, 
some housing policies and transport mobility. These policies should promote 
equity in results, for example, making all the neighbourhoods a healthy place 
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to live with green areas, places to walk, to go by bicycle, etc. Also, it is impor-
tant that policies promote the accessibility to housing for everybody, for 
example, promoting public social houses.

 (c) Socioeconomic environment: Policies related with the socioeconomic envi-
ronment are not always a responsibility of the municipal government. 
However, there are some examples in which the municipality can be impor-
tant. For example, jobs created by the city government (direct or indirect) 
should have good working conditions. Some cities have the responsibility for 
education or health care; it is important that these services are universal and 
accessible to everybody to promote equity. Also, the municipality can pro-
mote safety and community participation.

 (d) Settings: Selective policies implemented in settings can tackle socioeco-
nomic inequalities in health, as programmes focussed in poor neighbour-
hoods, as the example shown for Barcelona in the next section.

 (e) Axes of inequality: It is important that policies take into account the different 
axes of inequality.

The next section presents, as an example, a tool designed by the World Health 
Organization that is useful to monitor and to intervene in urban areas to tackle 
socioeconomic inequalities in health.

25.4.2.1  Urban HEART, a Tool for Action to Tackle Health Inequalities

The Urban Health Equity Assessment and Response Tool (Urban HEART) is a tool to 
measure urban health inequalities, and, most importantly, it is a tool for action to help 
tackle these inequalities (World Health Organization 2010; Kumaresan et  al. 2010; 
WHO Kobe Centre 2010). Urban HEART was developed by the World Health 
Organization and launched in 2010. Although initially designed for low- and middle- 
income countries (LMIC), it has also been used in high-income countries. Implementation 
of Urban HEART implies several steps (Fig. 25.3). First, a local set of indicators must 
be chosen which will be used to identify and monitor inequalities in health and in its 
social determinants using the Urban HEART matrix and monitor, which depict inequal-
ities in a simple and user-friendly manner (assessment stage). This set of indicators 
must be actionable through interventions and policies aimed at reducing inequalities. 
Afterwards, based on the identified inequalities, a list of interventions should be pro-
posed to reduce them, which will be later prioritized and budgeted. So as to ensure that 
health equity issues are included in the political debate and that interventions are ade-
quately budgeted, linkage with other sectors throughout the whole process is essential.

Since 2010, Urban HEART has been used in several cities. Among those from 
LMIC, most have used Urban HEART to prioritize those neighbourhoods in most 
need and implement interventions to reduce inequalities (Prasad et al. 2017). The 
response component can vary considerably across settings. For instance, while 
some cities decided to create new programmes to tackle inequalities, others priori-
tized and strengthened existing initiatives. In Guarulhos, Brazil, it was decided that 
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Urban HEART would guide annual action plans and would be integrated with the 
planning of other city departments (Prasad et al. 2013). In Tehran, Urban HEART 
was used as a knowledge transfer tool to inform neighbourhood stakeholders about 
the presence of inequalities in health and in its social determinants at their localities 
to foster the implementation of interventions aimed at reducing them. A 
Neighbourhood Development Committee, made up of politicians, technicians and 
local residents, was created in all neighbourhoods. The committee was responsible 
for developing an evidence-based local action plan for reducing inequalities on a set 
of health and health determinants previously prioritized (Asadi-Lari et al. 2013).

Toronto (Canada) and Barcelona (Spain) are two cities of a high-income country 
which have implemented Urban HEART. In Toronto, Urban HEART was used to 
develop a Neighbourhood Equity Index which allowed to identify 31 Neighbourhood 
Improvement Areas (Social Policy Analysis and Research City of Toronto 2014). 
The City Council included these neighbourhoods in the Toronto Strong 
Neighbourhoods Strategy 2020 (City of Toronto 2014). Residents and stakeholders 
decided what actions would be implemented in those neighbourhoods based on 
brainstorming exercises, discussion groups, video diaries and art projects.

Implementing Urban HEART in Barcelona

In Barcelona, socioeconomic health inequalities have been measured and studied 
since long ago. Different studies have analysed inequalities in mortality as well as in 
other health outcomes (Borrell et al. 1991; Brugal et al. 1999; Nebot et al. 1997), and 

Fig. 25.3 Urban HEART planning and implementation cycle (World Health Organisation 2016a)
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some interventions have been implemented to tackle them, from tuberculosis or drug 
control programmes to urban renewal programmes (Diez et al. 1996; Manzanera et al. 
2000; Mehdipanah et al. 2014). When Urban HEART was launched, several public 
health technicians advocated for its implementation in Barcelona. However, the local 
government at that moment (a coalition of three left-wing parties) only allowed to use 
it as a diagnosis tool, without assigning it any budget. Technicians decided to post-
pone its implementation until the response phase was adequately budgeted. It was not 
until 2015, when a new left-wing party based on social movements won the elections 
that implementing Urban HEART became possible. The new City Council, which 
had reducing health inequalities as a main priority, required for the immediate publi-
cation of Urban HEART, which would be used to prioritize those city neighbour-
hoods in most need for interventions aimed at reducing health inequalities.

Due to a tight time schedule, a provisional Urban HEART matrix was developed 
and showed how some neighbourhoods in the city systematically fared worse than 
others in most health and social determinants indicators. The provisional matrix was 
used to calculate an index which identified 18 neighbourhoods as a priority for 
intervention. Both the matrix and the prioritization were included in the 2014 
Barcelona Health Report and had an important impact in the media, which helped 
to include health inequalities in the public debate. The prioritized neighbourhoods 
were included in the Health in the Barcelona Neighbourhoods programme and in 
the Neighbourhoods Plan, for which the City Council assigned a specific budget 
(300.000€ and 150 million €, respectively) (Novoa et al. 2017).

Later on, this first version of the matrix was reviewed and improved by the Urban 
HEART Barcelona Working Group, composed of public health technicians as well 
as technicians of non-health areas (social services, statistics, urbanism, environment) 
of the City Council and other institutions. The final matrix is shown in Fig. 25.4.

The Health in the Barcelona Neighbourhoods programme, ongoing since 2007, 
attempts to reduce health inequality through a community action strategy. It is a 
selective approach implemented in some settings (neighbourhoods) of the city. It 
includes five stages, the first one consisting of creating a Steering Committee made 
up of technicians from the public health, health services and social services areas, 
medical doctors as well as neighbours from local organisations such as the 
Neighbour’s Association, among others. In the second stage, the neighbourhood’s 
health and health determinant needs and assets are identified using both quantitative 
and qualitative data. The third stage consists of the prioritisation of health needs and 
the implementation of evidence-based interventions, which are assessed for effec-
tiveness in the fourth stage. Finally, in the fifth stage, maintenance of the interven-
tions is ensured by professionals working in the district, preferably based on local 
resources. Neighbour empowerment and participation must be guaranteed through-
out the whole process (Díez et al. 2012).

With regard to the Neighbourhoods Plan, among its objectives, it aims to recover 
and promote local economy and reduce unemployment, to tackle urban infrastruc-
ture needs (green areas, public space, housing and public equipment, among others) 
and to improve life conditions (such as education, sports or health). It also considers 
the empowerment of neighbours as a main aspect of the plan.
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Fig. 25.4 Barcelona Urban HEART matrix, 2015 (Novoa et al. 2017)
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Limitations and Strengths of Urban HEART

Unavailability of disaggregated and quality data, mostly in low-income settings, can 
undermine the implementation of Urban HEART (Elsey et al. 2016; Prasad et al. 
2017; WHO Kobe Centre 2011). In these settings, to overcome this problem, house-
hold surveys are used, although they can be under-representing the urban poorest, as 
well as census-based data although they can exclude illegal settlements and the 
homeless. To overcome this limitation, a simplified Urban HEART methodology 
has been proposed and put into practice in some settings, such as in several Indian 
cities (Elsey et al. 2016). In addition, engagement of non-health sectors has been 
identified as a barrier by some of the countries that have implemented Urban 
HEART (Prasad et al. 2013). As previously mentioned, this is an essential part of 
Urban HEART. Not only is this important with regards to non-health departments 
but also to local communities; the implication of these groups is fundamental to 
ensure sustainability of actions (Prasad et al. 2017).

One of the strengths of Urban HEART is that it is a comprehensive tool, includ-
ing indicators and domains absent in other area-based deprivation indices. This 
facilitates generating debate, about the structural factors related to urban health, both 
at the political level and among the public. This debate can help in implementing 
evidence-based policies and interventions (Pakeman 2017). In addition, the Urban 
HEART matrix and monitor facilitate effective communication of results to non-
experts, since they use very simple visual techniques (i.e. colour coding to classify 
neighbourhoods according to levels of achievement with respect to specific targets) 
(WHO Kobe Centre 2011).

Experience from high-, low- and middle-income countries shows that Urban 
HEART can be useful to identify and monitor health inequalities and, most impor-
tantly, to help implementing interventions aimed at reducing these inequalities. This 
is achieved as the tool allows to introduce health inequalities in the public debate 
and in the political agenda. However, experience also shows that political will and 
institutional and financial support from local authorities are essential for imple-
menting both the assessment and the response components of Urban HEART.

25.5  Conclusions

The factors or determinants of health are important to understand what causes health 
inequalities. In urban areas, they belong to the following aspects: urban governance, 
physical and socioeconomic environment, settings and axes of inequalities.

Surveillance of inequalities in health involves monitoring inequalities over time 
and across the different axes of inequality. To achieve this objective, it is necessary 
to have adequate urban health metrics that allow to measure both inequalities in 
health and in its determinants.

25 Establishing Social Equity in Cities: A Health Perspective
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Policies to tackle health inequalities in urban areas have to be related with the 
conceptual framework of the determinants of health inequalities in these areas. The 
Urban Health Equity Assessment and Response Tool (Urban HEART) is a tool to 
measure urban health inequalities and, most importantly, it is a tool for action to 
help tackle these inequalities. This tool has been used in many cities to advance on 
including health inequalities in the political agenda.
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Chapter 26
Participating in Health: The Healthy 
Outcomes of Citizen Participation 
in Urban and Transport Planning

Ersilia Verlinghieri

26.1  The Ringland Project: A Live Example of Citizen 
Participation, Urban and Transport Planning, 
and Health

In 1998 the Flemish government proposed to complete the ring road around the city 
of Antwerp. This strategic transport infrastructure investment aimed at solving the 
lasting congestion issues and improving traffic flow. Following this proposal, an 
intense debate that involved different planning authorities; local, national and inter-
national bodies; academics; and citizens has arose. Almost 20 years later, the project 
is still in the drawer. This is not the consequence of lack of funding or institutional 
capacity but rather the strong effect of what I would call in this paper citizens’ par-
ticipation in urban and transport planning for health.

Since the 1998 proposal, a variety of citizen-led initiatives have opposed the new 
road, resulting in 2013 with the birth of the Ringland project (Ringland n.d.) (https://
ringland.be/about/the-project/). Ringland is “crowd-brained and crowd-funded” 
infrastructure project for a six billion euro investment “that has been completely 
initiated and developed bottom-up by local citizens” (Ringland n.d.). It consists of 
a road tunnelling project that would highly mitigate the health impacts associated 
with the originally proposed new ring road (Brusselen et al. 2016; Van Brussel et al. 
2016). The people involved in Ringland used participation in an unconventional 
manner, demanding referenda on the decisions regarding the ring road and produc-
ing community plans. They contested not only the construction of a new road but 
also demanded for the existing road to be tunnelled in order to reduce health impacts 
(Wolf and Van Dooren 2017). As such, they successfully brought health at the centre 
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of the Flemish transport planning agenda and reframed the public debate about 
transport and health.

Based on a number of feasibility studies and on a full Health Impact Assessment 
(HIA) that were crowdfunded (Van Brussel et al. 2016), the Ringland project has 
completely reshaped the government agenda and is now scheduled to be imple-
mented as proposed by citizens (De Oosterweelverbinding 2015). Accordingly to its 
HIA, the Ringland project will result in a significant reduction in premature mortal-
ity and increase in life expectancy (Brusselen et al. 2016). Specifically, improved 
health is predicted for children whose schools are located near to the road. Further 
benefits are the increased availability of recreational and green spaces and reduction 
of noise and pollution (Wolf and Van Dooren 2017).

Although not unique, as a variety of anti-road building initiatives have took place 
worldwide in the last decades (Rawcliffe 1995; Paterson 2007), the Ringland proj-
ect stands out because it opposes road infrastructures in name of public health. This 
is in line with an increasing public concern with the polluted state of cities and natu-
ral environment. It shows that health has to become an urgent and central objective 
of both urban and transport planning. It also reminds us that we still need to better 
link planning practices and health-related decisions (Khreis et  al. 2016; 
Nieuwenhuijsen et al. 2017).

The Ringland project is also a peculiar example of the variety of forms, mean-
ings, benefits and limits of participation in urban and transport planning in relation 
to health. It shows how participatory planning can take place both inside and outside 
the institution, being initiated by and involving a variety of actors, from citizens to 
planners and academics, and often promoting new forms of governance. It also 
shows how the benefits of participation are much broader than just making quicker 
decisions.

What can we, as academics, practitioners and decision-makers, learn from this 
example? How can we use participation to implement innovative decision-making 
practices that contribute to the construction of healthy cities, also in contexts in 
which there are no previous citizens initiatives calling for health in urban and trans-
port planning?

In this chapter I explore possible answers to these questions. Considering in 
more details the various aspect of the Ringland project and building on the literature 
on participation in urban and transport planning, I explore the connections between 
citizens’ participation and health, showing their potentials and limits in an increas-
ingly complex world. After giving some definitions, I consider the wide benefits and 
limitations of participation recognised by the literature. Subsequently, I provide a 
summary of the main planning traditions and consider how they approach participa-
tion in different ways. I then consider the specific benefits that participation can 
offer to health and reflect on which would be the most appropriate planning settings 
and practices to allow these to take place. I propose that we build a culture of partici-
pation across society in order to do so. I conclude with a reflection on the role of 
academics and of participatory research to support the construction of such culture 
of participation.
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26.1.1  Definitions

Following the WHO (2003, p.  10) report on Community participation in  local  
health and sustainable development, I define participation as “a process by which 
people are enabled to become actively and genuinely involved in defining the issues 
of concern to them, in making decisions about factors that affect their lives, in for-
mulating and implementing policies, in planning, developing and delivering ser-
vices and in taking action to achieve change”. Specifically, in considering 
“participation in health planning” and “participation in urban and transport planning 
for health”, I broadly refer to the involvement of citizens in the design of health- 
related policy and planning intervention, as well as to the broad participation of citi-
zens in urban planning and its effects on health. This definition does not specifically 
focus on the narrower notion of involvement of individual patients in the design of 
their health care (Conklin et al. 2015).

I consider participation to be an institutional process organised by local authori-
ties, councils, researchers, international bodies to involve local communities, stake-
holders and a variety of actors in planning processes. At the same time I consider 
participation in broader terms. If, following Friedmann (1987), we consider plan-
ning to be an activity that takes place in the public domain in the course of social 
transformation, then participation can be defined as an arena of transition from the 
private sphere to the public sphere that can be initiated and opened by different 
actors (Padilla et al. 2007). Therefore, participation including all those processes 
that commenced from the bottom up by actors such as grassroots initiatives, social 
movements or citizens groups impacts, to a small or great extent, on the way we 
perceive and plan our cities. As such, the proposed definition of participation 
includes grassroots initiatives like the Ringland project.

Finally, I concentrate on the urban realm. This is not only because it is the most 
common condition for human settlement but also the location where the effects of 
current environmental and social crises appear clearest (Khreis et  al. 2016). 
Furthermore, cities, both from a governance setting perspective and from a cultural 
view, have the potential and are generally, even if often only formally, widely com-
mitted to open up to citizens participation, enabling spaces in which different actors 
can meet and exchange knowledge (Dooris and Heritage 2013).

26.2  The Benefits of Participation

Before examining in which way participation can support healthy cities, it is worth 
considering in more general terms what aspects of planning and decision-making 
can be improved by citizens’ participation. Beyond the discourse on participation 
being part of a “proper conduct” of democratic processes (Renn et al. 1995; Tickner 
2001; Crawford et al. 2002), its benefits can be listed as follows:
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• Firstly, substantively involving citizens into a decision-making process allows 
greater understanding of phenomena, making space for other viewpoints to 
emerge and for different inputs to contribute (Irwin 1995; Tickner 2001). This is 
specifically meaningful when approaching complex phenomena such as urban 
and transport planning, whose understanding requires data from multiple sources. 
Through participation, planners and decision-makers can have a clearer picture 
of the citizens’ desires and preferences: participation is an invaluable tool to 
build effective evaluation and assessment procedures and allow better informed 
decisions (Lowndes et al. 2001; Innes and Booher 2004; Rowe and Frewer 2016). 
Moreover, including citizens and other actors can back up the work of research 
teams or experts that might not have the appropriate sensibilities or time resources 
to gather deep knowledge of specific issues and contexts (Becker et al. 2004).

For example, it is thanks to citizens’ participation that health has become one 
of the core goal of the planning process for the Antwerp ring road (Van Brussel 
et al. 2016). The Ringland project revisited completely the concept of ring road 
(Van Brussel et al. 2016) showing how an infrastructural project could result into 
increased health and wellbeing (Verbeek 2014).

• Secondly, according to a more instrumental-oriented assumption (Renn et  al. 
1995; Mumpower 2001; Crawford et al. 2002), participation, when appropriately 
set up, allows to increase public acceptability of decisions and, in some cases, to 
build stronger consensus, reduce conflicts and produce shared projects and 
visions (Innes and Booher 2004; van de Kerkhof 2006). As such, it can be used, 
in a positive or negative sense, to legitimate and reinforce support for public 
decisions and overcome governance barriers (Reed 2008). Reversely, not doing 
so greatly slows the process. If the city of Antwerp had involved the residents 
from the start of the planning process, it would have possibly avoided waiting 
10 years or more to implement its ring road project.

• Thirdly, in a more transformative perspective, participation can be used as a pro-
cess to inform, educate and empower citizens, ensuring conditions for fair and 
just decision-making (Renn et  al. 1995; Innes and Booher 2004; Bailey and 
Grossardt 2010; Bailey et al. 2012). Participation can be an important space for 
change in planning practice (Hilbrandt 2017) and one of the most viable path-
ways towards sustainable transportation (Banister 2008). Similarly it is a way of 
mobilising new resources and energies and possibly ensuring ownership and 
 sustainability of decisions (Dooris and Heritage 2013). It can be a process of 
information diffusion, knowledge exchange and creation in which communities 
and marginalised group increase their voice and power (Campbell and 
Jovchelovitch 2000; Dooris and Heritage 2013). In this way participation can 
also catalyse behavioural and social change, becoming a space in which prac-
tices can be transformed and social learning built (Kesby 2005; Stringer et al. 
2006).

The Ringland project is a great example of this more transformative aspect of 
participation. Demanding to be able to participate in the planning process, citi-
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zens pushed institutions to change their practices, introduced a greater attention 
on health at all levels of planning and in the public domain (Flandersnews.be 
2016; Flanderstoday 2017) and mobilised a variety of new actors in the discus-
sion and planning, such as the academics that prepared the HIA (Brusselen et al. 
2016).
Clearly, further to these positive aspects, participation also offers numerous chal-

lenges that I explore in the next section.

26.3  The Challenges of Participation

A vast body of interdisciplinary literature has highlighted the limitations of partici-
pation. Generally, criticisms concern the actual settings of participation or more 
broadly its validity in political, ethical and scientific terms (Reed et al. 2017). As 
Cooke and Kothari (2001) summarise in their famous book Participation: the new 
Tyranny?, within the current political and institutional settings, the main issues are 
linked to:

 – Potential conflict arising between the outcomes of participatory processes and 
decisions taken within formal democratic settings

 – The risk for group dynamics to reinforce within participation the existing pat-
terns of inequality and exclusion

 – The idea that a certain form of participation is good per se, often preventing more 
appropriate approaches to be used

When not carefully set up, participatory spaces might fail to effectively guaran-
tee communication among different actors, due to power unbalances and risk to 
reproduce or reinforce social exclusion (Elvy 2014). Participation can also miss 
accounting for diversity, inclusivity and differentiation, proposing often a too homo-
geneous definition of what a community is and what its views and needs are (Cooke 
and Kothari 2001). As such participatory arenas can become spaces in which deci-
sions already made are brought to be legitimised instead of being discussed in depth 
(Tickner 2001). Participation can also become an instrument for external actors to 
exploit local resources, knowledges and willingness to improve conditions to their 
own benefits, off-setting costs of running specific programmes (Guareschi and 
Jovchelovitch 2004). Careful set-up of the participatory processes and assessment 
of the power balances within them could prevent these issues to emerge (Willson 
2001; Bailey et al. 2012; Elvy 2014).

More fundamental challenges appear when attempting to establish participatory 
arenas as truly transformational and creative processes of co-production. As Irwin 
(1995) suggested, participatory spaces need to open up discussions and not be only 
seen as mandatory ticking boxes exercises or events in which a specific policy direc-
tion is publicised. This might be an important challenge especially in times of eco-
nomic crisis, when participation arenas can be limited by time restraints, lack of 
resources, political divisions and inexperience in public consultation processes 
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(Verlinghieri 2016). Whilst considering participation in broader terms might allow 
for more resources to join and more actors to initiate it as a process, awareness is 
needed on the risk of participation to become a tyranny and progressively exhaust 
community resources (Cooke and Kothari 2001). I will explore later in the chapter 
methods and resources to overcome these barriers.

Finally, participation should not be considered as a way to necessarily build con-
sensus but a tool to embrace diversity, complexity and conflicts, grounding a better 
understanding of inequalities and the type of intervention needed from an economic 
but also social perspective.

Having considered these points, it is clear that setting up appropriate participa-
tory spaces for health planning or to allow health to become the centre of urban and 
transport planning might pose major challenges. Which modes of planning are able 
to set up and accommodate appropriate participatory arenas? Which of these modes 
are more appropriate when aiming at planning for healthier cities? In order to 
answer these questions, it is worth considering how participation has been con-
ceived in the planning literature.

26.4  Climbing a Ladder of Citizen’s Empowerment: 
Participation in the Planning Literature

One of the foundation stones in the literature on participation and planning is the 
famous Arnstein’s (1969) ladder. The ladder (Fig.  26.1) classifies the different 
degrees of participation in planning as a ladder of citizen empowerment.1 Starting 

1 Empowerment is a complex term whose definition is linked to the specific vision on power 
adopted. Dooris and Heritage (2013) report various points on the debate. For the sake of this chap-
ter, without entering in too many details on the nature of power, we adopt the blurred definition of 
empowerment being both an individual and collective process of obtaining control over own des-
tiny, lives, resources and capabilities (Freire 1970, 2013; Campbell and Jovchelovitch 2000).

8 Citizen Control
Degrees of citizen 

power
7 Delegated Power

6 Partnership

5 Placation
Degrees of Tokenism4 Consultation

3 Informing

2 Therapy Non -participation

1 Manipulation

Fig. 26.1 Arnstein’s ladder of participation (readapted from Arnstein (1969))
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from non-participation, different levels of power delegation permit to reach higher 
levels of participation, in which citizens assume total control of the planning 
process.

Different steps of the ladder correspond to different “participatory arenas” and 
settings that span from information provision activities, websites, surveys, inter-
views and online interaction to more dialogic spaces such as focus groups, citizen 
juries and community planning initiatives (Lowndes et al. 2001).

Several authors have used the ladder metaphor to analyse different types of par-
ticipation considering the flux of power from the planning authority to the hands of 
citizens (e.g. Bailey et  al. 2012; Tippett et  al. 2007; Lane 2005; Souza 2001; 
Bickerstaff et al. 2002). Whilst on the bottom five steps the planning institutions 
retain all their power, higher up the ladder citizens are progressively empowered, in 
a movement from top-down to bottom-up participation. As such, the ladder repre-
sents a useful tool to understand the different types of participation in place or as 
desired. A typical top-down organised meeting on health planning might fall in any 
of the steps between 3 and 6 and depends on the effects of the outcomes and the role 
given to citizens. The Ringland project, with its exceptional settings and outcomes, 
is higher up the ladder and could be classified as a partnership or delegated power 
depending on the final outcome of the project.

However, critiques have been posed to the ladder and its classification of partici-
pation. Specifically, authors have stressed how its linear approach to power misses 
the complexity and dynamicity of the interpersonal relations in the decision- making 
process, the shades between the potential and actual power held by different actors 
and the effects of the specific context on the participatory process (Lawrence 2006). 
Power is not a unique “commodity” that can be transferred or exchanged (Buchy 
and Race 2001; Collins and Ison 2009) but a property of different relations that 
depends on the type of actions performed (Gallagher 2008). The discourse of 
empowerment needs then to be framed in terms of challenging existing power struc-
tures and not in terms of “transferring” power (Kaufmann 1997; Buchy and Race 
2001). In certain participatory arenas, citizens can have potential, but not actual 
power. This can be judged by looking at the outcomes of the planning process rather 
than the formal settings of the decision-making. The fact that, on the higher steps of 
the ladder, citizens are formally guaranteed “more power” doesn’t necessarily 
ensure their impact on the decisions; similarly, citizens can have actual power on 
influencing decisions also on steps of the ladder where they are theoretically just 
passively consulted (Hilbrandt 2017).

For example, the citizens that initiated Ringland might have well met each other 
in an information meeting and have used this purely information-gathering exercise 
to connect to each other and develop more nuanced forms of engagement. At the 
same time a project like the Ringland project, if it does not result in any outcome in 
terms of its ability to actually implement the process or to change the local culture 
on health and planning, it might show a high level of disempowerment, despite 
being guided by citizens power.

To account for these elements when designing participation arenas, we need to 
look not only at the arrangements but also at the outcomes and effects of the 
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 participatory processes and consider the different power relations in play between 
the different actors (Gallagher 2008). This would reveal that real empowerment is 
reached only when a suited worldview is in place and adopted by all the actors 
involved. The effects of different worldviews on the settings participation are clear 
when looking at how participation is conceptualised and practised in different plan-
ning traditions. Traditions differ for their understanding of what is planning, what it 
is the role of the planner in society and how it should use its knowledge to propose 
actions to shape the city (Friedmann 1987). As such, as also stressed by Ferreira in 
this book (Chap. 17), traditions deeply shape planners’ practices. Several other 
authors have provided insightful analysis of planning traditions, such as the capital 
work “Planning in the Public Domain” by Friedmann (1987). Different urban and 
transport planning traditions have evolved and cohabit at the same time, as I briefly 
explore in the following paragraphs.

The more classical planning tradition, normally named rational or instrumental 
planning, sees planning as a rational, value-free activity directed by the State author-
ity. This tradition believes in an “unitary public interest” (Lane 2005, p. 290), where 
the planner has the technical skills to decide the good for society and decision- 
making is a matter of the policymaking arena. The planner is a professionally trained 
actor in charge of producing objective scientific knowledge to inform reforms 
(Sager 1992), maximising welfare and solving problems (Innes 1995). The deci-
sion-making process is centred on the evaluation of goals and objectives, and plan-
ning activity is guided often by the use of econometric and forecasting models such 
as cost-benefit analysis. As a broad literature has stressed, this is the planning tradi-
tion mostly adopted also in the transport planning realm (Willson 2001; Stangl 
2008; Lindelöw et al. 2016; Verlinghieri 2016). Here, despite the coexistence of dif-
ferent worldviews (Willson 2001; Ferreira et al. 2009), decisions are predominantly 
taken following the principles of economic efficiency of transport as an activity that 
can be predicted and provided (Schiefelbusch 2010; Levine 2013; Hickman and 
Banister 2014). Accordingly with these ideas, in this tradition participation is “only 
required to validate and legitimise the goals of planning” (Lane 2005, p. 290) and 
normally performed as information gathering activities such as surveys or informa-
tion provision (e.g. websites or information campaigns).

To find planning views that support participation at higher steps of the ladder 
beyond the non-participation or tokenism stages, we ought to refer to planning tra-
ditions that Friedmann (1987) names planning as social learning and planning as 
social mobilization. These traditions stress the political face of planning and its 
responsibility with regard to social justice and environmental issues (Healey 1992). 
Specifically, the first tradition conceives planning as a process of transformation and 
cyclical learning in which a variety of actors beyond professional planners partici-
pates. Planning evolves to adapting to the different contexts (Friedmann 1987). 
Participatory and collaborative processes become then integral part of the knowl-
edge production and decision-making processes that form planning. The second one 
includes more radical approaches to planning, which fully challenge the idea of 
professional planning. They conceive planning as an activity aiming at transforming 
society that is performed in the “public domain” and “from below”. Planning is not 
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only an institutional process but a political act, in which science loses its central  
role as a unique force to drive change and becomes a tool for emancipation. Urban 
social movements and other grassroots actors are fully recognised as planning 
actors.

These two traditions, having questioned the traditional role of planners, consider 
participation not as a technique but as the main decision-making mode. Planning is 
based on a continuous exchange, in which choices are determined through commu-
nication and participation between different actors. The professional planner cannot 
purely assume the role of expert but needs to develop new skills and planning tech-
niques (Hall 2014). For example, he can become a supporter of disadvantaged 
groups (Davidoff 1965) or the facilitator of a participatory debate around the future 
of the city in which citizens are the protagonist (Forester 1989; Healey 1992, 1997). 
In this conceptualization of participatory planning, however, a debate has emerged 
between authors that believe that consensual decisions can emerge from democratic 
participatory processes and others that see this position as unrealistic and not 
accounting for power dynamics, plurality, difference and complexity of society 
(Flyvbjerg 1998; Yiftachel 1998; Yiftachel and Huxley 2000; Albrechts 2003). As 
seen in the general debate about participation, also in the debate on participation in 
the planning literature, there is an emphasis on the importance of accounting for 
power dynamics and giving space to different voices, especially supporting the least 
strong ones.

It is evident that different planning traditions, proposing a different view on who 
is the planner and what she does, would support different forms of participation. 
Specifically, only the ones that see planning as a multi-actor and dynamic process 
seem to support worldviews that can accommodate participation at the higher steps 
of the ladders. In the next sections, I will consider which of these types of participa-
tion, and thus planning traditions, are the most appropriate when looking at urban 
and transport planning and health.

26.5  The Potential Health Benefits of Participation

Health planning and urban and transport planning for health could potentially ben-
efit from all the aspects of participation previously highlighted (Rifkin 2014; George 
et al 2015; Farmer et al. 2017). Yet, participation in health planning and urban and 
transport planning for health are exposed to similar or even more complex chal-
lenges and very context-specific effects (Rifkin 2009, 2014; George et  al. 2015; 
Pagatpatan and Ward 2017).

As stressed by Gallent and Ciaffi (2014), approaches to participation belonging 
to the lower steps of the Arnestein’s ladder can allow citizens to have more nuanced 
information about existing services and better awareness of health risks and health 
prevention strategies. This can directly impact on lifestyles and behavioural changes. 
Participation is a powerful mean to increase citizens’ awareness on the health 
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impacts of motorised transport. Such awareness is increasingly needed to imple-
ment meaningful changes in everyday mobility choices (Khreis et al. 2016).

In addition to these benefits, looking at higher steps of the ladders, there are three 
main areas in which participation can contribute not only to improving health plan-
ning but also to grounding more comprehensive and holistic approaches and behav-
iours for health: (1) design tailored interventions and value alternative resources for 
health; (2) generate empowerment-related community wellbeing; (3) redefine 
authoritative knowledge on the base of co-production. I explore these three aspects 
in the following.

26.5.1  Design Tailored Interventions and Value Alternative 
and Complementary Resources for Health

Research has shown that consulting citizens before and whilst implementing health 
policies can increase their success in responding to local issues (Laverack and 
Labonte 2000; den Broeder et al. 2017; Farmer et al. 2017). At the same time, par-
ticipatory arenas in which health risks and health prevention strategies are discussed 
can substantially facilitate the uptake of new behaviours, at the individual and col-
lective level (Woodall et al. 2010; George et al. 2015; den Broeder et al. 2017). As 
shown by the initiatives in Antwerp, citizens can also have an important role in 
challenging policy directions taken and interventions, bringing to the agenda values 
and themes that they feel are relevant to their livelihoods. They can “supervise” the 
implementation of health-centred and environmentally friendly solutions as well as 
uncover business-as-usual practices that have little efficacy in tackling crises (Irwin 
1995; Kickbusch et al. 2014). With these goals in mind, new tools for health can be 
built, such as participatory HIA (Nieuwenhuijsen et al. 2017).

Moreover, participatory practices initiated by citizens can help respond to the 
lack of services and provide complementary/alternative community-based health 
services. For example, Gallent and Ciaffi (2014) have reported the benefit of citizen- 
led mental health first aid and community support initiatives. Furthermore, as seen 
with the role of the Ringland project in demanding for referenda and setting up 
public discussions about the project, citizens and their organisations have a crucial 
role in guaranteeing the conditions for participation to be widely adopted in urban 
and transport planning for health. As Campbell and Jovchelovitch (2000, p. 256) 
highlight: “it is only through the participation and representation of grassroots com-
munities in planning and implementing health programs that such programs are 
likely to have an impact”. This is evident when looking at the role that social and 
grassroots movements have historically played in reshaping the discourse around 
health promotion. Kickbusch et al. (2014, p. 6) remark, “health activism [...] has 
been pivotal in bringing about changes in how societies govern health and disease. 
Citizens changed the ways they approached health and governance as individuals, 
civil society communities and organizations during the 20th century”. Citizens have 
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contributed to build an idea of participation that goes beyond individualised life- 
management exercises but embedded into processes of empowerment and  advocacy 
(Laverack and Labonte 2000). It is very likely that their contribution needs to still 
be promoted for urban health. Citizens’ initiatives are valuable community resources 
that can be nurtured and supported. However, they also risk to become ground for 
utilitarian uses of participation (Guareschi and Jovchelovitch 2004). For this reason 
they need to be carefully designed and monitored, and researchers, practitioners and 
policymakers can have an important role in guaranteeing and maintaining effective 
participatory arenas and processes (Verlinghieri 2016; Khreis et al. 2016).

Having acknowledged these benefits of participatory arenas, as shown in more 
general terms before, the literature highlights the importance of focussing not only 
on their outcomes but also on the procedural effects and abilities to mobilise differ-
ent stakeholders, creating interaction and exchanges, allowing citizens to experi-
ence empowerment and deliberation, creating identities and gaining control over 
their capabilities (Laverack and Labonte 2000; Woodall et al. 2010; Rifkin 2014). In 
this context Conklin et  al. (2015), reviewing more than 2000 studies  on  public 
involvement in health-care policy, have shown how there were recurring procedural 
effects such as increased citizen knowledge, nuanced decision-makers’ and service 
providers’ awareness and/or changed perceptions by the stakeholders involved, 
although the direct outcomes of involving citizens in health planning varied in geo-
graphical scale and magnitude and were difficult to determine (similar points are 
made by Dooris and Heritage (2013)). Similar results are reported by Crawford 
et al. (2002) who analysed 40 patients involvement studies and showed how this 
generally resulted in improved quality of health services and people’s health. 
Participation has then the intrinsic value of establishing new relations and networks 
among stakeholders. These can reshape the priorities of the health agenda making it 
more suitable for specific needs and more attentive to the local resources available. 
At the same time, participation can spread healthy practices both in terms of preven-
tion and treatment of a variety of diseases. These phenomena directly connect to the 
next point.

26.5.2  Generate Empowerment-Related Community Wellbeing

There is a strict connection between health and wellbeing, and research has shown 
the healing properties of perceived subjective wellbeing (Lewis et al. 2014; Steptoe 
et al. 2015). In broader terms, research has asserted that wellbeing is constituted by 
an overlap of hedonic or eudaimonic factors (Díaz et al. 2015), the former being the 
perceived happiness and the latter the active realisation of oneself potentials and 
aspirations (Schwanen and Ziegler 2011). As Lewis et al. (2014) reported, people 
that score low in eudaimonic wellbeing have higher risk of depression and poorer 
physical health. Eudaimonic wellbeing is composed by dimensions such as personal 
growth, autonomy, self-acceptance, purpose in life, etc. (Schwanen and Ziegler 
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2011). The dimension of autonomy strictly connects to the ability to be actively 
involved and participate in decision-making processes.

As such, participation has been included in the list of human needs fundamental 
to ensure overall wellbeing (Doyal and Gough 1991). There is sufficient evidence 
on the detrimental mental and physical health effects of not being able to impact 
decision-making regarding people’s own environments and communities (Albrecht 
2005) and lack of control over own destinies (Campbell and Jovchelovitch 2000). 
These points are specifically important when considering the health problems for 
marginalised groups, which are also the groups with less input in decision-making, 
poorest health and lacking access to health facilities, health-related knowledge and 
support (Baum et al. 2000). Research has shown the intimate connection between 
empowerment and positive health effects at individual and community levels 
(Campbell and Jovchelovitch 2000).

In line with the literature on eudaimonic wellbeing, participation provides also 
positive outcomes at the individual level that are connected to increased self-esteem, 
self-efficacy, sense of coherence, social identities and consciousness (Campbell and 
Jovchelovitch 2000; Ryan and Deci 2001; Guareschi and Jovchelovitch 2004; 
Attree et al. 2011). This applies also at a broader level, when individual and com-
munity empowerment and participation are able to instigate transformative actions 
with positive health outcomes and reduced health inequalities (Abel and Frohlich 
2012).

Specifically, the presence of social networks and the availability of social capital, 
as well as the involvement in community activities and the existence of institutional 
spaces that allow interaction, are important factors in promoting health and wellbe-
ing, especially in the case of isolated communities (Campbell and Jovchelovitch 
2000; Gallent and Ciaffi 2014). Here, the possibility to participate and interact 
within the community and with other external actors “can influence health decision- 
making and create opportunities for access to health information, programmes and 
services to achieve good health and wellbeing” (Gallent and Ciaffi 2014, p. 81). 
Similarly, there are evidences on how health programmes designed with the col-
laboration of specific groups help improving social support, self-esteem and per-
ceived power (Laverack and Labonte 2000; Attree et al. 2011). Overall, health-related 
decisions impact citizens lifestyles as well as the ecosystems in which they live; 
involving citizens in those decisions is involving them on deciding about their own 
lives (Tickner 2001).

26.5.3  Redefine Authoritative Knowledge on the Base 
of Co-production

Participatory arenas that go beyond consultation can allow knowledge co- production. 
This is specifically important in the context of health and urban and transport plan-
ning for health (Khreis et al. 2016; Nieuwenhuijsen et al. 2017). Health is a highly 
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hard-science-driven topic regarding which there are growing debates on morality, 
reliability and validity2 (De Vries and Lemmens 2006; Light et al. 2013). Thanks to 
co-production, health-related facts, assumptions and interpretations can be re- 
discussed, possibly leading to the construction of an authoritative common knowl-
edge ground on the base of which deliberation might be easier (Heiman 1997; 
Edelenbos et al. 2011; Boswell et al. 2015). Co-production with different actors can 
also overcome the limits of interdisciplinarity highlighted by Ferreira in this book 
(Chap. 17). Participation can allow a debate on the value and importance of the 
established hierarchy of knowledges in places that prioritises expert knowledge 
over other forms of knowledge (Irwin 1995; Campbell and Jovchelovitch 2000). 
Research has indeed shown how local knowledges, appropriately balanced and 
embedded in a critical dialogue with science, are fundamental sources for effective 
health interventions, especially in more deprived communities (Campbell and 
Jovchelovitch 2000; Guareschi and Jovchelovitch 2004; den Broeder et al. 2017). 
The collaboration with other type of knowledges in shaping health interventions can 
also improve the overall approach to health. As, for example, shown by research 
with indigenous communities in various urban settings, traditional approaches to 
health brought by participants can complement traditional medicine and pursue a 
more holistic outlook to human wellbeing in which environmental, psychological 
and physical components are accounted for together (Auger et al. 2016). With this 
setting, participation can help reduce health inequalities and propose solutions to 
debates on the validity of health interventions (Dally and Barr 2008; Woodall et al. 
2010).

In light of this, it emerges that health could truly benefit from participation when 
it is conceived not only as a consultation exercise but as a lasting-in-time practice 
that involves a variety of actors and stakeholders, towards the higher steps of the 
Arnstein’s ladder (Rifkin 2014). At those levels one can positively attempt to tackle 
existing inequalities and power unbalances and their effects on urban health. 
Moreover, as I demonstrated with my research, in order for cities to fully benefit 
from the potentials of participation for health, participatory arenas need to be 
knowledge-based and ethically grounded (Verlinghieri 2016). They need to allow 
for a continuous co-production of knowledges taking into account issues of inclu-
sivity, representativeness, fairness and impact on decision-making. In line with what 
was considered in the previous section, planning modes in between planning as 
societal learning and planning as social mobilisation with participatory settings 
towards the higher steps of the ladder might effectively be the preferred ground for 
planning healthy cities.

However, as various studies have demonstrated, despite the 1986 WHO Health 
Promotion Charter inviting for participatory approaches to health (World Health 
Organization 1986), current practices are normally only performed at the informa-
tion stage of the Arnestein’s ladder, in the forms of exhibitions, municipal newslet-
ters, internet information, campaigns, conferences and similar (Dooris and Heritage 
2013; Conklin et al. 2015). As Ocloo and Matthews (2016) found in a more recent 

2 See, for example, debates on vaccinations or alternative medicine (Clark 2000; Loe Fisher 2017).
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review, participatory settings for health can be often characterized by tokenism and 
exclusivity. Similar observations can be made with regard to health planning prac-
tices, especially within transport planning (Verlinghieri 2016). Similarly, there is 
often a lack in political will to accept the value of participation and gather resources 
for it to function (Nieuwenhuijsen et al. 2017; Pagatpatan and Ward 2017). Despite 
new studies and trends in which participation is acknowledged as fundamental also 
in the assessment of health impacts – as, for example, in the development of partici-
patory HIA (Nieuwenhuijsen et al. 2017) – new knowledge production and exchange 
practices as well as decision-making settings and tools still need developing to 
accommodate more nuanced forms of co-production (Khreis et  al. 2016; 
Nieuwenhuijsen et al. 2017).

In the next sections I give a few insights on some principles on which more par-
ticipatory approaches to urban and transport planning for health could be based on, 
looking at the importance of building a culture of participation across society and at 
the potentials of Participatory Action Research (PAR) as an approach that could 
guide academics, practitioners, policymakers and planners to facilitate its 
emergence.

26.6  Building a Culture of Participation

Differently from what the current practice of participation for health seems to be 
based on, I showed the importance of practising participation at the higher levels of 
the Arnstein’s ladder to effectively be included in pathways towards healthy cities. 
Participation should not be limited to one-off exercises, but continuously practised 
on a number of fronts (World Health Organization 2003; Rifkin 2014; Verlinghieri 
2016). This demands a considerable number of resources in place as well as appro-
priate institutional, political and societal conditions. I argue that, in order to allow 
those to be in place, it is useful to think about creating a culture of participation.

A culture of participation can be defined as “an attitude of openness towards and 
a capability of supporting the existence of participatory decision-making processes 
at the ‘citizen power’ levels of the ladder” (Verlinghieri 2016, p. 218). As I found 
out with my PhD research, this culture is a fundamental requirement for participa-
tion to have true impacts and meanings. When a culture of participation is in place, 
participatory arenas can be embedded into democratic decision-making processes 
as participation becomes a usual practice of decision-making. It is the increas-
ingly high culture of participation in place in Antwerp that allows the Ringland road 
project to start and achieve its results. A culture of participation can support estab-
lishing new governance models in which decisions are made on the base of a con-
tinuous dialogue among different viewpoints and knowledges, having made explicit 
the underlying value assumptions and grounding the search for solutions into 
accountable and transparent deliberation (Stringer et  al. 2006; Kickbusch et  al. 
2014).
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Adopting the extended conception of participation and planning proposed in this 
chapter  can allow to identify a variety of actors that can contribute to build this 
 culture at the urban level, both at an institutional and grassroots level (Verlinghieri 
2016). Specifically, the diagram proposed in Fig. 26.2 is useful to understand the 
different types of actions required and the way in which participation at the higher 
steps of the ladder could work. In the diagram, I summarised a model of participa-
tion originally developed by a transport grassroots/advocacy group I worked with 
during my PhD, the Move Your City group from L’Aquila, Italy (Castellani 
2014; Verlinghieri 2016). The model highlights how independent functioning both 
at the institutional and grassroots level is essential to allow a connection and  
co-production between the two levels. When a culture of participation is in place, 
participation can mobilise resources at different levels of society, working as hori-
zontal participation, at the grassroots and at the institutional level, as well as a pro-
cess of transversal participation in between institutions and citizens. This means 
that both institutions and grassroots actors need to have the ability to work partici-
patorily within themselves and in collaboration among each other.

For example, in the Ringland project, grassroots actors built a highly functioning 
culture of participation at the grassroots level. The Ringland project is developed 
first of all as a collaboration and convergence among different grassroots initiatives. 
At the same time, it has an open and continuous dialogue with different institutional 
actors, from the local government to universities.

As also reported in a report by the World Health Organization (2003), in the 
specific context of health, different activities can be used to support and develop this 
culture, such as institutional exercises, community-level activities and support to 

Horizontal Participation: 
Institutional Level 

Horizontal Participation: 
Grassroots Level

Transve
rsal 

Particip
ation

Fig. 26.2 A model of 
horizontal and transversal 
participation (Verlinghieri 
2016, p. 204)
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community organisation. To do so, crucial processes are community-level work, 
networking and organisational development. Similarly, it is important to nurture a 
political committment to participation (Pagatpatan and Ward 2017). Initiating these 
processes, academics, practitioners, policymakers and planners can support the con-
struction of a culture of participation at both the institutional and grassroots level, 
enabling coordination and co-production (Khreis et al. 2016). Moreover, they can 
make sure that adequate settings are in place for citizens to be fully engaged and 
recognised as legitimate actors in shaping health policies. Only then they can pro-
pose alternative solutions from the bottom up and independently implement health- 
centred behaviours and practices. To do so, academics need to critically approach 
the epistemological discussion around co-production, as, for example, proposed by 
Khreis et al. (2016).

26.7  A Research Approach to Build a Culture 
of Participation: Participatory Action Research 
for Health

If as academics, practitioners, policymakers and planners we aim to support the 
development of a culture of participation, we need to challenge current knowledge 
production, planning and research practices and propose new frameworks (Khreis 
et al. 2016). We need to support the emergence of a culture of participation at each 
level of the model proposed. In order to do so, especially when approaching the 
grassroots level, I believe that useful insights can come from the literature on par-
ticipatory research approaches such as PAR, emancipatory research and feminist 
standpoint theory.

These approaches assume that co-produced knowledge has validity comparable 
or superior to traditional scientific knowledge and that knowledge can be co- 
produced with citizens and other actors in society, towards emancipation and well-
being. Participatory research approaches aim and allow exploring issues and 
phenomena from the “standpoint of the impacted”.3 “Impacted” people are consid-
ered to have, as theorised in feminist literature (e.g. Harding 1993), an epistemically 
privileged position to understand the issues4 and how to solve them. Including their 
views allows accounting for specific social, cultural and historical factors that shape 
the impacts. With a careful methodological setting, participatory research approaches 

3 In the feminist literature, a standpoint is considered to be an “achieved collective identity or con-
sciousness” (Bowell n.d.). For extension the term can be used to include groups that, more or less 
in forms organised before the impact assessment exercises, are mobilising as “impacted” or 
“potentially impacted”.
4 According with feminist standpoint theories, the point of view of the marginalised/oppressed/
impacted gives both a deeper account of their problems and also is a privileged position to look at 
everybody’s necessities and broad societal and political processes that might be otherwise 
neglected utilising a traditional conceptual framework (Bowell n.d.; Harding 1993).
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can ensure the production of objective and valid knowledge and explore solutions 
otherwise not available (Bowell n.d.).

Among the participatory research approaches, PAR specifically focuses on 
praxis and concrete solutions to real-life problems through collaboration and co- 
production, aiming to produce knowledge with a moral humanistic goal towards 
social justice (Fals-Borda and Rahman 1991; Morgan 2012) and amelioration of 
living conditions, with a clear reference to environment protection and social  
wellbeing (Smith et al. 1997; Reason and Bradbury 2001).

Three principles are the basis of PAR: (1) belief on popular knowledge and on 
the possibility of a community-based approach to crises, (2) shared ownership of 
knowledge and resources and (3) authentic commitment of participant and researcher 
and focus on community action (Smith and al. 1997; Kemmis and McTaggart 2005). 
All of this is performed under a careful consideration of power issues among par-
ticipants and participants and researchers (Kemmis and McTaggart 2005).

The PAR approach uses participation to actively involve all the people directly 
and indirectly affected by an issue, allowing them to perform actions to challenge it 
(Kemmis and McTaggart 2005). The research participants (as patients, communi-
ties, citizens or health and planning practitioners) become co-researchers (Gallacher 
and Gallagher 2008). Different from traditional methods that use consultation to 
research on a certain group or community, PAR is an approach that researches with, 
by or for them (Nind 2014). To the relation of subject/object, action research substi-
tutes a new relation of subject/subject of research (Fals-Borda and Rahman 1991), 
surpassing the hierarchy between researchers and researched and making research a 
“cooperative experiential enquiry” (Kiernan 1999, p. 44). PAR is based on deep 
epistemological reflection both on how knowledge is produced (participatorily) and 
on what the purpose of the knowledge produced is (help the people included).

Under a PAR approach, research and knowledge production are structured as a 
process of planning, acting and observing and reflecting, as visible in Fig. 26.3. This 
structure is dynamic and based on positive feedback loops: the PAR cycle is repeated 
several times until the outcome is commonly agreed as the best. In this way research 
has precise practical outcomes that are designed and agreed between the partici-
pants, building a sense of legitimacy and involvement (Kindon et al. 2007). Research 
questions and contexts are designed and agreed by the research participants, allow-
ing for producing knowledge on issues highly relevant to them. The flexibility of the 
approach also implies the possibility of adopting a wide range of strategies depend-
ing on the issues considered and the specific contextual needs. As McIntyre (2008, 
p. 6) stresses: “participant-generated actions can range from changing public policy, 
to making recommendations to government agencies, to making informal changes 
in the community that benefit the people living there, to organizing a local event, to 
simply increasing awareness about an issue native to a particular locale”. In this 
way, findings generated via PAR are more likely to have higher dissemination 
beyond the research communities and therefore affect behaviours (Bach et al. 2017). 
At the same time, grounded on the “experiences and values of those concerned” 
(Nind 2014, p. 24), PAR poses “greater emphasis on process and on seeing people 
as agents of change” (Nind 2014, p. 9), aiming at empowerment, not seeing power 
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as incremental but built via interactions (Baum et al. 2006). It gives to communities 
control over their environments, resources and health. PAR gives  ownership of 
knowledge produced to the impacted, directly enhancing those processes of build-
ing self-esteem, self-efficacy and sense of coherence, social identities and con-
sciousness that form part of wellbeing. At the same time, in bringing together 
different actors to challenge issues and research possible solutions, it helps reinforc-
ing those social networks and social capital necessary for wellbeing (Campbell and 
Jovchelovitch 2000; Ryan and Deci 2001; Guareschi and Jovchelovitch 2004).

PAR has been used as research approach in health practices and research since 
the 1990s especially in the development context and in health research with margin-
alised or indigenous communities. It has been proved to be a research approach able 
to challenge health inequalities (Cacari-Stone et al. 2014) and has gained increasing 
support in nursing, medicine, psychology and health research (Baum et al. 2006; 
Minkler and Wallerstein 2011; Munn-Giddings and Winter 2013; Wright et  al. 
2013a, b; Baum 2016), also with the creation of the International Collaboration for 
Participatory Health research (ICPHR) (Wright et  al. 2013a, b). Among these, 
Baum et al. (2006, p. 855) have considered PAR as a “mechanism through which to 
put the rhetoric of participation [as suggested by the WHO] into action” and Ekirapa- 
Kiracho et al. (2016) as a way to increase capacity of community groups to improve 
their health conditions. As the literature has shown, grounded in the idea of research 
as a critical and reflective practice, PAR improves the professional work of health 
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and planning practitioners (Munn-Giddings and Winter 2013; Frahsa et al. 2014) 
and allows a process of building awareness of the impacts of political, social and 
economic conditions on their lives and health (Guareschi and Jovchelovitch 2004). 
Specifically, applied to epidemiology, PAR has been shown to overcome the limits 
of the discipline classical methodological individualism and bridging between 
individual- level and social- and environmental-level risk factors (Bach et al. 2017).

Involving communities and practitioners, PAR generates a learning process 
that builds a culture of participation at all level required. It can result in increased 
capacities, in policy and governance structural changes and in shifting roles of 
professionals and decision-makers (Frahsa et  al. 2014; Verlinghieri 2016). 
Specifically using a PAR approach, academics, practitioners, policymakers and 
planners can facilitate the development of processes that, being highly participa-
tory and towards the higher steps of the Arnestein’s ladder, can fully support the 
emergence and establishment of participatory arenas and processes in urban and 
transport planning for health.

Researchers adopting a PAR approach can both support the development of 
citizen- led initiatives, such as the Ringland project, or set up spaces in which par-
ticipatory practices can emerge (Verlinghieri 2016). I have myself, using a PAR 
approach, supported public transport advocacy groups, working with them towards 
the research for more sustainable transport solutions and at the same time putting in 
practice innovative decision-making processes that would make participation a 
mean to better public health.

26.8  Conclusion

Shaping a comprehensive and unilateral definition of what a fully “healthy city” 
would entail is extremely challenging. However, it is clear that its establishment is 
linked to transport and urban planning decisions and grounded into the search for 
universal rights, social and environmental justice and equity, as well as better eco-
logical balances and access to public goods. This will be a step towards guarantee-
ing that the groups in society that most suffer of the effect of the current crisi are 
protected and able to reach dignity and wellbeing (Kickbusch and Gleicher 2013) 
whilst putting also in place actions towards the construction of a healthy city in 
which human health can be nurtured (Albrecht 2005).

Learning from the Ringland project, in this chapter I highlighted the importance 
of new decision-making processes in improving the health outcomes of urban and 
transport planning. I have followed the recommendation that authors from a variety 
of disciplines have made for more participatory settings and multilateral discussions 
to tackle increasingly complex and dynamic challenges in the urban environments 
that are progressively overcoming national borders and becoming global issues 
(Kickbusch et al. 2014).
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Increasingly participatory settings and more open forms of governance are today 
an emerging response to the changing landscape of knowledge production. With 
increased access to knowledge sources for citizens and the use of new media, new 
meanings are produced around questions of epistemology, validities, objectivity and 
scientific value. At the same time, with increasing awareness of the complexity of 
the current social and environmental crises and of their extensive impacts, emerges 
an urge for involving multiple knowledges and actors in describing the issues and 
seeking solutions. As the World Health Organization (WHO) recognises, we are 
moving towards a “knowledge society” in which new actors, not traditionally 
charged with the authority to do so, have a growing role in shaping the governance 
of health (Kickbusch and Gleicher 2013; Kickbusch et al. 2014). As emerged clearly 
in the Ringland project, citizens themselves are increasingly challenging the author-
ity of expert knowledge and demanding for shared evidences of the benefits of proj-
ects (Petts and Brooks 2006). At the same time there is an increasing awareness on 
how the behaviours of the whole society are accountable for health outcomes: indi-
vidual mobility choices as well as consumer behaviours highly impact on pollu-
tion and global health.

However, whilst we witness a growing number of open channels for participation 
in knowledge production as well as a constant decrease in public faith in informa-
tion coming from “single-trustfully-sources”, decisions are still made on the basis 
of traditional evaluation and assessments methods that might leave little space for 
multiple points of view and voices to be effectively heard or to collaborate (Irwin 
1995; Nowotny et al. 2001). There are contrasting calls for opening knowledge to 
more voices and ensure plurality and at the same time maintaining a grounded hier-
archy in the decision-making processes and in the validation of knowledge (Petts 
and Brooks 2006). New knowledge production and exchange practices as well as 
decision- making settings and tools still need developing to accommodate more 
nuanced forms of co-production that also account for the ecological and social 
impacts of the choices made.

This applies also to the realm of health in which new governance structures, 
grounded into more collaborative and adaptive structures in which policy makers, 
experts and citizens are in constant dialogue, are being called for, but only limitedly 
established and with mixed outcomes (Kickbusch and Gleicher 2013; Kickbusch 
et al. 2014). Already in 1986 the WHO Health Promotion Charter (World Health 
Organization 1986, p. 3) recommended participation and empowerment as crucial 
tools for healthier communities and cities:

“Health promotion works through concrete and effective community action in setting pri-
orities, making decisions, planning strategies and implementing them to achieve better 
health. At the heart of this process is the empowerment of communities – their ownership 
and control of their own endeavours and destinies”.

More recently participation has been a core principle of the WHO European 
Healthy Cities initiative which required cities to increase capacity for participation 
and empowerment (Dooris and Heritage 2013; de Leeuw et  al. 2014), building 
“support for community-level action and capacity-building; strengthening of infra-
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structures and networks; and meaningful organisational development and change” 
(Dooris and Heritage 2013, p. S76).

Building health requires a socio-ecological approach that considers together 
people and their environment, and in which all parties, from academics, practitio-
ners, policymakers, planners and citizens interact in the attempt to redesign life-
styles and societal patterns (World Health Organization 1986). This would entail a 
holistic approach to health that considers human beings as needing a complemen-
tary interaction of environmental, psychological, social and physical factors to 
ensure their wellbeing.

In this piece, I proposed some reflections on how participatory planning prac-
tices and participatory research – when carefully set up; monitoring power unbal-
ances and ensuring that it is a continuous process of culture building – could 
contribute to moving towards this more holistic approach. I showed the potential for 
participation to support the design of tailored interventions and value alternative 
resources for health; generate empowerment-related community-wellbeing; and 
redefine authoritative knowledge on the base of co-production.

Participation, as a process of negotiating new worldviews, can create new 
approaches to knowledge and constitute a space in which health-related knowledges 
are brought in dialogue and advanced. It can expand the health research’s perspec-
tives, including popular and lay interpretations and views, responding to the increas-
ing calls for democratisation of knowledge, in a process of “contextualization of 
science” in which scientific problems ought to be recognised intertwined and com-
plementary to social problems (Mowat 2011).

At the same time, participation can open new spaces and build networks of social 
interaction through which planners, health practitioners, decision-makers, academ-
ics and citizens can openly commit to sustainability, justice and wellbeing. Bridging 
health and participation goes hand in hand with a social justice approach that can 
ensure that the needs and wills of marginalised groups that are often the ones mostly 
suffering of poor health can be included and considered in planning.

In order to fully take advantage of these potentials of participations, I showed the 
need for fundamental cultural changes and the importance of new research methods 
and processes. In this I acknowledged how, as already stressed by Kickbusch et al. 
(2014), planners, health practitioners, decision-makers, academics and citizens 
need to engage together in two fundamental processes. We need to both design new 
decision-making structures for a “shared governance for health”, and work towards 
implementing a “shared health and care” in which all parties contribute, with differ-
ent roles, to caring for citizens, their health and environments.
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Chapter 27
On the Front Line of Community-Led Air 
Quality Monitoring

Muki Haklay and Irene Eleta

27.1  Introduction

In a way, the challenge of ensuring that city air is breathable is a consistent feature 
of city governance and management. Early regulations to prohibit the burning of 
coal because it was “prejudicial to health” appeared in London in 1273 (Laundon 
1967), though were later relaxed. The systematic governance of air pollution 
through regulations and enforcement started to appear in the second part of the 
nineteenth century, as a result of the increased industrialisation and use of coal 
(Lowenthal 1990; Heidorn 1978). Air quality is also intimately linked to the modern 
awareness of environmental issues and to government action to address it. A prime 
example of it is the December 1952 smog event in London, which killed about 4000 
people, leading to a regulatory response and the Clean Air Act of 1956 (Fenger 
2009). Beyond the UK, air quality regulations are some of the early examples of the 
European Union (EU) environmental regulations, dating back to 1979 with regula-
tions to address transboundary pollution (Kuklinska et al. 2015).

Yet, from the mid-1950s, when public awareness of air pollution and its harmful 
health impacts was raised, to the 1990s, air quality issues were addressed through 
top-down regulations, usually mandating a centralised network of monitoring sta-
tions, run under the control of public authorities, to check that progress was being 
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made. Addressing such environmental concerns through top-down scientific man-
agement was somewhat expected, since environmental problems require expertise 
from multiple areas such as atmospheric sciences, public health, toxicology, chem-
istry and so on, and every measure to address environmental problems requires a 
discussion with many stakeholders—from community leaders to various industries 
that need to be involved in addressing pollution issues to health workers.1 Thus, 
environmental decision-making was seen as an area that required scientific exper-
tise and, therefore, involved experts and decision-makers without much engagement 
with the public (Haklay 2017).

Since the late 1980s, there has been a growing awareness of the importance of 
public engagement in the process of environmental decision-making (see Haklay 
2017). The demand for public participation in environmental decision-making in a 
meaningful way emerged in the 1980s, receiving a notable mention in the 1987 
Brundtland report (WCED and Brundtland 1987) and the acceptance of the sustain-
able development principles at the Rio conference in 1992. Significantly, the prin-
ciple of public participation in decision-making received due attention in the 
outcomes of the Earth Summit, with Principle 10 which highlights access to infor-
mation, participation in decision-making and access to justice. As the 1990s pro-
gressed, the principle was enshrined in conventions and laws (e.g. the Aarhus 
Convention in 1998), turning Principle 10 into practical commitments by govern-
ment and the subsequent EU directives that implement it—2003/4/EC and 2003/35/
EC (see Haklay 2003). Efforts to release environmental information became com-
mon during this period, and since air monitoring systems were already in place, they 
became one of the early sources of environmental information that was published, 
publicly, on the Internet some 20 years ago, with repositories such as the UK Air 
Quality Archive (which maintains data going back to the 1970s), providing its infor-
mation over the web and many other systems following these early examples.

It is noteworthy that, although the Aarhus Convention and Principle 10 clearly 
call for engaging the public in the environmental decision-making process, they are 
not challenging the underlying assumption of who will produce the information. 
The opening declaration of Chap. 40 in Agenda 21 (the official outcome of the Rio 
conference), which is dedicated to information for decision-making, stated:

In sustainable development, everyone is a user and provider of information considered in 
the broad sense. That includes data, information, appropriately packaged experience and 
knowledge. The need for information arises at all levels, from that of senior decision mak-
ers at the national and international levels to the grass-roots and individual levels. (United 
Nations 1992)

However, the rest of Chap. 40 and Principle 10 assumed that environmental 
information was produced by experts, and the public was granted access to it in 
order to facilitate participation in decision-making. It took more than a decade until 
the suggestion that the public could actively participate in the generation of 

1 Notably, the Clean Air Council that was created following the 1956 legislation included represen-
tatives from local government and industry (e.g. Guinness, coal producers, Unilever), a public 
health specialist and national trade union representative, engineers and scientists.
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 environmental information which was declared by the leading environmental infor-
mation experts (see McGlade 2008).

Yet, the 1990s also saw another form of environmental awareness, with the emer-
gence of environmental justice as an important facet of environmental policy. The 
evidence for different exposure to environmental harms as a result of racial dis-
crimination appeared in the early 1990s (Bullard and Wright 1993). By the end of 
the decade, methodologies to support community-led measurement of the harms 
that they were exposed to started to appear. Community-led environmental monitor-
ing is now recognised as a specific part of the wider landscape of public participa-
tion in collecting and sharing environmental information—which is now termed 
citizen science (Bonney et al. 2014; Haklay 2013).

Most citizen science is contributory (Shirk et al. 2012), which means that scien-
tists set the project and define the data collection protocols, and participants, who 
are not professional scientists, join the project and assist the scientists in data col-
lection or in basic analysis tasks. For example, one of the earliest examples of an 
activity that used the term “citizen science” was carried out in 1989 by the Audubon 
society in the USA, which provided 225 volunteers from across the country with 
equipment and guidance so they could collect rain samples to monitor acid rain. The 
project was led by scientists who guided participants in how to contribute their 
observations and time.

In contrast, community-led environmental monitoring activities have emerged 
from concerns of a community member or members (Table 27.1). Here, again, the 
scientific nature of environmental decision-making plays a major part. Since the 
environmental problem can be discovered through scientific measurement, and 
addressed through the use of the resulting information in discussions with authori-
ties, the use of scientific methods that engage community members in information 
collection and analysis is becoming a clear route to address the concerns. Air and 
water monitoring are good examples of this—although community members may 
suspect that a water source is contaminated or that the level of chemicals in the air 
is leading to ill health, only through laboratory analysis of water samples can they 
provide evidence for this. The nature of community-led projects is that they address 
localised problems, rely on local knowledge and use community resources to carry 
out the investigation. By resources, we mean the availability of people from the 
community to carry out measurements at different locations throughout the day, 
using residents’ balconies or windowsills as a basis for equipment, or possibly rais-
ing money from a large group of residents to pay for laboratory costs.

Examples of community-led air pollution measurement efforts to collect the sci-
entific data needed to make the regulatory case started to emerge in the 1990s 
(Corburn 2005). This, in part, was made possible by the proliferation of equipment 
for sensing the environment as it became part of routine, large-scale monitoring 
programmes at local and national levels. This proliferation and reduction in costs 
meant that instruments and science measurements came within the reach of non- 
governmental organisations and community groups. An example of this is the 
Global Community Monitor—an organisation that, since 1998, has developed a 
method to allow communities to monitor air quality near polluting factories (Scott 
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and Barnett 2009). The sampling is done by members of the affected community 
using widely available plastic buckets and bags, followed by analysis in an air qual-
ity laboratory with the appropriate knowledge and ability to analyse the sample. 
Finally, the community is provided with guidance on how to understand the results. 
This activity is termed “bucket brigade” and is used across the world in environmen-
tal justice campaigns, for example, in the struggle of local African-American resi-
dents in Diamond, Louisiana, against a polluting Shell Chemical plant (Ottinger 
2010).

Another community tool for air monitoring is a passive diffusion tube. This is a 
simple yet widespread tool for local level air quality monitoring. Passive diffusion 
tubes or, simply, diffusion tubes sense through a simple mechanism (see Fig. 27.1a). 
A plastic tube is sealed with a rubber cup, within which there is a metal mesh on 
which there is a chemical absorbent of a known quantity (Fig. 27.1b). Figure 27.1 
shows a nitrogen dioxide—NO2—diffusion tube, and the white cup, which is used 

Table 27.1 Main characteristics of community-led monitoring

Aspect Detail

Organisation Ad hoc or an organisation with other remit (e.g. residents’ association, 
friends of a local park)

Project design The problem is set by the community, and the information that emerges from 
it is being used by them, although the analysis might be carried out by 
external expert. The project will be action oriented

Geographical 
scope

Local or hyperlocal—a neighbourhood and sometimes a specific street 
Territoriality can play a role in the location of sampling and decisions on 
where the measurements will take place

Length of time Limited—the participants use their free time for participation and usually 
expect results within a framework of 1 or 2 months

Resources—
personnel

Community-led studies can benefit from the availability of local volunteers 
who are motivated in addressing the problem. There is a potential for a wide 
range of skills within the community (e.g. a resident with engineering or 
science background) although that could be a challenge. Usually a small 
group of highly committed residents will lead the project and carry it out

Resources—
equipment

Usually a limiting factor in the ability to access and operate environmental 
monitoring equipment, beyond widely available technologies (e.g. 
smartphones), and therefore need to work with experts and universities to 
access them and operate them

Resources—
funding

Usually very limited, with potential for very limited sums to be raised locally 
in the case of marginalised groups. Effective use of small grants to carry out 
monitoring

Problem solving, 
learning, 
creativity

Integral part of community-led projects is an accelerated learning of the 
environmental issue that is the focus of the investigation, identifying 
locations for sampling and solving problems in the different stages of the 
project

Impact The impact of the project will depend on the community’s ability to mobilise 
wider political and social resources to address the local problem. Can be 
especially problematic when the environmental issue is addressed at national 
level (e.g. regulations to encourage recycling or incineration) while the 
problems are hyperlocal
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for transportation to and from the laboratory, is removed to allow the absorbent to 
react with the specific pollutant that is being measured (in other types of diffusion 
tubes for other pollutants the white cup acts as a filter and is not removed). Once the 
measurement period ends, the tube is sent to the laboratory, and the concentration of 
the pollutant can be calculated. Diffusion tubes are easy to use—they require simple 
installation that does not need much more than a stepladder and brief training, do 
not require any maintenance while installed, gradually became cheaper to build and 
analyse, are evaluated in an accredited laboratory that can ensure data quality and 
are also well established as a tool that has been used by local authorities to monitor 
pollution since their invention in the 1970s by Edward Palmes (Sella 2016). These 
characteristics make them highly suitable for community-led air monitoring, and 
they have been in use in community-led campaigns in Sheffield, UK, since 1998, in 
collaboration with the city’s authorities (Parry and Rimmington 2013). The Sheffield 
East End Quality of Life Initiative explicitly links health with social and environ-
mental justice. Its air quality monitoring involves using tubes in five locations and 
has influenced a range of local decision-making, including halting a planning pro-
cess for an increase in the size of a major supermarket in the area due to concerns 
about increased traffic and the evidence from the monitoring effort that the area is 
already exposed to high levels of traffic-related pollution. Moreover, it continually 
monitors the literature and publications in the area of linkage between health, air 
pollution and noise and, since March 2013, has published regular summaries of the 
latest research on a monthly basis, thus providing its community with an accessible 
summary of the latest findings (see http://www.sheffieldeastend.org.uk/Reports.
htm).

This type of community-led monitoring is the topic of this chapter. In the next 
section, we briefly review several cases of the application of high-density diffusion 
tube campaigns in London. We then turn to the core of the chapter and a detailed 
account of the experience of carrying out a community-led diffusion tube campaign. 

Fig. 27.1 (a) An 
assembled passive 
diffusion tube for 
measuring nitrogen 
dioxide; (b) The parts of 
the diffusion tube—the 
grey cup contains the 
absorbent, and the white 
cup is taken off during the 
measurement period
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Finally, we summarise with some of the lessons learnt from our engagement with 
the process.

27.2  Mapping for Change Diffusion Tube Campaigns

By 2010, the cost of diffusion tubes had continued to drop, and it became possible 
to provide communities with a larger number of passive diffusion tubes that they 
could install in a dense network of tubes over a period of a month or several months 
and therefore reveal the localised pollution picture. Mapping for Change, a social 
enterprise that was created by UCL and London 21 Sustainability Network, seized 
the opportunity to use diffusion tubes that became available within the Open Air 
Laboratories air pollution work (Tregidgo et al. 2013) and on the Pepys Estate in 
London.

The Pepys Estate in Deptford, South London, is a predominately 1960s housing 
estate on the banks of the Thames, characterised by tower blocks and social hous-
ing. Situated near a busy thoroughfare and surrounding an industrial site, the estate 
suffers a variety of urban environmental issues. Following a noise pollution study of 
a local scrapyard in 2008, residents, in 2010, expressed concerns over the local air 
quality and wanted to assess how good or poor the air quality was. They had particu-
lar concerns over the mechanical break-up of vehicles and large goods vehicles 
servicing the scrapyard, as well as local traffic, which were seen as potential sources 
of pollution. The possible impact of a planned housing development further height-
ened their desire to assess local air quality. The survey was initiated with the Pepys 
Community Forum and commissioned by the London Sustainability Exchange 
(LSx), a charity geared towards creating a more sustainable London.

After a meeting in the local community centre, Mapping for Change provided 
residents with instructions and survey equipment to carry out their investigations. 
The area of the estate was divided up into 100-m grids to obtain a good distribution 
of samples taken. Activities commenced with a series of diffusion tubes being set 
out on lamp posts around the area. Wipe samples were taken to assess the quantity 
and type of metals being deposited on vertical surfaces. Ozone levels were mea-
sured using Eco-badge™ ozone detection kits (see Fig. 27.2), and leaf samples were 
collected and analysed by Lancaster University. All the data collected was analysed 
and compiled into a series of maps. A public meeting was held to provide feedback 
on the findings. As a result, the local authority (Lewisham) installed diffusion tube 
monitoring devices at the main junctions identified by the project as having higher 
levels of NO2. Levels of NO2 in London are largely from vehicle exhausts and are 
also a strong indicator of the presence of other air pollutants derived from vehicle 
emissions. The council also installed a PM10 particulate monitoring station in the 
neighbourhood to monitor the local situation. Previously, the closest fixed monitor-
ing station was just over a kilometre away.
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Of the methodologies that were used at the Pepys Estate, the diffusion tubes 
proved the most effective in terms of communicating with local decision-makers as 
well as installation and confidence in the quality of the data.

A year later, as part of the project EveryAware (everyaware.eu), which was dedi-
cated to participatory sensing and collective awareness, the use of diffusion tubes 
was developed further. The EveryAware project was set to develop real-time, por-
table air quality sensors, but in the early stages of the project, there was a need to 
evaluate the level of interest among the public in the area of participatory monitor-
ing. The aim was to provide communities with a way to measure air quality using 
low-technical methods that could be replicated easily and would engage all sectors 
of the community. A number of interested groups and individuals concerned about 
harmful levels of air pollution came forward via Twitter and through local commu-
nity events and talks held at seminars. This led to a pilot that comprised seven loca-
tions across London and involved residents from Putney and Highbury and 
volunteers from Sustrans, a charity promoting sustainable transport.

Each community had slightly different motivations for wanting to carry out the 
investigation, which were explored in the initial discussion. The Putney Society had 
long been concerned about poor air quality in the area, which had consistently 
breached EU limits for NO2 and PM10. Monitoring activities in Highbury were led 
by members of the local Green Party who had been lobbying for 20 mph zones in 
the area. In addition, communities wanted reliable localised data, which they could 
use to lobby local government, raise awareness, generate a better understanding of 
the issues and with which they could compare other relevant datasets. Sustrans, a 
sustainable transport charity, was keen to collect data to demonstrate the difference 

Fig. 27.2 Testing Eco-Badge ozone detection kits on the Pepys Estate
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in pollution levels between routes not accessible to motorised vehicles and adjacent 
roads.

NO2 was selected as the focus, primarily because of the affordability of the moni-
toring equipment. Levels of NO2 largely arise from vehicle exhausts in London and 
are also a strong indicator of the presence of other air pollutants derived from vehi-
cle emissions. In each location, a series of diffusion tubes, used to measure NO2 
levels, were set out across the area. Based on lessons from previous studies, the 
areas were divided up into grid squares to ensure there was sufficient coverage; 
Putney, with a total of 38 sites, had the most monitoring locations. After a period of 
4 weeks, the diffusion tubes were collected and analysed, and the results mapped for 
each location. The results from both Putney and Highbury indicated that levels 
along the main road network were up to 75% higher than EU limits for the period. 
They also highlighted several residential back roads used as “rat runs” and, there-
fore, showing high levels of pollution. The remaining five monitoring locations 
across London each comprised one of London’s Greenways (safe, quiet routes 
through parks, green spaces and streets with light traffic) compared with an adjacent 
busy road. The results showed significantly higher NO2 levels on the roads com-
pared with the Greenways, despite their close proximity.

In addition to these studies, a year-long community-led monitoring was carried 
out on the Barbican Estate in Central London, and a 6-month, multisite study was 
carried out with communities in London. Among the outcomes of the Barbican 
study, participating residents made suggestions to the City of London Corporation, 
which is the local authority of the area. These suggestions included aspects of urban 
planning and transportation, like extending the Ultra Low Emissions Zone, only 
allowing green buses; creating green areas and living walls; adjusting the phasing of 
traffic lights; introducing penalties for idling taxis, delivery vehicles and buses; and 
closing or improving the ventilation of the Beech Street tunnel (Francis and 
Stockwell 2015).

In December 2015, Mapping for Change ran a crowdfunding campaign to sup-
port community-led air quality projects, raising enough funding to support six com-
munities. One of these was in the vicinity of University College London’s main 
campus, in Somers Town, near Euston and King’s Cross railway stations in Central 
London. We now turn to the experience of community-led monitoring of one of the 
authors (Irene).

27.3  On the Ground: Somers Town Study

A cold wind was bringing dark clouds over London on that Wednesday morning of 
March. I hastened to enter University College London. In one of the offices—an 
open space full of desks—researchers and doctoral students were already busy at 
their computers; this is the main office that is shared by Mapping for Change and 
the Extreme Citizen Science group.
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I crossed the main room, heading towards the kitchen. As Louise Francis, the 
co-founder and managing director of Mapping for Change had told me, I looked 
under the counter on the right, where I found a small fridge. Inside, Louise had left 
a zipped plastic bag with two diffusion tubes. I put them in my backpack and walked 
quickly to Euston train station.

I passed Euston train station, and I took out a map of the Somers Town neigh-
bourhood. It was a printed version of the Mapping for Change visualisation—the 
Community Maps system—of the neighbourhood, with numbered spots on it.

During the previous weeks, I had witnessed an email exchange between Louise 
and Tracey,2 one of the Somers Town residents who had taken the lead of monitor-
ing air pollution in the neighbourhood. Tracey and other residents had chosen ten 
locations where they wanted to measure NO2 levels. They explained the character-
istics and reasons for choosing these particular spots: crossroads with a lot of traffic 
in a residential area, in front of schools, in a park, etc. They were using their knowl-
edge of the area and their understanding of the way they use it—either as the route 
to school or the playground in the afternoon—to consider where the information 
will help them most. Louise suggested adding another two locations close to main 
roads so as to understand the scale of pollution in main thoroughfares nearby. 
Initially, Tracey and her team only had ten diffusion tubes, and they chose ten spots 
carefully. Louise decided to give them two additional diffusion tubes to include her 
suggested spots, which I was carrying that morning to Somers Town. My map had 
12 numbered marks, where the diffusion tubes would be placed.

The wind was getting colder and the sky was darkening. After passing the bus-
tling surroundings of the train station, Somers Town looked relatively quiet. I wan-
dered for a few minutes up and down a street until I asked an elderly resident who 
was walking his dog for the exact address. He pointed to a white apartment 
building.

It was almost 10 am and I rang the doorbell. Tracey and I were introduced to each 
other for the first time. She looked young and energetic. She was getting ready: she 
had a bag full of diffusion tubes, tube holders, a laptop, a mobile phone, a notebook, 
a pen, scissors, white stickers about the activity and a ladder.

Tracey, her friend and I went out to the street and joined two other neighbours for 
a team photo. By then, an intermittent drizzle announced that the weather was not 
going to be cooperative. We started by a lamp post next to a school, at a crossing of 
streets. Using the ladder, Tracey and her friend tightened the plastic belt to the lamp 
post.

Another neighbour came to say hello and told Tracey how great her initiative to 
measure air pollution in the neighbourhood was. The neighbour, an elderly lady, 
chatted with us about her concerns with the air pollution entering her house and 
explained that there were plans to make the street where we were a lorry passage. 
Meanwhile, we ran under the shelter of a building nearby because the drizzle was 
becoming more intense.

2 Name changed for ethical reasons
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Tracey connected to the Mapping for Change application to enter the data. She 
selected the location on the map and entered the date, distance from road (less than 
1 m), height (2.5–3 m), time, etc. Afterwards, she went under the rain to attach the 
diffusion tube to the plastic belt on the lamp post with a tube holder. The grey top of 
the diffusion tube (see Fig. 27.3) was facing up, and she took out the white cup, fac-
ing down. Then, she left a sticker about the activity, with a contact number, on the 
lamp post by the diffusion tube. She explained to me that the sticker would inform 
city council workers, like cleaners, and prevent their taking it down. The rain dis-
couraged the neighbours and they left.

At 10:25 we moved to another location. It was an awkward crossing of streets. 
Tracey realised that the ideal lamp post at the central area was too large for the plas-
tic belts, so they chose a thinner lamp post on a side of the crossing instead. Using 
the ladder again, they tightened one plastic belt and the tube holder to the lamp post. 
For a few minutes, the rain stopped. Then, Tracey recorded the data and attached the 

Fig. 27.3 Installing a diffusion tube in Somers Town and leaving a note about the activity
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diffusion tube. She also made notes in her notebook and put the sticker on the plastic 
belt.

While we headed to the next location, it started to rain again. It was a crossing of 
streets next to a school. They chose a lamp post next to a bike parking rack, by the 
road. The rain became heavier, and there was a gusty wind that made us feel very 
cold. Tracey’s hands became red and numb from the cold while tightening the plas-
tic belt. She proceeded to enter the data in the application form. I tried to cover both 
of us with my umbrella, but the wind was blowing too strongly, and we were getting 
wet. We sought shelter in the school. Tracey asked for permission to stay inside for 
a few minutes, and she briefly explained the project. However, we were not allowed 
to stay in the school building because of the rules. We went outside in the cold and 
rain. I was disappointed to see that not everybody in the neighbourhood was so 
enthusiastic or cooperative.

By 10:45, the rain became lighter and the wind stopped. Tracey’s friend attached 
the tube following her instructions: grey cup up, white cup out facing down. They 
put the sticker on and we moved to the next location. The location was a green area 
between two schools. Tracey explained that there were plans to renovate that space. 
They identified a lamp post by the school’s fence. Tracey’s friend went up the ladder 
to tighten the plastic belt, but it broke. Tracey gave him another one and cheered him 
up saying “good work”. The rain became heavier again, while Tracey was trying to 
enter the data in the application and making notes in her notebook. Hail and wind 
burst into a sudden storm. They rushed to put the diffusion tube and sticker on, 
under the hail, and we all ran to find shelter in a nearby community centre.

It was 11 am. We ordered tea in the community centre bar. Our hands were very 
cold; our clothes were wet. We chatted while drinking hot tea near the radiator. 
Tracey and her friend told me why it is worth braving the weather and setting up 
these little plastic tubes: “The air quality is very bad around here”. She had been a 
researcher for 5 years and worked in a hospital for asthma and respiratory diseases. 
Now she was doing health communication. While we were enjoying this break, 
Tracey finished entering the data about the last location. Tracey’s phone rang: 
another person would join the team soon.

The rain had stopped and we went out to put up another diffusion tube. The new 
location was in a street crossing around the corner from the community centre. 
Tracey had become efficient: she stepped up the ladder, tightened the plastic belt 
with the tube holder, put the sticker near the plastic belt, recorded the details and 
held the diffusion tube up, taking the white cup out.

Right after that, we met the new team member at the community centre: a young 
lady from the Science Museum, who would be documenting the experience and 
taking pictures. It was time for my goodbye. We had put five diffusion tubes up of a 
total of 12, and they had planned to stay until 2 pm. They would be using the com-
munity centre as a base between locations, given the bad weather. At 11:34, I left the 
group and walked to St. Pancras train station with many new questions in my head. 
There was a cold breeze, but the rain had stopped.

A few days later, I met Louise at her office in University College London. She 
told me about the preparatory session she organised for this particular study, where 
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she taught participants how to use the Mapping for Change application and how to 
install the diffusion tubes. Tracey had attended that session, representing the Somers 
Town neighbourhood in the Camden district, and three other community leaders 
attended from other neighbourhoods.

The next step after having installed the diffusion tubes was to collect them after 
4 weeks, by 30th March. Louise explained that the dates chosen for installing and 
collecting the diffusion tubes were not random—they coincided with the official 
cycle of measurement. Once the diffusion tubes were collected, the participating 
residents could give them to Louise for her to send them to the lab for analysis, or 
they could send the diffusion tubes directly to the lab with the stickers that Louise 
had provided. The lab would send the results of the analysis in about 2 weeks upon 
receiving them. The results would show the average NO2 concentration during the 4 
weeks of exposure on the spot where each diffusion tube was placed, and they could 
be compared among the different locations. The participating community leaders, 
like Tracey, would have to input the data from the lab into the Mapping for Change 
system. Then, everybody would be able to see the results on an online map; they 
would be able to zoom in to their street and see if there was air pollution data 
nearby. The Mapping for Change system already had public data from several bor-
oughs in London that had been participating in these community-led initiatives.

“Is it possible to compare this data to the official sources? What are residents 
going to do with it?” I asked her. Louise replied to me with an engaging story. One 
of the groups that had done the air quality monitoring during the previous month 
had contacted the local authorities of their district to tell them about the results and 
their plan to make the data public on the Mapping for Change system. Louise clari-
fied to me that they do not need permission from anyone to make their data public. 
However, the district authorities were reluctant: they asked the group not to publish 
the results because they feared that the data was not accurate. After this disappoint-
ing reaction from the district authorities, the community leader explained to them 
that they were advised and taught by researchers from University College London 
and detailed the procedures they followed. She shared these details to demonstrate 
that their data was accurate. The district authorities replied that they would have to 
annualise the results to make them comparable to their official measurements. 
Louise confirmed to me that there is a problem of comparison because the residents 
only have 1 month of data.

It is important to note that a precedent has been set by the Barbican neighbour-
hood, where participants collected data every month during an entire year (Francis 
and Stockwell 2015), which could be compared with the official measurements. As 
noted above, the Barbican study was carried out in collaboration with the local 
authority, and it is a story of success (see the report—Francis and Stockwell 2015 or 
view in an online documentary https://www.youtube.com/watch?v=YvSuPCxl188). 
The project “Science in the City” had the financing and support of the City of 
London, a motivated community leader, and the sustained logistic support of 
Mapping for Change with follow-up workshops that engaged around 50 local resi-
dents. After this successful experience, in summer 2015, Mapping for Change had 
funding to do a 1-month data collection with several groups in the city. But, later, 
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the lack of funding to continue these local initiatives forced the researchers at UCL 
and Mapping for Change to organise a crowdfunding campaign. Only those com-
munities that paid for the materials and analysis could conduct their air quality 
monitoring activities. Louise told me that one of the groups that had participated in 
the summer 2015 initiative repeated the experience and was very organised through 
a Facebook page. Other groups were new, or there was only one motivated person 
conducting the bulk of the work, like the case of Tracey in Somers Town.

27.4  Discussion

So far, in this chapter, we have only mentioned in passing the use of real-time low- 
cost sensors. This is a deliberate decision in the context of a community-led, action 
research framework. Low-cost sensors are an important area of research, and mil-
lions of euros are invested in their development, both by public and private bodies. 
Yet, despite the ongoing investment over the past decade, they are still not suitable 
for regular, everyday use that will yield robust, accurate and consistent results—see 
Kumar et al. (2015) and Lewis and Edwards (2016) for a discussion of their issues. 
Moreover, their installation is more complex—they require electricity, connectivity 
and, at this stage of development, the device to be shielded from adverse weather 
such as the rain and the wind that frequented Somers Town on that wintry day. 
Moreover, because of the need for calibration, and the amount of data that the device 
produces, there are major challenges in making the outputs suitable for non- 
specialists to interpret in a way that will make the information useful for them. For 
that reason, the focus of community-led projects, ever since they emerged in the 
mid-1990s, has been to use reliable methodologies that are easy to use but, at the 
same time, comparable with official information. It is this aspect that makes the 
Palmes diffusion tubes so powerful. This is a stable technology that gains accep-
tance by regulators, local environmental officers and decision-makers. By aligning 
the dates of the monitoring with the official period being used in government- 
mandated programmes, the results of the community effort are readily comparable 
with those that are obtained by the local authority. Indeed, as our description above 
shows, there can be a discussion around the length of the observation (the need for 
annual monitoring or careful seasonal measurements as offered by Cyrys et  al. 
(2012)), but the methodology itself and its results are not questioned or challenged, 
whereas community-led low-cost sensing can be easily dismissed on the basis of the 
sensors that have been used (Lewis and Edwards 2016).

Moreover, within the environmental monitoring and decision-making processes, 
these seemingly simple plastic tubes act as more than just a sensor—they are a 
policy instrument that is used by central and local government in their local air qual-
ity management plans. This aspect provides the tubes with political power in the 
discussion of the result, which other inexpensive methods cannot offer.
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Our detailed story of the experience of Tracey in Somers Town is indicative of 
many issues that are common in community-led air quality campaigns and which 
we experienced elsewhere.

Firstly, it illustrates some of the difficulties that local residents have in influenc-
ing local authorities about their environmental, public health, urban planning and 
transportation decisions, starting with the doubts about data quality on the part of 
local authorities and the lack of sustained funding to address environmental issues 
by local government bodies that are operating under severe budgetary restrictions. 
This issue of trust and feeling that the measurements are taken in the wrong loca-
tions compared to the experience of the people who are living in the area and to the 
local knowledge about the routes and places of activities is a motivating factor in 
community-led efforts. For example, notice how Tracey and her neighbours com-
mented on their concerns about potential plans to make a lorry passage in front of a 
school and the renovation of a space that was a green area between two schools. By 
taking control over the positioning of the tubes and the installation process itself, the 
participants gain an understanding of the process of monitoring and the tools that 
are being used. Arguably, this can increase the understanding of where the data from 
the local authorities is coming from and the dialogue between communities and 
local authorities, as happened in the City of London and the London Borough of 
Lambeth.

Secondly, it provides an illustration of the local focus of the monitoring—note-
worthy is the need to guide the participants to position diffusion tubes in a busy 
road. The reason for this is that, in many communities, the residents perceive the 
busy road as the boundary of their area and at the edge of the local neighbourhood 
area. The need for comparison and benchmarking can be achieved by using local 
authority monitoring data, but, as an intermediary organisation, Mapping for Change 
guides participants to carry out such data collection so they can compare and con-
trast the results that they receive from within their area of interest with a nearby 
pollution source.

Thirdly, we should highlight the nature of the process—it is very common for 
very few participants to be highly engaged and to be active in the process, in the way 
that Tracey braved the weather and carried out the installation. However, since it is 
her locality, other people within the area got involved in either direct help for a short 
while or by noticing Tracey and asking about her effort. In multiple cases, we have 
seen that, in feedback sessions, many residents, well beyond those that were active 
in the installation, join in to see the results and discuss them (see Fig. 27.4). The 
effort of installing the diffusion tubes is not trivial and can mean dedication of a 
significant part of a day in unpleasant weather conditions. It therefore requires well- 
motivated individuals to lead such efforts, which is the case in many locations. Yet, 
it is this wider community interest and support that makes their effort worthwhile 
and sustainable, in the case of donating to a common fund to maintain the activity.

Finally, the Somers Town installation demonstrates the way in which local prob-
lem solving and technology are being used in these community-led campaigns. 
Notice how Tracey confronted and solved the issue of installing tubes in wide and 
narrow lamp posts or the use of the Mapping for Change community maps system 
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to record the location of the installation—using her smartphone as a Wi-Fi hotspot 
and her computer to enter the data while sheltering from the rain (the resulting map 
is shown in Fig. 27.4a). Over the years, we have seen many examples of local prob-
lem solving and innovations—such as decisions to install diffusion tubes on the 
balconies in the Barbican. This is an important aspect of community-led citizen 

Fig. 27.4 Feedback session at UCL with community members
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science efforts, which provides background to both learning and creativity (see 
Jennett et al. 2016, 2017).

27.5  Conclusions

In this chapter, we provided a detailed account of the experience of community-led 
air quality monitoring that is done within the context of community concern over 
local air pollution from traffic and its impact on their health. We have discussed how 
changes in the context of environmental decision-making, awareness of environ-
mental justice and in technology enabled a new wave of community-led monitoring 
efforts.

As we have seen, the use of accessible and reliable sensing tools, such as the air 
capture buckets or diffusion tubes, provides the ability for community members to 
use their local knowledge to collect the information at the location that matters to 
them and to understand local conditions. A recent campaign by Friends of the Earth 
demonstrated that diffusion tubes can also be scaled to a national campaign in the 
UK (see FoE 2017), while the London Sustainability Exchange provided guidance 
for their use to primary schools (LSx 2013).

We also pointed to the deceiving surface simplicity that the use of these tools 
provides—they allow for deep local engagement—an understanding of the process 
of measuring and understanding air pollution issues and a potential foundation for a 
discussion between communities and local decision-makers on the basis of scien-
tific evidence that both sides accept. In what might seem contradictory, at first sight, 
the use of agreed-upon devices through citizen science and community-led monitor-
ing can reduce the conflict between residents and local environmental management 
authorities, improve the process of air quality monitoring and offer new solutions to 
local issues.

Community-led air quality monitoring is not being offered as a panacea or as a 
replacement for government-mandated monitoring but as an enhancement and as a 
way to address specific emerging issues, such as an increase in traffic due to a tem-
porary construction project, or in addressing ongoing concerns such as the impact 
of queuing traffic. This form of citizen and stakeholder participation can also inte-
grate into health impact assessments of urban and transport planning projects to 
address power unbalance, select scenarios for monitoring and evaluation and iden-
tify health effects and vulnerable populations (Nieuwenhuijsen et al. 2017).

Acknowledgements Thanks to Louise Francis, managing director of Mapping for Change, for 
sharing her valuable insights and practical knowledge acquired during many years of working with 
communities in London and to Tracey for allowing us to join her on the day. This chapter benefited 
from the European Union’s Seventh Framework Programme (FP7/2007–2013) under grant agree-
ment EveryAware (award 265432), the EU Horizon 2020 research and innovation programme 
under the Marie Sklodowska-Curie grant (award 656439) and Doing it Together Science (award 
709433) as well as the UK’s Engineering and Physical Sciences Research Council (award  EP/
I025278/1).

M. Haklay and I. Eleta



579

References

Bonney, R., Shirk, J.  L., Phillips, T.  B., Wiggins, A., Ballard, H.  L., Miller-Rushing, A.  J., & 
Parrish, J. K. (2014). Next steps for citizen science. Science, 343(6178), 1436–1437.

Bullard, R. D., & Wright, B. H. (1993). Environmental justice for all: Community perspectives on 
health and research. Toxicology and Industrial Health, 9(5), 821–841.

Corburn, J. (2005). Street science: Community knowledge and environmental health justice (urban 
and industrial environments). Cambridge, MA: MIT Press.

Cyrys, J., Eeftens, M., Heinrich, J., Ampe, C., Armengaud, A., Beelen, R., Bellander, T., 
Beregszaszi, T., Birk, M., Cesaroni, G., & Cirach, M. (2012). Variation of NO 2 and NO x 
concentrations between and within 36 European study areas: Results from the ESCAPE study. 
Atmospheric Environment, 62, 374–390.

Fenger, J.  (2009). Air pollution in the last 50 years—From local to global. Atmospheric 
Environment, 43(1), 13–22.

Francis, L., & Stockwell, H. (2015). Science in the city: Monitoring air quality in the Barbican. 
[online] (p. 33, 34). London: Mapping for Change. Retrieved August 2017, from https://www.
cityoflondon.gov.uk/business/environmental-health/environmental-protection/air-quality/
Documents/barbican-final-report-13012015.pdf.

Friends of the Earth. (2017). Unmasked: The true story of the air you’re breathing (p. 23). London: 
Friends of the Earth. Retrieved August 2017, from https://cdn.foe.co.uk/sites/default/files/
downloads/FoE_Unmasked_Report_2017.pdf.

Haklay, M.  E. (2003). Public access to environmental information: Past, present and future. 
Computers, Environment and Urban Systems, 27(2), 163–180.

Haklay, M. (2013). Citizen science and volunteered geographic information—Overview and 
typology of participation. In D. Z. Sui, S. Elwood, & M. F. Goodchild (Eds.), Crowdsourcing 
geographic knowledge: Volunteered geographic information (VGI) in theory and practice 
(pp. 105–122). Berlin: Springer.

Haklay, M. (2017). The three eras of environmental information: The roles of experts and the 
public. In V.  Loreto, M.  Haklay, A.  Hotho, V.  D. P.  Servedio, G.  Stumme, J.  Theunis, & 
F. Tria (Eds.), Participatory sensing, opinions and collective awareness (pp. 163–179). Cham: 
Springer International Publishing.

Heidorn, K. C. (1978). A chronology of important events in the history of air pollution meteorol-
ogy to 1970. Bulletin of the American Meteorological Society, 59(12), 1589–1597.

Jennett, C., Kloetzer, L., Schneider, D., Iacovides, I., Cox, A., Gold, M., Fuchs, B., Eveleigh, A., 
Methieu, K., Ajani, Z., & Talsi, Y. (2016). Motivations, learning and creativity in online citizen 
science. Journal of Science Communication, 15(3).

Jennett, C., Kloetzer, L., Cox, A. L., Schneider, D., Collins, E., Fritz, M., Bland, M. J., Regalado, 
C., Marcus, I., Stockwell, H., & Francis, L. (2017). Creativity in citizen cyberscience. Human 
Computation, 3(1), 181–204.

Kuklinska, K., Wolska, L., & Namiesnik, J. (2015). Air quality policy in the US and the EU—A 
review. Atmospheric Pollution Research, 6(1), 129–137.

Kumar, P., Morawska, L., Martani, C., Biskos, G., Neophytou, M., Di Sabatino, S., Bell, M., 
Norford, L., & Britter, R. (2015). The rise of low-cost sensing for managing air pollution in 
cities. Environment International, 75, 199–205.

Laundon, J. R. (1967). A study of the lichen flora of London. The Lichenologist, 3(3), 277–327.
Lewis, A., & Edwards, P. (2016). Validate personal air-pollution sensors. Nature, 535(7610), 

29–32.
London Sustainability Exchange (LSx). (2013). Cleaner Air 4 Primary Schools toolkit. Retrieved 

August 2017, from https://www.london.gov.uk/sites/default/files/ca4s_toolkit.pdf
Lowenthal, D. (1990). Awareness of human impacts: Changing attitudes and emphases. In B. L. 

Turner (Ed.), The earth as transformed by human action: Global and regional changes in the 
biosphere over the past 300 years (pp. 121–135). Cambridge: Cambridge University Press with 
Clark University.

27 On the Front Line of Community-Led Air Quality Monitoring

https://www.cityoflondon.gov.uk/business/environmental-health/environmental-protection/air-quality/Documents/barbican-final-report-13012015.pdf
https://www.cityoflondon.gov.uk/business/environmental-health/environmental-protection/air-quality/Documents/barbican-final-report-13012015.pdf
https://www.cityoflondon.gov.uk/business/environmental-health/environmental-protection/air-quality/Documents/barbican-final-report-13012015.pdf
https://cdn.foe.co.uk/sites/default/files/downloads/FoE_Unmasked_Report_2017.pdf
https://cdn.foe.co.uk/sites/default/files/downloads/FoE_Unmasked_Report_2017.pdf
https://www.london.gov.uk/sites/default/files/ca4s_toolkit.pdf


580

McGlade, J.  (2008). Environmental information and public participation. 
Retrieved February 2014, from http://www.eea.europa.eu/media/speeches/
environmental-information-and-public-participation

Nieuwenhuijsen, M.  J., Khreis, H., Verlinghieri, E., Mueller, N., & Rojas-Rueda, D. (2017). 
Participatory quantitative health impact assessment of urban and transport planning in cities: A 
review and research needs. Environment International, 103, 61–72.

Ottinger, G. (2010). Buckets of resistance: Standards and the effectiveness of citizen science. 
Science, Technology, & Human Values, 35(2), 244–270.

Parry, N., & Rimmington, B. (2013). Citizen science—Local air quality; local action. Chemical 
Hazards and Poisons Report, p. 45.

Scott, D., & Barnett, C. (2009). Something in the air: Civic science and contentious environmental 
politics in post-apartheid South Africa. Geoforum, 40(3), 373–382.

Sella, A. (2016). Palmes’ tube, Chemistry World, 1 November 2016.
Shirk, J. L., Ballard, H. L., Wilderman, C. C., Phillips, T., Wiggins, A., Jordan, R., McCallie, E., 

Minarcheck, M., Lewenstein, B. V., Krasny, M. E., & Bonney, R. (2012). Public participation 
in scientific research: A framework for deliberate design. Ecology and Society, 17(2), 29.

Tregidgo, D. J., West, S. E., & Ashmore, M. R. (2013). Can citizen science produce good science? 
Testing the OPAL Air Survey methodology, using lichens as indicators of nitrogenous pollu-
tion. Environmental Pollution, 182, 448–451.

United Nations. (1992). Agenda 21. Rio de Janeiro: United Nations.
WCED, & Brundtland, G. H. (1987). Our common future. Oxford, UK: Oxford University Press.

M. Haklay and I. Eleta

http://www.eea.europa.eu/media/speeches/environmental-information-and-public-participation
http://www.eea.europa.eu/media/speeches/environmental-information-and-public-participation


Part VI
Health Impact Assessment and Policies



583© Springer International Publishing AG, part of Springer Nature 2019 
M. Nieuwenhuijsen, H. Khreis (eds.), Integrating Human Health into Urban 
and Transport Planning, https://doi.org/10.1007/978-3-319-74983-9_28

Chapter 28
Transport Policy Measures for Climate 
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28.1  Introduction

Climate action in the urban transport sector presents a unique and daunting chal-
lenge. The transport sector accounted for 23% of global greenhouse gas (GHG) 
emissions in 2010 and remains one of the fastest growing sources of global 
emissions, despite advances in vehicle efficiency (Sims et al. 2014). In contrast with 
most other major sources of global emissions, fossil fuels remain the dominant final 
energy source in transport, with oil accounting for over 90% of the final energy 
demand (IEA 2016). The lack of progress with electricity decarbonization limits the 
prospects of potential emission, climate and air quality benefits of electric vehicles 
(UK Energy Research Centre 2016), and one of the key components of the decar-
bonization of vehicle travel to date—the shift to diesel powertrain—is now under 
significant scrutiny (UK Energy Research Centre 2016; Cames and Helmers 2013). 
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Finally, and potentially of greatest importance, established transport networks and 
systems are costly, technically challenging and time-consuming to change once they 
are built, leaving current design and planning trends difficult to alter (Khreis et al. 
2016). Transport investments over the coming 5 years will therefore substantially 
dictate the pathway of transport-related emissions for decades to come, adding more 
pressure for low-carbon transport options to be developed and implemented in the 
immediate future (Leather 2009; IEA 2015).

At the same time, the benefits of action are also substantial. The impact of cli-
mate change on cities is being felt. Rising seas, heat waves, air pollution and weather 
disasters made more violent by changing weather patterns are already costing 
millions of lives and billions in livelihoods each year (Harlan and Ruddell 2011). At 
the same time, research establishes that an economic case exists for many urban 
transport options that can mitigate climate change. Investments in a range of 
currently available public and private measures in the world’s urban areas could 
save 2.8 gigatonnes of GHG emissions annually by 2050—just less than the entire 
GHG emissions of India in 2011—or 7% of the 2011 global GHG emissions (WRI 
2012), whilst providing direct net economic benefits between 2015 and 2050 of 
$10.5 trillion USD (Gouldson et al. 2015; Sudmant et al. 2016).

Perhaps even more compellingly, urban transport investments to mitigate cli-
mate change can have a substantial positive impact on public health in cities. In 
2015, the Lancet Commission on Health and Climate Change emphasized that the 
response to climate change could be “the greatest global health opportunity of the 
21st century” (Watts et al. 2015, p. 1). The health co-benefits of climate action in the 
transport sector can be realized through pathways of improved indoor and outdoor 
air quality, reduced exposures to noise, mitigation of the urban heat island effect, 
increased active travel and physical activity, reduced motor vehicle crashes, 
increased green space exposure and reduced social exclusion and inequalities. Up 
to 74% of air pollution in cities worldwide, and as much as 90% of urban air pollu-
tion in some cities of the developing world, may be attributed to motor vehicle 
emissions (Arup/C40 2014; UNEP 2014). Traffic-related air pollution is responsi-
ble for a large burden of global disease and at least 184,000 deaths in 2010 (Bhalla 
et al. 2014; Khreis et al. 2016). Transport is also responsible for much of the noise 
in urban areas (Foraster et al. 2011; Bell and Galatioto 2013; Zuo et al. 2014) with 
traffic density, distance from the location to the sidewalk and building density 
explaining over 73% of the variability of noise levels (Foraster et al. 2011). Lee 
et al. (2014) found that the total number of vehicle counts explained a substantial 
amount of variation in measured ambient noise in Atlanta (78%), Los Angeles 
(58%) and New  York City (62%). The burden of disease attributable to traffic-
related noise is comparable to that of air pollution (Hänninen et al. 2014; Tainio 
2015; Mueller et al. 2017a, b). Over the last decades, declining active travel and 
increased vehicle use have been important contributors to overall declines in physi-
cal activity and increases in sedentary behaviour (Brownson et  al. 2005; Ewing 
et al. 2003). According to the World Health Organization (2017), one in four adults 
and over 80% of the world’s adolescents are insufficiently physically active. Motor 
vehicle crashes cause over 1.5 million global deaths annually and 79.6 million 
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healthy years of life lost (Bhalla et  al. 2014). Indeed, after the first year of life 
through age 59, motor vehicle crashes rank amongst the top ten causes of global 
deaths (Bhalla et al. 2014) and are the number one global cause of death amongst 
those aged 15–29  years (World Health Organization 2015). Further deleterious 
impacts from the transport sector that have been linked with public health outcomes 
include exposure to local temperature increases (the so-called heat island effect), 
green space reduction and biodiversity loss (Khreis et al. 2016). The cost of these 
transport externalities is very high, especially in rapidly developing urban areas. 
For example, the costs of motorized transport’s congestion, air pollution, motor 
vehicle crashes, noise and climate change in Beijing are between 7.5% and 15.0% 
of its GDP (Creutzig and He 2009). Rapid technological changes and volatility in 
energy prices, which radically alter the economic case for investments, make pre-
dictions and scenario comparisons challenging. Nonetheless, and as we will show 
next, there is great opportunity for policymakers to develop transport roadmaps that 
jointly achieve climate change, health and economic objectives.

In this chapter, we provide a state-of-the-art review of the co-benefits of climate 
action on health at the urban level focusing on five urban transport actions: (1) 
compact land use planning to reduce motorized passenger travel demand, (2) pas-
senger modal shift and improving transit efficiency, (3) electrification and passen-
ger vehicle efficiency, (4) freight logistics and (5) freight vehicle efficiency and 
electrification. Health impacts from these actions occur via pathways of reduced 
air pollution, noise and temperature and increased green space and physical activ-
ity. We argue that presenting a more robust health case of low carbon action by 
assessing the co-benefits of these policy measures may unlock policy support and 
accelerate action.

28.2  Co-benefits of Climate Action on Health

28.2.1  Urban Planning and Reduced Passenger Travel 
Demand

28.2.1.1  Air Pollution

Urban planning to reduce passenger travel demand is a key measure that cities can 
adopt to improve air quality and public health and achieve significant economic 
savings (Ling-Yun and Lu-Yi 2016; Bartholomew 2007; Stone et al. 2007; Reisi 
et al. 2016; Guttikunda and Mohan 2014; Frumkin 2002; Grabow et al. 2012; Giles- 
Corti et al. 2016; Conlan et al. 2016; Stevenson et al. 2016). Designing cities to be 
compact and mixed-use can lead to shorter distances and easier access to work, 
school, and other activities and therefore reduce the need for passenger car travel 
(Guttikunda and Mohan 2014). Reductions in passenger car travel demand are often 
also accompanied by modal shifts towards more sustainable transport means, such 
as walking, cycling and the use of public transport. Conversely, the rapid expansion 
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of metropolitan areas, or urban sprawl, and the resulting un-mixed land use and low- 
density development patterns reinforce the need and convenience for extensive road 
networks and private car travel (Frumkin 2002). The literature is supportive of this 
narrative; in the following key articles are described.

Ewing et al. (2008a, b) found that high density can reduce vehicle kilometres by 
40% per capita and comparisons of urban centres showed that dense, highly con-
nected urban centres like Hong Kong produce only 1/3 of the carbon emissions per 
capita of European cities, whilst European cities produce only 1/5 the carbon emis-
sions of sprawling poorly connected cities like Houston (Rode et al. 2013). Recent 
reviews and large-scale health impact assessments concluded that urban planning 
measures, unlike other transport policy instruments aimed at reducing traffic-related 
air pollution (e.g. freight management), have the potential to realise air quality 
improvements over the longer term and provide additional benefits related to reliev-
ing congestion, improving the quality of places and increasing population physical 
activity levels, all of which associated with many health and wellbeing benefits 
(Conlan et al. 2016; Giles-Corti et al. 2016; Stevenson et al. 2016).

Many studies have provided quantification of the expected air quality and health 
benefits from such measures, although these were almost exclusively based on 
health impacts assessment modelling exercises. For example, reducing the kilome-
tres travelled by Chinese residents by 5% and 10% via increasing cycling  
would lead to around 1.56% and 3.11% decrease in annual average concentrations 
of SO2, respectively, and up to 2.80%, 6.18% and 5.86% decrease in NO2, PM2.5 and 
PM10, respectively. If these reductions in demand were accompanied with a shift 
towards public transit, the estimated benefits were higher. The number of associated 
preventable deaths from air pollution-related disease per year was estimated to 
range from 569,000 to 4,516,000, depending on the scenario being tested. The esti-
mated health improvements including the reduction in total mortality, cardiovascu-
lar and respiratory hospital admissions and asthma attacks would save 3433.25 to 
27,337.1027 billion Yuan (Ling-Yun and Lu-Yi 2016).

Grabow et al. (2012) suggested that the elimination of automobile round-trips 
≤8 km in 11 metropolitan areas in the upper Midwestern United States would reduce 
PM2.5 by 0.1 μg/m3 and although summer ozone (O3) would slightly increase in cit-
ies, it would decline regionally, resulting in net health benefits of $4.94 billion/year 
(95% confidence interval (CI), $0.2 billion, $13.5 billion). If 50% of the eliminated 
trips were made by bicycle, the health benefits would increase significantly due to 
increased levels of physical activity reducing mortality by 1295 deaths/year (95% 
CI: 912–1636). The combined health benefits of improved air quality and increased 
physical activity were estimated to exceed $8 billion/year (Grabow et al. 2012).

Reisi et al. (2016) selected multiple sustainability indicators including vehicle 
emissions and mortality effects of air pollution and evaluated these under three 
urban planning scenarios: a base case scenario based on governmental plans in 
Melbourne for 2030, activity centres scenario based on compact urban development 
patterns and a fringe focus scenario based on expansive urban development patterns. 
The activity centres scenario resulted in the least GHG and other emissions, as well 
as a reduction of mortality when compared to the other two scenarios.
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In a health impact assessment of six cities, land use changes were modelled to 
reflect a compact city in which land use density and diversity were increased and 
distances to public transport were reduced to drive a modal shift from private vehi-
cles to walking, cycling and public transport. The modelled compact city scenario 
resulted in health benefits for all cities (for diabetes, cardiovascular disease and 
respiratory disease) with overall health gains of 420–826 disability-adjusted life 
years (DALY) per 100,000 people. However, for moderate to highly motorized  
cities, such as Melbourne, London and Boston, the compact city scenario predicted 
a small increase in road trauma for cyclists and pedestrians (health loss of between 
34 and 41 DALYs per 100,000 people) (Stevenson et al. 2016).

Overall, these studies demonstrate that compact and mixed-use urban planning 
which can reduce passenger travel demand will improve air quality and public 
health in urban areas.

28.2.1.2  Noise

Whilst relatively less research has focused on the effect of urban planning and 
reduced passenger travel demand on noise and human health, impacts are increas-
ingly recognized. Creutzig et al. (2012) provided scenarios of increasingly ambi-
tious policy packages, reducing GHG emissions from urban transport by up to 80% 
from 2010 to 2040. Based on stakeholder interviews and data analysis, the main 
target was a modal shift from motorized individual transport to public transit and 
nonmotorized individual transport (walking and cycling) in the four European cities 
of Barcelona, Malmo, Sofia and Freiburg. The authors reported significant concur-
rent co-benefits of better air quality, reduced noise, less traffic-related injuries and 
deaths, increased physical activity, alongside less congestion and monetary fuel sav-
ings. For the most ambitious scenario explored which included multiple measures 
and a large shift towards nonmotorized individual transport (referred to as push 
scenario), a reduction between 10% and 29% in noise levels in cities was reported. 
The push scenario included congestion charging and aggressive land use policies 
restricting new development to car-free areas with bicycle infrastructure and public 
transport access, amongst others. The scenario included policies that were only 
considered by some stakeholders, and although these were mostly not under 
consideration by local authorities, they were judged to be plausible.

There is a clear need to fill large gaps in the literature on the effects of urban plan-
ning and reduced passenger travel demand on noise and associated health effects.

28.2.1.3  Physical Activity

Multiple climate policies targeting the transport sector have the potential to increase 
physical activity levels and provide significant health benefits, even after 
consideration of increased air pollution exposure and motor vehicle crashes (Mueller 
et al. 2015). Urban planning to reduce passenger travel demand and increase transit 
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mode share has been identified as a key measure which cities can adopt to increase 
population physical activity and improve public health1 (D’Haese et al. 2015; Ewing 
et al. 2014; Frank et al. 2005; Cohen et al. 2006; Sugiyama et al. 2012; Buehler and 
Pucher 2012; Wong et al. 2011; Committee on Environmental Health 2009; Saelens 
et al. 2003; Lee and Moudon 2004; Rodriguez et al. 2006; Salon 2016; Stevenson 
et al. 2016). The following describes the key articles we identified in the literature.

Sugiyama et al. (2012) systematically reviewed 46 quantitative studies examining 
the associations between walking, as an active travel mean (utilitarian walking), and 
multiple built environment factors including the presence and proximity of destina-
tions and sidewalks, connectivity, aesthetics and traffic on and safety of the walking 
routes. Half of the studies came from North America, 11 from Australia, 8 from 
Europe, 3 from South America and 1 from Japan. The literature synthesized in this 
review consistently showed (80% of studies) that the presence and proximity of retail 
and service destinations are conducive to adults walking. Other factors including 
well-connected streets and the availability of sidewalks also facilitated active travel.

Additional reviews support the findings of Sugiyama et  al. (2012). Day et  al. 
(2006) focused their review on 42 empirical studies conducted in China and similarly 
showed that active travel was most strongly associated with the proximity of non- 
residential locations. The literature reviewed supported an association between land 
use mix (proximal non-residential locations) and active travel in Chinese cities. In a 
review of 65 studies of children from North America, Europe, Australia and Asia, 
D’Haese et  al. (2015) found that walkability, density and accessibility were 
associated with active travel to school. Buehler and Pucher (2012) reviewed the 
literature on the advantages and disadvantages of higher urban densities and showed 
that numerous studies pinpointed the public health benefits stemming from more 
walkable and cycling-friendly environments alongside decreasing the number and 
distance of vehicle trips. Similarly, in a systematic review synthesizing 14 studies 
by Wong et al. (2011), the authors concluded that increasing distance is negatively 
associated with children’s active travel to schools. Lee and Moudon (2004) showed 
that long distances between destinations and poor accessibility to recreational 
facilities are the most cited barriers to physical activity, whilst Cohen et al. (2006) 
showed that every mile a girl lived further to her school translated into 13 fewer 
weekly minutes of metabolic activity and that the time spent commuting was 
responsible for this reduction.

Increased urban sprawl and further distances between origins and destinations 
were also associated with decreased physical activity and increased obesity rates in 
adults (Ewing et  al. 2014; Frank et  al. 2005). In a review synthesizing studies 
conducting neighbourhood comparisons of walkability and physical activity, 
Saelens et  al. (2003) showed that residents of high-walkable neighbourhoods 
reported two times more walking trips/week as compared to residents of low- 
walkable neighbourhoods (3.1 vs. 1.4 trips). The difference magnitude between 
high-walkable and low-walkable neighbourhoods ranged from −0.1 to 5.7 walk 

1 Other policy measures include promoting electric bikes (Ji et al. 2012; MacArthur et al. 2014), 
which are relevant but were outside the scope of this review.
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trips and was partially dependent on the purpose of the trip, with walking to work 
being consistently more likely in high-walkable compared to low-walkable 
neighbourhoods. This difference translated into 1–2 km of active travel or about 
15–30 min more walking per week. Similarly, Rodriguez et al. (2006) showed that 
residents of walkable urban neighbourhoods are making twice as many trips walk-
ing and cycling compared to residents of suburban neighbourhoods, logging 40–55 
extra minutes of weekly physical activity. Like previous observations, these 
differences were mainly driven by utilitarian travel, rather than leisure travel. 
Residents of the walkable urban neighbourhoods also travelled fewer vehicle miles. 
Salon (2016) showed that pedestrian and cyclist road use in urban census tracts is 
double that in suburban census tracts, which in turn is an order of magnitude greater 
than that in rural census tracts.

Besides reducing passenger travel demand, urban planning that promotes com-
pact and mixed land use patterns can also make transit more viable and efficient 
(Boyko and Cooper 2011) and contributes to increasing public transit demand 
(Buehler and Pucher 2012). When coordinated in packages of other complementary 
policies (e.g. attractive transit fares, high taxes, restrictions on car usage, etc.), 
 compact cities can increase the likelihood to use public transport by five times 
(Buehler and Pucher 2012). American people who use public transit spend a median 
of 19 min a day walking to and from transit, and almost 30% of transit users achieve 
the daily recommended physical activity levels of ≥30 min (Besser and Dannenberg 
2005). There is also evidence that people from ethnic minorities and lower socio- 
economic classes are more likely to harvest more health benefits of physical activity 
as these groups were more likely to spend ≥30 min daily commuting to and from 
transit (Besser and Dannenberg 2005).

Overall, there are plenty of studies and evidence reviews which demonstrate that 
compact and mixed-use urban planning can reduce passenger travel demand and 
promote active travel modes, increasing population physical activity and therefore 
improving public health in urban areas.

28.2.1.4  Motor Vehicle Crashes

Increased traffic flows are associated with increased motor vehicle crashes (Nakahara 
et al. 2011; Yiannakoulias and Scott 2013); therefore, urban planning measures to 
reduce traffic and vehicle kilometres travelled are likely to reduce road deaths and 
injuries (Ewing and Hamidi 2015). Further, more sustainable urban planning 
 patterns accommodating walking, bicycling and transit-friendly neighbourhoods 
are expected to lead to reduced passenger car demand and use, which in turn has 
been associated with reduced motor vehicle crashes (Wei and Lovegrove 2012).

Research has shown that traffic volumes and road densities are the main determi-
nants of motor vehicle crash frequency. Dumbaugh and Li (2010) estimated that 
each additional mile of thoroughfare is associated with a 9.3% increase in motor 
vehicle-pedestrian crashes. A reduction of 30% in traffic volumes is associated with 
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a 35% reduction in the number of pedestrians injured in motor vehicle crashes and 
a 50% reduction in the average risk of a pedestrian collision (Miranda-Moreno et al. 
2011). Lowering traffic flows was linked to a decline in child pedestrian deaths in 
New Zealand (Roberts et al. 1992), and when flow reductions were achieved as part 
of the London congestion charging, they were linked to a substantial reduction in 
both the number of crashes and crash rates (Green et al. 2016). The London conges-
tion charging zone was associated with 44 less motor vehicle crashes per month 
which represented a 35% decline.

Density and ‘compactness’ are shown to be negatively correlated with motor 
vehicle crashes and fatalities. Ewing et al. (2003) found that all traffic fatalities and 
pedestrians’ fatalities decrease by 1.49% and 1.47%, respectively, with each 1% 
increase in a compactness index. Godwin and Price (2016) argued that the distinct 
pattern of low-density urban areas in Southeast USA is likely to be leading to rare 
and more dangerous walking and cycling resulting in decreased road safety. Yeo 
et  al. (2015) conducted a path analysis to examine the causal linkages between 
urban sprawl, vehicle miles travelled and traffic fatalities, drawing on data from 147 
urbanized areas in the USA. The authors, in line with previous research (Ewing 
et  al. 2014), found that there was an indirect positive effect of urban sprawl on 
fatalities which occurred through increases in vehicle miles travelled, alongside a 
more influential direct effect possibly occurring through increased traffic speeds 
and emergency medical service delays.

However, literature also shows that urban planning interventions which are 
established to reduce passenger car demand may have different effects on road 
safety, perhaps mediated by the increase in active travel levels. In a systematic 
review of 85 quantitative studies investigating the effect of built environment on 
childhood walking and pedestrian injuries, Rothman et al. (2014) found that higher 
road density and higher traffic speeds increase injury incidence and severity. Land 
use mix and proximity to services and facilities were also found to increase injuries 
incidence and severity but were associated with increased walking. The authors 
discussed that these urban environment characteristics may not be inherently 
 dangerous but rather be markers for increased exposure to traffic in general. Two 
urban measures were consistently found associated with increased walking and a 
reduction in child pedestrian injuries, namely, traffic calming and the diversity of 
land use including the presence of playgrounds, recreation, parks and open spaces. 
Further studies similarly showed that land use mix and proximity to retail, although 
favourably promoting walking and cycling, are associated with increased crash 
risks in children and adults (Cho et al. 2009; Elias and Shiftan 2014; Yu 2014; Lee 
et al. 2013), whilst the results from other studies were mixed (Blazquez et al. 2016). 
Policymakers therefore need to be cautious when applying urban planning measures 
and take into account contextual factors and the need for complementary measures 
to protect those shifting or choosing active travel modes.
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28.2.2  Passenger Mode Shifts

28.2.2.1  Air Pollution

Passenger mode shifts towards more sustainable travel means and improving transit 
efficiency can also lead to significant public health improvements, not only through 
improvements in air quality but also importantly through the increase in physical 
activity as people walk, cycle and move to catch public transport (Nieuwenhuijsen 
and Khreis 2016; Pathak and Shukla 2016; Rojas-Rueda et al. 2012, 2013; Woodcock 
et al. 2013, 2009; Sabel et al. 2016; Xia et al. 2015; McKinley et al. 2005; Yang 
et al. 2016; Rabl and De Nazelle 2012; Mueller et al. 2017a, b). Some of the studies 
identified in the previous section also fall under this category but were kept in the 
section whose searches located them. Similarly, some of the studies we identify next 
on modal shifts and transit efficiency fall under the next category of vehicle effi-
ciency measures and indicate health impacts through pathways other than air pollu-
tion (e.g. changes in physical activity).

Nieuwenhuijsen and Khreis (2016) evaluated the radical concept of car-free 
 cities, a model primarily driven by the need to reduce GHG emissions but has 
impacts on public health. The authors suggested great benefits in terms of reduction 
in not only air pollution (up to a 40% reduction in NO2 levels on car-free days) but 
also noise and heat island effects and potential increases in green space and physical 
activity. Three health impact assessments cited in the review of Nieuwenhuijsen and 
Khreis estimated small air quality improvements and health benefits from the 
replacement of private car journeys by active or public transport (Rojas-Rueda et al. 
2012, 2013; Woodcock et al. 2013). For example, 76 annual deaths and 127 cases of 
diabetes, 44 of cardiovascular diseases, 30 of dementia, 16 minor injuries, 0.14 
major injuries, 11 of breast cancer, 3 of colon cancer, 7 of low birth weight and 6 of 
preterm birth can be prevented each year, if 40% of long-duration car trips were 
substituted by public transport and cycling. The largest health benefits estimated 
were in association with increased physical activity, and then with the reduced air 
pollution. The reductions in air pollution were not as large as was expected because 
the contribution of private cars was minor compared to trucks, buses and motorbikes, 
which were not included in the assessment.

Sabel et al. (2016) estimated that the introduction of a new metro in Thessaloniki, 
Greece, would reduce local deaths from air pollution by about 20%. Xia et al. (2015) 
estimated that shifting of 40% of vehicle kilometres travelled to alternative transport in 
Adelaide, South Australia, would reduce annual average PM2.5 by a small margin of 
0.4 μg/m3, preventing 13 deaths a year and 118 DALYS. Woodcock et al. (2009) con-
ducted a health impact assessment of alternative transport scenarios in London, UK, 
and Delhi, India. The use of lower-carbon-emission motor vehicles, increased active 
travel and a combination of the two scenarios were tested. The increase in active  
travel and less use of motor vehicles (i.e. modal shifts) had larger health benefits  
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per million people (7332 DALYs in London and 12,516 in Delhi in 1 year) than the 
benefits from the increased use of lower-emission motor vehicles (160 DALYs in 
London and 1696  in Delhi). The combination of active travel and lower- emission 
motor vehicles resulted in the largest health benefits (7439 DALYs in London and 
12,995 in Delhi). Most of the preventable premature deaths were estimated to result 
from increased physical activity, followed by the reduction of air pollution exposures.

McKinley et al. (2005) quantified cost and health benefits from a subset of air 
pollution control measures in Mexico City. The control measures tested were taxi 
fleet renovation, metro expansion and use of new hybrid buses replacing diesel 
buses. Avoided cases of 11 health outcomes, including premature mortality, chronic 
bronchitis, hospitalizations and emergency room visits for cardiovascular and 
 respiratory disease, and minor restricted activity days (MRAD) were quantified in 
association to reductions in O3 and PM10. The measures were found to have air pol-
lution reductions of approximately 1% for PM10 and 3% for O3. The associated 
health benefits were substantial, and their sum over the three measures was greater 
than the measures’ investment costs. For the individual scenarios, the benefit to cost 
ratio was 3.3 for the taxi renovation measure, 0.7 for the metro expansion measure 
and 1.3 for the new hybrid buses measure. The taxi fleet renovation was the most 
appealing option, but this was contextual because of the size and age of the taxi fleet 
in Mexico City.

Overall, these studies demonstrate that passenger modal shifts away from the 
private car and towards active travel modes and public transit will improve air 
quality and yield public health benefits in urban areas.

28.2.2.2  Noise

Private vehicles are one of the largest single sources of noise pollution in urban 
areas. Transport measures that shift transport demand away from motorized  vehicles 
and towards public transport or nonmotorized options therefore present a major 
opportunity for impacts on noise pollution.

In their health impact assessment exercise, James et al. (2014) projected that a 
proposed fare increases and service cuts to public transport which would shift 
48,600 people from public transport to driving in the Boston region would result in 
lost time due to congestion, increased air pollution, lower levels of physical activity, 
additional motor vehicle crashes, increased exposure to high noise levels and 
increased greenhouse gas emissions. In their scenario representing fare increases by 
up to 35% and service reductions affecting 53–64 million trips each year, an 
additional 2000 people on average were estimated to become exposed to over 60 dB 
of noise per day, which would be detrimental to health.

Sabel et al. (2016) modelled the impact of urban climate change mitigation trans-
port measures in five European and two Chinese cities. The changes in exposure to 
noise due to the investigated transport measures were modelled in three of the seven 
cities, and the results suggested that promoting electric cars and reducing the use of 
personal cars had a very limited effect on reducing noise levels. In part, this was due 
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to the high proportions of traffic on non-urban roads such as motorways which were 
not subjected to the investigated local traffic reduction policy measures (e.g. up to 
35% of motorway traffic in Rotterdam). On the other hand, the introduction of a 
metro in Thessaloniki was predicted to more significantly reduce noise levels.

Rabl and De Nazelle (2012) presented an estimate of the potential health impacts 
due to a shift from car to cycling or walking, by evaluating the effects relating to 
changes in air pollution exposures and accident risk and citing costs for other 
impacts, namely, from noise to congestion. A driver who switches to cycling for a 
commute of 5 km (one way) 5 days/week for 46 weeks/year would experience health 
benefits from the reduction in noise which are worth about €1700 (at a cost of 0.76 h/
km). The results for walking (2.5 km) were similar. Applying these estimates to a 
specific example of a policy measure in Paris, the Velib bike sharing system, the 
population benefits of the reduction in noise were estimated at €69.9 million/year.

Research of the effects of modal shift on noise pollution on cities, though limited 
in scope, presents a strong case that climate actions can yield substantial co-benefits.

28.2.2.3  Physical Activity

Promoting passenger modal shift from the private car towards active travel means, 
including walking and cycling, also has many well-documented health benefits 
through increased physical activity. These benefits were explored in multiple 
epidemiological studies, health impact assessments and systematic reviews (Lubans 
et al. 2011; Saunders et al. 2013; Ogilvie et al. 2004; Mueller et al. 2015; Flint et al. 
2016; Matthews et al. 2007; Hu et al. 2007, 2003; Hamer and Chida 2009; Woodcock 
et  al. 2009, 2013; Xia et  al. 2015; Rojas-Rueda et  al. 2012, 2013; Rabl and De 
Nazelle 2012; Stevenson et al. 2016).

One of most well regarded such studies followed 47,840 Finnish people, aged 
25–64 years old, for an average of 19 years. The results showed that the risk of 
coronary heart disease was significantly decreased with increasing occupational, 
leisure time or active commuting-related physical activity (Hu et al. 2007). Daily 
commuting on foot or by bike was associated with a 20% reduction in risk of new 
coronary heart disease amongst women, after adjusting for a comprehensive set of 
confounders. Similarly, walking or cycling to work for ≥30 min/day was associated 
with a 36% reduction in risk of type 2 diabetes in both women and men, even after 
adjusting for a comprehensive set of confounders (Hu et al. 2003).

Flint et  al. (2016) used longitudinal data for 5861 individuals from the UK 
Biobank to test the effect of transition from car to active (walking and cycling) or 
public transport on objectively measured body mass index. After adjusting for a 
comprehensive set of confounders including baseline body mass index, age, sex, 
ethnicity, income and education, a mode shift from the car to active or public 
transport was associated with a 0.30 kg/m3 decrease in body mass index. Conversely, 
a mode shift from active or public transport to car commuting was associated with 
a 0.32 kg/m3 increase in body mass index. These results were almost identical to a 
similar study using self-reported body mass index (Martin et al. 2015).
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Finally, a recent health impact assessment evaluated the potential effects of a 
compact city model on physical activity levels in six cities: Melbourne, Australia; 
Boston, MA, USA; London, UK; Copenhagen, Denmark; São Paulo, Brazil; and 
Delhi, India (Stevenson et  al. 2016). The compact city model tested resulted in 
increased active travel and public transport use which translated into increases in 
travel-related physical activity ranging from +72.1% metabolic equivalent per week 
(in the most motorized city; Melbourne) to +18.5% in the rapidly motorizing Delhi.

28.2.2.4  Motor Vehicle Crashes

Modal shifts can also reduce the number of vehicles on the road, thereby reducing 
the opportunities for motor vehicle crashes. At the same time, cycling and walking 
are more vulnerable transport modes. Research on increases in public and  
nonmotorized transit generally finds reductions in total crashes, but as we will show 
next, interventions need to be carefully planned to avoid unintended consequences 
and protect individuals switching to more vulnerable transport modes.

In a systematic review including 21 health impact assessment studies of the 
effects of passenger modal shift on motor vehicle crashes, Mueller et  al. (2015) 
reported that 14 studies estimated an increase in motor vehicle crashes, 6 studies 
estimated a decrease in motor vehicle crashes and 1 study estimated no change in 
motor vehicle crashes with the increase in active travel. However, only eight studies 
accounted for the non-linear traffic incident risk attributed to the increased safety 
that comes with the increased number of active travellers, the so-called safety in 
numbers effect (Jacobsen 2003).

Jacobsen (2003) showed a consistent inverse relation between the amount of 
walking and cycling and the likelihood of a pedestrian and cyclist being involved in 
a motor vehicle crash. The author argued that a community doubling its walking can 
expect a 32% reduction in cycling injuries. Contrasting with this result, another 
review by Götschi et  al. (2016), which considered studies modelling the safety 
impacts of cycling, showed that a modal shift from car travel to cycling is estimated 
to increase the number of cyclists’ fatalities and seriously injured. The authors, 
however, also showed that the public health benefits stemming from increases in 
physical activity well outweigh the estimated risks, for example, shifting a 10-km 
commute from car to bike will result in an average cost of €50 per person/year from 
fatal crashes but an average saving of €1300 per person/year from physical activity 
(Rabl and De Nazelle 2012). Götschi et al. (2016), in line with other investigators 
(Rabl and De Nazelle 2012), also concluded that impact modelling of cycling crash 
risks is a highly case- and context-specific matter. Furthermore, the increases in 
cyclists’ and pedestrians’ fatalities and injuries following a mode shift from the car 
might be a representation of a period of increased vulnerable road users’ collisions 
and injuries which will cease when the cycling mode split approaches the 20% level 
(Wei and Lovegrove 2012).

From a different angle, Tainio et al. (2014) estimated the years lived disabled or 
injured for pedestrians, cyclists and car occupants and found that injured pedestrians 
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and cyclists sustain 9.4 and 12.8 years lived disabled or injured whilst car occupants 
sustain a higher period of 18.4 years due to the severities of injuries. The authors 
estimated that a person who would switch from car use to cycling in an urban area 
would, on average, have 40% less severe injuries.

Public transit offers similar benefits. Public transport is substantially safer than car 
travel, both for passengers and for the public (Litman 2011; Kenworthy and Laube 
2002; Beck et al. 2007). Research shows that cities with the highest share of public 
transport users have the lowest share of traffic fatalities (Litman 2012). Cities built on 
a combination of transit and walking could also mitigate motor vehicle crashes. For 
comparison, between 2010 and 2014, the four largest Dutch cities, Amsterdam, The 
Hague, Rotterdam and Utrecht (all with a very high bicycle modal share by interna-
tional standards) recorded 2.0 road deaths per 100,000 populations (SWOV 2016), 
whilst Hong Kong and Paris, both centred on mass transit (Sun et al. 2014), recorded 
1.5 and 1.6 road deaths per 100,000 populations, respectively (Transport Department 
Hong Kong 2016; Préfecture de Police 2013). In a more recent analysis, public tran-
sit was shown to have 1/10 the per mile traffic casualty rate when compared to car 
travel (American Public Transportation Association 2016).

Overall, these studies demonstrate that passenger modal shifts away from the 
private car and towards active travel modes and public transit will improve traffic 
safety and yield public health benefits in urban areas, although contextual factors 
are specifically important.

28.2.3  Passenger Car Efficiency and Electrification2

28.2.3.1  Air Pollution

A small number of studies investigated the air quality and health impacts of improv-
ing passenger car efficiency and electrification (Xue et al. 2015; Pathak and Shukla 
2016; Timmers and Achten 2016; Ji et al. 2012; Soret et al. 2014).

Xue et al. 2015 showed that although increasing new energy vehicle proportions 
including hybrids, CNG and electric vehicles will improve air quality in Xiamen, 
China, the greatest contribution to air pollution reduction comes from other policy 
scenarios including alternative fuels and diesel truck decreases contributing to 
nearly 30% of air pollution reductions, followed by an option to control the intensity 
of private vehicles.

Incentivizing the electrification of passenger cars is often proposed as a sustain-
able approach to urban mobility and economic development (Ji et al. 2012). The 
literature, however, suggests that this may be a simplistic view and that electric 
vehicles may not result in presumed air quality and health benefits, unless their 
uptake is optimistically large, and they are complemented by non-exhaust PM 

2 No studies on  physical activity or noise relating to  passenger car efficiency/electrification 
and health were identified by this review. This area therefore remains for further research.
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reduction measures. A state-of-the-art review by Timmers and Achten (2016) 
investigated the effects of fleet electrification on non-exhaust PM emissions and 
found that total PM10 emissions from electric vehicles are likely to be higher than 
their non-electric counterparts, due to non-exhaust PM being increased by the 
higher weight of electric vehicles. Electric vehicles are, on average, 280 kg or 24% 
heavier than their non-electric counterparts. Vehicle weight is directly proportional 
to non-exhaust PM emissions attributable to traffic, as road abrasion and tyre wear, 
brake wear and resuspension are all influenced by the vehicle’s weight. Tyre, brake 
and road wear increase by 50% when comparing a medium (1600 kg) and small 
(1200 kg) car. Large cars (2000 kg) emitted more than double the amount of PM10. 
Further, the reduction in PM2.5 emissions from electric vehicles was estimated to be 
small (1–3%). Research on the health effects of non-exhaust PM is new and perhaps 
not sufficiently explored, but there are numerous studies, both epidemiological and 
toxicological, indicating distinct adverse health effects of non-exhaust PM that 
warrant consideration (Gasser et al. 2009; Gehring et al. 2015).

In a large-scale health impact assessment conducted by Ji et al. (2012), the health 
impacts of the use of conventional vehicles and electric vehicles in 34 major Chinese 
cities were modelled. PM2.5 emissions from electric cars were estimated to be higher 
than conventional gasoline vehicles, resulting in more preventable deaths, even 
when (un)proximity to the emission sources was accounted for. The total annual 
excess deaths in Shanghai were 9 as attributable to gasoline cars and 26 as attributable 
to electric cars. When compared to diesel cars, electric cars were shown to provide 
health benefits, yet the main reason behind these beneficial impacts was not the 
reduction of total PM2.5 emissions from electric cars, but the fact that most of these 
emissions occurred at power plants instead, away from human receptors. The total 
annual excess deaths in Shanghai were 90 as attributable to diesel cars and 26 as 
attributable to electric cars. There was evidence, however, that the urban use of 
electric vehicles will move adverse exposures and health impacts to rural, non- 
electric- car users and potentially lower socioeconomic populations.

Overall, the available evidence demonstrated that electric vehicles may only 
have a small impact on improving air quality and population public health and that 
conclusions will vary depending on the reference/comparison scenario (e.g.  
comparing to gasoline versus diesel cars) and whether rural populations are consid-
ered in the analysis. The remaining studies which investigated the air quality impacts 
of improving passenger car efficiency or electrification provided no estimates for 
the potential health impacts associated with these policies (Pathak and Shukla 2016; 
Soret et al. 2014).

28.2.3.2  Motor Vehicle Crashes

In relation to the potential effects of fleet electrification on road safety, the only 
theoretical link currently explored in the literature relates to the effects of increasing 
vehicle weight due to electrification and decreasing vehicle noise increasing non- 
detection (Timmers and Achten 2016). Although increased vehicle weight and 

H. Khreis et al.



597

stiffness may increase the safety of car occupants (Torrao et al. 2016), the opposite 
is expected for vulnerable and other road users involved in motor vehicle crashes 
with higher weighted vehicles. For example, Anderson and Auffhammer (2013) 
estimated that the baseline risk of fatalities increases by 47% when being hit by a 
vehicle that is 1000 pounds heavier. Studies also suggested that the reduction in 
noise from electric vehicles may lead to increased motor vehicle crashes because of 
non-detection, especially to the blind and visually impaired (Mendonça et al. 2013; 
Verheijen and Jabben 2010; Jabben et al. 2012).

28.2.4  Freight Logistics Improvements and Freight Vehicle 
Efficiency and Electrification3

28.2.4.1  Air Pollution

Lee et al. (2012) assessed the air quality and health impacts attributable to a clean 
truck program in the Alameda corridor, USA, which progressively banned the older 
and most polluting trucks. The truck replacement was estimated to have reduced 
NOx and PM emissions by 48% and 55%, respectively, within a 7-year period. The 
health benefits from the associated reduction of PM2.5 only were equivalent to 
$428.2 million, but these estimates only incorporated two age groups (age 30–65, 
>65), and two health endpoints (mortality and chronic bronchitis), and are therefore 
likely underestimated. To contextualize the results, the authors demonstrated that 
the payback period for replacing all drayage trucks in the study area (11,000 trucks 
with an assumed new truck costs $150,000) is less than 4 years.

The published research for this policy measure is scarce. There is clearly a need 
for more research regarding the effects of freight policies on air quality and public 
health, but there also is sufficient current evidence showing that freight is a major 
contributor to local and regional air quality problems. These problems and associated 
adverse health impacts can be mitigated by upgrading freight fleets and increasing 
their efficiency (Guttikunda and Mohan 2014; Conlan et al. 2016).

28.3  Discussion

Co-benefits of climate mitigation actions in the transport sector include improved 
outdoor air quality, increased physical activity, reduced ambient noise and reduced 
motor vehicle crashes, all of which are associated with reduced morbidity and 
premature mortality. Generally, there was a lack of costing estimates in the 

3 No studies on  noise, physical activity or motor vehicles crashes relating to  freight logistics 
improvements and freight vehicle efficiency and electrification and health were identified. This 
area therefore remains for further research.
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identified literature, and only a few studies monetized the value of the estimated co-
benefits. This creates challenges for comparative assessments and for the transfer or 
good practice in planning and policy.

The most important co-benefits we identified from the literature seem to be the 
increases in physical activity at the population level, which predominantly result 
from passenger modal shifts to active travel and from urban planning measures that 
reduce car travel and promote walking, cycling and public transit use. The least 
obvious co-benefits, which can also be risks depending on technical improvements, 
contextual factors and the investigated reference scenarios, seem to be the co-benefits 
of electrification which may occur through improved outdoor air quality.

Our findings suggest that policymakers should actively pursue urban planning 
and land use elements to reduce passenger car travel and at the same time support a 
modal shift away from the private car towards walking, cycling and public transit. 
Such measures should be complemented with safety increasing measures to avoid 
unintended consequences by reducing motor vehicle crashes and protecting existing 
and new pedestrians and cyclists. Further, new interventions should be carefully 
examined as they can feasibly introduce an additional way by which wealthy 
neighbourhoods become more fragmented from poorer areas. Compact cities and 
dense and diverse land use planning can also facilitate transit-oriented development, 
further adding to the net benefits from such interventions and providing other 
economic benefits. Despite being expensive and technically challenging to 
implement in already developed cities, urban planning and land use policies have 
the potential to realize longer-term and sustainable health improvements and pro-
vide additional benefits related to congestion, retail and quality of public space 
(Timilsina and Dulal 2010; Conlan et al. 2016). Unfortunately, as it stands, transport 
planning is generally not well integrated with land use planning. This integration is  
essential—if system transformations are to be made towards sustainable and 
healthy developments (Khreis et al. 2017).

Although the increases in physical activity from more compact and more con-
nected urban planning patterns may seem small (e.g. 15–55 min of physical activity 
per week based on the evidence overviewed above), these differences should be 
considered important and relevant. Unlike interventions which target individuals or 
specific population segments to increase their physical activity levels, changes in 
the urban environment are a universal intervention that reaches the whole popula-
tion of the targeted area and therefore increases population level physical activity 
rather than select individuals who are motivated and participate in tailored interven-
tions. Further, changes in the urban environment are long lasting, whilst behaviour 
change campaigns and programs are rarely maintained (Saelens et al. 2003). The 
benefits of higher urban densities go beyond the climate and public health benefits 
we discussed and include increasing the potential for urban agriculture which in 
turn reduces food miles and improves local food security, improving the housing 
choices for all residents, reducing social exclusion, increasing the opportunities for 
creative social interaction, reducing crime rates and improving economic efficiency 
and employment opportunities, amongst others. There are, however, documented 
disadvantages of increasing density which highlight the need for an integrated pol-
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icy approach to overcome these potential negative consequences. These include 
exacerbating traffic congestion and parking problems, reducing an area’s capacity to 
absorb rainfall, reducing green space and negatively impacting the economic devel-
opment of surrounding rural areas.

There was considerable evidence for an improvement in air quality with the miti-
gation measures we reviewed, and thereby improvements in health. Most of the 
benefits come from reducing car use and increasing public and active transport.
Technological advances such as electrification have been suggested to improve air 
quality. However, the literature we identified for electrification is scarce, but some 
key points emerged. First, the air quality (and associated health) benefits of electric 
cars need more rigorous quantification, but current evidence suggests that these 
might be negligible (in the case of PM2.5) or might even have the opposite direction 
(in the case of PM10). Second, the reduction of PM2.5 emissions from electric vehicles 
is also likely to disappear as exhaust emission standards become stricter over time 
(Timmers and Achten 2016). Particularly, the non-exhaust PM component of air 
pollution is expected to increase with the adaptation of electric vehicles, primarily 
driven by the increase in vehicle weight due to electrification. Whilst both emissions 
control regulation and electrification plans could lead to reductions in exhaust 
emissions, non-exhaust emissions from road vehicles remain unabated and need 
more attention (Thorpe and Harrison 2008). Some views expect battery technology 
to quickly improve making electric vehicles lighter, yet the overall trend over the 
last decade was a steady increase in vehicle weight in almost all segments (Timmers 
and Achten 2016). Third, there was evidence that there may be air quality benefits 
of electric vehicles when compared to diesel vehicles, but this was not true when 
compared to gasoline vehicles. Improvements in gasoline technology could also 
lead to important air quality and health benefits, yet the advancement of gasoline 
engines has received considerably less attention during the past 20 years, when, for 
example, Europe shifted its research capacity towards the diesel powertrain (Cames 
and Helmers 2013).

Despite diesel-fuelled freight vehicles being the largest motor vehicle contribu-
tors to air pollution within and between cities (Guttikunda and Mohan 2014; Conlan 
et al. 2016), there is significantly less research on freight interventions to improve 
air quality and health outcomes. In this research, the main uncertainty is related to 
uncertainties in the emission factors used which are likely to have underestimated 
the air quality benefits as these are generally optimistic and not reflective of 
 real- world driving and conditions. The current evidence base suggests that the 
replacement of old trucks by newer, more efficient models can lead to significant air 
quality and health benefits, with savings that exceed the cost of investments.

The studies on noise are scarce. These studies used a health impact assessment 
methodology and mainly focused on the effects of a mode shift. The estimates for 
noise were crude and were not based on detailed modelling or measurement 
exercises. In all the studies we found, noise was not the main exposure that was 
being explored, but was rather a secondary outcome. The literature on the potential 
health impacts of noise is very limited and did not incorporate any scenario testing 
to quantify the health effects of specific policy measures or interventions (Hänninen 
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et al. 2014; Mueller et al. 2017a, b; Fritschi et al. 2011). There is a clear need to fill 
large gaps in the literature on the effects of urban planning; reduced passenger travel 
demand, vehicles efficiency and electrification; and freight logistic improvements 
on noise and associated health effects. There is also a need to provide health esti-
mates under different scenarios and for different policy measures.

Although the research is currently lagging behind, policymakers need to be 
aware that noise can have large adverse health impacts, which are comparable to 
those of air pollution (in the case of premature mortality) (Mueller et al. 2017a), or 
exceeding those of air pollution (in the case of morbidity) (Mueller et al. 2017b). 
Such impacts are currently not seriously considered in policy or in academic circles, 
as shown by the results of our searches and review. Further, there was evidence in 
the literature we identified that the scale of the positive impacts of traffic noise 
reduction measures may be limited to the scale of interventions, where local actions 
can have little effect due to national sources such as motorway traffic not being 
subjected to local traffic reduction measures. This highlights the advantage of com-
plementing local policies with national policies. Unintended consequences of traffic 
noise reduction measures include the potential for increases in motor vehicle 
crashes, because of non-detection. Various studies have suggested that electric cars 
or hybrid cars are favourably quieter than conventional cars but that this may lead to 
increased motor vehicle crashes because of non-detection, especially in the blind 
and visually impaired (Mendonça et al. 2013; Verheijen and Jabben 2010; Jabben 
et al. 2012). For this reason, some countries like the USA and Japan are considering 
minimum noise requirements for such vehicles; however, this can restrict the noise 
reduction advantages (Verheijen and Jabben 2010).

The increases in motor vehicle crashes with increasing mixed land use may be 
explained by the increasing walking or cycling population which becomes exposed 
to a well-established higher crash risk. Policies that encourage densification, mixed 
land use and increase transit supply are likely to increase pedestrian and potentially 
cyclists’ activity. With no supplementary safety strategies in place, these policies 
may indirectly increase motor vehicle crashes (Miranda-Moreno et  al. 2011). 
Similarly, compact areas with low-speed, but high-conflict traffic environments, can 
increase crash exposures (Ewing and Hamidi 2015). Policies that encourage modal 
shifts from the private car, although clearly demonstrating net public health benefits, 
can increase the risk of pedestrians and cyclists being involved in motor vehicle 
crashes. These results, however, were highly context specific and differ substantially 
depending on the study area, including its motorization levels, baseline active travel 
commuters and safety measures in place for pedestrians and cyclists. Furthermore, 
there are numerous methodological limitations which should be considered in this 
literature including the fact that most studies do not account for the ‘safety in 
numbers’ effect and the weaknesses in the indicators used to measure crashes 
(numerators) and corresponding exposures (denominators) (Mueller et  al. 2015; 
Götschi et al. 2016).

Overall, we show that climate change mitigation measures in the transport sector 
have a great potential to improve public health in urban areas whilst mitigating 
climate change and its distal impacts. The scale and magnitude of the health benefits 
differed across the policy measures and were wider and highest in the case of the 
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two policy measures of (1) compact land use planning to reduce motorized passen-
ger travel demand and (2) encouraging passenger modal shift away from the private 
car and improving transit efficiency. We conclude that climate change action repre-
sents a great opportunity for policymakers to develop transport roadmaps that 
jointly achieve climate change objectives and improve public health in cities.
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Chapter 29
The Role of Health Impact Assessment 
for Shaping Policies and Making Cities 
Healthier

Mark Nieuwenhuijsen, Haneen Khreis, Ersilia Verlinghieri,  
Natalie Mueller, and David Rojas-Rueda

29.1  Introduction

Health impact assessment (HIA) is an important tool to integrate evidence in the 
decision-making process and introduce health in all policies (WHO 1999; Ståhl 
et al. 2006; NAS 2011). Multiple international and national organizations proposed 
HIA as a tool to promote and protect public health in multiple sectors (WHO 1999; 
Ståhl et al. 2006; NHS 2002; IFC 2009). In urban and transport planning, HIAs have 
been used generally to assess qualitatively urban interventions rather than offering 
more useful/powerful estimations to stakeholders through quantitative approaches 
(Shafiea et al. 2013). Also many HIAs did not entail the stakeholders and citizens’ 
visions and necessities, losing the opportunity of successful implementation or 
 policy utility.
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Comprehensive HIAs can be an important tool as it brings together all the avail-
able evidence on the impacts of urban and transport planning on health. As where 
qualitative approaches provide a more general impact of the potential important 
exposures and health outcomes, quantitative HIAs provide actual numbers of the 
people that may end up with disease or die prematurely. HIAs can shape policies 
and make cities healthier because they examine the impacts of health from different 
potential scenarios, based on the best available evidence, and provide an overview 
of what are scenarios with the least health impacts and which have the largest health 
impacts.

HIAs could answer various pressing questions such as: What are the best and 
most feasible urban and transport planning policy measures to improve public 
health in cities? Also the process on how to get there is often as important as the 
actual output of the HIA, as the process may provide answers to important questions 
as to how different disciplines/sectors can effectively work together and develop a 
common language, how to best incorporate citizen and stakeholder, how different 
modelling and measurement methods can be effectively integrated and whether a 
public health approach could make changes in urban and transport planning.

Currently there is no overarching HIA framework or model for cities that can 
deal with multiple exposures and complexities, data limitations, location-specific 
effects, errors, etc., and we work with separate quantitative and qualitative models/
modules, which from one perspective may be considered as an advantage to reduce 
the complexity and burden of this work. In our experience, the quantitative esti-
mates that have been produced so far have been useful for policymakers by placing 
actual numbers of health impacts on different policy scenarios. This policy-specific 
quantification has been an advantage when compared to a qualitative approach, but 
both approaches have their merit and can coexist. In particular, we believe that qual-
itative studies should be performed in preparation of quantitative ones, preparing 
the terrain—in terms of accessing the data, but also influencing the political and 
policy discourses—and informing on the necessity and utility of a full quantitative 
HIA. A qualitative approach may be preferred in cases where there is no good qual-
ity quantitative data available.

Quantitative HIAs are unlikely to be conducted for small projects, where gener-
ally little funding is available, although if models are previously set-up and expo-
sures are readily available for the area, then undertaking the assessment would be 
feasible. However, we are also aware that a qualitative approach in some of these 
cases may suffice or at least be used successfully to prepare the favourable terrain to 
gather more resources for more comprehensive studies. On the other side, we stress 
that large infrastructure projects or comprehensive urban planning projects which 
are long-lasting, highly impactful on the population’s exposures and highly con-
suming of public money could highly benefit from participatory quantitative HIAs. 
HIAs can be particularly effective especially when different options/scenarios are 
available for the future, and a political decision has not been made yet or is difficult 
to reach. Knowing and disseminating the possible scenarios and the associated 
health impacts can then play an important role, especially bringing the public’s 
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attention to what new policies and projects mean for their communities’ health. The 
concept of ‘health’ is usually a strong argument for the public (or the population 
affected) to be in favour for a certain policy to be implemented. Being able to dem-
onstrate the magnitude of expected health benefits—as possible with participatory, 
quantitative HIAs—can influence the acceptance/decision process. Health has not 
been high on the agenda for such projects, but, as the current national and interna-
tional debates across Europe and beyond demonstrate, more and more citizens rate 
health highly. They also would object to large changes when they have not been 
involved in decision-making (e.g. Barcelona SuperIlles). Although more expensive, 
a participatory quantitative HIA may pay off in the long term by providing positive 
and sustainable changes with the least adverse health impacts and greatest accept-
ability. Relevant stakeholders can contribute in this process with their expertise. A 
participatory, quantitative HIA ensures that no aspect is forgotten, that the process 
is inclusive and comprehensive and that a consensus can be reached at the end by 
weighing the estimated risks against the benefits.

As it stands, the use of quantitative HIA is generally limited to research and aca-
demic purposes, and the scenarios used in these models are usually judged to be 
plausible but are optimistic and often not under consideration by local authorities or 
policymakers. This, in part, is perhaps a reflection of a communication gap between 
the sectors where nonacademic stakeholders lack the tools, knowledge and interest 
to carry out a quantitative HIA, while academics/researchers lack the expertise and 
understandings as to what extent scenarios are plausible, realizable and acceptable 
to local authorities or policymakers. In this chapter we focus on quantitative HIAs. 
The aim of the chapter is to provide an overview of what is currently being done in 
quantitative HIA of urban and transport planning.

29.2  Quantitative Health Impact Assessment

Quantitative HIAs follow a comparative risk assessment approach estimating first 
the burden of disease (e.g. cases of disease, injuries, deaths or disability-adjusted 
life years [DALY]) and then comparing this burden of disease (BOD) with the 
health impacts of a future change associated with a proposed intervention or policy 
(Briggs 2008; WHO 2015; Nieuwenhuijsen et al. 2017) (Fig. 29.1). The aim is to 
provide a quantitative estimate of the expected health impact and the distribution 
thereof for the exposed population that is attributable to an environmental exposure 
and/or policy. Quantitative assessments include a number of steps (Table 29.1), and 
a range of potential scenarios could be evaluated (Table  29.2). Furthermore, the 
input is obtained from stakeholders including, for example, citizens and businesses 
we refer to the HIAs as being participatory HIAs. Participatory HIAs have the 
advantage that make use of much wider views on urban and transport besides the 
“expert” and, if integrated well, may count on much wider support for any proposed 
measure.

29 The Role of Health Impact Assessment for Shaping Policies and Making Cities…
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HIA framework and model

Scenarios

Political awareness 
and governance

Recommendations and dissemination

Citizen awareness 
and acceptability

Estimate burden 
of disease

Comparative risk 
assessment

Fig. 29.1 Connection between parts of the work in a health impact assessment framework

29.2.1  Examples of Urban HIA Studies

BOD studies for cities and these are sparse. For example, Tobías et al. (2014) esti-
mated that 470 deaths were attributable to a theoretic traffic noise exposure decrease 
by solely 1 dB(A) in Madrid. A recent study for Warsaw estimated more than 40,000 
DALYs attributable to air pollution, noise and traffic injuries, with traffic noise con-
tributing the largest (Tainio 2015). In Barcelona, Mueller et al. (2017) estimated that 
almost 3000 deaths, making up almost 20% of annual mortality in Barcelona, could 
be prevented if international recommendations for performance of physical activity, 
exposure to air pollution, noise, heat and access to green space were complied with.

A few studies have started evaluating the health impacts of urban planning policy 
measures in cities. Reisi et al. (2016) evaluated three urban planning scenarios in 
Melbourne for 2030, base case scenario based on governmental plans, fringe focus 
scenario based on expansive urban development patterns and activity centres sce-
nario based on compact urban development patterns, and estimated that the latter 
resulted in the least greenhouse and other emissions, as well as a reduction of mor-
tality when compared to the other scenarios. Stevenson et al. (2016) estimated the 
population health effects arising from alternative land use and transport policy ini-
tiatives in six cities. Land use changes were modelled to reflect a compact city in 
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Table 29.1 Steps in a HIA and added value in the participatory integrated fullchain (PIF) HIA 
approach

HIA steps HIA task Added value in the PIF-HIA approach

1. Screening • Selecting proposals • Proposal selection using 
stakeholders and citizen participation 
approaches

2. Scoping • Identifying health effects 
and the population groups 
affected
• Describes research 
questions, data sources, the 
analytic plan, data gaps and 
how gaps will be addressed

• Identification of relevant health effects 
and populations affected including 
stakeholder and citizen perspectives.
• Introduce integrated, full-chain and 
complex system approach in the analytic 
plan

3. Appraisal • Collecting and analyzing 
quantitative and qualitative 
data on health effects in 
various population groups

• Introduce integrated, full-chain and 
complex system approach
• Stakeholders and citizens are informed 
of the preliminary results, and their 
feedback is integrated at this stage, too

4. Recommendations • Identifies alternatives to 
proposal or actions that could 
be taken to avoid, minimize or 
mitigate adverse effects and to 
optimize beneficial ones
• Proposes a health 
management plan to identify 
stakeholders who could 
implement recommendations, 
indicators for monitoring and 
systems for verification

• Introduce integrated, full-chain and 
complex system vision in the 
alternatives to proposal or actions
• Include citizens and stakeholder 
perspectives to prioritize and implement 
recommendations, to increase their 
social acceptation and impact
• Propose citizen science approaches to 
complement monitoring and evaluation 
processes

5. Reporting and 
dissemination

• Writing an HIA report 
based on the results
• Disseminating the report

• Introduce novel channels of 
communications through citizens and 
stakeholder participation

6. Monitoring and 
evaluation

• Evaluating the process
• Evaluating the outcome (or 
results)
• Evaluating the impact 
(effectiveness)

• Introduce the stakeholder and citizen 
perspective in the evaluation of the 
process, based on an iterative process to 
strength the citizens and stakeholder 
capacities
• Perform outcome evaluation at the 
citizen’s level, through citizen’s science 
approaches, with an integrated, 
full-chain and complex system vision
• Include an evaluation with an 
integrated, full-chain and complex 
system vision

29 The Role of Health Impact Assessment for Shaping Policies and Making Cities…
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Table 29.2 General description of examples of urban and transport policies/interventions/
scenarios that could be modelled using health impact assessment

Policy area Description Types Examples

Land use 
planning

Land use systems that increase 
density, diversity of uses and 
connectivity

Density Compact cities

Diversity Increase horizontal  
land use
Increase vertical  
land use

Built 
environment

All of the physical parts of where 
we live and work (e.g. homes, 
buildings, streets, open spaces  
and infrastructure)

Design Improve connectivity

Maintenance Control temperature and 
humidity

Availability Increase accessibility
Green spaces Vegetation in the streets (trees, 

grass, etc.), squares and parks
Infrastructure Increase and improve 

green spaces
Management Improve access and 

quality of green spaces
Promotion Promote use of green 

spaces
Blues paces Surface water in urban public 

spaces (fountains, lakes, rivers, sea 
front, etc.)

Infrastructure Increase and improve 
blue spaces

Management Improve access and 
quality of blue spaces

Promotion Promote use of blue 
spaces

Public transport Investment in and provision of 
transport network space for rapid 
transit/public transport 
infrastructure

Infrastructure Improvement and 
increase of public 
transport infrastructure

Management Improve public transport 
service
Reduce public transport 
costs

Promotion Public transport 
promotion

Active transport 
(walking and 
cycling)

Investment in and provision of 
transport network space for 
pedestrian and cycle infrastructure

Infrastructure Improvement and 
increase of active 
transport infrastructure

Management Improve active transport 
service

Promotion Active transport 
promotion

(continued)
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which land use density and diversity were increased and distances to public trans-
port were reduced with the objective to reduce private motorized transport and 
 promote a modal shift to walking, cycling and public transport use. The modelled 
compact city scenario resulted in health gains for all cities.

There are a larger number of studies that have evaluated specific transport policy 
measures in cities. Woodcock et al. (2009) estimated the health effects of alternative 
urban land transport scenarios for two settings – London, UK and Delhi, India – and 
found that a combination of active travel and lower-emission motor vehicles would 
give the largest benefits (7439 DALYs in London, 12,995 in Delhi). Creutzig et al. 
(2012) provided scenarios of increasingly ambitious policy packages, reducing 
greenhouse gas emissions from urban transport by up to 80% from 2010 to 2040. 
Based on stakeholder interviews and data analysis, the main target was a modal shift 
from motorized individual transport to public transit and nonmotorized individual 
transport (walking and cycling) in four European cities (Barcelona, Malmö, Sofia 
and Freiburg). The authors reported significant concurrent co-benefits of better air 
quality, reduced noise, less traffic-related injuries and deaths, increased physical 
activity, alongside less congestion and monetary fuel savings. Perez et al. (2015) 
modelled various scenarios in Basel including particle emission standards for diesel 
cars, increase in active travel and electric vehicle introduction and estimated that the 
first measure would result in a reduction of premature mortality by 3%, the second 
one would have little effect and the third one would have the largest effect, as the 
electricity would come from renewable resources. Ji et al. (2012) compared emis-
sions (CO2, PM2.5, NOX, HC) and environmental health impacts (primary PM2.5) 
from the use of conventional vehicles (CVs), electric vehicles (EVs) and electric 

Table 29.2 (continued)

Policy area Description Types Examples

Traffic regulation Reduce car use Infrastructure Reduce public space for 
cars (car lanes and 
parking)

Management Road use an parking 
pricing

Promotion Promote alternative 
modes of transport

Vehicles and 
fuels

Invest in new technologies and 
fuels

Infrastructure Create city grid for 
electric vehicles

Management Technology and fuels 
pricing

Promotion Promote technological 
transitions (e.g. electric 
car or autonomous cars)

Traffic safety Engineering and speed reduction 
measures to moderate the leading 
hazards of road transport

Infrastructure Built environment 
changes to reduce speed

Management Speed regulations
Promotion Traffic safety campaigns

29 The Role of Health Impact Assessment for Shaping Policies and Making Cities…
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bikes (e-bikes) in 34 major cities in China. E-bikes yielded lower environmental 
health impacts per passenger-km than gasoline cars (2×), diesel cars (10×) and 
 diesel buses (5×). McKinley et al. (2005) quantified cost and health benefits from a 
subset of air pollution control measures (taxi fleet renovation, metro expansion and 
the use of new hybrid buses replacing diesel buses) in Mexico City and found that 
the measures reduced air pollution by approximately 1% for PM10 and 3% for O3. 
The associated health benefits were substantial, and their sum over the three mea-
sures was greater than the measures’ investment costs (benefit to cost ratio was 3.3 
for the taxi renovation measure, 0.7 for the metro expansion measure and 1.3 for the 
new hybrid buses measure). Xia et al. (2015) estimated that the shifting of 40% of 
vehicle kilometres travelled to alternative transport in Adelaide, South Australia, 
would reduce annual average PM2.5 by a small margin of 0.4 μg/m3, preventing 13 
deaths a year and 118 DALYS. A range of HIA studies evaluating mortality and 
other health effects of increases in active transport were recently reviewed and esti-
mated considerable reductions in premature deaths and other negative health out-
comes with most benefits attributable to increases in physical activity and low risks 
of motor vehicles crashes and air pollution for those who switched to public and 
active transport (Mueller et al. 2015; Tainio et al. 2016).

Most models have been static (e.g. no feedback loops) and thus insensitive to 
feedback loops and time delays. Few exceptions emerge in the literature, such as the 
work of Macmillan et al. (2014). These authors used participatory system dynamics 
modelling (SDM) to compare the impacts of realistic policies, incorporating feed-
back effects, nonlinear relationships and time delays between variables in a study on 
cycling and societal costs including those related to health impacts. Participatory 
SDM involves citizen, academic and policy stakeholders in a process that explores 
the dynamic effects of realistic policies (Richardson 2011).

Finally, there is a general lack of integrated full-chain HIA models. In integrated 
full-chain HIA modelling for urban and transport planning, the work considers the 
full chain from exposure source, through pathways to health endpoints, considering 
multiple exposures and complexities, interdependencies and uncertainties of the 
real world and examining multiple scenarios generally.

Full-chain models are important for policymaking as the contribution of  
different sources to the overall environmental exposures is often unclear and is 
highly variable depending on source and context. For example, car traffic contrib-
utes to a significant proportion of ambient air pollution in cities, but the extent varies 
depending on factors such as car density, car fleet make-up, traffic conditions, street 
design, city design and dispersion factors (e.g. wind speed and direction and cloud 
cover). Traffic contribution to urban PM10 and PM2.5 levels in Europe is on average 
39% (range 9–53%) and 43% (range 9–66%), respectively, and is up to over 80% 
for NO2 (Sundvor et al. 2012).

To improve understanding and target the right sources with the right mitigation 
policies, it is important to understand the full chain of events from sources, through 
pathways to health, but very few, if any studies have done so. For example, in the 
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case of air pollution exposures, the common lack of full-chain assessment limits 
disentangling the health impacts of traffic-related air pollution (TRAP) from the 
health impacts of other emission sources, and vice versa (Khreis et al. 2016b). It 
also limits the comprehensibility of and confidence in recommending fleet-specific 
and traffic planning or management-specific interventions which would be valuable 
and desirable for policymakers.

Full-chain assessments could be obtained by coupling existing models of source 
activity, source emissions and pathways of exposure, to predict final human exposures 
and associated health impacts. Again, in the case of TRAP, as an example, this can be 
done by integrating existing models of traffic activity, traffic emissions and air disper-
sion to predict air quality and people’s exposure and subsequently estimate associated 
health impacts (Fig. 29.2). Data on traffic counts, origin and destination zones and fleet 
composition can be used to construct traffic activity models for cities (van Vliet 1982; 
SATURN manual 2015). The outputs from traffic activity models, most importantly 
the traffic flows and average traffic speeds, are then linked with vehicle emissions 
models such as the European leading emission model known as COPERT (Gkatzoflias 
et al. 2007). Vehicle emission inventories are calculated from this data and are then 
entered into air dispersion models such as ADMS-Urban (McHugh et al. 1997), which 
uses this data alongside terrain, meteorological and boundary layer data, to estimate 
seasonal and/or annual air pollution concentrations in cities.

Risk characterization

Exposure 
assessment

Scenario 

nt

Dose-
response

Base line 
heath data

Health impact
modelling

Transport 

Emission

Air quality

IndicatorsEconomic 
assessment

Recomendations and dissemination
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Hazard 

Fig. 29.2 Participatory full-chain health impact assessment with an example for air quality
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Studies which undertake this full-chain assessment, however, are very few (e.g. 
Namdeo et al. 2002; Hatzopoulou and Miller 2010; Wang et al. 2016). Often, such 
assessments can be problematic as the referred to models are data and labour 
 intensive and require expertise from different scientific disciplines. These models 
are also not easy to obtain or run due to their high commercial prices, their complex 
set-ups and the occasional need for specific arrangements, e.g. dedicated UNIX 
workstation. Furthermore, there are challenges regarding the performance and accu-
racy of the multiple models used in the exposure assessment chains. Traffic activity 
models such as SATURN which are used to provide input data for emission models 
tend to underestimate congestion and over-predict the average traffic speeds over 
the road network lending inaccuracy to the final emission estimates which are gen-
erally higher at the lower average speeds. Vehicle emission models, especially at 
lower average speeds which incorporate significant proportions of high emitting, 
fuel consuming, stop-start driving, are uncertain (Health Effects Institute 2010; 
Khreis 2016) and tend to underestimate TRAP emissions. Air dispersion models can 
over or under predict air pollution levels, in part due to inaccurate traffic and emis-
sion inputs, but also due to inherent limitations in these models (Williams et  al. 
2011) and the incompletion and/or inaccuracy of input data. This causes a propaga-
tion of uncertainties and inaccuracies through a complex chain of models involved 
and is a problem whose implications are not fully understood and is not yet addressed 
in practice and policy.

29.2.2  Existing Models

There are already a few quantitative HIA models and tools that have been used in 
specific case studies, for example, the Health Economic Assessment Tool (HEAT) 
for walking and cycling, the Integrated Transport and Health Impact Modelling Tool 
(ITHIM), the Transportation, Air Pollution and Physical Activities (TAPAS) model 
or the Urban and TranspOrt Planning Health Impact Assessment (UTOPHIA) 
model. Except for HEAT, these tools and models still tend to be research tools that 
are being further developed and improved but have the potential to be used in prac-
tice. The way these studies have been performed also shows how multidisciplinary 
teams of academics, both from qualitative and quantitative backgrounds, would take 
the process through all its phases.

29.2.3  Citizen and Other Stakeholder Involvement

HIAs could be conducted just by expert, but changes in city urban and transport 
planning are difficult to achieve and sustain without direct support of politicians, 
decision-makers and citizens. Therefore, it is desirable, if not necessary, to involve 
stakeholders in the process, i.e. conduct participatory HIAs. There is a considerable 
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body of literature that stresses the importance of citizens’ participation in improving 
planning and decision-making in a number of aspects, and today participation is 
recognized to be a fundamental requirement for sustainable development and envi-
ronmental decision-making (Banister 2008; Linzalone et al. 2016).

Firstly, involving stakeholders into a decision-making process allows more 
 viewpoint to contribute to the interpretation of complex issues (Mumpower 2001). 
Participation allows planners and decision-makers to gain a deeper and a more 
detailed knowledge on stakeholder behaviours, desires, necessities and preferences, 
becoming an invaluable tool to backup evaluation and assessment procedures such 
as HIA and allowing better-informed decisions (Lowndes et  al. 2001; Innes and 
Booher 2004; Palerm 2000). Secondly, participation allows to increase public 
acceptability of decisions and to build stronger consensus, reduce conflicts and pro-
duce shared projects and visions (van de Kerkhof 2006; Innes and Booher 2004). As 
such it can be used to support public decisions. Thirdly, participation can be used as 
a process to inform and empower citizens developing healthier democratic practices 
and more fair and just solutions (Palerm 2000; Bailey and Grossardt 2010; Bailey 
et al. 2012; Innes and Booher 2004; Renn and Webler 1995). Finally, participation 
can generate in itself spaces of information diffusion, knowledge exchange and cre-
ation, becoming a space in which practices and behaviours can be transformed and 
social learning built (Sagaris 2014; Kesby 2005; Palerm 2000; Reed 2006).

However, the overall implementation of participatory approaches within HIA is 
not widespread, particularly not in quantitative HIA. The literature reports only a 
few studies in which stakeholders have been consulted during HIA (e.g. Kearney 
2004; Creutzig et al. 2012; Macmillan et al. 2014; Linzalone et al. 2016); among 
which only very few used participatory methodologies in combination with quanti-
tative assessments. For example, Linzalone et al. (2016) integrated a quantitative 
HIA based on epidemiological study of plausible causes of mortality and morbidity 
with the Agenda21 methodology for participation, based on focus groups and meet-
ings with community stakeholders all along the process. With this methodology, the 
authors prepared the terrain for new forms of HIA to overcome the barriers between 
various forms of technical knowledge and these local knowledges. Following this, 
it is clear that there is a need for citizens and stakeholder participation in HIA, espe-
cially those parties with vested interest that may be affected by the proposed or 
investigated scenarios. We advocate for it, being however aware that participation 
can have its shortcoming and can be not as effective as expected especially when 
lacking adequate time resources or when not specifically addressing power unbal-
ances and communication issues (Elvy 2014).

In HIA, citizens and stakeholder participation should occur in the selection of the 
scenarios, identification of health effects and vulnerable populations and selection 
and periodization of recommendations, identifying the best channels of dissemina-
tion and monitoring and evaluation (Table 29.1). Particularly important is to include 
more vulnerable groups such as those with low socioeconomic status, children, 
pregnant women and the elderly who all have their specific needs. More and more 
often, new kinds of citizen participation, as citizen’s science, have begun to offer 
new tools to assess and include the citizens’ perspective in the public health arena.
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New models of HIA need to take advantage of these innovative citizens’ partici-
pation approaches to improve the utility, social acceptance and impact of their 
results. As such they can build a dialogue among different sectors and actors, avoid-
ing to reproduce a pattern in which the use of quantitative HIA is limited to aca-
demia. Incorporating other views can indeed enhance the understanding of how 
plausible, realizable and acceptable scenarios developed by HIA practitioners are 
and whether authorities would ever consider them for implementation.

29.3  Challenges

BOD assessments and HIAs encounter many challenges in terms of data availability 
and assumptions that need to be made and are sensitive to the contextual setting and 
underlying population parameters. Some of the main problems conducting quantita-
tive HIAs on a city level are the lack of availability of baseline data for some of the 
exposures and health outcomes, the implied need to make assumptions of these 
parameters and how to deal with uncertainty. Furthermore, there may be a lack of 
good exposure-response relationship data. Previous models and tools have been 
solving this challenge accessing input data through multiple official databases from 
public entities, identifying information on health, exposures and population. What 
stands out is also the importance of developing a comprehensive search strategy for 
input data, from different data sources, languages and time periods, and also the 
importance of data quality assessment and final comprehensive models validation. 
The input data identification is without doubt one of the most important steps in the 
quantitative HIA process, and cannot be achieved without a close collaboration with 
the stakeholders. The participation of different stakeholders, approached with a 
variety of methods and participatory tools, is crucial for the identification of specific 
and high-quality data.

With regard to epidemiological input data on the exposure-response functions, 
performing a systematic review of the literature will be the key point for identifying 
the most robust evidence to quantify the health impacts. Quantitative HIA has 
 limitations in assessing the complexity of real policies or scenarios, mainly because 
of the unavailability of the needed amount of quantitative evidence, limiting the 
results of a quantitative HIA to those exposures and outcomes that can be quanti-
fied. Quantitative HIA can highlight these limitations and also be combined with 
qualitative HIA, so to generate recommendations able to involve and inform the 
stakeholders in a broader dimension.

A further challenge is how to make models accessible, so that they can be used 
outside the research community by practitioners and policymakers. Only in this way 
can we ensure that HIA has the needed wide uptake in cities across countries. 
Simplification without losing the essence may be the answer, and this is, for example, 
the approach in the PASTA project (Gerike et al. 2016). Similarly, models that are 
coupled with qualitative evidences and built with the collaboration of stakeholders 
might have wider impact on the policy realm and as such be more easily disseminated 
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across different actors and cities, becoming best practice in the process of policy 
transfer and policy learning.

Finally, most of the work so far has been done in high-income countries. There is a 
need for this type of work outside high-income countries, where urbanization rates are 
the highest, where there is the greatest burden of disease related to non- communicable 
diseases and where many cities are in the process of being shaped leaving room for 
timely interventions. This also brings forward specific challenges because often there 
is a real lack of data to conduct the work (Gascon et al. 2016b) in combination with a 
lack of vision on the future health necessities and the lack of governance and institu-
tional strength. Yet, at the same time low- and medium-income regions and countries 
have a real opportunity ahead, to improve and consider public health in the urban and 
transport development, avoiding the mistakes made by developed countries.

29.4  Uncertainty

An important issue is how to deal with uncertainty. Uncertainty may occur when 
conceptualizing the problem, during analysis and/or while communicating the 
results (Briggs et  al. 2009). Much focus has been placed on characterizing and 
quantifying the analysis, and various statistical methods have been developed to 
estimate analytical uncertainties and model their propagation through the analysis 
(Mesa- Frias et al. 2013). As described before, transport, emission and air quality 
modelling each have their uncertainties, and these are propagated through the 
chain. Validation and uncertainty assessment is needed at every stage, but is rarely 
conducted. On the other hand, larger uncertainties may be associated with the 
conceptualization of the problem, i.e. the scenarios building and communication 
of the analytical results, both of which depend on the perspective and viewpoint of 
the observer (Briggs et  al. 2009). Therefore, more participatory approaches to 
investigation, and more qualitative measures of uncertainty, are needed, not only 
to define uncertainty more inclusively and completely but also to help those 
involved better understand the nature of the uncertainties and their practical 
 implications (Briggs et al. 2009).

29.5  Conclusions

Health impact assessment can help urban and transport planning suggest urban and 
transport scenarios that are better for health. The field is still growing, but already 
there are quite a number of studies out there. In practice qualitative HIAs are more 
prevalent, while in research circles quantitative HIAs are generally conducted. 
Further improvements are needed, for example, through the development of partici-
patory full-chain quantitative HIA methods, models and tools to improve evidence- 
based decision-making and to obtain and implement the most feasible and acceptable 
urban and transport policy measures to improve public health in cities.

29 The Role of Health Impact Assessment for Shaping Policies and Making Cities…



622

References

Bailey, K., & Grossardt, T. (2010). Toward structured public involvement: Justice, geography 
and collaborative geospatial/geovisual decision support systems. Annals of the Association of 
American Geographers, 100, 57–86.

Bailey, K., et  al. (2012). Toward environmental justice in transportation decision making with 
structured public involvement. Transportation Research Record, 2320(1), 102–110.

Banister, D. (2008). The sustainable mobility paradigm. Transport Policy, 15(2), 73–80.
Briggs, D. J. (2008). A framework for integrated environmental health impact assessment of sys-

temic risks. Environmental Health, 7, 61.
Briggs, D. J., Sabel, C. E., & Lee, K. (2009). Uncertainty in epidemiology and health risk and 

impact assessment. Environmental Geochemistry and Health, 31(2), 189–203.
Creutzig, F., Mühlhoff, R., & Römer, J. (2012). Decarbonizing urban transport in European cit-

ies: Four cases show possibly high co-benefits. Environmental Research Letters, 7(4), 044042.
Elvy, J. (2014). Public participation in transport planning amongst the socially excluded: An analy-

sis of 3rd generation local transport plans. Case Studies on Transport Policy, 2(2), 41–49.
European Centre for Health Policy. (1999). Health impact assessment: Main concepts and sug-

gested approach (Gothenburg Consensus). Brussels: European Centre for Health Policy.
Gascon, M., Triguero-Mas, M., Martínez, D., Dadvand, P., Forns, J., Plasència, A., & 

Nieuwenhuijsen, M.  J. (2016a). Green space and mortality: A systematic review and meta- 
analysis. Environment International, 2(86), 60–67.

Gascon, M., Rojas-Rueda, D., Torrico, S., Torrico, F., Manaca, M.  N., Plasència, A., & 
Nieuwenhuijsen, M. J. (2016b). Urban policies and health in developing countries: The case of 
Maputo (Mozambique) and Cochabamba (Bolivia). Public Health Open Journal, 1(2), 24–31.

Gerike, R., de Nazelle, A., Nieuwenhuijsen, M., Panis, L.  I., Anaya, E., Avila-Palencia, I., 
Boschetti, F., Brand, C., Cole-Hunter, T., Dons, E., Eriksson, U., Gaupp-Berghausen, M., 
Kahlmeier, S., Laeremans, M., Mueller, N., Orjuela, J. P., Racioppi, F., Raser, E., Rojas-Rueda, 
D., Schweizer, C., Standaert, A., Uhlmann, T., Wegener, S., Götschi, T., & PASTA consortium. 
(2016). Physical Activity through Sustainable Transport Approaches (PASTA): A study proto-
col for a multicentre project. BMJ Open, 6(1), e009924.

Gkatzoflias, D., Kouridis, C., Ntziachristos, L., & Samaras, Z. (2007). COPERT 4: Computer 
programme to calculate emissions from road transport. Copenhagen: European Environment 
Agency.

Hatzopoulou, M., & Miller, E.  J. (2010). Linking an activity-based travel demand model with 
traffic emission and dispersion models: Transport’s contribution to air pollution in Toronto. 
Transportation Research Part D: Transport and Environment, 15(6), 315–325.

Health Effects Institute. (2010). Traffic-related air pollution: A critical review of the literature on 
emissions, exposure, and health effects, Special Report 17. HEI Panel on the Health Effects of 
Traffic-Related Air Pollution. Boston, MA: Health Effects Institute.

IFC (International Finance Corporation). (2009). Introduction to health impact assessment. 
Washington, DC: The World Bank.

Innes, J. E., & Booher, D. E. (2004). Reframing public participation: Strategies for the 21st cen-
tury. Planning Theory & Practice, 5(4), 419–436.

Ji, S., Cherry, C. R., Bechle, M. J., Wu, Y., & Marshall, J. D. (2012). Electric vehicles in China: 
Emissions and health impacts. Environmental Science & Technology, 46(4), 2018–2024.

Kearney, M. (2004). Walking the walk? Community participation in HIA. A qualitative interview 
study. Environmental Impact Assessment Review, 24(2004), 217–229.

Kesby, M. (2005). Retheorizing empowerment-through-participation as a performance in space: 
Beyond tyranny to transformation. Journal of Women in Culture and Society, 30(4), 2037–2065.

Khreis, H. 2016. Critical issues in estimating human exposure to traffic-related air pollution: 
Advancing the assessment of road vehicle emissions estimates. Presented at the World 
Conference on Transport Research, Transportation Research Procedia, WCTR 2016 Shanghai, 
10–15 July 2016.

M. Nieuwenhuijsen et al.



623

Khreis, H., Kelly, C., Tate, J., Parslow, R., Lucas, K., & Nieuwenhuijsen, M. (2016b). Exposure to 
traffic-related air pollution and risk of development of childhood asthma: A systematic review 
and meta-analysis. Environment International, 100, 1–31.

Linzalone, N., et  al. (2016). Participatory health impact assessment used to support decision- 
making in waste management planning: A replicable experience from Italy. Waste Management, 
59(2017), 557–566.

Lowndes, V., et al. (2001). Trends in public participation: Part 1 - Local government perspectives. 
Public Administration, 79(1), 205–222.

Macmillan, A., Connor, J., Witten, K., Kearns, R., Rees, D., & Woodward, A. (2014). The societal 
costs and benefits of commuter bicycling: Simulating the effects of specific policies using sys-
tem dynamics modeling. Environmental Health Perspectives, 122, 335–344.

McHugh, C.  A., Carruthers, D.  J., & Edmunds, H.  A. (1997). ADMS–Urban: An air quality 
management system for traffic, domestic and industrial pollution. International Journal of 
Environment and Pollution, 8(3–6), 666–674.

McKinley, G., Zuk, M., Höjer, M., Avalos, M., González, I., Iniestra, R., et al. (2005). Quantification 
of local and global benefits from air pollution control in Mexico City. Environmental Science & 
Technology, 39(7), 1954–1961.

Mesa-Frias, M., Chalabi, Z., Vanni, T., & Foss, A.  M. (2013). Uncertainty in environmental 
health impact assessment: Quantitative methods and perspectives. International Journal of 
Environmental Health Research, 23(1), 16–30.

Mueller, N., Rojas-Rueda, D., Cole-Hunter, T., de Nazelle, A., Dons, E., Gerike, R., Götschi, T., 
Panis, L. I., Kahlmeier, S., & Nieuwenhuijsen, M. (2015). Health impact assessment of active 
transportation: A systematic review. Preventive Medicine, 76, 103–114.

Mueller, N., Rojas-Rueda, D., Basagaña, X., Cirach, M., Cole-Hunter, T., Dadvand, P., Donaire- 
Gonzalez, D., Foraster, M., Gascon, M., Martinez, D., Tonne, C., Triguero-Mas, M., Valentín, 
A., & Nieuwenhuijsen, M. (2017). Urban and transport planning related exposures and mortal-
ity: A health impact assessment for cities. Environmental Health Perspectives, 125(1), 89–96.

Mumpower, J.  L. (2001). Selecting and evaluating tools and methods for public participation. 
International Journal of Technology, Policy and Management, 1(1), 66–77.

Namdeo, A., Mitchell, G., & Dixon, R. (2002). TEMMS: An integrated package for modelling and 
mapping urban traffic emissions and air quality. Environmental Modelling & Software, 17(2), 
177–188.

NAS (National Academy of Sciences). (2011). Improving health in the United States: The role of 
health impact assessment. Washington: National Academy of Sciences.

NHS. (2002). Health impact assessment: A review of reviews. London: Health Development 
Agency.

Nieuwenhuijsen, M. (2016). Urban and transport planning, environmental exposures and health- 
new concepts, methods and tools to improve health in cities. Retrieved from http://ehjournal.
biomedcentral.com/articles/supplements/volume-15-supplement-1.

Nieuwenhuijsen, M. J., Khreis, H., Triguero-Mas, M., Gascon, M., & Dadvand, P. (2017). Fifty 
shades of green: Pathway to healthy urban living. Epidemiology, 28(1), 63–71.

Palerm, J. R. (2000). An empirical-theoretical analysis framework for public participation in envi-
ronmental impact assessment. Journal of Environmental Planning and Management, 43(5), 
581–600.

Perez, L., Trüeb, S., Cowie, H., Keuken, M.  P., Mudu, P., Ragettli, M.  S., Sarigiannis, D.  A., 
Tobollik, M., Tuomisto, J., Vienneau, D., Sabel, C., & Künzli, N. (2015). Transport-related 
measures to mitigate climate change in Basel, Switzerland: A health-effectiveness comparison 
study. Environment International, 85, 111–119.

Reed, M. S. (2006). Unpacking ‘participation’ in the adaptive management of social–ecological 
systems: A critical review. Ecology and Society, 11(2), 39.

Reisi, M., Aye, L., Rajabifard, A., & Ngo, T. (2016). Land-use planning: Implications for transport 
sustainability. Land-Use Policy, 50, 252–261.

Renn, O., & Webler, T. (1995). Fairness and competence in citizen participation: Evaluating mod-
els of environmental discourse. London: Springer.

29 The Role of Health Impact Assessment for Shaping Policies and Making Cities…

http://ehjournal.biomedcentral.com/articles/supplements/volume-15-supplement-1
http://ehjournal.biomedcentral.com/articles/supplements/volume-15-supplement-1


624

Richardson, G. P. (2011). Reflections on the foundations of system dynamics. System Dynamics 
Review, 27, 219–243.

Sagaris, L. (2014). Citizen participation for sustainable transport: The case of “Living City”. 
Journal of Transport Geography, 41, 74–83.

SATURN Manual. (2015). SATURN Manual, April 2015 Version 11.3.12 [Online]. Retrieved 
April 10, 2016, from http://www.saturnsoftware.co.uk/saturnmanual/pdfs/SATURN%20
v11.3.12%20Manual%20(All).pdf.

SDG. (2015). Retrieved November 8, 2016, from https://sustainabledevelopment.
un.org/?menu=1300.

Shafiea, F., Omara, D., & Karuppannanb, S. (2013). Environmental health impact assessment and 
urban planning. Procedia - Social and Behavioral Sciences, 85, 82–91.

Ståhl, T., Wismar, M., Ollila, E., Lahtinen, E., & Leppo, E. (2006). Health in all policies: Prospects 
and potentials. Finland: Ministry of Social Affairs and Health.

Stevenson, M., Thompson, J., de Sá, T. H., Ewing, R., Mohan, D., McClure, R.  I., Tiwari, G., 
Giles-Corti, B., Sun, X., & Wallace, M. (2016). Land-use, transport, and population health: 
Estimating the health benefits of compact cities. The Lancet. https://doi.org/10.1016/
S0140-6736(16)30067-8.

Sundvor, I., Castell Balaguer, N., Viana, M., Querol, X., Reche, C., Amato, F., Mellios, G., & 
Guerreiro, C. (2012). Road traffic’s contribution to air quality in European cities. ETC/ACM 
Technical Paper 2012/14 November 2012. The European Topic Centre on Air Pollution and 
Climate Change Mitigation (ETC/ACM) (a consortium of European institutes under contract 
of the European Environment Agency).

Tainio, M. (2015). Burden of disease caused by local transport in Warsaw, Poland. Journal of 
Transport and Health, 2, 423–433. https://doi.org/10.1016/j.jth.2015.06.005.

Tainio, M., de Nazelle, A. J., Götschi, T., Kahlmeier, S., Rojas-Rueda, D., Nieuwenhuijsen, M. J., 
de Sá, T. H., Kelly, P., & Woodcock, J. (2016). Can air pollution negate the health benefits of 
cycling and walking? Preventive Medicine, 87, 233–236.

Tobías, A., Recio, A., Díaz, J., & Linares, C. (2014). Health impact assessment of traffic noise 
in Madrid (Spain). Environmental Research, 137C, 136–140. https://doi.org/10.1016/j.
envres.2014.12.011.

van de Kerkhof, M. (2006). Making a difference: On the constraints of consensus building and the 
relevance of deliberation in stakeholder dialogues. Policy Sciences, 39(3), 279–299.

Van Vliet, D. (1982). SATURN—A modern assignment model. Traffic Engineering and Control, 
23(12), 578–581.

Wang, A., Fallah-Shorshani, M., Xu, J., & Hatzopoulou, M. (2016). Characterizing near-road air 
pollution using local-scale emission and dispersion models and validation against in-situ mea-
surements. Atmospheric Environment, 142, 452–464.

WHO. (1999). European Centre for Health Policy, WHO Regional Office for Europe. Gothenburg 
Consensus Paper.

WHO. (2015). Global health Observatory. Retrieved 26 October, 2015, from http://www.who.int/
gho/road_safety/mortality/en/.

Williams, M., Barrowcliffe, R., Laxen, D. & Monks, P. (2011). Review of air quality modelling in 
DEFRA [Online]. Defra. Retrieved from http://uk-air.defra.gov.uk/assets/documents/reports/
cat20/1106290858_DefraModellingReviewFinalReport.pdf.

Woodcock, J., Edwards, P., Tonne, C., Armstrong, B. G., Ashiru, O., Banister, D., Beevers, S., 
Chalabi, Z., Chowdhury, Z., Cohen, A., & Franco, O.  H. (2009). Public health benefits of 
strategies to reduce greenhouse-gas emissions: Urban land transport. The Lancet, 374(9705), 
1930–1943.

Xia, T., Nitschke, M., Zhang, Y., Shah, P., Crabb, S., & Hansen, A. (2015). Traffic-related air pol-
lution and health co-benefits of alternative transport in Adelaide, South Australia. Environment 
International, 74, 281–290.

M. Nieuwenhuijsen et al.

http://www.saturnsoftware.co.uk/saturnmanual/pdfs/SATURN v11.3.12 Manual (All).pdf
http://www.saturnsoftware.co.uk/saturnmanual/pdfs/SATURN v11.3.12 Manual (All).pdf
https://sustainabledevelopment.un.org/?menu=1300
https://sustainabledevelopment.un.org/?menu=1300
https://doi.org/10.1016/S0140-6736(16)30067-8
https://doi.org/10.1016/S0140-6736(16)30067-8
https://doi.org/10.1016/j.jth.2015.06.005
https://doi.org/10.1016/j.envres.2014.12.011
https://doi.org/10.1016/j.envres.2014.12.011
http://www.who.int/gho/road_safety/mortality/en/
http://www.who.int/gho/road_safety/mortality/en/
http://uk-air.defra.gov.uk/assets/documents/reports/cat20/1106290858_DefraModellingReviewFinalReport.pdf
http://uk-air.defra.gov.uk/assets/documents/reports/cat20/1106290858_DefraModellingReviewFinalReport.pdf


625© Springer International Publishing AG, part of Springer Nature 2019 
M. Nieuwenhuijsen, H. Khreis (eds.), Integrating Human Health into Urban 
and Transport Planning, https://doi.org/10.1007/978-3-319-74983-9_30

Chapter 30
Health Impact Assessment of Active 
Transportation

David Rojas-Rueda

30.1  Health Impact Assessment of Active Transportation

Active transportation policies have many implications for population health. Many 
but not all of the active transport policies proposed are justified based on their health 
benefits. Active transportation policies often come inside of the transport or urban 
master plan, which has multiple possible scenarios or policies to be implemented. 
The understanding of the health implications of those different policies or scenarios 
is essential to achieve the goal of implementing the most healthy transportation 
policies. Methods like health impact assessment (HIA) help to characterize and 
estimate the health implications of different active transport policies and scenarios. 
In this chapter we will explain the use of health impact assessment in active trans-
portation, including a description of the health determinants and health outcomes in 
health impact assessment of active transportation, the qualitative and quantitative 
HIA on active transportation, the development of different methods to monitor and 
evaluate the impacts of active transport interventions on health, participatory pro-
cesses in HIA, best practices for policy-makers and stakeholders, and the future of 
HIA on active transportation.

Health impact assessment is an approach to assess the health risks and benefits 
of future interventions (or policies) in non-health sectors and the distribution of 
such impacts within the population (Harris et al. 2007). HIA has been proposed by 
multiple governments and international agencies (like the World Health 
Organization) (Mindell et al. 2010), as a tool to include health in all policies and 
develop evidence-based policy-making. In the transport sector, HIA has often been 
used to assess the health risks and benefits of transport infrastructure and policies, 
such as the implementation of roadways, public transport networks, or walking and 
cycling policies (de Nazelle et  al. 2011; Rojas-Rueda et  al. 2011, 2012, 2013). 
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Walking and cycling policies have been most often assessed using an HIA approach. 
Multiple HIAs on cycling and walking have been performed in Europe, Australia, 
New Zealand, Canada, and the USA (Mueller et al. 2015). Fewer HIAs on active 
transportation have been applied in developing countries, mainly because of the 
lack of knowledge on HIA, the lack of available data to assess potential health 
impacts, and the lack of evidence-based policymaking (Gascon et al. 2016).

The HIA has six steps: (1) screening, (2) scoping, (3) appraisal, (4) recommen-
dations, (5) reporting, and (6) monitoring and evaluation (Harris et al. 2007). The 
screening step examines if an HIA is necessary or appropriate for a specific policy, 
also including an assessment of the feasibility of the HIA. The scoping step includes 
a description of how the HIA will be done, the type of HIA, the population, setting, 
temporality, and health determinants. The appraisal step includes the actual assess-
ment of the health impacts (which could be either qualitative or quantitative). In the 
appraisal step, the health outcomes will be identified. This step also provides an 
assessment of the distribution of the health impacts in vulnerable populations. The 
recommendations step develops a list of recommendations for stakeholders and 
policy-makers. In this step, the identification of relevant stakeholders and policy- 
makers who will receive the recommendations will also be listed. The reporting step 
is aimed at developing a report in a language and context for stakeholders and 
policy- makers. This step is essential as often the results of the assessment are not 
presented or translated in a language that policy-makers and stakeholders (including 
citizens) can always understand. Finally, the last HIA step is the monitoring and 
evaluation process; in this step a list of indicators (of health determinants and health 
outcomes) will be provided to monitor the impacts of the active transport policy. 
These steps in the context of active transport policies are described in Table 30.1.

The overall framework of active transportation policies, health determinants, and 
health outcomes is presented in Fig. 30.1. This conceptual framework presents an 
example of active transport policies, plans, or programs and their relation with behav-
ioral and environmental health determinants and includes a list of possible health 
outcomes. This conceptual framework will help to improve understanding of the rela-
tion between active transportation and health, especially in the context of an HIA. In 
the following sections, a more detailed description of each of these steps is 
provided.

30.2  Active Transportation: Health Determinants 
and Health Outcomes

Active transportation has been related to multiple health determinants (de Nazelle 
et  al. 2011). The scoping step of the HIA will identify the health determinants 
related to active transportation. The main health determinants are generally reported 
in scientific reviews, including traffic incidents, air pollution, noise, physical activ-
ity, social interaction, ultraviolet radiation exposure, diet, and heat and cold expo-
sure, among others (de Nazelle et al. 2011; Mueller et al. 2015).
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Table 30.1 Health impact assessment steps in the context of active transportation

HIA steps Interpretation in active transport context Policy implications

Screening – Is the active transport policy relevant for 
the community or the region?
– Are there any previous HIAs on active 
transportation in similar contexts?
– Identify stakeholders on active 
transportation

– Policy framework 
development to assess active 
transport interventions
– Development of a database 
of active transport policies 
and their assessments
– Development of a network 
of stakeholders in active 
transportation
– Promote participatory 
policy-making

Scoping – Consult different stakeholders, from 
different sectors and backgrounds, to 
establish the scoping
– Define the active transport intervention. 
Where and when it will be implemented? 
Which modes of transport will be affected? 
Will it modify the built environment and/or 
another health determinant? Who will be 
affected/benefited? Are vulnerable groups 
implicated?
– Identify available databases to define the 
scope (i.e., mobility and urban plans, travel 
and health surveys, etc.)

– Promote intersectoriality 
and health in all policies
– Promote open data and 
governance transparency

Appraisal – Identify the health determinants related 
to active transportation interventions
– Give special attention to physical activity, 
traffic incidents, air pollution, etc.
– Collect information on health 
determinants and their distribution between 
the populations
– Identify the availability and assess the 
weight of the evidence related to important 
health determinants and their health 
outcomes
– Consult stakeholders to identify 
preferences in terms of expected outcomes 
(qualitative, quantitative, economic 
assessment)
– If quantitative, follow a risk assessment 
approach, and if required/possible, estimate 
the economic assessment and compare with 
the transport intervention costs

– Promote open data and 
governance transparency, 
with special attention to 
collect and report health, 
environmental, and 
socioeconomic data
– Promote public health 
research
– Promote participatory 
policy-making

Recommendations – Develop recommendations for each 
active transport policy and stakeholder
– Consider the recommendations also to 
the different phases of development and 
implementation of active transport policies

– Provide an open list of the 
policy plans and description
– Provide a list of the 
stakeholders, policy-makers, 
and authorities related to the 
active transport policy.

(continued)
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Table 30.1 (continued)

HIA steps Interpretation in active transport context Policy implications

Reporting – Prepare a stakeholder report and 
dissemination activities with special 
attention on policy-makers and 
stakeholders of active transportation
– Design report and dissemination 
activities with a language that stakeholders 
can understand and in the context of active 
transport policies

– Develop mechanisms to 
integrate HIA 
recommendations in active 
transport policy frameworks
– Promote participatory 
policy-making

Monitoring and 
Evaluation

– Develop and collect indicators on health 
determinants, health outcomes, and policy 
processes for monitoring and evaluation

– Promote open data and 
governance transparency, 
with special attention to 
reporting health, 
environmental, and 
socioeconomic data

Fig. 30.1 Conceptual framework of active transportation and health
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The health determinants of active transportation can be classified based on the 
population affected. The two main groups are the travelers and the general popula-
tion (Rojas-Rueda et  al. 2012, 2013). The health determinants related to active 
transport travelers are increasing physical activity, air pollution inhalation during 
active transportation, traffic incidents (crashes and falls) during active transporta-
tion, traffic noise exposure during active transportation, green space exposure in 
active transportation routes, ultraviolet radiation exposure during active transporta-
tion, exposure to heat and cold during active transportation, increasing social inter-
action during active transportation, exposure to crime during active transport, and 
finally a change in diet associated with increasing physical activity.

All these health determinants of active travelers have multiple health outcomes 
that should be included in the HIA (appraisal step) (Mueller et al. 2015). The health 
outcomes can be classified as subclinical changes; signs and symptoms; diseases, 
injuries, and disabilities; quality of life and life expectancy; and mortality. Some 
examples of health outcomes for active travelers related with physical activity are 
life expectancy, quality of life, breast and colon cancer, cardiovascular and cerebro-
vascular diseases, diabetes, respiratory diseases, neurodevelopmental disorder, 
dementia, depression, and bone/joint/muscle diseases, among others; for air pollu-
tion, respiratory diseases, cardiovascular and cerebrovascular diseases, diabetes, 
neurodevelopmental disorder, and birth outcomes, among others; for traffic noise, 
cardiovascular and cerebrovascular diseases, sleep disturbance, and annoyance; for 
green spaces, mental health, stress, life expectancy, quality of life, and cardiovascu-
lar diseases, among others; for ultraviolet radiation, skin cancer, bone diseases, and 
immunological disorders, among others; for heat exposure, dehydration and electro-
lyte disorders, respiratory diseases, cardiovascular and cerebrovascular diseases, 
and heat stroke, among others; for cold exposure, infectious diseases, respiratory 
diseases, and cardiovascular and cerebrovascular diseases, among others; for social 
interaction, mental health, infectious diseases, life expectancy, and quality of life; 
for crime, injuries, fatalities, mental disorders, and quality of life; and for diet, met-
abolic and digestive disorders, cardiovascular and cerebrovascular diseases, life 
expectancy, and quality of life, among others (de Nazelle et al. 2011).

On the other hand, active transportation also modifies health determinants that 
affect the general population (non-travelers), mainly by the substitution of modes of 
transport, reduction of air and noise pollution, and improvement of the built envi-
ronment and public spaces. The most common health determinants related to active 
transport policies that affect the general population (non-active travelers) are the 
reduction of air pollution, reduction of traffic noise, increasing of green spaces (and 
possible reduction of the heat island effect), increasing social capital, reduction of 
crime, and reduction of traffic incidents between other modes of transport (non-
active modes) (de Nazelle et al. 2011; Mueller et al. 2015). The health outcomes 
related to these general population health determinants are similar to those men-
tioned for active travelers.
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30.3  Qualitative HIA for Active Transportation

As mentioned above there exist two main types of HIA, qualitative and quantitative. 
Qualitative HIA is the most common approach in active transportation. Qualitative 
HIAs could provide enough information to create recommendations for policy-mak-
ers. Qualitative HIA in active transportation can be applied when sufficient resources 
(personal and monetary) and/or time are not available. Qualitative HIA is also com-
monly described as a rapid HIA and should include all the HIA steps (see Table 30.1). 
Qualitative HIA can also include a participatory approach (see below) where the 
stakeholders and citizens can be take part in multiple HIA steps.

An example of a qualitative HIA on active transportation is shown in Fig. 30.2 
where a cascade of health determinants and health outcomes related to an active 
transportation intervention are presented. Based on this description and following 
the HIA steps, the qualitative approach will also generate specific indicators (health 
determinants or health outcome indicators) to monitor and evaluate the health 

Fig. 30.2 Example of health determinants and health outcomes reported in a qualitative HIA of 
active transportation
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impacts of active transport policies. An example of health determinant indicators 
could be the annual average concentration of air pollution, daily traffic noise levels, 
the number of active travel trips per day/year, the duration or distance of active 
travel trips, the amount of green spaces, the number of traffic crashes or falls, or the 
percentage of modal shift, among others. Examples of health outcome indicators are 
incidence or prevalence of diabetes, myocardial infarction, hypertension, colon can-
cer, asthma, etc.; number of hospital admission for asthma attacks, hypertensive 
emergencies, etc.; number of people who report annoyance or sleep disturbance; 
traffic injuries and fatalities; and mental disorders, among others.

HIA recommendations derived from qualitative HIA could be very similar to 
those derived from a quantitative HIA (Harris et al. 2007). General recommenda-
tions for policy-makers will be based on the city context and characteristics (Rojas- 
Rueda et  al. 2016). For example, in a qualitative HIA in Seattle, a list of key 
recommendations were developed for the transport department focusing on public 
transit, bike lane, sidewalk, and street improvements creating a complete network 
that connects residents to community services, green space, and other community 
assets in line with the Seattle Transit, Bicycle, and Pedestrian Master Plans 
(Gundersen et al. 2015). Another example is active transport HIA comparing six 
European cities which found that the risk of traffic fatalities between active trans-
port modes was higher in cities like Warsaw or Prague (Rojas-Rueda et al. 2016). As 
such, recommendations were focused more on improving traffic safety. On the other 
hand, cities like Basel or Copenhagen showed a greater benefit to promote more 
active transportation modes, and the recommendations were focused on promoting 
active modes especially in those populations that are not currently active transport 
users.

Recommendation for other audiences including citizens, health practitionersm 
and researchers can also be generated by qualitative HIAs on active transport 
(Nieuwenhuijsen et  al. 2017). The importance of including recommendations to 
audiences beyond policy-makers will improve the acceptability and performance of 
active transport policies. Examples of recommendations for citizens are the integra-
tion of active transportation into their daily activities, the reduction of the use of 
cars, increased intermodality, increased healthy behaviors such as physical activity, 
and support to sustainable development through active transport activities, among 
others. For health practitioners, some general recommendations are promoting 
health in all policies, stimulating intersectoriality, providing health data related to 
health determinants and outcomes of active transportation, and increasing the use 
and knowledge of HIA, among others. Finally, HIA recommendations for research-
ers have increased evidence on active transportation and health, developing studies 
on different population subgroups (elderly and children) and settings (developed 
and developing countries), including health equity, sustainability, and governance in 
research, and promoting intersectoriality and health in all policies, including respon-
sible research and innovative approaches in active transport research, among 
others.
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30.4  Quantitative HIA for Active Transportation

Quantitative HIA refers to those HIAs that include a quantitative assessment of 
health determinants and health outcomes. Quantitative HIA is a useful complement 
of an HIA and should be performed when there exists the possibility to measure 
different health determinants and estimate the health outcomes of different policies. 
Although the quantitative HIA is dependent on the availability of resources (mone-
tary and personnel) and time to conduct measurements and/or quantitative esti-
mates, a quantitative HIA may be requested by stakeholders and policy-makers. It 
is important to highlight that a quantitative HIA is not a necessary step, and does not 
necessarily provide more information (or produce different conclusions) than those 
already provided by a qualitative HIA. However a quantitative HIA could increase 
the value, acceptability, support, and precision of HIA conclusions.

In active transportation, multiple quantitative HIAs have been performed, from 
assessing the impact of promoting cycling or walking to the implementation of 
active transport infrastructure (Mueller et al. 2015). The main quantitative health 
determinants and outcomes included in active transportation HIAs are presented in 
Fig. 30.3. The most common health determinants included in a quantitative HIA for 
active travelers are physical activity, traffic incidents, and the inhalation of air pol-
lution. Quantitative HIA can also be performed to quantify the health risk and ben-

Fig. 30.3 Most common methods and outcomes used in quantitative health impact assessments of 
active transportation (Mueller et al. 2015)
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efits of active transport policies in the general population (non-travelers). In a 
quantitative HIA, the most common health determinants included for assessing the 
impact of active transport policies in the general population are air pollution, traffic 
noise, increase of green spaces, and reduction of the heat island effect.

A quantitative approach to estimating the health risks and benefits is known as 
comparative risk assessment as proposed by the World Health Organization (Ezzati 
et al. 2004). Sometimes the comparative risk assessment approach has also been 
incorrectly labeled “impact modeling,” but this can produce confusion between con-
ventional epidemiological analysis and other impact assessments available.

The comparative risk assessment approach proposed by the World Health 
Organization includes four steps, (a) hazard identification, (b) dose-response assess-
ment, (c) exposure assessment, and (d) risk characterization. Hazard identification 
includes the identification of health risk/benefits (health determinants) associated 
with active transportation (physical activity, air pollution, and traffic incidents) and 
their possible health outcomes. Dose-response assessment refers to the identification 
of the available risk estimates (e.g., relative risk, odd ratios) from epidemiological 
studies describing the relationship between the magnitude of a dose and a specific 
biological response (health outcome). The dose-response functions are specific to 
each exposure and outcome. There are two main types of dose-response functions, 
linear or nonlinear. The epidemiological evidence from the main health determinants 
of active transportation that can be quantified such as air pollution, physical activity, 
and traffic incidents have been proposed as nonlinear dose-response functions. This 
means that a constant increase in the dose (or exposure) will not produce a similar 
constant change in the outcome. As an example, in the case of physical activity, an 
increase in 10  min of walking or cycling will produce a different mortality risk 
reduction depending on the existing physical activity level of the population. The 
third step of a comparative risk assessment is exposure assessment. Exposure assess-
ment focuses on the design and conduct of measurements of health determinants 
related to active transportation (e.g., measurement of physical activity, air pollution, 
and traffic incidents). An example is the measurement of walking or cycling using 
questionnaires asking the number of trips, the trip duration, or distance. Physical 
activity can also be measured using pedometers, accelerometers, and geographical 
positioning systems (GPS). This more direct measurement can result in more precise 
exposure assessment than questionnaires. Another example is the inhalation of air 
pollution during walking or cycling. Exposure assessment could be done measuring 
the concentration of air pollution (individual measurement) during walking or 
cycling combined with physical activity measurements using an accelerometer com-
bined with heart rate or breath rate monitoring. Finally the last step of a comparative 
risk assessment is risk characterization, when all previous steps are combined in an 
analysis that results in a relative risk of the specific exposure levels (of health deter-
minants) during walking or cycling in the population studied (using the dose-
response functions) and the estimation of the attributable fraction, to estimate the 
proportion of disease that can be attributed to a particular level of exposure.

Quantitative risk assessment can also be translated to monetary terms, adding an 
economic assessment (Mueller et al. 2015). The economic assessment translates the 
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health outcomes into health costs associated with each case of disease prevented or 
increased (morbidity) with the active travel policy, through the estimation of a 
healthcare cost related with diagnosis or treatment (direct health cost) and the cost 
related with work absences due to disease incapacity (indirect health costs). The 
societal costs related with mortality can also be included in this economic assess-
ment, estimating the economic cost related with a premature death based on the 
value of a statistical life. Many quantitative HIAs have included a combination of 
economic assessment including morbidity (direct and indirect costs) and/or mortal-
ity (societal cost) (Mueller et al. 2015; Rutter et al. 2013). Many stakeholders espe-
cially policy-makers are interested to know the economic cost of their policies. So 
this economic assessment is a valuable step to increase the applicability and useful-
ness of a quantitative HIA results.

It is important to highlight that not all health determinants related with active 
transport policies (in travelers and the general population) can be quantified in an 
HIA. For this reason, quantitative HIA should be considered as a partial part of the 
assessment. The main reasons that do not allow a quantification of health determi-
nants in a quantitative risk assessment are usually the lack of robust and quantitative 
epidemiological evidence and the lack of data in the study population. Many of the 
health determinants related with active transportation such as social capital or ultra-
violet radiation and their health outcomes have not been described in quantitative 
dose-response functions, so this makes it difficult to include them in a quantitative 
risk assessment. Possibly many other health determinants related with active trans-
port could also not have studied. Another important point to highlight is that results of 
some cohort studies, for example, of pedestrians or cyclists, have been only adjusted 
by conventional epidemiological covariates (such as sex, age, socioeconomic status, 
smoking, etc.), but not other relevant health determinants, such as air pollution, noise, 
green space, diet, and ultraviolet radiation exposure, among others, so the resulting 
relative risk estimates (dose-response functions) from these cohort studies include 
already these multiple health determinants (in one single risk estimate); in this case 
maybe it will be not necessary to add any other relative risk to assess the overall 
impact of multiple health determinants. Until now most of the quantitative HIAs have 
preferred to include different dose-response functions for each health determinant 
(physical activity, air pollution, and traffic incidents), assuming that double counting 
will be minimal and that adding relative risk estimates from air pollution or traffic 
incidents in each city will produce more conservative and realistic estimates. On the 
other hand, many of the cohort studies have been performed only in high-income 
countries, where cities have a more homogeneous pattern of exposures. This can also 
make it difficult to use these studies in other countries with different urban contexts.

30.5  Monitoring and Evaluation for Active Transportation

One main product of any HIA (qualitative or quantitative) is providing a list of indi-
cators for monitoring and evaluation. Monitoring and evaluation are the sixth step 
of HIA and focus on providing indicators to follow the health determinants and 
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health outcomes included in the HIA (Harris et al. 2007). This step is important for 
stakeholders and policy-makers, as these indicators will help them to identify if the 
HIA estimations were correct and if there is any deviation of the health determinants 
and/or outcomes from the main estimation. If any deviation occurs, the monitoring 
process will help to prevent future unexpected changes.

There are two different types of indicators, indicators of health determinants and 
indicators of health outcomes. Health determinant indicators are those factors that 
summarize the level of exposure. For example, a health determinant is physical 
activity, and its indicator could be the amount of walking that can be expressed at 
the population (number of persons walking to work) or individual level (minutes 
walked per person per day). Another example for health determinants is air pollu-
tion, and its indicator could be the concentration of a specific air pollutant in the 
city/neighborhood/street, expressed as the annual average concentration of particu-
late matter (or any other pollutant) in the city/neighborhood/street for example.

Health indicators are measurement units of the levels of health outcomes related to 
health indicators. For example, for physical activity (health determinant), the inci-
dence (new cases) or prevalence (current cases) of stroke in the studied population at 
a certain time could be considered. Another example is for air pollution (health deter-
minant), specifically for particulate matter <2.5 μm in diameter; a health indicator 
could be the incidence or prevalence of type 2 diabetes in the study population. As you 
can note, health determinant indicators (number of pedestrians or the level of air pol-
lution) sometimes could be an easier and more effective indicator to follow, because 
the change of health determinants (physical activity or air pollution) will happen 
before any change in the health outcomes (stroke or type 2 diabetes). This mainly 
applies to those health outcomes where the natural history of the disease is long 
(years). In other words, this mainly applies to those diseases, such as type 2 diabetes, 
where it takes many years to see any development of the disease. For other diseases or 
symptoms with a shorter time development, such as asthmatic crises or myocardial 
infarction patients with existing cardiovascular diseases, the change in the health indi-
cators (emergency room visits for asthma or infarct) could appear in only a few hours 
after the change in the health determinant (hourly concentrations of air pollutants).

In summary, health determinant and health outcome indicators for active transport 
policies should be provided for any HIA. These indicators will help stakeholders and 
policy-makers to prevent any unexpected changes and detect the benefits of their pol-
icy. The indicators should also be presented with a list of possible information sources 
in the study population where stakeholders could identify these indicators. This will 
reduce the effort to collect (and invest valuable resources) some indicators that pos-
sibly already exist in other data sources. An example of those data sources where 
health determinants and outcome indicators can be identified includes travel surveys 
(e.g., number of pedestrians or cyclist trip duration), air quality surveillance systems 
(e.g., hourly/daily/annual concentration of particulate matter or gases), health surveys 
(e.g., incidence or prevalence of multiple diseases or levels of physical activity), emer-
gency room visit reports (e.g., specific health conditions, visits per day/month), traffic 
safety reports (e.g., number of traffic injuries or  fatalities in pedestrians or cyclists), 
and urban noise maps (e.g., level of traffic noise by street), among others.
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30.6  Participatory Process in HIA for Active Transportation

Participatory approaches in HIA can increase the utility, applicability, and accep-
tance for stakeholders (Nieuwenhuijsen et al. 2017). The HIA (qualitative and quan-
titative) should always include a participatory approach, especially (but not 
exclusively) in the screening step (see Fig. 30.4). As mentioned above, the screening 
step provides the justification (relevance and utility) of an HIA for a specific active 
transport policy or intervention. Not all active transport policies or interventions 
will require an HIA. Only those that could affect the majority of the population, or 
a vulnerable population, or have particular societal relevance should be considered 
for an HIA. This screening process should then be performed by the local stake-
holders or policy-maker. Examples of this participatory approach in the screening 
process could be in-depth interviews with relevant stakeholders or stakeholder 
workshops. These participatory approaches will provide invaluable information 
regarding the appropriateness of an HIA for a specific policy or intervention. This 
participatory approach will also provide information on the different scenarios to be 
included in the HIA and the necessity to perform a quantitative or economic assess-
ment in the HIA. The participatory approach in the screening step of an HIA will 
define the necessity and, if so, the type of HIA that should be performed.

The participatory approach can also be implemented in the rest of the HIA as 
described in Fig. 30.4. In the scoping step of an HIA, the participatory approach 
could help to identify the main population of interest, if there is a vulnerable popula-
tion to consider, and the temporality and geographical boundaries of the HIA. In the 
appraisal step, stakeholder involvement through participatory approaches will help 
to identify possible health determinants and health outcomes that could have been 
missed in the first assessment. It is important to highlight that the local stakeholders, 
citizens, and policy-makers are the experts in the local context. In the scoping step, 
citizens and stakeholders can also help in the collection of data, for example, they 
can contribute to recruiting other citizens to answer travel or health surveys and they 
can also be part of data collection of performance measurements (air quality, noise, 
traffic counts, etc.). In the recommendation steps, participatory approaches could 
help to identify priorities for the local population and context that could help to 
develop more effective recommendations and identify the stakeholders or authori-
ties that should receive the recommendations. In the reporting step, a participatory 
approach can also improve the language and content of the report; this is especially 
useful for increasing the efficacy and utility of the HIA resulting in increased under-
standing between stakeholders and citizens on the issues related to the active trans-
port policies and empowering the population. Finally, participatory approaches 
could be used in the sixth step of an HIA, monitoring and evaluation. In this last 
step,  participatory approaches can help to design the most valuable and practical 
indicators. In this last step, stakeholders and citizens can also be active participants 
collecting the indicators, as in the appraisal step.
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Fig. 30.4 Participatory approach according to the HIA steps in active transport context
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30.7  Best Practices for Policy-Makers and Stakeholders

The HIA is a valuable tool for stakeholders and policy-makers to identify and esti-
mate the health implications of their active transport policies or interventions 
(Mueller et  al. 2015; Rojas-Rueda et  al. 2016; Nieuwenhuijsen et  al. 2017). As 
described in this chapter, the HIA (qualitative or quantitative) will provide with a list 
of health determinants and health outcomes related to the interventions and will 
identify the distribution of the health risks and benefits and also the vulnerable popu-
lations that could be affected by the policy or intervention. It will provide a list of 
recommendations to minimize health risks and maximize health benefits of policies, 
including a list of indicators to monitor and evaluate the policy or intervention.

The HIA is also a tool to stimulate the collaboration between sectors that previ-
ously may have not been working together and between different levels of govern-
ment or authorities, therefore improving governance in the local context. Also, the 
HIA is a tool for health in all policies, approach, a mandate proposed by multiple 
health authorities in different countries.

The HIA has four main values, equity, sustainable development, ethical use of 
evidence, and a holistic view of health. The HIA will introduce these four values in 
any recommendation generated, favoring the development of equitable, sustainable, 
evidence-based, and healthy active transport policies and interventions.

30.8  Tools for Quantitative HIA on Active Transportation

Some researchers have developed some tools to assess the health impacts and costs 
related to active transport interventions. These tools summarize the evidence on 
quantitative HIA, but with some differences. They are tools that put more attention 
to some health determinants than others. Most of them are free and available online 
or by contacting the tool developers. In the next paragraphs are explained the three 
main tools to quantify the health impacts of active transport policies.

The most common and known tool available is the “Health Economic Assessment 
Tool (HEAT) for walking and cycling.” The HEAT for walking and cycling was devel-
oped by the World Health Organization with the aim to create a tool that can be acces-
sible to any stakeholder, especially without experience in health sciences (mainly 
urban and transport planners). The HEAT for walking and cycling is an online free 
tool (http://heatwalkingcycling.org/) focused on assessing the health benefits (in mor-
tality) of walking or cycling interventions, related to physical activity. The HEAT for 
walking and cycling includes an economic assessment (based on the value of statisti-
cal life). The HEAT for walking and cycling has been used by multiple local and 
national transport authorities around the globe. HEAT for walking and cycling is a 
simple tool, who asks only a few questions about active transport interventions (like a 
number of cyclist or pedestrians expected to increase with the active travel interven-
tion) and the characteristics of the trips (trip duration and trip frequency). The tool 
provides, in a few steps, the annual number of deaths that can be avoided by the active 
travel intervention and includes an economic assessment related to those estimated 
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deaths. The HEAT for walking and cycling also offers a possibility to assess the ben-
efit-cost ratio of the intervention. Overall the HEAT for walking and cycling is the 
easiest tool available, offering a robust analysis on physical activity and mortality.

More complex tools to assess the benefits of physical activity, the risks associated 
with the inhalation of air pollution during walking or cycling, the risk of traffic inci-
dents, and the estimation of carbon emissions associated with active travel interven-
tions are also available. Two of the more known complex tools are the TAPAS 
(Transportation, Air Pollution, and Physical Activities) tool and the ITHIM (Integrated 
Transport and Health Impact Modelling) tool, both from European research centers.

The TAPAS tool has recently been updated in the European PASTA project 
(Physical Activity Through Sustainable Transport Approaches). The TAPAS/PASTA 
tool includes a quantitative assessment of physical activity, air pollution, and traffic 
incidents. The TAPAS/PASTA tool provides results in terms of mortality, morbidity 
(cases of disease), the burden of disease (disability-adjusted life years), and eco-
nomic costs. The TAPAS/PASTA tool also includes a module to quantify the carbon 
emission (CO2), according to the vehicle fleet composition and fuel characteristics. 
The TAPAS/PASTA tool has been applied in several cities in Europe in walking, 
cycling, and public transport interventions. These tools have been the first to assess 
interventions like bike-sharing systems or public transport interventions.

The ITHIM tool has been applied mostly in the UK and the USA. It is a high 
data-demanding tool, requiring an important amount of work for data collection, 
especially for traffic injuries. Similar to the TAPAS/PASTA tool, this tool assesses 
the health impacts of physical activity, traffic injuries, and air pollution. But this tool 
has been mostly focused on intense characterization of traffic injuries, with a low 
development of air pollution impact assessment and not carbon assessment.

In general, the TAPAS/PASTA tool and the ITHIM tool are more  data-demanding 
and complex tools than HEAT for walking and cycling. But the results provided by 
these two complex tools are more specific and comprehensive than results from 
HEAT for walking and cycling. Each of these three tools has strengths and limita-
tions, and the selection of the toll will depend on the resources (time, money), data 
availability, and user modeling experience. For a general assessment, the HEAT for 
walking and cycling will be an excellent tool; if required more specificity and detail 
in the quantifications, the TAPAS/PASTA tool or ITHIM tool is the most suitable.

30.9  The Future of HIA in Active Transportation

The future of the HIA in active transportation should focus on reducing the lack of 
general knowledge about HIA by including active stakeholders (including health 
experts) as a tool for evidence-based policy-making, the lack of active transport 
HIA in developing countries, and the inclusion of participatory approaches as a 
common practice and work as a common tool to identify knowledge gaps (in the 
epidemiological evidence and the local data sources on transport and health) and 
stimulate the development of studies and quality surveillance systems of health 
determinants and health outcomes.

30 Health Impact Assessment of Active Transportation
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Chapter 31
Barriers and Enablers of Integrating 
Health Evidence into Transport and Urban 
Planning and Decision Making

Rosie Riley and Audrey de Nazelle

31.1  Introduction

By 2050 the global population will reach ten billion, 70% of which is expected to 
live in urban areas. Whilst cities are centres of education, wealth creation, innovation 
and progress, they are simultaneously characterised by air and noise pollution, con-
gestion, heat and overcrowding with adverse impacts on human health on a global 
scale. The relationship between the built environment and human health is a complex 
adaptive system involving continuous interactions between stakeholders that result 
in dynamic and unpredictable outcomes with positive and negative feedback loops 
(Hunter 2015; Plsek and Greenhalgh 2001; Swanson et al. 2012). Pathways of causa-
tion between actors in the system and outcomes are not always clear and are rarely 
linear. Linkages between the actors can be context dependent; policy changes and 
decisions can result in unintended consequences. Further, health impacts of cities are 
not equally distributed across the population with certain socio- economic and ethnic 
groups at greater risk than others to issues such as air pollution (Marmot et al. 2008; 
Marmot 2011). Despite this complexity, the evidence for how we should be building 
our cities of the future is well advanced. Comprehensive urban and transport plan-
ning and policy that seeks to maximise health outcomes is critical. In response to the 
growing recognition of the impact of the built environment on health, various pieces 
of international and national guidance have been published on urban and transport 
planning and policy (Barton and Tsourou 2000; Chang et al. 2016, 2015; Ross and 
Chang 2014). Despite these attempts, current urban and transport planning fre-
quently fails to reflect best practice. Examples of effective research translation are 
rare. With current rates of population growth and urbanisation set to continue, it is 
critical that the challenges to address the upstream determinants of health through 
urban and transport planning and policy are identified and overcome.
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This chapter highlights some of the barriers to integrating health into urban and 
transport planning and policy with the aim of suggesting opportunities through 
which these barriers may be overcome. The chapter starts with a discussion of the 
barriers, as broken down into four main areas: (1) differing understandings of health 
between sectors, (2) differing understandings of evidence and evidence translation, 
(3) governance and politics and (4) the institutional context. The second part of the 
chapter outlines opportunities to overcome these issues. Enabling factors include 
improving communication, understanding and collaboration between the different 
disciplines of urban and transport planning and health. Greater understanding, col-
laboration and communication are likely to ease challenges originating in the politi-
cal context and may be enabled through changes to structures in the institutional 
environment as well as changes to the way in which research is developed and com-
municated. The chapter starts with an exploration of the challenges as broken down 
into the above four areas.

31.2  Barriers

31.2.1  Differing Understandings of Health

Health is understood in different ways. For instance, a public health practitioner 
may conceptualise health differently to an engineer. These differing views can make 
the integration of health into decision making challenging. Health can be under-
stood in narrow terms as treatment of sickness and disease. Alternatively, more 
comprehensive understandings of health incorporate well-being, mental health and 
the importance of social relationships (Davis 2005). The way in which health is 
understood impacts on how different actors perceive their responsibility in relation 
to public health promotion. For example, a narrow understanding of health leads to 
a limited view of the role of actors outside of the traditional health sector. Transport 
planners tend to display a narrow understanding of health and consequently view 
their own role within public health promotion as limited. In this sense, their role in 
health is restricted to the reduction of traffic collisions and the delivery of casual-
ties to hospital, falling short of action to promote physical activity, for example, or 
the functioning of social support networks (Davis 2005). Similarly, urban plan-
ners may display a narrow understanding of health, perceiving their own role in 
public health promotion as limited to improving access to doctors and dental ser-
vices and leisure centres. These understandings prevent comprehensive approaches 
to urban and transport planning that could include improving access to affordable 
and healthy food and blue or green space or the provision of safer and well-lit 
streets. The way in which different actors understand health impacts their perceived 
role in public health promotion and consequently the extent to which health is a fac-
tor in their decisions and plans.

In the latter part of the twentieth century, calls to ensure the adoption of a com-
prehensive understanding of health that incorporated its wider determinants, such as 
housing, transport and education, grew stronger. As a marker of this change in 
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understanding of health, the Constitution of the World Health Organisation defines 
health as ‘a state of complete physical, mental and social well-being and not merely 
the absence of disease or infirmity’ (World Health Organization 2014). The adop-
tion of this wider understanding was paralleled by the rekindling of interest in pub-
lic health driven by the work of Lalonde and McKeown in the 1970s (Lalonde 1974; 
McKeown 1976). They argued that the narrow understanding of health in the years 
prior and the dominance of the medical perspective had obscured the fact that the 
origins of much ill health and disease are derived from activities beyond the health 
sector. By identifying the wider determinants of health as located within sectors 
considered formally separate, such as education, housing, transport and urban plan-
ning, their work necessitated intersectoral collaboration for public health. 
Nonetheless, despite the now advanced evidence on the relationship between the 
built environment and health, the narrow understanding of health still prevails. Such 
an understanding presents a barrier  to attempts to address public health through 
transport and urban planning.

31.2.2  Evidence

Issues around evidence challenge the integration of health into urban and transport 
planning and policy. These issues relate to (1) the different understandings of evi-
dence,  (2) its effective communication, and (3)  how it can be applied to policy. 
Different disciplines understand ‘evidence’ in different ways (Petticrew and Roberts 
2003). Traditionally, public health professionals adopt different standards to law-
yers or policymakers, for instance (Autant-bernard et al. 2013; Davis 2014). The 
public health and biomedical understanding of evidence are known for its robust 
and thorough approach given the predominance of evidence-based public policy 
within the field (Parsons 2002). Evidence-based public policy aims to prioritise 
robust methodologies, such as systematic reviews, randomised controlled trials and 
cohort studies, in informing policy decision making (Akobeng 2005). Through 
employing such methodologies, the approach aims to reduce bias and subjectivity 
in decision making. In contrast to the public health understanding, policymakers 
often adopt a selective and less critical approach in terms of what counts as evidence 
(Petticrew and Roberts 2003; Sallis et al. 2016). Policymakers frequently perceive 
stories and case studies as more compelling evidence than rigorous studies or litera-
ture syntheses (Sallis et al. 2016). Historical precedent and ideology often take pri-
macy in terms of influencing the weighing up of policy options (Kent and Thompson 
2012). In addition, the range of policy options available is often restricted by an  
overreliance on preconceived ideas so that option choice frequently does not take 
into account the variety available (Eddington 2006). Given their accountability to 
various stakeholders, local government officers tend to favour evidence rooted in 
localism and empiricism in order to argue, justify and defend policies (Phillips and 
Green 2015). As public health evidence aims to remove context and case studies of 
practice, urban and transport planning often fail to employ this evidence and instead 
rely on that which is less robust, but arguably more compelling, to make decisions. 
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These differences in understandings of evidence can prevent the integration of 
health into urban and transport planning as options that appeal to individual deci-
sion makers acting in specific contexts are chosen over what the hard evidence 
stipulates.

Effective evidence translation is difficult.  Whilst research on  the relationship 
between the built environment and health is growing, it is rarely picked up by poli-
cymakers or practitioners. Frequently, a ‘gap’ emerges between research on the one 
hand and those responsible for its implementation on the other. This results in  
suboptimal decision making in terms of health promotion as the evidence is 
neglected or misunderstood (Brownson et al. 2006; Giles-corti et al. 2015). This 
‘gap’ emerges in part due to issues with the evidence base. The relationship between 
the built environment and health is complex, context specific and dynamic. Evidence 
often fails to effectively communicate this complexity so that decision makers are 
left with only a partial understanding. This makes translating the evidence into 
appropriate and effective policies difficult (Giles-corti et al. 2015; Gray et al. 2010; 
Pilkington et al. 2016). The problem is exacerbated by a lack of research proposing 
policy options and interventions (Sallis et al. 2016). Whilst research has focused on 
understanding how features of urban and transport design affect health, little 
research has been done on appropriate and effective policy interventions. Research 
is often not policy relevant nor clearly communicated. Finally, research often fails 
to take into account the complex environments in which decision makers operate. 
Additional difficulties lie in the different timeframes and pressures of the policy-
making process as opposed to the lengthy peer review process of the scientific 
research sector making further collaboration disjointed (Orton et al. 2011).

31.2.3  Governance and Politics

Issues around governance and the political context exacerbate the disconnect 
between the health evidence base and urban and transport planning decision mak-
ing. Whilst evidence-based public policy in principal draws on robust evidence to 
determine appropriate courses of policy direction, in reality decisions are often 
made on political grounds (Davis 2014; Juntti et al. 2009; Phillips and Green 2015). 
As Davis comments ‘politics and power take the lead in determining what and how 
evidence is used’ (Davis 2014). Urban and transport planners in local government 
are accountable to a variety of stakeholder groups in a way that public health prac-
titioners have traditionally not been (Phillips and Green 2015). As part of the 
 decision-making process, urban and transport planners weigh up the interests of 
various stakeholder groups including politicians, residents, local businesses, inter-
nal departments and health services. Often these groups have different compet-
ing priorities and interests. Taxi drivers, for instance, may oppose policies to restrict 
movement of vehicles in city centres, residents may oppose more stringent parking 
rules and local businesses may challenge attempts to pedestrianise connecting roads 
for fear of losing business. Therefore, urban and transport planning and policy must 
be understood as a political process that is not neutral but involves choices 
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regarding what information is deemed relevant, which interests should be priori-
tised and how resources, such as land, should be allocated and used (Corburn 2004). 
Decision making around health takes place in this political context. Frequently, the 
strength and power of certain groups exert greater influence on decision making 
than the hard evidence (Hill 2017). This means that, unless health professionals 
engage politically and lobby effectively, decisions are not likely to reflect optimal 
solutions in terms of health promotion.

The strength of the car lobby is often cited as a barrier to health-optimising deci-
sion making. Car owners, be they residents, local business owners or taxi drivers, 
can be particularly vocal opposition to schemes that prioritise active travel modes, 
such as walking or cycling (Mead 2015; Carthcart-Keays 2017). Often arguments 
against these ‘anticar’ schemes centre on the potentially adverse impacts on footfall 
into local businesses. At times these  proponents are sufficiently vocal to cause 
schemes to be altered or dropped completely. The power of certain interest groups 
challenge health promoting urban and transport planning and policy (Davis 2014; 
Phillips and Green 2015). In addition, this  reinforces issues raised in relation  to 
evidence translation and knowledge gaps. For instance, several localised trials in 
Germany, London and New York, respectively, suggest that pedestrianising retail 
areas can  actually increase footfall into local businesses, restaurants and cafes 
(Hass-Klau 1993; Tolley 2011; Litman 2014). Other emerging research indicates 
that walkers spend more money per month on average than people accessing high 
streets by car. Additional benefits may relate to increased land value of private and 
commercial rents from changes to the streetscape (Whitehead et al. 2006; Rajé and 
Saffrey 2016). This emerging evidence is insufficiently developed and even less suf-
ficiently communicated. Further, as public consultation is a critical part of urban 
and transport planning, in order to reflect and serve the views of stakeholder groups, 
decisions that receive opposition to or seek to override these groups become politi-
cally difficult.

The nature of the political cycle and the lack of political will and leadership pres-
ent additional challenges. The shortism of the political cycle means that an incom-
ing administration often engenders a shift in policy focus in order to distinguish 
itself from predecessors. Therefore, whilst one administration may seek to address 
the upstream determinants of health and encourage the integration of health into 
urban and transport planning, this policy may stagnate or be reversed with the next 
administration. Frequently, the extent to which a political leader seeks to address the 
upstream determinants comes down to personal preferences and understanding of 
health (PASTA 2016). Political will is often required to push through potentially 
controversial policies. Due to the potential loss of political capital from pursu-
ing policies that may incite opposition, greater political capital is required in the 
first place. Politicians are concerned with longevity and survival meaning  seemingly 
unpopular policies are unlikely to be chosen. Therefore, the short-termism of the 
political cycle as well as the lack of transformational leadership, in the form of 
visionary and courageous leaders, often results in the deprioritisation of health in 
decision making (Swanson et al. 2012).

The absence of health as a key consideration in land-use regulation presents a 
further impediment. Whilst guidance on how to build healthier urban environments 
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is increasing, regulation is weak (Barton et  al. 2003; Barton and Tsourou 2000; 
Chang et al. 2016, 2015; Ross and Chang 2014). Urban and transport planners who 
challenge proposals for new developments on the grounds that they fail to optimise 
health benefits have very little to fall back on in terms of regulation. Weak regula-
tion in the field of healthy urban and transport planning and policy makes it difficult 
for planners to reject new proposals that do not sufficiently optimise health out-
comes. In contrast, environmental professionals in Europe, for instance, are able to 
draw on EU directives to substantiate their arguments, yet health professionals must 
point to health outcomes, which are often weaker due to the complexity of causality 
in their relationship to human health.

The lack of regulation mandating the integration of health into urban and trans-
port planning becomes a more acute issue amidst the political drive for more afford-
able housing and jobs. The push to provide more affordable housing at a greater 
density and at a greater speed means that provisions to safeguard health are often 
overlooked. For example, ensuring access to green space and blue space may be 
ignored alongside adequate provision of safe cycling infrastructure and access to 
affordable food. In effect, the political drive to address voters’ concerns around lack 
of housing and jobs can systematically deprioritise health-optimising decisions.

31.2.4  Institutional Arrangements

Factors relating to the institutional environment challenge the integration of health 
into urban and transport planning and policy. Frequently institutional structures 
embed professional and policy silos, limiting the potential for intersectoral collabo-
ration on health (Carmichael et al. 2013; Kent and Thompson 2012; Sallis et al. 
2016; Wooten 2010). For example, transport decisions are made by economists, 
engineers and signal experts with little or no input from health professionals. 
Standard practice for larger urban and transport infrastructure policies and plans 
dictate the use of environmental impact assessment, strategic environmental assess-
ment (SEA) and increasingly health impact assessment (HIA) to ensure health is 
accounted for. Nonetheless, these appraisals, when done at all, frequently fail to 
sufficiently account for health (Bond et al. 2013). Policy may dictate that health 
teams comment on overall strategic direction, through SEA or HIA on bigger 
schemes, but the general lack of engagement with professionals outside of their own 
team is likely to lead decision makers to fall back on a business as usual type of 
approach. The disconnected nature of the institutional environment presents a chal-
lenge to the prioritisation of health-optimising solutions. Further challenges relate 
to the position of public health within the structure of institutions. Often, health 
professionals do not report to senior executives, which limits their ability to influ-
ence decision making or effectively communicate the health agenda.

Other challenges relate to  institutional capacity and resources. Typically, pro-
grammes that aim to build healthier environments are often overlooked and under-
funded. In addition, general lack of budget within departments removes incentives 
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to embark on schemes outside of business-as-usual-type activities. For example, 
underfunded and under-resourced health departments are often under pressure to 
provide basic needs such as access to medical and sexual health services or care for 
the elderly. Within this context of limited resources, schemes that address health 
determinants within the built environment are often considered a secondary priority 
and therefore neglected. Institutional capacity exacerbates this problem. Cuts to 
personnel result in a fewer number of staff responsible for the same amount of 
workload. Therefore, solutions and programmes that imply additional work in the 
short term or that seem to detract attention from direct and current health concerns 
face internal opposition.

In an under-resourced environment, value for money and the business case of 
different choices become important considerations. Decision makers employ cost- 
benefit analysis in order  to weigh up options. Cost-benefit analysis becomes the 
proxy upon which decisions are made. Quantifying health outcomes is difficult, and 
despite advances in metrics such as the Health Economic Assessment Tool, benefits 
to cost-type evaluations frequently do not sufficiently account for the health risks or 
benefits (Cavill et al. 2012; Fishman et al. 2015; Rojas-Rueda et al. 2016). Effectively 
accounting for health benefits of different options is complex leading to suboptimal 
decision making. Additionally, where the benefit to cost ratio is evident, frequently 
the positive outcome occurs at a time in the future beyond that stipulated by the 
funding. Therefore, issues relating to the nature of quantifying the health benefits as 
well as the timeframes of funding make it difficult for decision makers to choose 
health-optimising solutions over other policy options.

31.3  Enablers

The chapter so far has presented the multitude of challenges impeding the integra-
tion of health into urban and transport planning and decision making. Many of these 
challenges are not without solutions. However, the viability of solutions depends on 
the specific context in which they are implemented. Solutions cannot therefore be 
considered as a one size fits all. For example, the strength of the car lobby will 
depend on the specific context and make certain solutions more appropriate than 
others. Similarly, the presence of a strong political leader with the will to push 
through controversial policies may open up windows of opportunity which are 
absent in other contexts. Nonetheless, certain solutions are likely to facilitate the 
integration of health into urban and transport planning decision making regardless 
of specific context. One such opportunity lies in increasing collaboration between 
different sectors that affect health such as urban and transport planning, housing and 
education. Increasing political engagement on the part of health is a further enabler. 
The rest of the chapter develops these ideas and suggests how some of the chal-
lenges may be overcome. Specific attention is drawn to the potential opportunities 
around changes to the institutional environment, the political context and 
the evidence base.
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31.3.1  Institutional Context

To start, changes can be made to the structure of the institutional environment in 
which urban and transport planning decisions are made. Intersectoral collaboration 
could be encouraged through formal and informal structures. Formal structures that 
encourage collaboration include joint work programmes across departments, joint 
funding bids, co-location of health professionals within planning departments and 
intersectoral advisory boards and task forces (Carmichael et  al. 2013; Chen and 
Florax 2010; Wooten 2010). Funding a permanent member of staff with intersec-
toral responsibilities may encourage the inclusion of health into urban and transport 
planning (Thomas et al. 2009). Suffusing public health teams across departments 
can break down silos and assist in building understanding, trust and rapport, there-
fore, encouraging collaboration. Such institutional changes can encourage the inte-
gration of health into decision making.

These positive changes can be compounded by increasing the availability of 
resources and capacity. Specifically allocating budget for a member of staff with 
responsibility for the integration of health is likely to be effective (Schwarte et al. 
2010). In the UK, the co-location of health professionals within Transport for 
London, the organisation responsible for the direction and delivery of London’s 
transport system, has driven health up the agenda. In part, as a result of this co- 
location, the latest Mayor’s Transport Plan, a statutory document produced by the 
Mayor of London, aims to integrate health promotion into its core (GLA 2017). The 
Mayor’s Transport Strategy explicitly adopts the Healthy Streets for London 
approach that ties funding pots to nine health indicators, with the aim being to 
encourage local boroughs applying for funding to focus on the health impacts and 
outcomes of their proposals (GLA 2016). In this example, changes to the institu-
tional context, through co-location and tying funding to health, pushed health up 
the agenda. In addition, changes made to the funding process and proposal require-
ments can also increase the likelihood of health-optimising decision making. 
Extending the timeframe in which funding guidelines expect to see positive out-
comes may allow decision makers to adopt a longer-term view facilitating integra-
tion of health benefits that often occur further in the future. Funding for training and 
education to improve understanding of different professions is also  needed. 
Specifically, training for transport and urban planners around the health impacts of 
their work and the wider determinants of health is likely to increase collaboration 
and understanding (World Health Organisation 2017). Such training should be 
included in the urban and transport planning curriculum for further generations.

31.3.2  Political Context

In terms of political context, greater engagement is needed with politics on the part 
of health (Hunter 2015; Kickbusch 2015; Mackenbach 2013). Public health training 
should equip professionals with the ability to understand and analyse political con-
text, understand complexity of the decision-making environment and frame 
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arguments effectively to influence policy (Hunter 2015; Kickbusch 2015; Phillips 
and Green 2015). This may play out through formal public health training or through 
intersectoral collaboration made possible through changes in the institutional envi-
ronment. Active engagement with politics in terms of lobbying for the prioritisation 
of public health, as well as assisting with messaging and communication around 
more controversial schemes, may enable the integration of health into decision mak-
ing (Burbidge 2010; Dodson et al. 2009; Salvesen et al. 2008). Increasing communi-
cation to effectively display the positive health benefits to wider society can help 
local government push back on opposition groups (Toy et al. 2014). Increased col-
laboration between health professionals and planners on the front line of political 
decision making can improve understanding around which arguments and justifica-
tions are likely to be better heard. For example, emerging research suggests that vul-
nerable and certain socio-economic groups are often at the highest risk of harmful 
exposures to air pollution, noise and traffic injuries (Bentley 2014; Rundle and 
Heymsfield 2016; Sehat et al. 2012). Integrating this research into messaging and 
communications may provide an opportunity to unite opposition groups around 
health and social justice agenda (Corburn 2004). Better engagement with the political 
environment could improve understanding and collaboration across sectors as well as 
offer more effective arguments for health-optimising solutions in decision making.

Stronger regulation to integrate health into land-use considerations may assist 
planners to push back against suboptimal development proposals in terms of health 
promotion. Whilst guidance on how planners can integrate health is increasing, 
regulation that mandates the integration of health into urban and transport planning 
is sparse. Desirable regulation might include policies banning fast food takeaways 
within 400 m of schools and building public transport stops and green space within 
300 m of schools (World Health Organisation 2017). However, regulation has its 
limits and will not necessarily overcome challenges that have roots in professional 
silos and understandings of health (Bond et al. 2013). For example, mandating the 
use of health impacts assessments will only enable the integration of health if there 
is sufficient capacity, in terms of qualified personnel and time, to undertake the pro-
cess. Therefore, stronger regulation on healthy urban and transport planning must 
be accompanied by sufficient training and capacity building in local government in 
order to avoid continued challenges that originate in the separation of functions 
between professions (Bond et al. 2013). Similarly, local regulation should be backed 
up by national regulation in order to ensure consistency at the country level.

The UK offers a unique example in this regard where regulation in the form of 
the Health and Social Care Act 2013 (HSCA) relocated public health to local 
authorities from the National Health Service. A primary driver for the HSCA was 
recognition of the social determinants of health and an awareness that the levers for 
improvement of public health were in  local government (Carmichael et al. 2012, 
2013; Marks et al. 2015; Milne 2012). In this sense, the HSCA provides an oppor-
tunity for the integration of health into urban and transport planning through national 
regulation (Carmichael et  al. 2012, 2013; Davis 2015; Marks et  al. 2015; Milne 
2012). The view is that, through co-location of public health within the local gov-
ernment environment, the HSCA will increase intersectoral collaboration around 
health, highlight the role of various sectors in public health promotion and improve 
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understanding of health from other professions. So far, little has been done in terms 
of a review of the effectiveness of this regulation although a 2015 study reached 
positive conclusions following a series of interviews with urban and transport offi-
cials operating in the new environment (Davis 2015). This may be supportive of the 
suggested use of regulation to facilitate the integration of health into urban and 
transport planning and policy.

31.3.3  Evidence

Solutions to overcoming challenges of effective evidence translation in part have 
their roots in collaboration between policymakers, practitioners and researchers. 
Collaboration between policymakers and researchers to co-identify effective and 
appropriate research questions that directly assist practitioners faced with chal-
lenges in the real world is important (Innaever et  al. 2002; Oliver et  al. 2014). 
Researchers could also work to better communicate their findings with policymak-
ers and suggest interventions that are actionable. This may also include a costing of 
the business case for different policy options. In many circumstances, clearly com-
municated evidence can help combat more emotive arguments and misperceptions. 
For instance, local businesses are often concerned that reducing vehicle access will 
result in a fall in footfall and profits. Despite emerging evidence that refutes this 
argument, opposition groups frequently display concern in this regard. Clearly com-
municating the evidence may assist in combating these negative perceptions and 
reverse opposition to health-promoting schemes (Glasgow et al. 1999; Orton et al. 
2011; Spoth et  al. 2013). Effective evidence  communication may result from 
improved collaboration between health professionals and planners as each becomes 
accustomed to different understandings and terminologies. When political windows 
of opportunity arise, for example, the presence of strong political will and leader-
ship, pre-prepared and well-communicated evidence can then be pushed through.

31.4  Conclusion

This chapter has discussed the barriers and enablers to effectively integrating health 
into urban and transport planning and policy. The chapter discusses the chal-
lenges with reference to four general categories. These categories included (1) dif-
fering understandings of health between  sectors, (2)  differing understandings of 
evidence and difficulties around evidence translation, (3) governance and politics 
and (4) institutional context. In addressing these challenges, various solutions were 
suggested. By adopting particular changes within the institutional environment, col-
laboration between different disciplines can be encouraged. Engagement with poli-
tics on the part of health can assist urban and transport planners to push back against 
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vocal opposition to health-promoting schemes. Stronger regulation to integrate 
health into land-use considerations is also part of the solution especially when com-
bined with educational and training programmes to improve understanding between 
sectors and to build institutional capacity. In order to ensure that decisions reflect 
the evidence and that the evidence in turn reflects the needs and questions of practi-
tioners and policymakers, researchers should actively seek collaboration with poli-
cymakers and practitioners to co-identify areas for further research. More effective 
communication of results will help planners and stakeholders to argue and justify 
health-promoting schemes against opposing ideological positions. Evidence that 
provides a costing and an analysis of actionable alternative policies is likely to be 
picked up. In addition, due to the different timelines for researchers and policymak-
ers (Orton et al. 2011), researchers should keep evidence up to date to ensure they 
are able to capitalise on the windows of opportunity when they arise.

These enablers around evidence and institutional arrangements provide opportu-
nities to overcome challenges associated with opposition interest groups and lack of 
political will and leadership. Institutional arrangements and changes to the way 
evidence is developed and applied can lead to greater collaboration and communi-
cation between urban and transport planning and health and result in decision mak-
ing that optimises health outcomes for those living in cities.
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Chapter 32
Translating Evidence into Practice

Marcus Grant and Adrian Davis

32.1  Translating Evidence into Practice

The World Health Organization expresses ongoing concerns about the wide gap 
between the production of scientific evidence and a policy-making response (WHO 
2009, 2016). A large gulf remains between what we know and what we practice 
(WHO 2008). This chapter discusses what the issues generated when attempting to 
translate public health evidence for urban planning and transport planning into prac-
tice. It explores the tensions, the arguments and proposes possible solutions in the 
world of evidence, policy and practice in the fields of non-communicable disease, 
health equity and wellbeing in the urban realm. As health policy moves out of its 
traditional comfort zone of the medical sphere and health-care delivery, so the gap 
between the models of how the evidence base ‘should’ work and the complexity in 
terms of where it needs to work widens, a radical rethink is required (Carmichael 
et al. 2016; Rutter et al. 2017). In disciplines such as health, insights from policy 
theory, public administration and organizational studies, which may be of use in 
explaining the gap, are often overlooked (Cairney et al. 2016). With the increasing 
focus on city and transport planning providing a response to urban health chal-
lenges, something needs to change.

The chapter starts with a major section which unfolds the city as the context and 
background for population health and its research. We ask, are we actually building 
illness into the places we live. We rapidly then shift our focus to knowledge, looking 
at the nature of evidence and practice in cities planning for health. The manifold 
nature of actors involved means that the issue of different epistemologies, or ways of 
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knowing, must be acknowledged. The city as both laboratory and subject throws yet 
more confusion into the science, and we question whether evidence in itself is 
enough. The next short section looks at the distance between the way the main pro-
tagonist traditions, public health and built environment use evidence. This is fol-
lowed by a section examining the links made, and broken, between evidence and 
policy. The elements that might be used to forge a consensus are reviewed. In the 
penultimate section, we plunge the reader into the disruption caused by wicked prob-
lems, complexity and adaptive systems, suggesting that ecological public health 
might provide a useful guiding framework. In the final section, with evidence transla-
tion, cogeneration and co-use in mind, we look at the essential roles for advocacy and 
leadership. Tactical urbanism is touched on, as is the need for pragmatism in the face 
of policy and funding agendas. Concluding thoughts may be rather rosy for some, but 
a form of knowledge collaboration for city wisdom is described and advocated.

32.2  The City as Context

In pursuit of supporting the health of urban populations, two concerns conspire to 
elevate the importance of examining the issues surrounding translating evidence 
into practice. The first is an increasing importance of environmental influences on 
human health in cities and towns. A renewed importance comes from the relentless 
global trend of urbanization (UN 2015). Most people now live in cities and towns, 
and forecasts have shown that urbanization will continue. How we build, design, 
manage, maintain and renew our towns and cities is critical for human health. The 
second concern a rise in non-communicable disease, with urban environments 
receiving increased attention as presenting challenges and risks to health and health 
equity (Braubach and Grant 2010).

The debate has extended beyond the usual suspects of ‘environmental bads’, e.g. 
air pollution, noise and poor housing; it is taking on board the concept that some 
environments hinder or frustrate healthy human behaviours and is now ready to 
embrace the notion that certain combinations of characteristics of living environ-
ments can actually support or even ‘create’ health.

Health is created and lived by people within the settings of their everyday life; where they 
learn, work, play, and love. WHO Ottawa Charter 1986, p. 7

As we will discover in this chapter, it will be difficult to put an exact figure on the 
degree to which health is, in this holistic manner, influenced by the living environ-
ment. But a measure of the influence can be found in the work of the Robert Wood 
Johnson Foundation (Table 32.1).

Around 12.6 million deaths a year are due to preventable environmental health 
risks (WHO 2016); this represents 23% of the global burden of disease. These envi-
ronmental risks are a critical and pressing concern for the public health community. 
Global action is key to combating this epidemic of environmentally related diseases. 
Evidence bases need to be refined and translated into local level actions; this must 
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include all levels of actors from municipal authorities to ‘bottom up’ asset-based 
community approaches, plus in the private sector with an interest in the design and 
investment in the built environment.

32.2.1  Pathogenic Urban Form?

In 2007, The Lancet published a diagram showing health problems being investi-
gated for possible links with built environment (Rao et al. 2007). Based on a review 
of the literature on buildings, public spaces and movement networks (Lavin et al. 
2006), this indicated an evidence base for over 60 health problems, covering social, 
physical and mental health issues, linked to some 15 attributes of the built environ-
ment relating to their design, maintenance or availability. Table 32.2 gives a lists of 
those health problems in alphabetic order.

A steady stream of papers, supported by reviews, has been setting the scene for 
the argument that in towns and cities, we were creating our own pathogenic environ-
ments. Although there is long history of texts, including the often cited “‘On air, 
waters” and places by Hippocrates circa 410 BCE (transl. 1849), we could cite 
Freeman (1985) and Halpern (1995) and helping focus more recent interest on the 
role of built environments in pathology, in both these cases mental health. In 2001, 
Swinburn coined the term ‘obesogenic environments’, built on later by Townshend 
and Lake (2009), extending it from a focus on the food environment, to include those 

Table 32.1 The degree to which the environment is a determinant of health

Health behaviours 
30%

Socio-economic 
factors 40%

Clinical care 20% Built environment 
10%

Smoking 10% Education 10% Access to care 10% Environmental 
quality 5%

Diet/exercise 
10%

Employment 10% Quality of care 10% Built environment 
5%

Alcohol use 5% Income 10% Suggested transfer to built 
environment influences:
  Diet/exercise 5%
  Employment 5%
  Social support 2.5%
  Community safety 2.5%

Poor sexual 
health 5%

Family/social 
support 5%
Community safety 
5%

Revised totals:
Health 
behaviours 25%

Socio-economic 
factors 30%

Clinical care 20% Built environment 
20%

Italic text: Suggested transfer to built environment influences
Adapted from Robert Wood Johnson Foundation and University of Wisconsin Population Health 
Institute in LGA 2016, p. 12
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aspects of the built environment that also could be seen to suppress everyday physi-
cal activity. Francis et al. (2012a) added the term ‘depressogenic environments’, cap-
turing the impact of urban environments on mental health. Their study highlighted 
the importance of maintenance, in this case of public open space, not just presence, 
absence or quantity (Francis et al. 2012b). This theme of ‘pathogenic’ urban environ-
ments continued with the identification of ‘toxic high streets’ (Townshend 2017); 
these are high streets, where cheap processed high calorific food is cheap and abun-
dant often combined with poor availability of fresh fruit and vegetable. There are 
shops selling cut price cigarettes and alcohol, betting shops with highly addictive 
gambling machines, tanning salons, loan and pawn shops and easy credit. In com-
mon with the obesogenic and depressogenic environments, there is a strong social 
gradient in the distribution of these pathogenic environments. Those with lower 
socio-economic status are more exposed to these characteristics in their local neigh-
bourhoods. Moreover, as many studies now show, socio-economic status alone does 
not explain the difference in health outcomes, and there is increasing evidence that 
the physical environments in which people spend their lives are implicated in the 
observed health disparities (Ball et al. 2007; Gustat et al. 2012; Townshend 2017).

32.2.2  Evidence and Practice in the City

Those concerned with strengthening the influence of research evidence on policy and 
practice are faced with a formidable task. Improving the supply of evidence may be 
necessary but it is not a sufficient means for getting evidence of ‘what works’ dis-
seminated and implemented. Even in health care, for all the richness and strength of 

Table 32.2 Health problems investigated for possible links with external built environment

Accidents
Alveolitis
Anxiety
Arthritic problems
Asbestosis
Asthma
Bronchospasm
Cardiovascular disease
Colon cancer
Depression
Diabetes
Eczema
Eye, nose and throat 
irritations
Fatigue

Hypertension
Hypothermia
Increased anxiety
Increased mortality

Increased mortality in elderly 
people
Ischaemic heart disease
Lower physical wellbeing in 
elderly people
Lung cancer
Meningitis, tuberculosis, slow 
growth and development
Wheezing in childhood
Mental ill health
Hypertension
Negative self-reported healthy 
outcomes in short term,
Respiratory symptoms

Obesity
Osteoporosis
Overall child development

Poor child development
Poorer mental wellbeing
Prolonged cognitive 
performance in children
Prolonged recovery time from 
illness
Reduced life expectancy
Reduced physical functional 
health
Respiratory disease and poor 
mental wellbeing
Rhinitis
Road traffic injuries
Stress
Stroke

Adapted from Rao et al. 2007
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the research base, it remains unclear how best to bring about changes in professional 
practice that are congruent with the evidence (Davies et  al. 1999). Compared to 
health care and medicine, in the urban health context, we have two added, but paral-
lel, complexities. Firstly, instead of laboratory conditions, the locus of intervention is 
the open system of our physical living environment, be that city region, city, district, 
neighbourhood, street or building. Secondly, instead of a relatively tightly knit medi-
cally trained fraternity, actors are many different professional and practitioner disci-
plines each with different relationship to what they call ‘evidence’. We can count 
among these actors are architects and urban developers and investors; landscape 
architects and urban ecologists; transport planners and town planners; those in the 
housing, energy, water and waste sectors; public health practitioners; and city leaders 
and community activists. Many of these to date have also given very little, or no, 
thought to the health impacts of their actions. Health may be outside their traditional 
professional roles and their knowledge domains (Giles- Corti et al. 2015).

32.2.3  How Can We Know?

Posing questions about the nature of evidence is vital to its development (Lawrence 
2004); it also challenges the notion of ‘neutral’ or ‘pure’ evidence. Epistemology is 
the name we give to the responses and reflections provoked by attempting to answer 
the question ‘how can we know?’ This is not just of abstract or philosophical interest. 
Epistemology guides the science that we then use to determine the methods of 
research that we hope will provide us with solutions to societal problems. If we get 
the methods wrong, so will be our solutions. So asking ‘how can we know?’ becomes 
the basis of how we will understand it is fundamental. There is a growing consensus 
that the physical layout and design of our settlements and associated transport infra-
structure are contributing factors in public health outcomes (Rydin et al. 2012; Grant 
et al. 2017). This is supported by research that then attempts to shed light on how 
better to design and manage urban areas for health. If only it was that simple. This 
chapter attempts to debunk the all-to-frequent implicit assumption that there is a 
linear link whereby knowledge flows from the scientific evidence base, through 
urban policy and into implementation and practice in towns and cities. We need to 
examine the epistemology when the city itself becomes a laboratory for change.

32.2.4  The Laboratory and the Subject

The city is a complex system, not only composed of many living and nonliving 
subsystems but also in turn embedded into larger regional, national and global sys-
tems. A snapshot of the city reveals its urban form; physical scales, characteristics 
and locations of all the sub-elements facilitate different functions. Functions include 
working, learning, shopping, leisure, and being at home. Function also includes the 
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movement network. Every town and city has a unique movement network that 
accommodates people and goods as they need to move between origins and destina-
tions, between functions. The movement network accommodates a plethora of 
modes, usually including walking; cycling; using buses, trains, trams and taxis; and 
driving in private cars, sometimes also including underground metro, cable cars, 
boats, lifts and escalators. A dynamic survey captures the daily, weekly, seasonal 
and longer-term cycles and fluxes in urban life, including dereliction and gentrifica-
tion. The subject itself can seem to shift, is it the city as a place for living, of the 
population therein, or both? In the midst of spatial and temporal complexity and of 
flux and change, what do we need to know to support health and reduce health 
inequalities? And how can we find this out?

32.2.5  Evidence Is Not Enough

Many health outcomes have been associated with characteristics of urban-built envi-
ronment and natural environments. Table  32.2 lists some of the health outcomes 
linked to urban environments; the original paper by Rao et al. (2007) cites evidence 
for each disease; Table 32.3 lists characteristics of urban environments that have been 
the subject of health research. This is a very limited selection drawn from a very large 
number of published reviews. Each review will approach the subject from a different 
angle, having different funding and different audiences and purposes. The intention 
of the list is to illustrate just some of the wide-range features of the built environment 
which are under scrutiny. Tables 32.2 and 32.3 are deliberately presented separately. 
Linking all items across these two tables, especially if attempting to take into account 
the quality of the evidence and potential causality, is not advised.

As an illustration of the interrelated and systemic nature of the relationship 
between measureable urban characteristics, lets take an example from research into 
physical activity. Sallis et al. (2016) found that the design of urban environments 
has the potential to contribute substantially to physical activity, to the tune of 
90 min/week. This implies that daily living can add about half to the recommended 
weekly guidelines for an individual’s physical activity. Four urban design factors, 
already acknowledged in the literature as important factors in neighbourhood ‘walk-
ability’, were found in this study to be important in determining levels of everyday 
physical activity. These four were:

Net residential density—This is the number of residential dwellings (houses and 
apartments) divided by the residential land area.

Intersection density—Measured as the number of pedestrian-accessible street inter-
sections divided by the area.

Public transport density—Measured as the number of bus, rail or ferry stops and 
stations divided by the land area.

Number of parks—Number of public parks of any size in or abutting the local area. 
A public park was designated park of any size that was free of cost and open to 
the public and maintained by a government agency. Parks included improved or 
landscaped areas and unimproved or natural areas.
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These were all measured within an area of proximity to a person’s home, a proxy 
for their local neighbourhood environment. The study design was cross-sectional 
and repeated in 14 cities worldwide. It found that the combination of these four 
 factors was more powerful than the factors taken singly, a re-enforcing effect. The 
effect worked across different socio-economic categories. The study concluded that 
‘observed effect sizes suggest that designing urban environments to be activity- 
supportive could have large effects on physical activity and those effects can be 
expected to generally apply to adults living in the neighbourhoods.’ (Sallis et al. 
2016, p. 2214)

Of interest now is what happens of we take the conclusions as a starting point for 
an urban intervention. Housing density, road network design, public transport routes 
and park provision are all dealt with by different professional actors, and each have 
different policy drivers and investment streams determining outcomes on the 
ground. Arguably, in a large new build site or comprehensive regeneration scheme, 

Table 32.3 Some characteristics of urban environments that have been under scrutiny in health 
research

How the built environment influences health:
Broad: Built environment; availability, maintenance, design
Specific: Light, noise, safety, humidity, temperature, physical activity, air quality, distance, 
attractiveness, housing quality, locality, immediate surroundings, accessibility space, social 
networks
Lavin et al. 2006
Association between the built environment, health and well-being and levels of physical activity 
in neighbourhoods:
Walkability and functionality, accessibility, density and land use mix, individual design 
variables, aesthetics, safety
Adapted from Croucher et al. 2007
Urban elements posing risks and challenges to health:
Land use pattern, transport, green space, urban design
Braubach and Grant 2010
Facilitators of physical activity, strong connected communities and healthy food options:
Connected street networks, mixed uses, destinations, network signage, bike parking, walking 
trails, open space, shade facilities, open street frontages, destinations, reduced travel times, 
mixed densities, community gardens, public art, street lighting, passive surveillance, prohibition 
of co-location of unhealthy food vendors, public space for farmers markets, restriction on public 
advertising for unhealthy foods
Kent et al. 2011
Direct impacts of the built environment on health and wellbeing:
Air quality (indoor and outdoor), climate, water quantity and quality, noise and traffic-related 
injuries
Indirect impacts on health and wellbeing:
Housing and buildings, neighbourhoods, social environments, connectivity, density and land use 
mix, accessibility, amenities and decision-making processes, greenspace
Jones and Yates 2013
Five aspects of the local environment that can be influenced by local plan policy for better 
health:
Neighbourhood design, housing, healthier food, natural and sustainable environment, transport
PHE 2017
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what amounts to a blank sheet of paper may enable good control over these four 
factors. But in an existing city, implementation through ‘retrofit’ will require control 
and co-ordination of housing policy, highways, parks and public transport, some of 
will be in the hands of private operators. And just how can control over these four 
factors be exerted in a rapidly growing informal settlement?

In terms of pathogenic environments, the weight of evidence indicates that a broad 
effect is proven. However there is much academic interest in the detailed nuance of 
causal relationships, dosage, vulnerability in individuals or subgroups and other spe-
cific research questions to better understand ‘how we have built pathology into our 
urban environments’. There are some tough methodological and conceptual chal-
lenges to overcome (Schofield and Das-Munshi 2017) before we understand. But:

Do we need a more complete understanding before we act?
We don’t apply the precautionary principle, familiar to the environmental sci-

ences, to the creation of our own human habitat. Are we stretching the application 
of research appropriate to the medical model to cover research of a kind to which 
they are poorly suited (Petticrew and Roberts 2003)? We desperately need a more 
integrated approach between research, policy and place-making.

32.3  Worlds Apart?

Public health and urban planning seem to be naturally complementary as the two 
professions needed for the creation of healthy communities and healthy places. 
However, city planners and public health practitioners have developed along differ-
ent paths in the twentieth century with different epistemologies, governance and 
policies priorities (Carmichael et al. 2012). In the late twentieth century, the drive 
for health was articulated through the concept of a public health policy, as reflected 
in the 1988 Adelaide Charter (WHO 1988). By the early twenty-first, this had 
evolved into Health in All Policies (HiAP) approach, combined with a concern for 
health inequalities (Marmot et al. 2008). An underlying logic being:

to address complex health challenges through an integrated policy response across portfolio 
boundaries. By incorporating a concern with health impacts into the policy development 
process of all sectors and agencies, it allows government to address the key determinants of 
health in a more systematic manner. (Kickbusch 2008, pp. 12–13)

With this in mind, evidence gleaned from the growing area of interdisciplinary 
research about the role of controlling the built environment for human health is 
crucial. Nevertheless, despite closely linked origins, the contemporary professions 
of public health and land use planning have grown apart within a neo-liberal context 
of academic, political and policy silos (Kent and Thompson 2012). The same dis-
connect has been identified between public health and transport planning (Litman 
2003; Davis 2005). From these disconnects, a lost potential for shared agendas, 
shared meanings and creation of is born (Giles-Corti et al. 2010). They neither share 
the same evidence bases nor, through divergent epistemologies, have the ability to 
share evidence.
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It could be argued that given their agency over the management of the built envi-
ronment and public realm, the emphasis should be on built environment practitio-
ners to learn how health and health equity are influenced by their actions. This may 
be true but if public health is to achieve its goals of improved health outcomes 
across populations, an onus is also placed on them to learn to translate and provide 
their evidence for city and urban practitioners in a more accessible manner. Both 
sets of sectors need to be able to confidently operate outside their own traditional 
disciplinary and professional boundaries and develop transdisiplinarity collabora-
tions. In defining transdisiplinarity Lawrence (2010) suggests, transdisiplinarity 
admits and confronts complexity in science, and it challenges knowledge fragmen-
tation, accepts local contexts and uncertainty in research, implies emergent mean-
ings through valuing communicative action and is often action-oriented.

32.3.1  The Contested Nature of Evidence

It has been posited that scientific knowledge is not different to local knowledge 
because it has a superior access to ‘reality’ but its difference lies in being more 
powerful through being able to act over greater distances (Murdoch and Clarke 
1994). Local knowledge, however, often provides the necessary place-based consid-
erations and meanings. Juntti et al. (2009) note that several writers emphasize that 
the distinction between lay and expert knowledge is a political one and ultimately 
concerns the allocation of power in policy decision-making. Restricting the scope of 
evidence, whether in favour of lay or expert knowledge, is of course a powerful way 
of influencing decision outcomes and sometimes seen as key to achieving any out-
come at all (Juntti et al. 2009).

We must bear in mind that evidence, as repeatedly and cogently argued in the 
literature, is socially constructed (Krieger 1992; Chan and Chan 2000). This is a 
pragmatic and also useful lynch pin for making progress since it gives rise to a 
 question that needs answering if public health and built environment are to work in 
concert.

What is accepted as evidence, how much is it valued, and how does this differ 
across professions and groups?

One of the defining claims for scientific knowledge is its objectivity and freedom 
from distorting factors that may alter the way that the object under study is detected, 
measured and reported. Yet, looking at various disciplinary-based literatures, it is 
evident that the meaning of evidence for some disciplines appears very clear cut, 
seeming to ignore insights gained in other disciplines. Complicating matters further, 
when attempting to apply the results of often hard-won research knowledge in cit-
ies, what counts as evidence and the rules and criteria for assessing evidence, and 
indeed whether evidence is valued at all, are all negotiated in ‘realpolitik’. A diverse 
stock of ‘evidence’ is drawn on by various professions, and by lay people, with a 
matching diversity of what constitutes ‘evidence’. For the sake of universal validity 
and implementation, scientific evidence cannot be allowed to remain disjointed 
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from contextual factors such as local stakeholder experience and opinions (Murdoch 
and Clarke 1994). To some of these stakeholders, evidence is understood as a cen-
tral pillar of public policy decision-making (notably evidence- based medicine and 
public health), while for others evidence may be considered more of a second-order 
consideration once the policy direction has been decided. As Rychetnik and Wise 
(2004) note:

concepts of evidence vary among professionals, disciplinary and social groups: for exam-
ple, scientists have traditionally adopted different standards of evidence to lawyers. Since 
the advent of evidence based medicine in the early 1990s, health professionals, managers 
and consumers have been debating (and negotiating) what is considered as valuable and 
credible evidence to support decisions about health services, public health, health promo-
tion and health policy. (Rychetnik and Wise 2004, p. 248)

In areas such as health care, there is a long standing consensus about the need for 
evidence and the nature of convincing evidence. However, in other areas the very 
nature of evidence is hotly disputed, and there has been strong resistance to assign-
ing privileged status to one research method over another (Davies et al. 1999).

More emphasis on transdisiplinarity could provide a space for the emergence of 
a new field connecting disparate actors committed to urban health. In such a journey 
to transdisciplinarity, we need to develop new conceptual and analytical frameworks 
allowing for a diversity of methods and approaches. We need to be able to address 
precise localities, whereby specific cases can demonstrate creative, reflexive and 
transformative capacity of multi-sector interventions (Lawrence 2015).

32.3.2  Hierarchies of Evidence: The Medical Model

Derived from the medical tradition, where mistakes in application or mis- 
understandings of evidence can lead to an accountability for death or injury, public 
health and health care have assumed a strict hierarchy of evidence Table 32.4.

In the medical model the often-quoted ‘gold standard’ quality of evidence is 
the double-blind randomized control trial. In its ideal form, this is an experiment 

Table 32.4 Public health and health care use a strict hierarchy of evidence (after Hadorn et al. 
1996 in Smith et al. 2000)

Health hierarchy of evidence

I-1 Systematic review and meta-analysis of two or more double-blind randomized control 
trials

I-2 One or more large double-blind randomized control trials
II-1 One or more well-conducted cohort studies
II-2 One or more well-conducted case-control studies
II-3 A dramatic uncontrolled experiment
III Expert committee sitting in review; peer leader opinion
VI Personal experience
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conducted to test a hypothesis in which experimental subjects are given the ‘inter-
vention’ in a trial and other subjects, selected at random, are given an intervention 
that mirrors that under test as closely as possible but lacks the active component of 
the treatment under trial. Neither experimenter nor subject knows which subjects 
are in which group until after the trial has finished. The treatment under trial may be 
a drug (dose, regime or type), a procedure or other intervention. The double-blind 
randomized control trial has been designed to prove causality. Proof of causality is 
vital in many aspects of medical practise, and it is embedded within a professional 
ethics. However, when we move out from academically focussed practice into 
 policy-making we can find an evidence environment that cannot be more different.

An example of a strong evidence hierarchy in action can be found in a highly 
proscribed process administered by the government agency responsible for public 
health guidance in England and Wales (NICE). Here research is converted into 
national policy for health interventions. In this tightly regulated regime, a focus on 
the detail of study design and process of decision-making runs the risk of overlook-
ing more fundamental issues such as how health policy governance is framed and 
represented to the other professionals for implementation. In a study using inter-
views and observation of key informants, the researchers suggested that in a dis-
course founded on ideas of clinical and cost-effectiveness data tended to take 
precedence over more subjective, experientially based perspectives (Milewa and 
Barry 2005). However, the appropriateness of relying on study design as a marker 
for credibility of evidence may not be appropriate outside health disciplines 
(Petticrew and Roberts 2003).

Working in the interdisciplinary space between public health and city planning, 
it soon becomes evident that professionals and researchers, in different disciplines, 
all attempt to apply their own disciplinary approach to evidence. When working on 
multidisciplinary projects, they may take on board evidence from another discipline 
but use their own disciplinary tradition to ascribe what importance to give it. In 
many disciplines this is not a chosen or reflexive action but something hardwired in 
their accepted practice.

32.4  Scientific Evidence Meets Policy and Practice

Different types of research give rise to different types of evidence. It is useful to 
highlight here difference between a biomedical model of health that often adopts a 
symptom-treatment interpretation of health, even at population level, and a more 
holistic or integrated model that combines biological, cultural, economic, political, 
psychological and social factors in new ways to find the best way forward within an 
ethical framework of health equity.

When we consider the sectors influencing urban health matters, we find a range 
of methodological preferences and debates in different policy areas (see Table 32.5).

In town planning and urban design, experimental proof of causality does not sit 
highly within the epistemology. Validation of an intervention or investment for a 
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proposed course of action arises from a different set of parameters. As already 
stated, the context is not conducive to the ‘experimental method’ which assumes a 
controlled and closed system where the scientist is an observer and the method is 
repeatable. Research activity in this sector needs to follow a ‘participative action 
research method’; an open system in which a reflexive practitioner acts as scientist 
and is an active participant as both an observer and an agent of change. Yet, due to 
a poorly articulated interface between different scientific methods, potential evi-
dence for what could be valid interventions is being missed.

There is a world of difference between ‘knowing that’ (know a concept) and 
‘knowing how’ (understand an operation). Haack (1995) askes whether we become 
too obsessed with the ‘knowledge by description’ and ignored ‘knowledge by 
acquaintance’. Fortunately, realist evaluation (Pawson and Tilley 1997) had been 
developed to answer the twin questions ‘what works and why?’ It treats an interven-
tion as an instance of theory ‘in action’. It addresses what it terms ‘programmes’, 
the delivery environment supporting interventions and the contexts into which inter-
ventions are placed, both as open systems. And importantly, the methodology can 
be open to stakeholder expertise at all levels. Realist evaluation provides a platform 
to synthesize many of the qualitative aspects of an intervention that have been over-
looked by quantitatively driven methods.

Public health professionals, strongly influenced by the medical model, are 
conducting critical systematic reviews of the literature for an evidence base to 
support healthy urban planning interventions. Time and again they often find there 
are few studies published that meet their quality criteria. They are now starting to 
question their review methods. For example, umbrella reviews have recently 

Table 32.5 Methodological preferences and debates in selected policy areas (Adapted from 
Sorrell 2007 Box 2, p. 1861)

Policy area Methodological preferences and debates

Health care Gold standard of randomized controlled trials with additional methodological 
safeguards. Growing interest in qualitative methods to give a complementary 
view

Social care Preference for qualitative methodologies. Quantification and experimentation 
often viewed with suspicion and hostility. Eclectic use of methods to provide 
complementary insights

Housing Predominant use of qualitative and quantitative survey methods. The use of 
econometric methods for forecasting need

Planning As for housing, plus quasi-legal method. Some aspects of planning decision- 
making using evidence of policy adherence and precedent

Urban policy Recent emergence of more multidisciplinary approaches. Diverse methods 
employed, but particular reliance on case studies. Little or no experimentation

Landscape and 
ecology

Survey and layering of geographical and spatial data, the use of design and 
creativity to obtain the ‘least wrong’ solution

Architecture Research into context, function and precedent to advise a design-driven 
response

Transport Multidisciplinary. Policy research frequently rooted in economic modelling 
and forecasting
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emerged as a more productive strategy (in comparison to systematic reviews) for 
assessing existing evidence in an attempt to guide the decisions of policy-makers 
(Khangura et al. 2012).

Conversely, urban environment professionals, coming from a policy and/or 
design background, are implementing changes to the city fabric, with little or no 
pre-evaluation or post-evaluation with regard to their effect on health or health 
equity.

The medical model is of course not the whole story for public health, as qualita-
tive research makes an important contribution too. It has a particular role in explor-
ing factors affecting the implementation of an intervention, including understanding 
behaviours and developing theory (Sidhu et al. 2017). As such a mixed-methods 
approach can prove a good starting point for developing that all-important interface 
between different ways of creating evidence.

32.4.1  Evidence-Based Policy and Practice

Evidence-based public policy is not so old, and many commentators remind us that 
the rise of evidence-based policy and practice was first attributed to medicine. 
‘Evidence-based medicine’ became ‘fashionable coinage’ during the 1990s (Pope 
2003; Parsons 2002). Adherence to a mantra of evidence-based policy and practice 
has now spread across most, if not all, areas of European public policy (Muriel and 
Autant-Bernard 2013) and is spreading across other areas of the world. This 
approach indicates a continuing influence of the ‘modernist’ faith in progress 
informed by reason (Sanderson 2002). It is not our intention to explore this avenue 
of thinking, though others have including problematizing the very notion of ‘prog-
ress’ (see for example Gray 2013).

Evidence-based policy and practice has been defined as ‘the integration of expe-
rience, judgement and expertise with the best available external evidence from sys-
tematic research’ (Davies 1999). Hence, evidence-based policy and practice implies 
striking a balance between formal research evidence and professional judgement.

So for evidence to have an impact, there must be agreement as to what counts as 
evidence and in what circumstances. However, as a distinct area of academic study, 
there is maybe too much emphasis placed on ‘what should happen’ and rather less 
interest in ‘what actually does happen’.

32.4.2  Policy-Making, Expertise and Evidence

Policy-makers will often consider expert advice as the most important ‘evidence’ 
while relegating research evidence to seventh position in a hierarchy Table 32.6 (con-
trast this with the strict hierarchy of evidence for health given in Table 32.5). And 
expertise does still count! In a study of health professionals, Marshall and Godfrey 
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(2006) revealed that they rely on a range of different sources of knowledge, including 
clinical experience; training courses; reading journals, research, policies and guide-
lines; watching or speaking to colleagues; and personal experience. Accumulation of 
previous experience also acted as a reference point to test out new information 
including research findings. At some stage a ‘competent practitioner is required’ to 
assess evidence. Whatever the methodological approach, resolution will ultimately 
require additional considerations such as the moral and ethical issues of universal 
versus selective action; about informed choices, concerning social inequalities and 
social justice; or about resource allocation and prioritization (Davies 1999).

This leads to practices that generally concurred with current research evidence 
(Peavey and Vander Wyst 2017). The much-cited work by Weiss (1979) on ‘research 
utilization’ in policy acknowledges this. This short discussion paper presents six 
models of how policy-makers engage with research. It is important not to overlook 
these in a drive for ‘evidence-based’ policy. They may even seem unpalatable to 
empirically driven researchers. One example is the commonly found pragmatic use 
of research to add post hoc justification for a route of action driven by political 
expediency or ideology. We doubt if any one working in a local authority is unable 
to provide an example of this.

As another source of evidence, evaluation studies are highly sought after both 
locally and nationally. However, their findings risk being too late to be of value in 
influencing implementation especially at the cutting edge of innovative urban design 
practice or in a fast-moving funding or political arena. Even where evidence exists 
and has been presented to governments by their own agencies, they can choose to 
ignore it or simply select from it what they want to suit their purposes (Hunter and 
Shelina 2016). Davis (2016) has portrayed this relationship within national and 
municipal government as a bounded reality triad where evidence is a much smaller 
constituent part of a triad (Fig. 32.1). Power and influence lies not with the evidence 
providers but with politicians tempered by incrementalism, a business as usual 
approach. Strong advocacy is needed to support even the best evidence.

… researchers within the different disciplines need to translate their knowledge and under-
standing into action and actively work together to ensure that the health of the population is 

Table 32.6 Policy-makers’ hierarchy of evidence. (Adapted from Davies 2005 with acknowledged 
developments from by Prof. Hunter 2017, Health in All Policies: Making it Work in Practice—
Winter School, Durham University)

Policy-makers’ hierarchy of evidence

1 Expert’s advice
2 Evidence from professional associations
3 Opinion-based evidence (including lobbyists and pressure groups)
4 Ideological evidence (including party think tanks and manifestos)
5 Media evidence
6 Internet evidence
7 Research evidence
8 Lay evidence
9 Street evidence (urban myths and conventional wisdom)
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at the top of the list of competing priorities for regulatory policy decision-making. (Khreis 
et al. 2017, p. 60)

As we have discussed, the published public health evidence base is skewed 
towards studies, whose epistemological origins have led to an attempt to identify 
simple, often short-term, individual-level health outcomes. Healthy cities action, 
however, requires an evidence base for complex, multiple, upstream, population- 
level actions and outcomes. This skew accounts for, and echoes, the prioritization 
by public health policy-makers of individual-level interventions over system-level 
responses, in the face of a widening recognition of the need to do the opposite 
(Rutter et al. 2017).

Policy-makers cannot consider all evidence relevant to policy, so they use two 
shortcuts: firstly, ‘emotions and beliefs’ to understand problems and, secondly, ‘ratio-
nal’ ways of establishing the best evidence for solutions, to act quickly in complex, 
multilevel policy-making environments (Cairney et al. 2016). Improving the quality 
and supply of evidence may help, but it only addresses one side of this equation.

We obviously need to extend the debate about the nature and use of evidence in 
public health decision-making. Do we really know what is going on? Both political 
expediency and academic kudos can hamper the evidence to decision-making pro-
cess. Smith et  al. (2000) found that a lack of demand for research findings from  
policy-makers and practitioners was due to a cultural disbelief in the usefulness of 
research in the realpolitik of everyday life. At the same time also finding a history 
where the research agenda was predominantly investigator-led, in which investigators 
were more concerned with gaining academic kudos than connecting with policy and 
practice needs.

32.4.3  Towards a Consensus

There seems to be an emerging consensus that the ‘hierarchy of evidence’ is diffi-
cult to apply as the intervention arena moves into open settings, such as town and 
transport planning, and attempts to forge collaborations with practitioners outside 
the public health fraternity. Moreover, given that trade-offs are always involved, a 
single hierarchy by which to determine the ‘quality’ of research design is not help-
ful (Hammersley 2002). However, Petticrew and Roberts (2003) argue that it may 

Scientific
evidence 

Politics /
ideology

Pragmatism / 
business as usual

Fig. 32.1 The bounded 
reality triad of government 
decision-making. Source: 
Davis (2016)
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be unhelpful to simply abandon the hierarchy without having a framework or guide 
to replace it. They emphasize the need to match different secondary research ques-
tions to a range of specific research methods. This is the basis of mixed-methods 
approaches, and arguably there is a need to acknowledge a mixed epistemologies 
approach too. Thus, emphasis needs to be placed on methodological appropriate-
ness, and on typologies of knowledge, rather than strict hierarchies.

32.5  Applying Complex Interventions to Wicked Problems 
in Complex Adaptive Systems

So far this chapter has reviewed the context of the city as an open system, looked at 
the contested nature of evidence in different areas of science and explored ‘evidence- 
based’ approaches for policy and practice with its associated shortcomings from an 
urban health perspective. In this short section, we describe the truly layered com-
plexity of the situation and why looking for a perfect linear alignment of evidence- 
intervention- solution is itself evident of false understanding.

In the urban nexus, there is a continual dynamic interaction between all living 
and nonliving elements. In the human sphere alone, there is constant interaction, 
feedback, accommodation and adjustment between financial, political and social 
drivers. We are dealing with a complex adaptable system. Every intervention will 
have unintended consequences and also lead to adaptations of the city system itself. 
This all occurs in a highly politicized and bias-ridden environment in which ‘evi-
dence’ or facts need to operate. We even now have the advent of ‘post-truth’, ‘alter-
native facts’ and ‘fake news’ to contend with (The Guardian 2017).

We need to distinguish between simple interventions akin to following a recipe, 
complicated interventions which are interventions with lots of parts, and complex 
interventions where outcomes are uncertain and emergent. For complex interven-
tions, following a formula has limited application (Rodgers et al. 2009). Unfortunately, 
the medical model (which can be applied to a complicated but not a complex inter-
vention) has strongly influenced our concept of what a ‘non-health service’ public 
health intervention might look like (Craig et al. 2011) and how to evaluate it.

32.5.1  Wicked Problems

Faced with the crisis of non-communicable diseases driven by factors such as 
unhealthy diets, physical inactivity, tobacco use and alcohol consumption, the medi-
cal model has strayed into the territory of non-health service public health interven-
tions. Some commentators (see Kelly et al. 2007; Graham and White 2016) suggest 
tackling these social determinants of disease as a ‘wicked problem’ (Rittel and 
Webber 1973). So what can we learn from the literature about ‘wicked problems’?

Rittel and Webber suggested that by the middle of the twentieth century the low-hanging 
fruit of obvious public health measures had been harvested, leaving urban planners with 
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much more intractable problems. These are often symptoms of deeper or more endemic 
problems, such as social inequality. They allow little room for trial-and-error learning since 
once communities are demolished, they cannot be restored. Wicked problems are persistent 
precisely because they lack a clear set of alternative solutions. They cannot be solved defini-
tively, but rather must be managed for better or worse. (RCEP 2007, p. 5)

Although there is no single solution, a better understanding of the mechanisms 
involved is needed for those working with wicked problems (Parkhurst 2016). 
Figure 32.2 is a useful graphic. It follows the consequential impacts of increasing 
car ownership, so demonstrating some of the elements of a ‘wicked problem’, such 
as unintended consequences, the unbounded nature of impacts and both negative 
and positive feedback loops.

Maybe the seemingly simple question ‘how to translate scientific evidence into 
practice’ is the wrong question and the wrong starting point.

The search for scientific bases for confronting problems of social policy is bound to fail, 
because of the nature of these problems. (Rittel and Webber 1973, p. 155)

Wicked problems share several fundamental characteristics which place multiple 
challenges in the way of a quest for their solution. In a table listing ten such charac-
teristics (Rittel and Webber 1973), we find:

• There is no definitive formulation of a wicked problem. Each attempt at creating 
a solution changes your understanding of the problem

• Getting all stakeholders to agree that a resolution is “good enough” can be a 
challenge

Fig. 32.2 A graphic reflecting many elements of a ‘wicked problem’. Part of the web of connec-
tions between increased car ownership and use and environmental and social outcomes in urban. 
Source: RCEP (2007, p. 7)
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• Every wicked problem is essentially unique. There are no “classes” of solutions 
that can be applied to a specific case

• Each wicked problem can be considered a symptom of another problem.

Tools developed to tell us which intervention to choose over another are not 
appropriate to address complex challenges of wicked problems such as designing 
healthier cities or creating healthier, more sustainable food systems (Rutter and 
Glonti 2016). It has been suggested that ongoing and entrenched traditions in the 
public health approach have resulted in an ongoing tendency to evaluate only dis-
crete projects, in definable settings, thus failing to capture the ‘added value’ of 
whole system working (Dooris 2006). And are we even asking the right questions?

• In urban design, let’s begin by asking what keeps local people healthy (Burns 2014).
• In neighbourhood development, let’s find which physical and social community 

assets can be optimized for better health (Smith et al. 2001).

32.5.2  Ecological Public Health as an Approach

So, we need to apply complex interventions to wicked problems in complex adap-
tive systems. How do we use evidence in such an environment? The ‘ecological 
public health’ concept presents an integrative framework as a starting point (Hanlon 
et al. 2012). We now require clarity about the necessary partnerships, themselves 
having to reflect sophisticated ecological interdependencies, with an understanding 
of how to identify the relevant knowledge (Lang and Rayner 2012). According to 
the nature of wicked systems, a single model framework will not fit each circum-
stance of application. However, the lack of a transparent framework to arrive at 
solutions may leave advocates for evidence based Policy seeing these situations as 
representing the misuse of evidence for strategic ends. Conversely, policy critiques 
may counter that policy decisions are fundamentally about competing values, in 
which a seemingly blind embrace of technical evidence attempts to depoliticize 
what are essential political decisions (Parkhurst 2016).

The health map (Barton and Grant 2006) model in Fig.  32.3 has made great 
headway in bridging silos between and within academia, policy and communities, 
and assisting a move towards the ecological public health approach.

The health map is a loose fit conceptual framework. It reflects Bentley’s (2014) 
four principles of urban ecological public health: conviviality, equity, sustainability 
and global responsibility. It also is resonant with Steiner’s (2014) four urban eco-
logical design and planning research areas:

 1. Application of ecosystem services
 2. Adaptation of settlements for natural disasters
 3. Ecological renewal of degraded urban places
 4. Ability of people to link knowledge to action to affect positive change
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It is already being used around the world to link evidence to proposals and to 
garner action across cross-sectoral collaborations.

32.5.3  Knowledge Flow

A key task will be to improve flows of knowledge in all directions. The emergence 
of knowledge translation (Liyanage et al. 2009; Peirson et al. 2013) has even begun 
to challenge some forms of evidence-based medicine:

Prior to the emergence of knowledge translation, approaches to knowledge transfer (such as 
evidence based medicine and research utilisation) placed limited value on research con-
ducted from certain theoretical and methodological perspectives, such as research utilising 
qualitative methods. Knowledge translation offers an exciting opportunity to bring knowl-

Fig. 32.3 The Health Map: The determinants of health in towns and cities. Source: Adapted from 
Barton, H. and Grant, M. (2006) developed from the model by Dahlgren and Whitehead (1991)
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edge from multiple methodologies and theoretical frameworks into the practice environ-
ment. (Baumbusch et al. 2008, p. 137)

Progress to date has been slow and patchy with regard to linking city develop-
ment to improved population health (Grant 2015). For better evidence translation 
and more appropriate research infrastructures, including training will be required in 
order to understand the needs of policy-makers and their timescales (Holmes et al. 
2016). At the same time, policy-makers and city leaders must have more access in 
influencing the research agenda. The research must be seen to add value, have 
salience and improve health by employing methods and approaches and asking 
questions that need addressing and not be driven by academics with different agen-
das and interests (Hunter and Shelina 2016). A difficult balancing act then.

This will require researchers to be both skilled scientists and capable participants 
in the world of policy and politics—a model of engaged scholarship (Hambleton 
2013)—and conversely for policy-makers to assume a reflective stance akin to the 
reflexive practitioner (Schön 1987).

32.6  Advocacy, Public Understanding and Resonance

Politicians need to find ways to communicate their understanding and their inten-
tions to the public, so that they can better realize what proposed changes, in say 
lifestyle, will mean to them personally and to their communities in the long term 
(Khreis et al. 2017). In addition to able to access a ‘good enough’ evidence base, a 
vital skill for those wanting to use good science for healthier cities is skilled advo-
cacy. Over time, the political landscape within which the initiative is implemented 
becomes increasingly important in determining the use of evidence (Wright et al. 
2007). Another way of putting this is to say that there needs to be a equal emphasis 
placed on the ‘receptors’ of knowledge (the decision-makers and the public) as on 
the ‘generators’ of knowledge (the scientific endeavour).

32.6.1  Shared and Collaborative Agendas

The ‘healthy city’ endeavour calls for a process that could be termed evidence- 
informed, not evidence-based, whereby opportunities are sought for synthesis 
between policy-makers and the different researcher fields. Prior engagement 
whereby policy-makers and researchers actively work together in framing the nature 
of the problem would support this (Campbell 2012). In this type of collaboration, 
researchers propose and coordinate methodologies, whereas the definition and anal-
ysis of research questions and dissemination of results are carried out jointly with 
non-academic representatives of society (Rosendahl et  al. 2015). Knowledge  
cogeneration has also been used as a term to capture a new settlement between sci-
ence, lay knowledge and practice. This has some similarity to Smith et al.’s (2000) 
maxim:
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• Ensure the development of an appropriate research evidence base
• Establish mechanisms to push the evidence out to policy-makers and 

practitioners
• Encourage a situation where there is a pull for evidence among policy-makers 

and practitioners

32.6.2  Action Research and Imaginative Action

What do we do where evidence is compelling but not complete? We can use the city 
laboratory to fill in the gaps. The public realm changes in Times Square, New York, 
are an example of ‘tactical urbanism’. Metropolitan authorities, who may role their 
eyes up at mention of randomized control trials, sometimes respond to case studies 
and examples as evidence; facts on the ground. This is useful in a context where the 
longevity of policy attention does not move beyond election cycles at best and the 
thematic cycles of news agenda at worst. Using the city as a living laboratory, with 
temporary changes, made permanent if they work, or removed if they don’t, is an 
action research approach. Politicians need to be shown the levers for population 
level mechanisms for public health within metropolitan regions in a demonstrable 
manner.

As Polanyi pointed out, science, like many other activities, relies on skilled 
judgement, the capacity for which is built up through experience (Polanyi 1959, 
1966). This will often involve apparently breaking the rules. If one tries to reduce 
science to the following of explicit procedures, one runs the risk of obstructing its 
progress (Hammersley 2002). Lovasi et al. (2016) draw our attention to a number of 
potential study designs and tools which could enhance our understanding of the 
impact of urban policy initiatives on mental and physical health. Commenting on 
place-based approaches to mental health, they posit that improving existing research 
strategies will require partnerships between those specialized in public health, those 
advancing new methods for place effects on health and those who seek to optimize 
the design of local environments (Lovasi et al. 2016). Yet methodological and con-
ceptual challenges remain a vexing concern. It may be time to expand the public 
health research toolbox through the application, with caution, thought and care, of 
novel methods to urban contexts (Schofield and Das-Munshi 2017). Let us construct 
teams where epidemiologists, urban tacticians and investors cocreate healthier 
places and new knowledge concurrently.

Bear in mind that for successful interventions, there can be multiple entry points, 
in several interconnected realms of action. To jolt the system, a single intervention 
may have multiple arms and be targeted at urban policy, built environment and 
transport, public realm management, planning processes, community activism and 
tactical urbanism and individual behavioural change. Let’s remember too that in 
designing an intervention, even with best evidence, what is most important will 
depend on which elements of the causal web can be manipulated most successfully; 
so we need also to be pragmatic (Rutter et al. 2017).
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32.6.3  Evolving Knowledge Leadership in the City

Within this melee of a messy, non-linear, multi-stakeholder system, strong city lead-
ership for health has been shown again and again to be essential (Tsouros 2013). 
When it comes to place-based leadership, this can come in many forms and from 
many places, not solely from city mayors (Hambleton 2015). In place-based gover-
nance for health, we need to recognise, and encourage also, business leadership, 
community leadership and professional leadership. For a whole population approach 
to health, city leadership or the lack of it, will trump a robust evidence base; both, 
however, are necessary but not sufficient.

As a joint endeavour, there is a need for policy-makers, city leaders and activists 
to all help evolve the broken evidence-intervention model. Jones and Seelig (2005) 
see the evolution in three stages. In the past we have an ‘engineering model’, 
whereby research attempts to solve policy problems by providing empirical evi-
dence. The orientation was technocratic and instrumental; this was shown to have 
limited efficacy. Currently we now often find the ‘enlightenment model’. Research 
is undertaken for the whole society in a spirit of detachment and scepticism, 
researchers remain detached from policy processes.

What we now need to co-generate is an ‘engagement model’. We need an ongo-
ing interactive relationship through networks and partnerships to address policy 
issues in a complex political environment (Jones and Seelig 2005). Maybe setting 
‘knowledge’ in context is part of wisdom? (Marshall and Godfrey 2006). So let’s 
brand our aim ‘to marry complex science in a complex system for social good’, as 
cogeneration of societal wisdom. And we certainly need more of that in our 
cities!
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Chapter 33
Using Conceptual Models to Shape 
Healthy Sustainable Cities

George Morris, Brigit Staatsen, and Nina van der Vliet

33.1  Introduction

Many features characterise a healthy urban environment in today’s world. A healthy 
city is self-evidently one where physical hazards are kept to a minimum but also 
where healthy and sustainable lifestyles are promoted and inhabitants are stimulated 
to become involved with the places they live. These and other criteria can only be 
fulfilled using an integrated approach that connects health goals with the protection 
of natural resources and ecosystems while stimulating multisectoral and 
 multidisciplinary collaboration.

In this chapter, we identify the urban environment as a key battleground in what 
is arguably the twenty-first century’s greatest public health challenge—the need for 
humanity to reflect in all its decisions and actions and the interconnection between 
humans and the natural processes and systems on which they rely for health, wellbe-
ing and, ultimately, survival. The term ‘ecological public health’ is increasingly used 
to encapsulate both this challenge and the required response. Recent international 
developments, notably the United Nations 2030 Agenda for Sustainable Development, 
offer a favourable policy platform and an unprecedented opportunity to pursue 
meaningful change in a coordinated way. While applauding the emergence of this 
improved policy context, no one should underestimate the complexity of a task that 
demands, among other things, a rethink of how we live, move and consume in our 
urban centres. Our purpose here is to briefly describe the urban environment and its 
challenges but, more especially, to promote the utility and importance of conceptual 
models as tools with which to think and guide the  dialogue among stakeholders to 
shape the urban policies for a healthier, more sustainable and more equal world.

G. Morris (*) 
European Centre for Environment and Human Health, University of Exeter, Exeter, UK 

B. Staatsen · N. van der Vliet 
National Institute for Public Health and the Environment, Bilthoven, The Netherlands
e-mail: brigit.staatsen@rivm.nl; nina.van.der.vliet@rivm.nl

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-74983-9_33&domain=pdf
mailto:brigit.staatsen@rivm.nl
mailto:nina.van.der.vliet@rivm.nl


684

33.2  Ecological Public Health

The recognition that health, wellbeing, disease and social patterning in these out-
comes are emergent products of a complex interaction of factors operating at the 
level of society with characteristics specific to the individual has been hugely influ-
ential across the field of public health for over 40 years.

What were typically described as ‘ecological’ or ‘socioecological’ perspectives 
in public health gained prominence in the 1970s, stimulated in large part by con-
cerns over the burgeoning and unsustainable costs of healthcare. Through their writ-
ings and schematic representations, proponents of a ‘new public health’ (see, e.g. 
Lalonde 1974; Evans and Stoddart 1990; Dahlgren and Whitehead 1991) elegantly 
expressed complexity in the determinants of health in a helpful and policy- relevant 
way. Among the benefits was a renewed policy focus on the wider structural deter-
minants of health and of health-relevant behaviours and an implicit challenge to 
public health to abandon intra- and interdisciplinary silos and reach out to other 
constituencies of policy and practice. Moreover, socioecological perspectives 
helped drive research which created a much richer understanding of the role of 
physical environment in health and wellbeing. Going beyond narrow compartmen-
talised and hazard-focused environmental concerns, the environment came, increas-
ingly, to be recognised as contributory in a wide variety of high-profile health and 
health-related outcomes. These included non-communicable diseases, mental health 
and wellbeing, health inequalities and, later, the obesity epidemic. Spurred in part 
by socioecological perspectives but also moral indignation over health inequity, sci-
entific research has gradually revealed the true importance of the environment for 
health and wellbeing in the modern era. An important finding is, for example, that 
high-quality environments, especially pleasant green and natural spaces, can pro-
mote better, more equal health (see, e.g. Hartig et al. 2014). There is also growing 
acceptance of a psychosocial dimension in the relationship between people and the 
physical context in which they live which contributes to mental and physical well-
being (Gee and Payne-Sturges 2004).

Despite describing significant complexity in the determinants of health, wellbe-
ing and equity, much of the rhetoric and many of the schematics initially proposed 
to support the ‘ecological’ perspectives of the late twentieth century (Evans and 
Stoddart 1990; Dahlgren and Whitehead 1991) now appear deficient in one very 
significant respect. Specifically, they seem to disregard or downplay the dynamic 
interaction and interdependence between human beings and the natural environment 
and the fact that human health and wellbeing is a product of this interdependence 
(Coutts et al. 2014; Morris et al. 2015). Fortunately, as the twenty-first century has 
progressed, references to the ecological perspectives and the concept of ‘ecological 
public health’ permeating the literature reflect not only human social  complexity in 
the determinants of health but also the interconnectedness of humans with their nat-
ural environment. ‘Ecological public health’, as it is now construed, recognises the 
absurdity of any model that regards human beings, their social and economic activi-
ties and their health and wellbeing as somehow separate and distinct from natural 
systems. Indeed, there is a growing acceptance, given the damage now being wrought 
on planetary processes and systems by human activity that it may well be impossible 

G. Morris et al.



685

to deliver health and wellbeing, healthcare or equity in any of these areas in the 
medium to long term without thinking in a much more focused way about the envi-
ronment (Rayner and Lang 2012; Morris et al. 2015; Morris and Saunders 2017).

For most of the last 10,000 years, the Earth’s systems and processes have been 
essentially stable, presenting conditions favourable to human health and develop-
ment, and, despite gross inequity in their distribution, abundant resources have also 
been available to support human life. However, over the space of less than two cen-
turies, humans have moved to become the principal drivers of change at planetary 
level. The grave implications for humanity are cogently expressed in the concept of 
‘planetary boundaries’. Refining earlier work (Rockström et al. 2009), Steffen and 
colleagues proposed nine specific limits or ‘planetary boundaries’ relating to the 
biophysical subsystems and processes which ensure the Earth’s habitability for 
humans (Steffen et al. 2015). Yet, already by 2015, four of these limits—those relat-
ing to the addition of phosphorus and nitrogen to crops and ecosystems, biodiver-
sity, land use changes (including deforestation) and, arguably most alarmingly, 
climate change—had all been breached and, with them, what the authors termed a 
‘safe operating space for humanity’. The risks are amplified by the likelihood that 
the systems, which are in various ways connected, may now respond unpredictably 
and in a non-linear fashion. Citing this and the outcomes of similar research, the 
World Health Organisation is just one among a host of commentators now empha-
sising that a ‘business as usual’ approach is no longer a viable option to secure 
health and wellbeing and to improve equity (see, e.g.  WHO 2017,  Morris and 
Saunders, 2017; Rayner and Lang 2012). In an insightful commentary, Rayner and 
Lang (2012) have argued that ecological public health is the twenty-first century’s 
unavoidable task. While different terminology may be used across the public health 
literature to encapsulate the threat, there is broad agreement concerning the need, 
henceforth, to build population health on ecological principles and around the huge 
scale of the challenge. The fact that wherever we live in the world, our health will in 
future be profoundly influenced by the changes to planetary processes and systems, 
which we as individuals influence confers a distinctly global dimension to everyday 
public health practice in the twenty-first century. Nonetheless, an important front-
line in the battle is likely to remain the towns, cities and rural locations in which we 
move, consume and live out our daily lives. Working in partnership, policymakers, 
public agencies, the private sector and indeed citizens themselves carry responsibil-
ity for identifying and delivering the policies and actions necessary for a healthy, 
equitable and sustainable future. Here, we argue that relatively simple conceptual 
models of health and its determinants already exist which have capacity to guide 
these policies and actions at national and subnational level.

33.3  Policy Platform

Healthy and sustainable urban development has been included as a key objective in 
various recent international agreements such as UN 2030 Agenda for Sustainable 
Development, the New UN Urban Agenda and the EU Urban Agenda.
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The UN 2030 Agenda for Sustainable Development with its Sustainable 
Development Goals (SDGs) might be regarded as the political embodiment, not 
only of the quest for global sustainability and equity but also modern ecological 
thought in public health. The SDGs and in particular SDG11 ‘Make cities inclusive, 
safe, resilient and sustainable’, can be seen as an overarching framework for policy 
to improve the environment and health in cities (UN 2015). SDG11, however, is not 
the only SDG with an urban dimension. The 17 SDGs and 169 related indicators 
aim to eradicate poverty and inequality, create inclusive economic growth, preserve 
the planet and improve population health. Many have an environmental and health 
dimension that, as well as addressing climate change, holds potential for significant 
public health improvements particularly in cities (WHO 2017; Carmichael et  al. 
2017; Pruss Ustun et al. 2016).

Drawing on ideas and developments from the Dutch context, Agenda Stad 
(2016), and championed by the Netherlands during its European Union presidency, 
the 2016 EU Urban Agenda European Commission (2015) also recognises both 
the challenge and opportunity present in the urban context. It aims to strengthen the 
urban dimension of European policies, to create better regulations and promote 
knowledge exchange. The EU Agenda focuses on sectors relevant to environment, 
health and equity, with pilot partnerships established to address four of these 
themes—air quality, housing, inclusion of migrants and refugees and urban  
poverty—over the next 2–3 years (Urban Agenda for the EU 2015). Importantly, it 
promotes vertical and horizontal coordination of policies, impact assessment, and 
knowledge exchange. A major objective is to contribute to SDG11.

A further component of the international policy platform is represented by the 
New Urban Agenda (NUA). This was adopted by the UN Habitat III Conference in 
2016 and emphasises the key role of cities in the pursuit of sustainable develop-
ment. The NUA reiterates the commitment to interlink social, environmental and 
economic principles and to rethink how we build, manage and live in the urban 
context. Of particular relevance to the theme of this chapter and its emphasis on 
tools to think with at a local level, the NUA recognises that national governments 
are leaders in the definition and implementation of inclusive and effective urban 
policies. The contribution of subnational and local government, civil society and 
other relevant stakeholders is no less important in order to achieve satisfactory out-
comes (United Nations 2016).

33.4  Why Is the Urban Environment So Central 
to Ecological Public Health?

The process of urbanisation is seemingly unremitting and most of the World’s popu-
lation already lives in cities. In Europe, for example, from 1950 to 2011, the per-
centage of the population living in urban areas increased from 51% to 73%, and this 
has been predicted to reach 83% in 2050 (EEA 2015). However, the importance of 
urbanisation for health wellbeing and the future of humanity is founded on much 
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more than numbers and scale. How cities are planned and managed can profoundly 
affect citizen health and wellbeing, both directly and indirectly.

Self-evidently, cities can provide access to services—such as energy, water, 
housing, green spaces, transport and climate protection. They can also be the source 
of multiple economic and social benefits, which enhance the mental and physical 
wellbeing of those who live there.

In contrast, badly planned, poorly managed and ill-regulated cities expose citi-
zens to threats from air pollution, noise, waste and vehicle-related hazards. Cities 
can produce social isolation and shape the life choices of their citizens in ways 
which can be damaging to their health and wellbeing—perhaps promoting or sus-
taining unhealthy and sedentary lifestyles implicated in a global epidemic of non- 
communicable diseases and obesity (Carmichael et al. 2017; Staatsen et al. 2017).

Health inequalities by many measures are all too evident between and within 
countries, and it is often the urban context that throws up the most striking examples 
of poor health and health inequity. Differences in the quality, availability and main-
tenance of urban infrastructures and services (such as housing, water and sanitation, 
the work environment, transport systems, green infrastructure and food shops) fre-
quently manifest in health inequity in many countries. Some of the poorest life cir-
cumstances are endured by the urban poor (FRESH 2015a; Carmichael et al. 2017).

For these and other reasons, the urban context must remain a key focus for public 
health activity (WHO  2017). However, it is the recognition that cities are also a key 
battleground in the pursuit of global sustainability that catapults them to the fore-
front of the modern public health challenge.

Put simply, through influencing and managing change to how people live, move 
and consume,  cities can offer among the best health-promoting and sustainable 
opportunities. For example, a shift from motorised transport to active transport (pro-
viding enough safe biking and walking routes as well as public transport) provides 
health and wellbeing benefits. Promoting active transport and clean fuel use will 
lead to a reduction of greenhouse gas emissions.

Scientific evidence is growing on the important role played by urban green and 
blue spaces in delivering considerable health and wellbeing benefits, promoting bio-
diversity as well as protecting from the impacts of climate change (heavy rainfall, 
temperature increases). Urban gardening can contribute to more sustainable and 
healthy food consumption. Improvement of housing quality and use of renewable 
energy sources may reduce fuel poverty and respiratory complaints, as well as miti-
gate climate change.

Urban planning decisions play an important role in protecting and promoting the 
health and wellbeing of its residents, as well as enhancing urban ecosystems. 
Figure 33.1 offers an interesting typology for modern cities. It describes for exam-
ple features of a ‘clean’ city, ‘green’ city or a ‘social city’. In a ‘clean’ city, the focus 
is on the protection against classic environmental risk and the provision of basic 
services. In a ‘green ‘or ‘physically active’ city, the focus is on the health promoting 
features of a city. This model has been developed by a consortium of Dutch archi-
tects and health professionals and is used in dialogues with stakeholders to help 
determine ambitions and focus (Platform Healthy Design 2013).
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It is abundantly clear that the urban environment represents an extremely 
dynamic context for public health activity. Those in positions of responsibility in 
cities must anticipate and respond in a timely fashion to an evolving situation. 
Demographic changes are creating a rapidly ageing population, many with pre- 
existing illness and enhanced vulnerability. A changing climate may fundamentally 
alter the physical context of urban life in ways that are important for health, wellbe-
ing and equity. Together, these and other developments significantly challenge  
policymakers and demand a detailed understanding of the forces that act to shape 
the physical and social environment in cities and how citizens interface with them. 
Conceptual models have potential to enable policy and other decision-makers to 
navigate in complex and changing circumstances to identify effective policies.

33.5  Conceptual Models in Public Health

Driven by advances in science and technology, but also by wider societal changes 
over two centuries, there has been a clear evolution in ideas about the determinants 
of health and disease. Shifts in what are sometimes called ‘health paradigms’ have 
delineated different eras in public health and enabled useful configuring frame-
works within which to pursue better, more equitable population health (Susser and 
Susser 1996).

Fig. 33.1 Ten typologies of cities (Source: Platform Healthy Design 2013)
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In 1974, a Canadian government white paper, ‘A New Perspective on the Health 
of Canadians’, was launched in response to concerns over potentially bankrupting 
healthcare costs in that country (Lalonde 1974). In seeking a more inclusive and 
preventative approach to tackling the burden of disease, the white paper argued that 
any health problem could be traced to one or more of four elements, termed ‘health 
fields’. These were lifestyle, human biology, environment (physical and social) and 
healthcare organisation. This more inclusive and preventive perspective made 
explicit the many different constituencies of policy and practice that influence health 
outcomes. Despite its specific Canadian focus, the white paper had international 
impact, driving the socioecological perspectives that would come to dominate the 
public health rhetoric in Western society. However, the white paper might also be 
seen as important in nurturing interest in conceptual modelling in public health. 
Specifically, the ‘health fields’ offered a tool for the analysis of health problems and 
allowed the significance and interaction of various influences to be explored in a 
policy-relevant way. The capacity to generate ‘maps of the health territory’ for dif-
ferent issues was emphasised although the white paper was not intended to present 
actual evidence. Rather, its aim was to present an approach which could elucidate 
causal pathways (Lalonde 1974; Morris et al. 2006).

In hindsight, it seems counterintuitive that the Canadian white paper did not 
go as far as to present a schematic or visual representation of the four health 
fields, yet what was described was, by any interpretation, a ‘conceptual model of 
health’. It was to become a creating precedent for much that would follow. 
Emerging somewhat later, the iconic ‘Social Model of Health’ (Dahlgren and 
Whitehead 1991) (see Fig. 33.2) and Socioecological Model of Health (Evans 
and Stoddart 1990) (see Fig. 33.3) added depth and breadth to the socioecologi-

Fig. 33.2 The Social Model of Health. Source: Dahlgren and Whitehead (1991)
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cal perspectives of Lalonde and further developed the idea of conceptual models 
as tools for analysis in public health policy and action. Citing the white paper as 
direct precedent, in 1990, Evans and Stoddart presented their ‘Socioecological 
Model of Health’ as a framework for the assembly of evidence ‘in a way that 
would make its implications more apparent’ and added rather insightfully that 
‘there is much more to policy than evidence’ (Morris et al. 2006).

Although it has its own distinct origins and trajectory, the development of con-
ceptual modelling in environmental health policy, right up until the present day, is 
unquestionably influenced by these earlier attempts to model the determinants of 
health.

33.6  Conceptual Models in Environmental Health

For much of the post-World War II period in public health, the operational challenge 
around environment was invariably presented as one of identifying, monitoring and 
controlling a limited set of toxic or infectious agents in environmental carriers such 
as food, air, water and soil (Morris and Saunders 2017). Expressed conceptually, the 
challenge was about how policy and action might impact beneficially on a lin-
ear causal pathway leading from hazardous environmental state(s) to group or indi-
vidual environmental exposure, and on to a (usually negative) health effect. This 
might be seen as a ‘State Exposure-Effect’ sequence. From a policy perspective, this 
representation has proved useful but is also limiting, not least in its failure to repre-
sent the (frequently anthropogenic) driving forces that, in turn, create the pressures 
which act upon and modify the environmental state: a ‘Driver-Pressure-State’ 
sequence.

Fig. 33.3 The Socioecological Model of Health. Source: Evans and Stoddart (1990)
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33.6.1  The DPSEEA Model and Its Derivatives

Although their initial purpose was to create an organising framework for the 
development and use of environmental health indicators, the importance for pol-
icy of integrating ‘Driver-Pressure-State’ with ‘State-Exposure-Effect’ sequences 
to create a single full chain approach was first articulated by Kjellstrom and 
Corvalan (1995) and Briggs et  al. (1996). These co-workers subsequently pre-
sented a simplified version of their Drivers-Pressures-State-Exposure-Effect-
Actions model as a configuring framework for decision-making in environmental 
health (Corvalán et al. 2000).

The DPSEEA model offered, for the first time, a much more integrated and  
policy-relevant conceptualisation of the relationship among human activity, the 
physical environment and health. Unsurprisingly perhaps, the DPSEEA model has 
formed the basis for development of a family of conceptual models now finding 
application in the field of environmental health (Fig. 33.4).

33.6.2  The ‘Modified DPSEEA Model’

In 2006, Morris and colleagues developed a modified version of the DPSEEA model 
(Morris et al. 2006); see Fig. 33.5. The modified or mDPSEEA model was devel-
oped as the configuring framework for a new policy approach to environment and 
health in Scotland. The policy ‘Good Places Better Health’ (Scottish Government 
2008, 2012) was intended to embody socioecological perspectives, taking environ-
mental health activity beyond narrow, compartmentalised and hazard-focused roots, 
exploring the contribution of environment, in combination with other societal influ-
ences and characteristics of the individual in promoting and perpetuating health.

Experience
POLICY

and 
ACTION

Drivers

Pressures

State (of the Environment)

Exposure

Effect (on Health)

The DPSEEA Model

Fig. 33.4 The DPSEEA model. Source: Adapted and simplified from Corvalán et al. (2000)
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In this way, it was hoped to identify and address more effectively the environ-
mental contribution to complex health challenges such as obesity, diminished men-
tal health and wellbeing and inequalities in health by a variety of measures. 
Moreover, the policy sought to reflect a much richer interpretation of the role of 
environment by recognising the potential of high-quality environments to nurture 
better, more equal health and wellbeing. The mDPSEEA model differs from the 
original DPSEEA model (Corvalán et al. 2000) by incorporating a ‘contextual bub-
ble’ indicating that whether an environmental state (positive or negative) translates 
into an exposure for an individual is, in every case, critically influenced by a set of 
interacting contextual factors. These might include demographic, socioeconomic 
and behavioural influences. In addition, whether an exposure translates into a nega-
tive or positive health effect for the individual is influenced by a further set of con-
textual influences, such as age, gender, pre-existing health status or even the 
presence of other environmental stressors.

From a policy perspective, it is important to note that existing and proposed 
interventions (actions) can be directed towards the DPSEEA chain itself and towards 
elements of the context. A key finding of the prototype phase of Good Places Better 
Health was that conceptual models like mDPSEEA, when applied to specific issues, 
can be a means to configure different categories of evidence, a framework for data 
collection, a vehicle for identifying gaps in knowledge (generating a research 
agenda) and a tool for policy analysis. Furthermore, the process and product of 
populating the model for a specific issue or problem is highly effective in engaging 
the multiple and diverse stakeholders whose inputs or omissions may be critical 

Fig. 33.5 The modified DPSEEA model. Source: Morris et al. (2006)
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influence on health outcomes. Perhaps the most useful overarching outcome was the 
affirmation of the observation by McIntosh et al. (2007) that conceptual models can 
be useful ‘tools to think with’.

This was especially evident through the use of the mDPSEEA model as an issue 
framing tool in facilitated stakeholder workshops in Scotland.

33.6.3  The ‘Ecosystem-Enriched’ (eDPSEEA) Model

Cities can usefully be viewed as urban metabolisms and complex systems of flow 
management and the result of resource allocation, distribution and deployment 
through time. Conceptual models have a role in explaining the synergies which 
occur in cities between the environment, human activity and human health, making 
more explicit  the connections among society, the economy, the environment and 
health and wellbeing and highlighting the importance of biodiversity in both human 
and planetary health (Carmichael et al. 2017). Reis et al. (2015) further developed 
the mDPSEEA model to produce the ecosystem (e)-enriched model, or ‘eDPSEEA 
model’. In Fig. 33.6, we present an expanded version of the eDPSEEA model as 
originally conceived. This reveals its component elements in greater detail. As with 
mDPSEEA, the model is conceived as a tool to think with in a policy context, but 

Fig. 33.6 The ecosystem-enriched or eDPSEEA model. Source: Reis et al. (2015)
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critically one which recognises that human impacts on global processes and systems 
are now damaging health, wellbeing and equality within and between communities. 
The model allows the environmental threat to health and wellbeing to be modelled 
on the vastly extended temporal and spatial scale necessary if mankind is to build 
health and wellbeing henceforth on ecological principles. Expressed in another way, 
it is a tool with which to operationalise the concept of ecological public health 
described in the introduction of this chapter.

The ‘ecosystem-enriched DPSEEA model’ continues to capture the dimen-
sions of the environment and health relationship represented by the mDPSEEA 
model where driving forces create pressures which change health-relevant char-
acteristics of environmental state near, or ‘proximal’ to, a community. However, 
eDPSEEA also represents another pathway from driving forces to the health and 
wellbeing of that community. This so-called ‘distal’ pathway from driving forces 
to health and wellbeing effects is concerned with damage to global systems, pro-
cesses and the consequent changes to environmental state in places remote from 
the community whose activities generate the harm (Morris et al. 2015). Phenomena 
such as environmentally driven mass migration or food insecurity mean that any 
sense of remoteness from the impacts we cause is likely to prove illusory. The 
eDPSEEA model draws on the insights of the Millennium Ecosystem Assessment 
(2005) to link ecosystem damage to human health and wellbeing through consid-
ering its impact on ecosystem services. Ecosystem services are the benefits human 
beings receive from the natural environment and are expressed in terms of provi-
sioning services (food, fuel, fibre, etc.), regulating services (waste treatment, cli-
mate regulation, etc.) and cultural services (the non-material benefits such as 
tourism or inspiration) all of which are underpinned by supporting services such 
as soil processes, photosynthesis, etc. When ecosystem services are interupted, 
human wellbeing can be undermined in five distinct ways. These are the  
(a) denial of material goods (so-called material minima), (b) disruption of social 
relationships, (c) diminished security, (d) reduced freedom of choice and (e) 
direct damage to mental and physical health (Millennium Ecosystem Assessment 
2005).

While it is entirely distinct in its origins from the DPSEEA family of models, 
another useful inclusion within a toolkit of models to aid policy and practice in the 
urban context is the Egan model (see Fig. 33.7). A product of the ‘Egan Review’ of 
2004, it encapsulates the notion that sustainable communities should address the 
diverse needs of current and future residents and their children by offering a choice: 
communities should make effective use of natural resources, enhance and embrace 
the environment, strengthen social cohesion and increase the economic outlook of 
communities and the residents.
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33.6.4  The Ecosystem-Enriched, Behaviourally Enhanced 
DPSEEA or ‘INHERIT Model’

At the time of writing, the INHERIT model (Staatsen et al. 2017) (see Fig. 33.8) 
represents the most recent addition in the development of DPSEEA models. 
Ostensibly quite different in appearance, the model shares key common elements 
with the eDPSEEA model (most notably in representing two pathways from multi-
ple interacting drivers to health and wellbeing outcomes).1 The INHERIT model 
serves to support the development of the Horizon 2020-funded INHERIT project 
(www.inherit.eu/) which seeks to identify effective intersectoral policies and inter-
ventions that promote sustainable and healthy lifestyles and behaviour in the areas 
of living, moving and consuming.

The INHERIT model emphasises that behaviour should be taken into account 
when developing and choosing policies and interventions to improve people’s health 

1 Whereas the distal and proximal pathways were on both sides of the policy and action box in the 
eDPSEEA model, the INHERIT model, as expanded from the eDPSEEA model, shows both path-
ways on the right side of the model.

Fig. 33.7 The Egan model (Source: Egan 2004)
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Fig. 33.8 The behaviourally enhanced, ecosystem-enriched DPSEEA model, or INHERIT model 
(Staatsen et al. 2017)
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and environmental sustainability and reduce inequalities and health inequities and 
thereby achieve a ‘triple win’. Accordingly, the first significant difference from 
other members of the ‘DPSEEA family’ is the integration of the Behavioural 
Change Wheel (BCW). The BCW (Michie et al. 2011) is a theory and evidence- 
based tool with which interventions and policies can be selected/developed that 
change behaviour. The core of the wheel consists of three behavioural components: 
COM-B, capability (to be physically or psychologically capable of performing cer-
tain behaviour), opportunity (all factors outside individual that can make a certain 
behaviour possible or not) and motivation (brain processes that direct behaviour, 
such as conscious decision-making, but also habits). These components interact and 
together influence behaviour. Different intervention functions (e.g. restriction or 
education) can influence (one or more) different behavioural components. These 
interventions can be enabled by different types of policy (such as legislation). 
Another essential difference with previous versions of the DPSEEA model is that, 
throughout the model, magnifying glasses are used to represent behavioural 
hotspots: parts of the causal process that are heavily influenced by human behaviour 
and thus important parts towards which actions may be directed.

A further feature of the INHERIT model lies in its attention to the issue of 
inequalities. These are represented throughout the model to emphasise that driving 
forces, pressures and the resultant environmental state will all differ significantly 
according to location, creating and sustaining inequalities between individuals and 
different communities. Expressed in another way, driving forces exist in many com-
binations and do not create the same pressures for everyone: some populations are 
affected more than others. Using the example of the food environment in disadvan-
taged neighbourhood, often a proliferation of fast food outlets varies significantly 
creating more obesogenic environments for disadvantaged populations. Behaviour 
is one of the elements in the equation leading to these differences, as people may 
have different motivations and capabilities that lead them to perform different 
(health-related) behaviours and interact differently with their environments.

As in the eDPSEEA model (see Fig. 33.6), the INHERIT model shows both a 
proximal pathway and a distal pathway, the latter demonstrating a Driver- 
Pressure- Ecosystem Services-Health impacts sequence. This takes account of 
the fact that multiple interacting and predominantly anthropogenic driving forces 
which exist today are creating pressures which are impacting Western European 
populations in the here and now but also future and distant populations. Most 
obviously, the impacts of global warming, with extreme weather events damag-
ing crops, reducing food supplies, seriously affect health and wellbeing in other 
parts of the world.
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33.7  Applying Conceptual Models to Urban Environmental 
Health Challenges

To illustrate the effectiveness of conceptual models in an urban context and to iden-
tify those actions that will address the environment, health and equity challenges in 
cities in an effective way, we describe the use of the ecosystem-enriched model in a 
pilot exercise.

In 2015 a workshop was organised with experts from the network of the European 
Environmental Agency (EEA). The primary purpose of the workshop was to pro-
vide participants with an insight into how the conceptual models might be ‘popu-
lated’ and used for a dialogue with policymakers, scientists, city planners and 
citizens. The topics selected for further discussion were healthy transport, healthy 
housing and climate. Using discussion methods like ‘knowledge-café’ and ‘brain-
writing’, the conceptual framework was discussed, relevant indicators and future 
challenges and barriers were identified, as well as options for actions.

While presented here as a proof of concept rather than a comprehensive analysis, 
Fig. 33.9 illustrates the application of the eDPSEEA model in the case of urban 
transport. It shows how identical drivers such as (lack of) investments in public 
transport and infrastructure, urban and transport planning, cultural norms and indi-
vidual preference (the demand for convenience, speed and comfort) influence health 
through direct pathways (proximal, near in space and time) and more indirectly 
through land use and ecosystem impacts (distal route).

Drivers put pressure on the proximal urban environment (state) by influencing 
land use, the availability of (green) space, walking or cycling networks and traffic 
density. As a result, individuals may be subjected to air pollution, more noise and 
higher temperatures or have (negative or positive) experiences in relation to exercis-
ing or leisure, depending on the availability of cycling networks and parks. The way 
these changes to the proximal environment in cities affect individual or community 
health and wellbeing is however dependent on interacting contextual factors such as 
their stage of life and socioeconomic circumstances. Air pollutants from motorised 
transport may also have an effect on climate change. Although, for European cities, 
these changes may appear distal in that they appear to be happening elsewhere or 
seem to be a concern for future generations, they are of course real and ‘proximal’ 
threats to the people in the places affected. Moreover, in a world connected eco-
nomically, socially and environmentally, Europeans are never isolated from the 
environmental, social and health changes occurring now and later elsewhere in the 
world (Staatsen et al. 2017; FRESH Consortium 2014a, b; Carmichael et al. 2017).

The eDPSEEA conceptual framework, and especially the process of populating 
the model for an issue in multiple stakeholder groups, helps frame the issue and 
identify (often hidden) associations, as well as co-benefits and unintended side con-
sequences. Many policies in the field of neighbourhood planning, housing and 
transport offer co-benefits. For example, policies that promote cycling benefit health 
and wellbeing in a variety of ways while potentially reducing greenhouse gas emis-
sions. However, other policies intended to produce benefits to environment, health 

G. Morris et al.
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and wellbeing may have unintended consequences which are damaging to health. 
For example, measures which have encouraged the widespread use of diesel cars 
with the intention of reducing CO2 emissions have added to background concentra-
tions of particulates which are damaging to respiratory and cardiovascular health.

The eDPSEEA conceptual framework also offers a structured approach to iden-
tify useful indicators for evaluating and monitoring the impact of policies on the 
environment, health and wellbeing. The correct indicators, presented in a relational 
way, are central to understanding problems and measuring progress in addressing 
proximal and distal impacts (Fig. 33.10). Thus, models like eDPSEEA can offer a 
useful configuring framework around which to build an information system.

In many cities, there are experiments involving the promotion of active mobility, 
electric driving, free public transport or banning private cars from city centres. 
Information is not always available for these experiments, and there is a need to 
improve the evaluation and exchange of such information. For example, the evi-
dence base for stimulating people to shift from car use to active transport is based 
mostly on cross-sectional studies. There is a lack of long-term measurements 
addressing the proximal and distal impacts of a modal shift (Staatsen et al. 2017). 
The development and application of a common set of indicators to evaluate this type 
of intervention (such as those which have been developed in FRESH and are being 
developed in INHERIT), would be extremely useful.

An analysis of Sustainable Urban Mobility Plans (SUMP) shows a wide varia-
tion in the way climate change and equity are addressed in cities (Arsenio et al. 
2016  in Staatsen et  al. 2017). The elaborated INHERIT model holds promise as 
vehicle for raising awareness of equity issues in transport and critically the role of 
human behaviour in influencing outcomes.

Also of direct relevance to the urban context, the eDPSEEA model has also been 
applied to the domain of housing (see Fig. 33.11). Housing construction, mainte-
nance, the location and occupation of houses and access to services have an impact 
on the health and wellbeing of the occupants (Braubach et al. 2011). Important driv-
ers in the area of healthy housing include population density, age profile, economy/
income (increasing socioeconomic inequalities), lifestyles, spatial planning and 
policies regarding housing materials and construction standards, consumer products 
and energy saving. There is a variety of indoor chemicals (VOCs, CO, NO2, tobacco 
smoke, asbestos), microbiological (mould, dust) and physical agents in houses and 
building blocks associated with a range of health impacts (i.e. respiratory and car-
diovascular diseases). The populated model also shows that policies to secure 
energy efficiency might reduce ventilation rates and by extension GHG emissions. 
However, these very same policies might profoundly reduce indoor air quality to the 
detriment of occupant health and wellbeing. The potential for conflict between 
housing policies motivated by energy conservation or other building-related con-
cerns and environmental health should be considered at an early stage of planning 
in order to minimise negative health impacts. Large social inequalities in housing 
between and within EU member states are also evident (FRESH 2015a; Staatsen 
et al. 2017).
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Effective design and governance of healthy and sustainable cities relies on the 
awareness of these complex interactions, feedback loops and the trade-offs involved. 
This can be achieved, by securing more stakeholder involvement, to inform cross- 
cutting analysis and synthesis and to reflect on implications.

The integrated conceptual models described above imply that urban and trans-
port planners and architects need to work together with environmental scientists, 
public health specialists, local communities and those from many other disciplines 
to make sense of the complexities of the urban metabolism and inform  policymakers 
about actions to regulate human activities, encourage changes in behaviour and pro-
mote equity (Carmichael et al. 2017, p. 51; Staatsen et al. 2017).

33.8  Discussion and Conclusions

In this chapter, we have presented a number of different conceptual models. The 
very existence of so many models implies that many researchers and policymakers 
find them useful in understanding the complex interacting factors that shape our 
world and our health. However, those creating the models we have illustrated would 
readily subscribe to the maxim that ‘all models are wrong but some are useful’ (Box 
1979).

The Dahlgren and Whitehead and Evans and Stoddart models (see Figs. 33.2 and 
33.3) each offer representations of the relationship between societal and individual 
factors in creating and destroying health and wellbeing. We highlighted a limitation 
common to each of these models in that both fail to fully represent the interdepen-
dence of human health and that of natural systems and processes. However, it would 
be remiss not to recognise the seminal influence of both models in challenging 
siloed thinking and work practices in public health. In particular, the models were 
and remain very valuable tools for analysing the socially complex ‘proximal’ con-
text, which many policymakers and practitioners encounter in the here and now.

Coming a little later, and following something of a societal awakening around 
the threat to the natural systems on which we rely, the Egan Model is particularly 
effective in illustrating the many dimensions of a sustainable community and has 
clear application as a tool for community engagement in pursuing that aspiration.

We have presented above the evolution of the ‘DPSEEA family of models’ 
(DPSEEA, mDPSEEA, eDPSEEA and INHERIT) each of which places the rela-
tionship between physical environment and health at its core. It would be a mistake 
to assume however that each subsequent iteration of the model represents a progres-
sion towards a more sophisticated and, by implication, ‘better’ understanding. It is 
true that with each iterations add further dimensions and increased scope are added. 
Yet it is important to note that each form of the model was developed to serve a 
particular purpose and earlier versions are not necessarily superseded or rendered 
obsolete by those developed later. All are useful inclusions within a toolkit of con-
ceptual models that can be deployed by policymakers and practitioners when seek-
ing to engage with others and to produce beneficial change.

33 Using Conceptual Models to Shape Healthy Sustainable Cities
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The product and process of populating models for different issues has proved 
useful for engaging multiple stakeholders: providing an understanding of the contri-
bution of others and communicating messages to a wider constituency. Models have 
great potential as configuring frameworks for information systems and for high-
lighting in gaps whether in knowledge, information or policy. At their simplest, 
conceptual models are ‘tools to think with’ in an increasingly complex world and 
can be applied at differing scales from the international to the very local.

We are attracted by the idea that a conceptual model is analogous to a camera. 
The user initially has a number of cameras from which to choose. Having chosen, 
he or she may then adjust the focus, zoom in or out (scale), make a film (time) and 
think about different perspectives (Schram-Bijkerk et al. 2016). A user can focus on 
health (and use, e.g. Dahlgren and Whitehead’s model (1991)) and sustainability 
(the Egan model, life cycle analysis, etc.) or opt for an integrated approach and use 
the eDPSEEA or INHERIT model described above.

In this chapter, our focus has been on the application of conceptual models in the 
cities of the twenty-first century. Our justification is simple. Wherever we live in the 
world, our health and wellbeing, our pursuit of equity and our future as individuals 
and as a species are inextricably bound up with the natural environment. This is both 
the message and the challenge of ecological public health. It is a global challenge 
which demands insightful public health thinking on a markedly extended temporal 
and spatial scale. However, arguably the most important frontline in the battle to 
achieve the triple win of health and wellbeing, equity and sustainability remains, as 
it has so often been throughout history the urban environment. Cities are the theatres 
where society can make the greatest progress in meeting the ecological public health 
challenge and where risks that attend failure will be felt most acutely. Impacts on 
city level depend on and interact with processes and impacts on neighbourhood, 
district and national scale, which is difficult to capture in one-dimensional models. 
The aspect of time is also important to consider. We need integrated models like the 
eDPSEEA and INHERIT model that help us selecting those actions that are healthy 
and sustainable in the future, as well as inclusive.

If we are to begin to identify and gain support for the actions which simultane-
ously protect both ecosystems and human health and wellbeing, in ways which are 
socially inclusive, sustainable and equitable, globally and across multiple genera-
tions, we need tools to work with.
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Agenda: A Summary and Final 
Conclusions

Mark Nieuwenhuijsen and Haneen Khreis

What is clear is that there are links between urban planning and land use, transport 
planning and behaviour and environmental exposures and morbidity and premature 
mortality and that many improvements to urban and transport planning exist. These 
improvements could reduce morbidity and premature mortality in cities, but are not 
implemented for various reasons.

34.1  Introduction

This book has brought together people from different sectors and disciplines includ-
ing urban and transport planning, environment, public health and social sciences to 
document how urban and transport planning and environmental exposures affect 
health and what solutions can create cities where citizens are less adversely affected 
by urban and transport planning practices and related exposures. Although the lan-
guage and terminology used at times differ substantially, the main messages that 
come across are that improvements in urban and transport planning are essential and 
possible to improve public health.

What is clear is that there are links between urban planning and land use, trans-
port planning and behaviour and environmental exposures and morbidity and pre-
mature mortality and that many improvements to urban and transport planning exist 
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that could reduce morbidity and premature mortality in cities, but are not imple-
mented for a large variety of reason.

34.2  A Summary

34.2.1  The Current State of Affairs

In this book, Giles-Corti et al. (2018) described the influence of city planning on 
transport mode choice, access to open space, walkability and other characteristics of 
the built environment on chronic diseases and their risk factors—particularly physi-
cal activity through walking—and on environmental sustainability. They mentioned 
that numerous systematic reviews of (mainly) cross-sectional evidence have con-
firmed earlier reviews that physical activity—principally walking for transport—is 
associated with three main built-environment features, higher residential density, 
mixed land use or access to local destinations required for daily living and con-
nected street networks (either measured individually or combined into a composite 
‘walkability’ index), but that there is a complex relationship between these variables 
(Giles-Corti et al. 2018). For example, density alone is unlikely to encourage physi-
cal activity. Higher-density development with few local destinations or little public 
transport—as is now being built in some cities—is simply high-rise sprawl and 
continues to foster motor-vehicle dependency and traffic congestion. Rather, the 
relationship between higher-density development and walking is apparent because 
density is generally a proxy for other environmental characteristics (including 
demographics; car ownership; access to local destinations, employment, shops and 
services; frequent public transport; connected street networks that make destina-
tions more proximate) that directly influence choice of transport mode and hence 
levels of physical activity (Giles-Corti et al. 2018).

Findings are similar to a recent systematic review of 18 studies that found that 
residential density, safety from traffic, recreation facilities, street connectivity and 
high-walkable environment were associated with physical activity (Malambo et al. 
2018) and a review by Wang et al. (2016) that described a whole range of built envi-
ronment and other measures that promote walking and cycling including the avail-
ability and suitability of design of facilities; reducing individuals’ opportunities to 
undertake activities that can substitute walking and cycling activities; shortening the 
distance; increasing accessibility; improving personal security; improving personal 
safety; improving transport safety; reducing fear of injury, accident and dog attack; 
improving aesthetics appearance, natural sceneries and environmental quality; and 
increasing comfort level and provision of supporting facilities. High-walkable envi-
ronments were also associated with lower blood pressure, body mass index, diabe-
tes mellitus and metabolic syndrome (Malambo et al. 2018).

Furthermore, in this book, van Wee (2018) described how land use policies are 
related to transport choices and may affect health. Several policy categories can 
influence the impact of the transport system on health. Regulations for new road 
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vehicles have an impact on emission and exposure levels and on road safety of both 
people using these vehicles and people experiencing the risk of being hit by these 
vehicles. Pricing policies (e.g. subsidies on public transport, levies on fuels, taxes 
on cars) and parking policies influence mode choice and therefore exposures and 
health effects. Infrastructure policies influence the (un)attractiveness to travel to 
distinguished destinations, via influencing travel times, travel costs and effort. 
Specific public transport policies (such as those having an impact on the services 
offered and tariffs) influence mode choice and the intensity of using public transport 
(number of trips, distances travelled). Land use policies influence which activities 
are located where and next in multiple ways influence travel behaviour and next 
health (van Wee 2018). Schepers et al. (2018) also noted that dense and diverse land 
use and development oriented towards public and active transport are associated 
with high levels of road safety. The relationship between urban form and road safety 
is indirect via mobility. The aforementioned urban form characteristics are likely to 
contribute by creating favourable preconditions for road safety (and public health in 
general).

Poor urban and transport planning practices have led to extensive sprawl, a move 
towards the use of motorized vehicles and high levels of air pollution and noise, heat 
island effects and lack of green space, which are all detrimental to health. Hoffmann 
(2018) described that among environmental risk factors, ambient air pollution is the 
most important cause of disease, leading to more than 4 million premature deaths 
annually and more than 100  million DALYs, across the world. Important health 
effects of ambient air pollution include, but are not limited to, cardiovascular and 
cerebrovascular disease, chronic respiratory disease and infections and lung cancer, 
with ischemic heart disease being responsible for most of the estimated annual pre-
mature deaths. Anthropogenic sources of air pollution include combustion products 
from energy production, motorized traffic and household heating with wood, coal or 
oil, waste incineration, tire and break wear, industrial emissions and emissions from 
surrounding agricultural areas. Among those, traffic is the most important determi-
nant of within-city exposure contrasts, since people live, work and commute in 
close proximity to traffic.

Another important traffic-related environmental exposure is noise. Lercher 
(2018) documented that in 2011, a WHO assessment concluded that the largest 
health effects of noise in terms of population spread are due to severe sleep loss and 
severe annoyance (each year more than 1 million healthy life years lost across larger 
agglomerations in Europe). Also cardiovascular health (myocardial infarction, 
hypertension) is affected with a 5–10% higher risk for those living in noisier areas. 
Effects of noise on cognition and performance follow. Updated WHO reviews in 
2017 add further noise-associated diseases such as stroke and diabetes to the list. 
More critical is, however, that the threshold at which severe health effects of noise 
occur were lowered by about 5–10 dBA.

Basagaña (2018) described that exposure to extremely hot or cold temperature is 
a well-recognized health threat and increases mortality and hospital admissions. 
Results from an international study using mortality data from 384 locations in 13 
countries estimated that 0.42% of all deaths can be attributed to heat every year, 
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even if no heat waves occur (Gasparrini et  al. 2015). Basagaña (2018) reviewed 
what is known about the effects of temperatures on health, how the heat island effect 
can intensify health effects, and how several studies have shown that measures to 
reduce the heat island phenomenon can be translated into health benefits. And 
finally, Dadvand and Nieuwenhuijsen (2018) described the lack of green space in 
many cities and how natural environments, including green spaces, have been asso-
ciated with improved mental and physical health and wellbeing and are increasingly 
recognized as a mitigation measure to buffer the adverse health effects associated 
with urban living.

Besides the environmental risk factors, there are other factors related to urban 
and transport planning that are detrimental to health. Stigendal (2018) described 
how transport and urban planning measures have deepened a community severance 
between the socially included and the socially excluded by favouring the more prof-
itable transport modes. He went on to state that a social cohesion of cities on current 
conditions is not a solution because that would aggravate and preserve the problems 
causing inequalities. Therefore, the causes of inequality should be combated and 
that should be done in ways where the people affected by the causes are seen as 
potentials and where these potentials (in particular their experience and knowledge) 
are taken advantage of. The social cohesion to strive for in cities, thus, is a collective 
empowerment of people who want to combat these causes and thereby transform 
society.

Borrell et  al. (2018) addressed the health inequalities in cities. Social health 
inequalities are differences in health which are ‘unnecessary and avoidable but, in 
addition, are also considered unfair and unjust’. People of working class and immi-
grants of poor countries have worse health and higher mortality rates. Women have 
worse self-perceived health although their life expectancy is larger than men’s. The 
WHO Commission on Social Determinants of Health concluded that social inequal-
ities in health arise from inequalities in the conditions of daily life and the funda-
mental drivers that give rise to them: inequities in power, money and resources. 
These social and economic inequalities underpin the determinants of health—the 
range of interacting factors that shape health and wellbeing.

Finally, some of the worst conditions can be found in informal settlements. 
Corburn and Sverdlik (2018) described the issues in informal settlements or slums 
that dominate the urban landscape and that in 2016 were the home to almost 900 mil-
lion people. Global health is now slum health. The determinants of health for slum 
dwellers are multifactorial and can vary from country to country and even within the 
same city. They reviewed the definitions of informal settlements or slums and high-
lighted the key drivers of health, disease and wellbeing in urban informal settle-
ments, including spatial segregation, insecure residential status, poverty and 
employment, housing structural quality, water and sanitation, energy, transport, vio-
lence, climate change and services. They also highlighted the evidence supporting 
the links between these key factors and infectious and noncommunicable diseases 
(NCDs).
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34.2.2  How to Improve Current Conditions

So how can we improve the current situation and what is needed? Crowhurst 
Lennard (2018) argued that a major barrier preventing us achieving these goals is 
over-reliance on the economic model of city making. There are two competing 
value systems at work. The gross domestic product (GDP) model sees the city as an 
economic engine, and its function is to fuel economic growth and increase wealth. 
The second is based on quality of life. In this model, the function of the city is the 
‘care and culture’ of human being and of the earth. She promotes the Quality of Life 
model for shaping cities through the Principles of True Urbanism, which includes 
facilitating community social life, facilitating contact with nature, facilitating inde-
pendent mobility and creating a hospitable built environment.

For this, Tsouros (2018) argued that the Healthy Cities as a movement embodied 
a number of key features that proved crucial in its success to promote health in cites 
including a strong emphasis on values, political commitment, partnership-based 
approaches, democratic governance, strategic thinking and networking. It combined 
the discipline of a well-defined project involving committed cities with mechanisms 
of inclusiveness and engagement of all interested cities. Healthy Cities in Europe 
thrived at the cutting edge of public health, continuously broadening and adapting 
its agenda to new knowledge, global and regional developments and emerging local 
needs.

Further to this, Lawrence (2018) argued that an interdisciplinary approach based 
on the generic principles of human ecology can improve our understanding of the 
consequences of large-scale urban development for health and wellbeing. This 
knowledge should be the foundation of urban planning and building construction. 
The advantage of applying principles of human ecology stems from its integrated 
conceptual framework of the multiple relations between human groups and all the 
components of their natural and built environments.

However, Grant (2018) noted that having to a large extent understood how to 
design-out communicable disease in urban areas, we seem to lack knowledge about 
how to build human habitats without risk of noncommunicable disease. We don’t 
deliberately build places to support healthy lifestyles and reduce health inequity. 
Planners, urban designers, transport practitioners and public health specialists are 
waking up to this reality. The evidence base is building, and there is relevant experi-
ence in the European Healthy City Network and other cities. The solution lies in 
better understanding what elements of urban form support health and why cities 
develop in ways that undermine health and then changing the ways we manage, 
renew and build urban environments. We need to form coalitions for healthier places, 
using a health lens across planning, transport and all other urban policy. Land use 
pattern, transport, green space and urban design are key for manipulation and design 
to better support urban health and health equity, and this includes planetary health.

For this, Hermansen et al. (2018) placed emphasis on cities as human habi-
tats, underlining the importance of reintroducing, or perhaps introducing,  
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a human- centric approach to urban design. They used a working definition of 
health-promoting human habitats to mean well-designed, built environments 
that foster strong social cohesion as well as individual mental and physical well-
being. Building on this definition, they uncovered the interconnectedness that 
exists between people and place.

Further to this, Stevenson and Gleeson (2018) argued that there is a growing 
need for sustainable urbanization in the form of compact cities, cities of short dis-
tances in which there are higher residential and population densities, greater mixed 
land use and an urban design amenable to walking and cycling. Importantly, research 
is pointing to enhanced health outcomes associated with compact cities as a conse-
quence of energy efficiency and reduced emissions as residents are more likely to 
live closer to amenities and walk, cycle or use public transport. However, although 
urban density is an important dimension of urban form and structure, it acts in a 
complex way with other social and morphological features to shape cities, human 
behaviour and population health.

Some more specific measures were described to improve our urban environment 
and people’s health. Rueda (2018) suggested that Superblocks are a suitable solu-
tion for addressing the main dysfunctions and challenges that urban systems face 
today. The Superblock, an urban cell, when repeated creates a mosaic that extends 
throughout the city. It is an urban model that is used for new developments and 
regeneration, and it is currently applied in Barcelona. Nieuwenhuijsen et al. (2018a) 
described the rationale, prerequisites, barriers, facilitators and strategies for car-free 
cities as a mean to improving the urban environment. They described nine prerequi-
sites to facilitate the transition towards becoming car-free.

Solutions can also be specifically found through transport planning and measur-
ing progress and indicators for performance. Zietsman and Ramani (2018) stated 
that sustainable transportation principles provide a desirable framework for the 
development of an urban transportation planning agenda that addresses environ-
mental, economic and societal goals. Several transportation planning activities 
around the world use some form of a sustainable transportation definition in the 
framing of their higher-level goals and priorities, with indicators to reflect the same. 
May (2018) drew on recent European guidance designed to help cities to select suit-
able measures and package them more effectively to achieve a wide range of objec-
tives or overcome identified transport-related problems. In doing so, he considered 
the range of measures and the evidence on them, the design of packages, the devel-
opment of strategies and the constraints on implementing specific measures and 
ways of overcoming them. He then introduced a knowledgebase, KonSULT, whose 
Measure Option Generator and Policy Guidebook are designed to assist cities with 
this crucial task. Subsequently he considered the contribution of the range of avail-
able policy measures to the specific objective of enhanced public health.

Furthermore, Khreis et al. (2018) provided a review of the ways transport urban 
climate action provides direct and more immediate benefits—in climate terms, ‘co- 
benefits’—to public health. They focused on the impacts of five key transport policy 
measures which have been established to yield significant greenhouse gas reductions 
and substantial economic benefits. These were (1) compact land use planning to 
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reduce motorized passenger travel demand, (2) passenger modal shift and  improving 
transit efficiency, (3) electrification and passenger vehicle efficiency, (4) freight 
logistics and (5) freight vehicle efficiency and electrification. They showed that these 
measures have great potential to improve public health in urban areas whilst mitigat-
ing climate change and provide arguments that in some cases these benefits may 
rival, or exceed, benefits to the economy and climate from these actions.

Finally, Ferreira (2018) argued that transport planners need a much more embod-
ied and inner engagement with their work. If embodied engagement is critical to 
understand a given reality or problem and to find ways to solve complex issues, it 
becomes then clear that transport planners need to become physically active indi-
viduals as much as they can, if they are to effectively promote active modes of 
transport and healthy built environments.

What is also important in all of this is also the involvement of citizens. Verlinghieri 
(2018) described the connections between citizens’ participation and health show-
ing its potential and limits in an increasingly complex world with an example of the 
Ringland initiative. Ringland is a crowd-brained and crowd-funded infrastructure 
project for a 6-billion-euro investment that has been completely initiated and devel-
oped bottom-up by local citizens. It consists of a road tunnelling project that, differ-
ently from the originally proposed new ring road, would mitigate the health impacts 
associated with the ring road. Furthermore, Haklay and Eleta (2018) explored the 
potential of community-led air quality monitoring. Community-led air quality mon-
itoring differs from top-down monitoring in many aspects: it is focused on commu-
nity needs and interests and a local problem. They suggested that accessible and 
reliable community-led air quality monitoring can contribute to the understanding 
of local environmental issues and improve the dialogue between local authorities 
and communities about the impacts of air pollution on health and urban and trans-
port planning.

34.2.3  Conceptual Frameworks and Models

To further our understanding and guide our solutions, we need conceptual frame-
works and models. Nieuwenhuijsen and Khreis (2018) provided a simplified frame-
work for urban and transport planning, environment and health showing the 
relationships between urban planning, travel behaviour, environmental exposures 
and morbidity and premature mortality. Morris et al. (2018) discussed conceptual 
models to support policy and action in environmental health but, especially, to 
deliver ecological public health in the urban context. One ‘family’ of conceptual 
models, DPSEEA model and its derivatives, is particularly suited to this role as it 
offers an integrated and policy-relevant conceptualisation of the relationship 
between human activity, the physical environment and health. They illustrated a 
number of conceptual models and emphasized their utility as tools to think, com-
municate and deliver when addressing public health and societal challenges of 
unprecedented complexity. They stated that only by developing and applying the 

34 Integrating Human Health into the Urban Development and Transport Planning…



714

correct tools can we confront the challenges of the urban context and design policies 
that create a healthier, more sustainable and more equal world.

Bettencourt (2018) stated that the modelling of cities as complex systems across 
all these interdependent dimensions is relatively new. He presented a primer to dif-
ferent modelling approaches to cities and urbanization, pointing out their realms of 
applicability as well as critical areas where they are currently insufficient. 
Specifically, he gave a short introduction to five main traditions—agent-based, spa-
tial equilibrium, contagion, life-course and growth models—and discussed how 
they are becoming increasingly articulated and interdependent to create more real-
istic and more predictive models of cities. From this perspective, he summarized a 
research agenda for urban theory and modelling focused on understanding issues of 
growth and development across scales of organization from individuals to neigh-
bourhoods, cities and urban systems.

Nieuwenhuijsen et al. (2018b) described Health Impact Assessment (HIA) as an 
important tool to integrate evidence in the decision-making process and introduce 
health in all policies. In urban and transport planning, HIAs have been used gener-
ally to qualitatively assess urban interventions rather than offering more useful/
powerful estimations to stakeholders through quantitative approaches. HIAs could 
answer various pressing questions such as: what are the best and most feasible urban 
and transport planning policy measures to improve public health in cities? Also the 
process on how to get there is often as important as the actual output of the HIA, as 
the process may provide answers to important questions as to how different disci-
plines/sectors can effectively work together and develop a common language, how 
to best incorporate citizen and stakeholder views, how different modelling and mea-
surement methods can be effectively integrated, and whether a public health 
approach could make changes in urban and transport planning. Furthermore, Rojas- 
Rueda (2018) described Health Impact Assessment of active transportation as a 
valuable tool to promote, assess and maximize the benefits of active transportation 
for health promotion and prevention. Borrell et  al. (2018) presented policies to 
tackle health inequalities in urban with the example of Urban HEART as a useful 
tool.

34.2.4  Barriers and Enablers

But what are the barriers and enablers for these solutions? Riley and de Nazelle 
(2018) discussed the barriers and enablers to ensuring that urban and transport plan-
ning decision-making effectively integrates health evidence. These barriers were 
discussed under the themes of (1) differing understandings of health between sec-
tors, (2) differing understandings of evidence and difficulties around evidence trans-
lation, (3) governance and politics and (4) institutional context. They went on to put 
forward solutions to overcoming these barriers and suggested that enabling factors 
reside in improving communication and collaboration across sectors and disci-
plines. Such collaboration is likely to be facilitated by changes to the institutional 
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context in which decisions are made as well as in the way research is developed and 
communicated.

Grant and Davis (2018) further explored the tensions, the arguments and the pos-
sible solutions for those involved in this struggle, be they researchers or practitio-
ners. They stated that the city is the laboratory for change and the subject. But its 
complexity and its adaptability make it a laboratory like no other. And as a subject, 
it responds to our interventions with unpredictability. They argued that we need a 
new transdisciplinary science, not the business as usual of built environment and 
transport, and beyond the traditional evidence hierarchy of the public health world. 
New actors and new approaches are needed in the research arena. That we need 
strong advocacy to support good evidence, and that we need to blend tactical urban-
ism with action research. And that for the sake of future population health, city 
leadership, from many quarters, needs to learn how to collaborate for cogeneration 
of new knowledge that will make a difference to people’s lives.

34.3  In Conclusion

What has become apparent is that to a large extent, we know the problems, we know 
the solutions and we have adequate tools and methods to quantify and communicate 
them. However, many of the paradigms and tools that are useful and relevant are 
coming from different disciplines and are not in the form of a holistic and compre-
hensive framework that can be used by or presented to city leaders and planners. 
Furthermore governance structures are not in place to bring health into the decision 
process and play an important part in maintaining the current state of affairs.

There is an urgent need to bring together researchers and practitioners from the 
different sectors and disciplines (e.g. urban and transport planning, environment, 
public health, social sciences) to develop a common framework and model for 
healthy urban and transport planning. This is not a new concept, but one that has 
slowly been gathering pace over the last few decades after seeing the many health 
problems related to poor urban and transport planning or the lack thereof.

We need a change because the current urban and transport planning practices are 
detrimental to health, whilst we should and can create cities that promote health. 
And for a change to happen, we need a number of prerequisites:

• A crisis
• Knowledge
• Technology
• Partnership
• Vision
• Leadership

In this book we addressed a number of these prerequisites, but what is lacking is 
a clear vision of healthier future cities and a governance structure that allows good 
leadership and partnership for health. We need to build long-term visioning of 
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a healthy urban future and involve many stakeholders. We need to address embed-
ded issues such as if we want cities for people or cities for cars. How should healthy, 
sustainable, liveable, vibrant, equitable, happy, economically viable cities look like? 
We need urgent leadership and partnerships to address these issues, something 
which, to a great extent, has been lacking.

As Grant (2018) mentioned, we need to form coalitions for healthier places, 
using a health lens across planning, transport and all other urban policy. Land use 
pattern, transport, green space and urban design are key to better support urban 
health and health equity. We hope that this book has provided further impetus and 
leads to better and healthier cities.

Across the different disciplines, we have a lot of knowledge of what is good for 
health, as described in this book. Yet, further research is still needed in many areas, 
and it would be desirable to develop a good research agenda that brings together all 
the different sector and disciplines involved. It is beyond the scope of this chapter to 
spell out the possible items for the research agenda, but throughout the book, many 
suggestions have been made. We should and can transform our urban environments 
that are detrimental to health into places that promote health and make cities not 
only the engines of innovation and wealth creation but also of health promotion.

References

Basagaña, X. (2018). Heat islands/temperature in cities: Urban and transport planning determi-
nants and health in cities. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health 
into urban and transport planning. Cham: Springer International Publishing.

Bettencourt, L. M. A. (2018). Complex systems modeling of urban development: Understanding 
the determinants of health and growth across scales. In M. Nieuwenhuijsen & H. Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Borrell, C., Gotsens, M., & Novoa, A. M. (2018). Establishing social equity in cities – A health 
perspective. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban 
and transport planning. Cham: Springer International Publishing.

Corburn, J., & Sverdlik, A. (2018). Informal settlements and human health. In M. Nieuwenhuijsen 
& H.  Khreis (Eds.), Integrating human health into urban and transport planning. Cham: 
Springer International Publishing.

Crowhurst Lennard, S. H. C. (2018). Livable cities: Concepts and role in improving health. In 
M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

Dadvand, P., & Nieuwenhuijsen, M. (2018). Green space and health. In M. Nieuwenhuijsen & 
H. Khreis (Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

Ferreira, A. (2018). (Un)healthy bodies and the transport planning profession: The (Im)mobile 
social construction of reality and its consequences. In M. Nieuwenhuijsen & H. Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

M. Nieuwenhuijsen and H. Khreis



717

Gasparrini, A., Guo, Y., Hashizume, M., Lavigne, E., Zanobetti, A., Schwartz, J., Tobias, A., Tong, 
S., Rocklöv, J., Forsberg, B., Leone, M., De Sario, M., Bell, M. L., Guo, Y.-L. L., Wu, C., 
Kan, H., Yi, S.-M., de Sousa Zanotti Stagliorio Coelho, M., Saldiva, P. H. N., Honda, Y., Kim, 
H., & Armstrong, B. (2015). Mortality risk attributable to high and low ambient tempera-
ture: a multicountry observational study. The Lancet, 386, 369–375. https://doi.org/10.1016/
S0140-6736(14)62114-0.

Giles-Corti, B., Gunn, L., Hooper, P., Boulange, C., Zapata Diomedi, B., Pettit, C., & Foster, S. 
(2018). Built environment and physical activity. In M. Nieuwenhuijsen & H. Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Grant, M. (2018). Planning for healthy cities. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating 
human health into urban and transport planning. Cham: Springer International Publishing.

Grant, M., & Davis, A. (2018). Translating evidence into practice. In M.  Nieuwenhuijsen & 
H. Khreis (Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

Haklay, M., & Eleta, I. (2018). On the front line of community-led air quality monitoring. In 
M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

Hermansen, B., Werner, B., Evensmo, H., & And Graphics Works By Nota, M. (2018). The human 
habitat: My, our and everyone’s city. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating 
human health into urban and transport planning. Cham: Springer International Publishing.

Hoffmann, B. (2018). Air pollution in cities: Urban and transport planning determinants and health 
in cities. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and 
transport planning. Cham: Springer International Publishing.

Khreis, H., Sudmant, A., Gouldson, A., & Nieuwenhuijsen, M. J. (2018). Transport policy measures 
for climate change as drivers for health in cities. In M. Nieuwenhuijsen & H. Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Lawrence, R. J. (2018). Human ecology in the context of urbanization. In M. Nieuwenhuijsen & 
H. Khreis (Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

Lercher, P. (2018). Noise in cities: Urban and transport planning determinants and health in cities. 
In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

Malambo, P., Kengne, A. P., De Villiers, A., Lambert, E. V., & Puoane, T. (2018). Built environ-
ment, selected risk factors and major cardiovascular disease outcomes: A systematic review. 
PLoS One, 11(11), e0166846. https://doi.org/10.1371/journal.pone.0166846.

May, A.  D. (2018). Measure selection for urban transport policy. In M.  Nieuwenhuijsen & 
H. Khreis (Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

Morris, G., Staatsen, B., & Van Der Vliet, N. (2018). Using conceptual models to shape healthy 
sustainable cities. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into 
urban and transport planning. Cham: Springer International Publishing.

Nieuwenhuijsen, M.  J., Bastiaanssen, J., Sersli, S., Waygood, E. O. D., & Khreis, H. (2018a). 
Implementing car free cities: Rationale, requirements, barriers and facilitators. In 
M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

Nieuwenhuijsen, M.  J., Khreis, H., Verlinghieri, E., Mueller, N., & Rojas-Rueda, D. (2018b). 
The role of health impact assessment for shaping policies and making cities healthier. In 
M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

34 Integrating Human Health into the Urban Development and Transport Planning…

https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1371/journal.pone.0166846


718

Nieuwenhuijsen, M.  J., & Khreis, H. (2018). Urban and transport planning and health. In 
M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and transport 
planning. Cham: Springer International Publishing.

Riley, R., & De Nazelle, A. (2018). Barriers and enablers of integrating health evidence into trans-
port and urban planning and decision making. In M.  Nieuwenhuijsen & H.  Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Rojas-Rueda, D. (2018). Health impact assessment of active transportation. In M. Nieuwenhuijsen 
& H.  Khreis (Eds.), Integrating human health into urban and transport planning. Cham: 
Springer International Publishing.

Rueda, S. (2018). Superblocks for the design of new cities and renovation of existing ones. 
Barcelona’s case. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into 
urban and transport planning. Cham: Springer International Publishing.

Schepers, P., Lovegrove, G., & Helbich, M. (2018). Urban form and road safety: Public and 
active transport enable high levels of road safety. In M. Nieuwenhuijsen & H. Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Stevenson, M., & Gleeson, B. (2018). Complex urban systems: Compact cities, transport and 
health. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human health into urban and 
transport planning. Cham: Springer International Publishing.

Stigendal, M. (2018). Aiming at social cohesion in cites to transform society. In M. Nieuwenhuijsen 
& H.  Khreis (Eds.), Integrating human health into urban and transport planning. Cham: 
Springer International Publishing.

Tsouros, A. D. (2018). Healthy cities: A political movement which empowered local governments 
to put health and equity high on their agenda. In M.  Nieuwenhuijsen & H.  Khreis (Eds.), 
Integrating human health into urban and transport planning. Cham: Springer International 
Publishing.

Van Wee, B. (2018). Land-use policy, travel behavior and health. In M.  Nieuwenhuijsen & 
H. Khreis (Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

Verlinghieri, E. (2018). Participating to health: The healthy outcomes of citizen participation in 
urban and transport planning. In M. Nieuwenhuijsen & H. Khreis (Eds.), Integrating human 
health into urban and transport planning. Cham: Springer International Publishing.

Wang, Y., Chau, C. K., Ng, W. Y., & Leung, T. M. (2016). A review on the effects of physical 
built environment attributes on enhancing walking and cycling activity levels within residential 
neighborhoods. Cities, 50, 1–15.

Zietsman, J., & Ramani, T. (2018). Advancing health considerations within a sustainable trans-
portation agenda – Using indicators and decision-making. In M. Nieuwenhuijsen & H. Khreis 
(Eds.), Integrating human health into urban and transport planning. Cham: Springer 
International Publishing.

M. Nieuwenhuijsen and H. Khreis



719© Springer International Publishing AG, part of Springer Nature 2019 
M. Nieuwenhuijsen, H. Khreis (eds.), Integrating Human Health into Urban 
and Transport Planning, https://doi.org/10.1007/978-3-319-74983-9

A
Acceptability and governance barriers, 314
Accidents, 391
Action research, 675
‘Active Boxes’, 165
Active mobility, 328
Active transportation

health determinants, 626, 629, 635
health outcomes, 629
HIA (see Health impact assessment (HIA))
indicators, 635
qualitative HIA, 630, 631
quantitative HIA, 632–634
tools, HIA

HEAT, 638, 639
ITHIM, 639
PASTA, 639
TAPAS, 639

Active-living research, 363
Age of Degenerative and Human Created 

Diseases, 34
Age of Receding Pandemics, 33
Agent-based modelling (ABMs), 370
Agent-based models

collective behavior, 176
criticisms, 179
development of spatial patterns, 177
EPISIMS, 178
human mobility, 178
neighborhood effects, 178
property of emergence, 176
public health and emergency  

management, 178
realistic agent behavior, 179
real-time data, 179

residential choice and neighborhood 
structure, 177

scenario planning and decision support, 178
traffic simulations, 178
TRANSIMS, 178

Air dispersion models, 617, 618
Air pollution

active transport, 633
adverse effects, 432
ammonium sulfate, 426
anthropogenic sources, 427
chronic exposure, 163
climate action, 585–587
determinants, 430
emission reduction

combustion engine/fuels, 436
modal shift, 438
restricted access zones, 437
vegetation, 436

freight logistics, 597
guideline values and regulation, 429
health effects

acute and chronic, 431
biological mechanisms, 432
cardiovascular and cerebrovascular 

disease, 434
latency, 433
metabolic health, 435
mortality, 433
respiratory effects, 435

levels, 427, 429
natural particles, 427
particulate matter (PM), 426
passenger car efficiency and electrification, 

595, 596

Index

https://doi.org/10.1007/978-3-319-74983-9


720

Air pollution (cont.)
passenger mode shifts, 591, 592
personal protective measures, 438
PM concentrations, 163
quantitative HIA, 632
and road traffic noise, 436
ultrafine particles, 427

Air pollution exposures, 617
Air quality, 599
Albedo of cities, 490
Ambient air pollution, 709
Anthropogenic sources, air pollution, 709
Association of Public Health Observatories 

(APHO), 522
Attention Deficit Hyperactivity Disorder 

(ADHD), 57
Attention Restoration Theory, 412
Australian Urban Research Infrastructure 

Network portal (AURIN), 368
Auto-centric approach, 396
Auto-oriented cities, 400
Axes of inequalities, 519

B
Barcelona

air quality and noise, 145
bicycle network, 146
bus network, 146, 147
citizen rights, 148
green network, 149
ISGlobal, 144
mobility model, 142, 144
morbidity, 144
pedestrian network, 147
public space, 143, 148
Sustainable Urban Mobility Plan, 145
urban transport, 142
vehicles reduction, 142

Barriers
decision making, 714
evidence, 643
governance and politics, 644–646
health integration, 643
institutional arrangements, 646–647
localism and empiricism, 643
policymakers, 643
researchers/practitioners, 715
sub-optimal decision making, 644
timeframes and pressures, 644

Bayesian methods, 179
Behavioral effects, 460
Behaviour, see Travel behavior
Bicycle modal, 400

Bicycle networks, 60
Biodiversity, 139
BOD studies, 612
Bucket Brigade’ activity, 566
Built environment, 349

boundary type and size, 354
buffers, 352, 353
ecological models, 360
exposure reporting bias, 352
GIS, 356, 357
health and wellbeing, 348
and health research, 362
heat island, 485
IPEN, 358, 359
medication use, 352
non-walkable and neighbourhood, 361, 362
physical activity, 348 (see also Physical 

activity)
planning policy and practice, 363, 364
quality, exposure measure, 356
radial buffers, 353, 354
recreational walking, 351
road network, 354
road network buffers, 353
self-selection, 361
walkable neighbourhoods, 366
walking for transport, 349, 350

Burden of disease (BoD), 457
Bus network, 146, 147

C
Cairo Lab for Urban Studies, Training and 

Environmental Research 
(CLUSTER), 120–121

“Canyonisation”, 463
Car free cities

awareness of environmental, health and 
social benefits, 201

barriers, 211–213
car free areas, 201
changes in societal lifestyles, 210, 211
developments, 202–203
livability of neighborhoods, 201
policies, 200, 201, 206
policy measures, 213
potential health impacts, 200
prerequisites

alternative convenient and quality 
transportation means, 205

citizen and business participation, 206
development of detailed plan, 207
intensive data collection and  

analyses, 205

Index



721

media plan, 207, 208
paradigm shift, mobility centre 

transport planning, 203, 204
political vision and leadership, 203
pre- and post- evaluation 

implementation, 206
public health, 213–214
public space, 210
rationale, 202
strategies, 213–214
technological advancements, 214
transition, 201
transport infrastructure, 209
transport planning and policy making, 214
transport policies, 204, 205, 208
urban form, 208, 209

Cardiovascular and cerebrovascular  
disease, 434

Cardiovascular and metabolic  
health, 457, 458

Cauliflower network pattern, 393
Centers for Disease Control and Prevention 

(CDC), 34
Chronic respiratory disease, 426, 435
Cities

ambient air pollution, 616
Amsterdam, 400
annual air pollution concentrations, 617
Athens, 511
Barcelona, 511
Birmingham, 511
BOD studies, 612
Brno, 511
China, 616
European cities, 615
Hamburg, 511
HIA framework or model, 610
HRQoL (see Health related quality  

of life (HRQoL))
improve public health, 610
Krakow, 511
land-use and transport policy, 612
Malmö, 511, 512
morbidity and mortality, 425
resources consumption, 135
Rotterdam, 511
and shape policies, 610
Sofia, 511
system of proportions, 136, 137
traffic activity models, 617
transit-oriented and bicycle-oriented, 387
transport policy measures, 615
urban planning policy, 612
Venice, 511

Cities and urban regions
centralisation, 99
concentration, 100
density, 101
diversity, 102
information and communication, 104
local urban development, 100
macro-economic policies, 100
mechanisation, 104
metabolism, 105
political authority, 105
social acceptability, 102
verticality/horizontality, 100

Citizen participation
benefits, 538
decision-making process, 541, 542
definition, 537
health benefits (see Health)
issues, 539, 540
planning, 542, 543
Ringland project, 535–537, 541

City development, 231–232
City Health Plan, 105
City leadership, 243–244
City planning, transport planning, 708
CityViz and Community Viz, 369
Climate action

air quality, 584
cities, 584
health

air pollution, 585–587
noise, 587
physical activity, 587–589

motor vehicle crashes, 589, 590
transport sector, 583

Climate change, 291
informal settlements, health impacts, 165

Collaborative modelling, 368
Collision prediction models (CPMs), 386
Community social life

characteristics of neighborhood squares, 54
main city squares, 55
neighborhood square, community’s living 

room, 53
public realm, 52
social immune system, 52
traffic free, 53, 54

Community tolerance level (CTL), 454
Community-led air quality monitoring

assembled passive diffusion tube, 566, 567
‘Bucket Brigade’ activity, 566
characteristics, 565, 566
data collection protocols and  

participants, 565

Index



722

Community-led air quality monitoring (cont.)
environmental information, 565
environmental issues and government 

action, 563
large-scale monitoring programmes, 565
practical commitments, government, 564
public engagement, importance of, 564
social and environmental justice, 567
top-down scientific management, 564
user and provider, 564

Compact cities
complexity, 278
density, 273
geography, 275, 276
GHG, 274
health, 278, 279
land use, 278, 279
mixed land-use, 278
‘parallel universe’ problem, 277
polycentrism, 273
suburbanisation, 272
sustainability, 274
transport, 279
transport mode choice, 279

Comparative risk assessment approach, 633
Complex adaptive systems

ecological public health approach, 
672–673

evidence-intervention-solution, 670
financial, political and social drivers, 670
knowledge flow, 673–674
wicked problems, 670–672

Complexity, 98, 106, 129, 138, 265,  
281, 282

Comprehensive HIAs, 610
Conceptual models

international developments, 683
multi-sectoral and multi-disciplinary 

collaboration, 683
in public health, 688–690
urban environmental health challenges, 

698–704
See also Environmental health

Constant Elasticity of Substitution (CES) 
function, 181–182

Contagion models, 176, 184–186
COPERT, 617
Cost–benefit analysis (CBA), 371
CPMs, see Collision prediction models 

(CPMs)
Critical realism

CPE, 508
empirical experiences, 507

Cultural Political Economy (CPE), 508

Culture of participation
definition, 548
emancipation and wellbeing, 550
grassroots and institutional level, 549, 550
PAR, 551–553

Cycling vs. driving, 388

D
Decarbonisation, 583
Decision-making, 292
Density, 260, 263, 272–274, 278, 387, 400, 

586
Dependent variables, 40–42
Design, 263, 278, see Network design
Destination accessibility, 260, 261, 263, 267, 

384, 396
Determinants

land-use policies, 263
noise

land use effect, 450
meso-and micro-scale structure, 451, 

452
modeling and mapping, 449
population density, 448
traffic network density, 448, 449
urban form and morphology, 448

Deviance, 331
Diabetes mellitus type 2 (T2DM), 432
Diffusion tube campaigns, 568–570
Disability adjusted life years (DALYs), 453
Disability weight (DW), 453
Disability-adjusted life-years (DALY), 587
Distance to transit, 384
Distances, 256, 260, 261, 263, 278
Diversity, 260, 263, 267, 278, 384–386

human habitat, 126, 127
quality of life, 103
social cohesion, 102
social, economic and material, 102

Dose-response functions, 633
Driver-Pressure-State’ sequence, 690
Dutch Sustainable Safety approach, 391

E
Ecological and social effects, 460, 461
Ecological models, 360
Ecological public health

demographic changes, 688
description, 684
health inequalities, 687
health-promoting and sustainable 

opportunities, 687

Index



723

high profile health and health-related 
outcomes, 684

high quality environments, 684
policies and actions, 685
scientific evidence, 687
urban planning decisions, 687
urbanisation process, 686

Ecological public health approach, 672–673
Ecology

human, 93, 94
political, 95, 96
public health, 96
urban, 95

Economic cohesion, 509
Ecosystemic urbanism, 136, 142

Barcelona (see Barcelona)
biodiversity, 139
complexity, 138
functionality, 138
land occupation, 137, 138
levels, 140
management and governance, 139
metabolic efficiency, 139
mobility, 138
morphology, 137
public space, 138
social cohesion, 139
superblock, 140, 142
urban action, 137

El Paso, 298
Electro-Encephalography (EEG), 452
Emission reduction interventions

combustion engine/fuels, 436
modal shift, 438
personal protective measures, 438
restricted access zones, 437
vegetation, 436

Enablers
evidence, 650
funding guidelines, 648
health integration, 647
intersectoral collaboration, 648
Mayor’s Transport Strategy, 648
political context, 648–650
positive changes, 648

Endogenous economic growth, 191
Engines civilization, 173
Environment

climate change, 5
exposures and lifestyles, 4 (see also Urban 

planning)
Environmental health

DPSEEA model, 691
eDPSEEA model, 693–695

INHERIT model, 695–697
modified DPSEEA model, 691–693
toxic/infectious agents, 690

Environmental Noise Directive (END), 443
“Enviroscape” measures, 465
Epidemiologic Transition

Age of Pestilence and Famine, 33
definition, 33
modern scholars, 33
The Black Death, 33

EPISIMS, 178
EU Cohesion Policy

ERDF and ESF, 503
health inequalities, 509
neoliberalism, 502
OECD, 502
social model, 503, 504

EU Urban Agenda, 686
European Environmental Agency (EEA), 698
European leading emission, 617
European Regional Development Fund 

(ERDF), 503
European Social Fund (ESF), 503
European Study of Cohorts on Air  

Pollution Effects (ESCAPE),  
429, 430

Evidence-based public policy, 643, 667

F
Federal Highway Administration  

(FHWA), 290
Feminism, 330
Food and nutrition, 26
Food proximity, 125
Four Quadrants Model

exterior-collective quadrant, 337
exterior-individual quadrant, 337
interior quadrants, 338
subjectivity and perception, 338
techno-bureaucratic structures, 339

Framework
health, 295, 296
land use, 297
performance measures, 296
sustainable transportation, 295, 296

Freight logistics, 597
Fused Grid Sustainable Neighbourhood  

(FG), 393

G
GDP goal, 64, 65
General ecology, 92, 93
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Generalized Additive Mixed Model (GAMM), 
358, 359

Geographic information system (GIS),  
356, 357

Global greenhouse gas (GHG), 583
Global South, 156
Governance and environmental justice, 37–38
Governance and politics, 644–646
Green and blue infrastructure planning, 239
Green roofs, 491
Green space

air pollution, 412
biodiversity, 414
cognitive restoration, 412
definition, 410
GPS, 411
greenness surrounding, 410
health benefits

brain development, 415
cognitive function, 415
mental health, 416
mortality, 416
non-communicable diseases, 416
pregnancy outcomes, 414

health risks
accidental injuries, 418
asthma and allergy, 417
herbicide and pesticide, 417
vector-based infection, 417
zoonotic infection, 417

physical access, 410
physical activity, 413
positive health outcomes, 4
proximity, 124
quality, 411
SES, 418
social cohesion/interaction, 413
stress reduction, 411
superblocks, 149
urban and transport planning related 

exposures, 5
urban living, 419
urbanization, 25
visual access, 411
VOCs, 412

Greenhouse gas (GHG), 274, 287
Greenhouse gas reductions, 712
Greenness, 410, 412–414, 416, 418
Greenspace, 236, 240
Gross Domestic Product (GDP) model, 711
Growth models

contagious disease, 189
death rates, 190

economic growth rates, calculation, 191
endogenous economic growth, 191
indeed, births, deaths and migration, 189
migration rates, 190
populations, 188, 189, 191
prediction, 190
quantities, human societies, 189
short-term dynamics, 189
stochastic quantities, 191
urban-rural transition, 190

H
Health

air pollution, 142
community-based health services, 544, 545
co-production, 547
design tailored interventions, 544
green and blue spaces, 494
heat island effect, 494
inequality, 508
informal settlements

climate change, 165
energy and air pollution, 163
health services, 165
housing, 161
insecure residential status, 160
poverty and employment, 160, 161
safety and security, 164, 165
spatial segregation, 158
transport and injuries, 163, 164
water quality and sanitation, 161, 162

quality of life, 102
slum upgrading, 166
socio-ecological approach, 555 (see Urban 

planning)
urbanization, 98
wellbeing, 545, 546

Health and Social Care Act 2013 (HSCA), 649
Health and transportation

active living, 290
FHWA, 290
sustainability issue, 290, 291

Health benefits
brain development, 415
cognitive function, 415
mental health, 416
mortality, 416
non-communicable diseases, 416
pregnancy outcomes, 414

Health determinants and outcomes, 626, 630, 
632, 634, 636, 638, 639
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Health Economic Assessment Tool (HEAT), 
371, 618, 638, 639

Health equity, 166, 168
Health for All (HFA), 73, 74, 86
Health impact assessment (HIA), 281

air quality, 591
appraisal, 626, 627
comparative risk assessment, 633
comprehensive, 610
decision-making process, 609
disciplines/sectors, 610
framework/model for cities, 610
health determinant, 631
health determinants and outcomes, 625
health outcome, 631
implementation or policy utility, 609
land use, 587
monitoring and evaluation, 626, 628,  

634, 635
participatory approaches, 636
passenger modal shift, 594
physical activity, 594
policy measures to public health in  

cities, 610
policy-specific quantification, 610
public transport, 592
qualitative approaches, 610
qualitative, 630
quantitative estimates, 610
quantitative, 610–620, 632, 634
recommendations, 626, 627
reporting, 628
risks and benefits, 625
scoping, 626, 627
screening, 626, 627
stakeholders and policy-makers, 638
tools

HEAT, 638, 639
ITHIM, 639
PASTA, 639
TAPAS, 639

urban and transport planning, 609
urban planning measures, 586
walking and cycling policies, 626

Health improvement
preventative approaches, 22
urban form, 22

Health in All Policies (HiAP) approach, 662
Health indicators, 635
Health inequities

slum-dwellers, 156
Health Map, 97
Health promoting design, 113, 123, 125, 126

Health related quality of life (HRQoL)
adverse birth outcomes, 459
cardiovascular and metabolic health,  

452, 457
children, 458
DALY, 453
DW, 453
noise annoyance, 453–455
sleep disturbances, 455–457

Health risks
accidental injuries, 418
asthma and allergy, 417
herbicide and pesticide, 417
vector-based infection, 417
zoonotic infection, 417

Health services, 165
Healthy and liveable neighbourhoods,  

350, 363
Healthy cities

action prerequisites, 80
features, 77
health and equity, 77
HFA, 73, 74, 86
network model, 79, 80
Ottawa charter, 75
‘phase’ approach, 75
Phase VI, 78, 79
public health, 85
qualities, 75, 76
SDG, 85
SDH, 77
social determinants, 74
value-based open system, 74, 86
WHO, 74
whole-of-local-government, 80

Healthy city, 348
Heat Island Effect, 413
Heat island phenomenon, 710
Heat islands

adverse effects, 488
air conditioning, 489
air pollution and high temperatures, 489
causes

building types, 488
city form and topography, 486, 487
daytime cool islands, 488
heat-generating activities, 487
urban area materials, 485
urban area size, 487
vegetation, 485
wind, 487

cities, 484
definition, 484
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Heat islands (cont.)
green and blue spaces, 494
health effects, 493
mitigation actions

albedo/reflectance city, 490
vegetation, 491

superblock, 151, 152
HIA, see Health impact assessments (HIA)
Hi-Fidelity soundscapes, 466
Hospitable built environment

beauty, 63
city and neighborhood, 63
compact urban fabric, 61
healthy continuous urban fabric, 63
human scale architecture, 62
inner courtyards, 62
integrating varied income levels, 62
mental health, social health, and civic 

participation, 63
neighborhood squares and main  

squares, 63
regional planning, 61
shop/houses, 62
urban villages, 61

Housing, 26, 156, 160, 161
Human ecology, 92–94, 107
Human habitat

active living, 118
democratic change, 127, 128
diversity, 126, 127
guiding principles, 130
Ørsta municipality, 119
people and place, 129
proximity

compact city, 123
food, 125
green space, 124

quality of life, 113
safety

crime prevention, 116
perception, 115
security, 115
social interaction, 115, 116

social capital, 119, 120, 122
urban sprawl, 123

I
Impact modeling, 633
Independent mobility

bicycle networks, 60
pedestrian routes, 59, 60
public transportation, 60
re-shaping suburban areas, 59

traffic calmed streets, 60
transportation planning, 59

Independent variables, 42
Indicators, 294–297

decision-making, 294
definition, 294
El Paso, 297, 298
framework

health, 295
land use, 297
performance measures, 296
sustainable transportation, 295, 296

health, 299, 300
MCDM/MCDA, 295
sustainability-oriented, 299
sustainable transportation, 294, 298

Industrial revolution, 325, 326
Inequality, 508
Infections, 426
Informal settlements, 157, 159

climate change, 165
energy and air pollution, 163
health

child mortality, 157
neighbourhood effects, 157
risks, 159
slum, 157

health services, 165
housing, 161
insecure residential status, 160
poverty and employment, 160, 161
risks, 156
safety and security, 164, 165
SDGs, 156
SDOH, 156
self-built communities, 155
spatial segregation, 158
stakeholders, 168
transport and injuries, 163, 164
UN-Habitat, 155
water quality and sanitation, 161, 162
well-being, 166

Information and communication technologies 
(ICT), 104

INHERIT model, 695–697
Injuries, 161, 163
Insecure residential status, 160
Instrumental approach, 329
Integrated Transport and Health Impact 

Modelling Tool (ITHIM),  
618, 639

International Making Cities Livable (IMCL) 
movement, 56–63

cancerous development, 65–67
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GDP goal, 64, 65
quality of life, 64, 66, 67
true urbanism, principles of, 52–56

community social life (see Community 
social life)

contact with nature, 56–58
hospitable built environment, 61–63
independent mobility, 58–61

International Physical Activity and the 
Environment Network (IPEN),  
358, 359

Interpersonal violence (IPV), 164
Intersection density, 660
Ischemic heart disease, 426, 434

K
KonSULT

assessments, 318
attitudinal and behavioral  

interventions, 321
climate change reduction, 322
information provision interventions, 321
infrastructure interventions, 320
initial literature review, 318
land use interventions, 319
management and service interventions, 320
mental model, 318, 319
packages ranking, 318
policy measures, 318
policy measures ranking, 317
pricing interventions, 321

Krugman’s core-periphery model, 181

L
Land use

infrastructure, 261
locations, active travel, 261
policies, 254, 263, 264
transport system, 253
travel behavior, 260, 262, 265

Land use effect, 450
Land use pattern, 234, 235
Land use planning, 25
Land-use policies, 709
Large car-oriented infrastructures, 214
Leadership

determinants, 81, 82
‘enlightenment model’, 676
health

equity, 81
and sustainable development, 82, 83
and wellbeing, 81, 82

healthy cities, 84, 85
place-based governance, health, 676
SDH, 83
social determinants, 85
societal wisdom co-generation, 676
stakeholders, 81

Leadership for Energy and Environmental 
Design (LEED), 297

Life-course models, 176, 186–189
Livability, 123, 291
Livable cities, see International Making Cities 

Livable (IMCL) movement
Liveability, 138, 144, 145
Liveable Neighbourhoods Community Design 

Guidelines, 364
Loose space, 120
Lung cancer, 426, 431, 435, 438

M
Main city squares, 55
Matching Capacity, 28
Mayor’s Transport Plan, 648
Measure Option Generator, 309, 312, 314, 

316–318
Measure selection process

“anti-car” city, 312
acceptability and governance  

barriers, 314
causal chain diagram, commuting,  

309, 310
challenges, 307
city’s objectives, 308
description, 307
Eltis case studies, 311
empirical evidence, 310
financial cost, types of, 310
KonSULT knowledgebase, 312
lack of acceptability, 308
legal barriers, 313
option generation, 308
packages use, 311–312
political acceptability barriers, 313
PROSPECTS project, 313
recommendations, 322, 323
regulatory controls, 309
“supply-side” and “demand-side”, 308
technical barriers, 314
transport plans, sources, 313
transport system, 312
walking and cycling provision, 309

Megacities, 97
Mental health, 414, 416, 459
Mental model, 319

Index



728

Mitigation measures
air quality, 599
co-benefits, 597, 598
electric vehicles, 599
electric/hybrid cars, 600
freight vehicles, 599
land use planning, 598
motor vehicle crashes, 600
noise, 599, 600
safety, 598
urban planning, 598

Mixed land use, 282
Mobility

active, 328
geographical, 328
physical, 328

Modal shares, 388
Modeling approaches of urban development 

and cities
agent-based models, 176–179
contagion models, 184–186
growth models (see Growth models)
life-course models, 186–189
spatial equilibrium network models  

(see Spatial equilibrium network 
models)

Monorational thinking, 333, 334
Mortality, 433
Mortality rates, infectious diseases, 34, 35
Motor vehicle crashes, 584, 590

density and ‘compactness’, 590
mitigation measures, 600
passenger car efficiency and electrification, 

596, 597
passenger mode shifts, 594, 595
urban planning patterns, 589, 590

Motorised transport, 325
Multi-city action plans (MCAPs), 105
Multi-criteria decision analysis (MCDA), 295
Multi-criteria decision making (MCDM), 295

N
Neighborhood squares, 54, 55
Neighbourhood development strategies, 25
Neighbourhood Environment Walkability 

Scale (NEWS), 358
Neighbourhood road network, 392
Neoliberalism, 502, 505, 509
Net residential density, 660
Network design

auto-centric approach, 396
cycle routes, 397, 398

Dutch freeway network, 394
neighbourhood-oriented land uses,  

395, 396
neighbourhood road network, 391
pedestrian and cyclists routes, 399
‘reverse’/‘bottom-up’ design, 398
Safe System approaches, 390, 391
Safer Road Infrastructure, 393
SGG, 393, 397

New Urban Agenda (NUA), 19, 686
clean air, water and energy, 27
community engagement, 28
health costs reduction, 28
urban inequities, 28
urban polices, 27–28

New Urbanism and Smart Growth,  
363, 364

Noise
cities

behavioral effects, 459
determinant (see Determinants)
ecological and social effects, 460, 461
HIA, 461
HRQoL (see Health related quality of 

life (HRQoL))
measured levels, 444–447

and human health, 587
multi-sensory effects, 465
passenger mode shifts, 592, 593
satisfaction/dissatisfaction levels, 444
urbanization, 443

Noise reduction
abatement measures, 464
annoyance, 462
‘canyonisation’, 463
car tires, 463
emission-reduction, transportation, 462, 

463
‘Enviroscape’, 465
exposure-response relationships, 462
green wall systems, 463
vibration and LFN, traffic, 464

Non-communicable diseases (NCD)
blocked drainage channels, 20
global pandemic of, 20
healthier urban environments, 20
infectious, parasitic and nutritional 

diseases, 19
Non-motorized transport (NMT), 163–164
North American Association of Civic 

Transportation Officials  
(NACTO), 393

Noticed-sound-events (NSE), 449
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O
Obesity

disproportionality, Hispanic, 34
environmental exposures, 35
public health issues, 34

Orangi Pilot Project (OPP), 166

P
Participative action research method, 666
Participatory

full-chain health impact assessment, 617
full-chain quantitative HIA methods, 621
implementation, 619
integrated full chain, 613
quantitative HIAs, 610, 611
SDM, 616

Participatory Action Research (PAR), 551–553
Participatory approaches, 636, 637, 639
Participatory integrated full chain (PIF) HIA 

approach, 611, 613
Passenger car efficiency and electrification, 

595–597
Passenger mode shifts

air pollution, 591, 592
motor vehicle crashes, 594, 595
noise, 592, 593
physical activity, 593, 594

Pedestrian streets, 59, 60
Performance measure, 294
Performance-measure based approaches, 288
Personal protective measures, 438
Physical activity

active transport, 629
environmental attributes, 349
health determinant, 634, 635
HEAT, 638
ITHIM, 639
passenger mode shifts, 593, 594
pedometers, accelerometers and GPS, 633
public health, 588
recreational walking, 351
TAPAS/PASTA, 639
walkability, 588, 589
walking for transport, 349, 350

Physical mobility, 328
Planning for healthy cities

city development, 231–232
city form and non-communicable disease

greenspace, 236
land use pattern, 235
transport, 235–236
urban design, 236–237

city leadership, 243–244
coalitions, 244
game

players, 224–226
playing field, 223–224
rules, tactics and strategy, 222–223

health equity and city planning
green space, 230
inequity of climate change  

impacts, 230
local shopping streets, 229
neighbourhoods and facilities, 229
strategic focus, 230–231
transport, 229

health map to urban planning  
objectives, 225

integrated city planning process, 232–233
objectives, 223
place-making

communities in neighbourhoods, 241
neighbourhood projects, place-based 

health promotion, 240–241
recognising co-benefits, 242

public health objectives, 221
resultants spatial patterns, 238
spatial planning systems, 232
strategic planning (see Strategic  

planning)
strategic urban growth policy, 238
sustainable development goals and healthy 

urban planning, 227–228
WHO European Network, 226, 227

Planning support systems, 368
Policies

land use, 254, 262, 264, 266
pricing and parking, 254
public transport, 254
social welfare, 266

Policy and planning frameworks, 288
Policy Decision Platform, 282
Policy making, 265
Policy-makers, 638
Political ecology, 95, 96
Polysomnography, 456
Poverty and employment, 160, 161
Principles of True Urbanism, 711
Private cars, 203
Proximity

compact city, 123
food, 125
green space, 124

Public health, 76, 80, 83, 106, 401, 584,  
587, 588
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Public health in US
bicycle ridership programs, 39–40
city programs management, 39
dependent variables, 40–42
empirical issues, 40
independent variables, 42
Seattle’s comprehensive plan, 40
sustainability plans, 39

Public health observatories (PHOs), 522
Public health surveillance, 519–523
Public private partnerships (PPPs), 24
Public realm, 52
Public transport density, 660
Public transport vs. driving, 389, 390
Public transportation, 60

Q
Quality of life

IMCL, 51, 67
indicators, 66, 67
public realm, 52

Quantitative HIAs, 610, 611
acceptance/decision process, 611
and added value, 611, 613
challenges, 620–621
citizen and stakeholder, 618–620
comprehensive urban planning  

projects, 610
concept of ‘health’, 611
connection between parts of work,  

611, 612
disease/die prematurely, 610
HEAT, 618
infrastructure projects, 610
ITHIM, 618
local authorities/policy makers, 611
participatory, 610, 611
and PIF, 611, 613
policy-specific quantification, 610
political and policy discourses, 610
and qualitative models, 610
risk assessment approach, 611
stakeholders, 611
uncertainty, 621
urban and transport policies/interventions/

scenarios, 611, 614–615
urban HIA studies, 612–618

Quantitative risk assessment, 633

R
Rehabilitation and regeneration, 136
RESIDE, 365, 366

Ringland project
citizen participation, 536, 537
HIA, 536
road tunnelling, 535

Road classification and speed limits, 390
Road safety, 254

built environment, 383
CPMs, 386
cycling and walking, 399, 400
density, 387
road injuries, 401
road traffic injuries, 383
SGG, 400
TLKM and VKT, 385, 386
urban form, 384

Road traffic injuries, 383, 401
Road vehicles regulations, 709

S
Safe System approach, 390, 391, 402
Safer Road Infrastructure, 393
Scepticism, 335, 336
SDOH, see Social determinants of health 

(SDOH)
Self-selection, 360, 361
Severe acute respiratory syndrome (SARS), 90
Shared and collaborative agendas, 674–675
Sky View Factors (SVF), 486
Sleep disturbances, 455–457
Slum upgrading, 26, 166
SMARTer Growth Grid (SGG), 393, 397, 402
Social capital

Cairo Passageways, 120, 122
loose space, 120
urban environment, 120

Social cohesion
definition, 503
economic, 505
ecosystemic urbanism, 139 (see also EU 

Cohesion Policy)
inequalities, 507, 508
neighbourhoods, 505
roles, 505
Social Polis, 506, 507
solidarity, 504

Social cohesion/interaction, 413
Social determinants

axes of inequalities, 519
physical environment, 516
settings, 518
socioeconomic environment, 517
urban governance, 516
urban health, 516, 518

Index



731

Social determinants of health (SDH), 77, 82, 
83, 156

Social health inequalities
CSDH, 516
description, 516
dramatic demographic and epidemiological 

transitions, 515
mortality in urban areas, 523–524
policies, 527
principles for action, 525–526
sustainable development goals,  

516, 517
Social immune system, 52
Social innovation, 502
Social Polis, 506
Societal borders, 510
Socioeconomic status (SES), 418
Socio-spatial data-collection, 117
Somers Town study, 570–575, 577
Soundscape, 466–468
Spatial equilibrium models, 176
Spatial equilibrium network models

advantage, 183
core-periphery model, 181
economic geography, 182
empirical evidence, 183
higher land rents and higher transportation 

costs, 181
isolated state, 179
Krugman’s core-periphery model, 181
macroscopic constraints, 179
model specification of utility  

functions, 181
production functions and transport  

costs, 181
regional agglomeration, 182
socioeconomic forces, 182
socioeconomic interactions, 184
spatial agglomeration, 181
standard ingredients of economic  

theory, 182
superlinear effect, 183
transportation costs, 182, 183
urban built spaces, 183
utility function, 181, 183
von Thünen’s logic, 181

Spatial planning systems, 232
Spatial segregation, 158, 159
Stakeholders, 638
State Exposure-Effect, 690
Strategic environmental assessment  

(SEA), 646

Strategic planning
climate change, 239
growth patterns and urban sprawl, 237–238
processes

green and blue infrastructure  
planning, 239

transport planning, 238
urban planning, 238

Stress, 409, 411
Stress Reduction Theory, 411
Suburban neighbourhood design, 364
Suburbanisation, 272
Superblocks

bicycle network, 146
climate change, 151, 152
green network, 149, 150
green space, 149
intervia, 140, 141
mobility and public space, 148

Superlinear effect, 183
Sustainability, 136, 139, 145

anthropogenic causes of diseases, 38
civic engagement, 39
development, 38
mental, physical, and social wellbeing, 39
policy and development decisions, 38
walkable neighborhoods, 39

Sustainability strategies, 36, 37
Sustainable cities

biophysical environment, 32
bivariate correlations, 44, 45
comprehensive and definitive answers, 32
definition, 31
environmental stewardship, 31
policies and public health outcomes, 32
private, public and academic institutions, 

31 (see also Public health in US)
scattergram, 45, 46

Sustainable development, 288
Sustainable development goals, 82, 156, 166, 

227–228, 242, 686
Sustainable transportation

frameworks, 288
health, 289–291
indicators, 287, 294, 295, 298
principles, 288
public health, 287

Sustainable Urban Mobility Planning (SUMP), 
145, 292

System dynamics modelling (SDM)
participatory, 616

Systems dynamic approach, 281
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T
Tactical urbanism, 656
Temperatures

human health, 492
mortality, 492
vegetation, 485, 491

The ‘Ecosystems Enriched’ (eDPSEEA) 
Model, 693–695

The ‘Modified DPSEEA Model, 691–693
The Behaviourally Enhanced, Ecosystems 

Enriched DPSEEA Model, 696
The DPSEEA Model, 691
The Ecosystems Enriched, Behaviourally 

Enhanced DPSEEA model, 
695–697

The Ecosystems Enriched/eDPSEEA  
Model, 693

The Egan Model, 695
The Health Map, 673
The Medical model

double blind randomised control trial, 664
interventions implementation, 667
“knowledge by description” and 

“knowledge by acquaintance”, 666
methodological preferences and debates, 

665, 666
NICE research, 665
participative action research method, 666
proof of causality, 665
public health and health care, 664
public health professionals, 666

The Modified DPSEEA Model, 692
The Sheffield East End Quality of Life 

Initiative, 567
The Social Model of Health, 689
The Socioecological Model of Health, 690
The Urban and TranspOrt Planning Health 

Impact Assessment (UTOPHIA) 
model, 618

The Urban Health Equity Assessment and 
Response Tool (Urban HEART), 
527–529, 531

Traditional city planning and development, 38
Traffic activity models, 617, 618
Traffic analysis zone (TAZ), 300
Traffic calmed streets, 60
Traffic-related air pollution (TRAP), 584, 617
Traffic-related noise, 584
Translating evidence

bounded reality trial, government 
decision-making, 668, 669 (see also 
Complex adaptive systems)

epistemology, 659
functions, 659

global action, 656
health determinants, 656, 657
healthy cities action, 669
HiAP approach, 662
human health, cities and towns, 656
intersection density, 660
medical sphere and health care  

delivery, 655
movement network, 660
nature of, 663–664
net residential density, 660
number of parks, 660
policy and practice, 658, 659
policy drivers and investment streams, 661
policy-makers’ hierarchy of evidence,  

667, 668
possible links with external built 

environment, 657, 658
public health and land use planning, 662
public health fraternity, 669
public transport density, 660
resource allocation and prioritisation, 668
socio-economic categories, 661
socio-economic status, 658 (see also The 

Medical model)
transdisciplinary collaborations, 663
urban environments, characteristics,  

660, 661
WHO, 655

Transport
combustion engine, 280
emissions, 281
mode choice, 278
public/NMT, 164
risk, digital mobility, 280

Transport and health
air pollutants, 255
components, 255

Transport Demand Management, 309
Transport mode

cycling vs. driving, 388
public transport vs. driving, 389

Transport planners, 328
Transport planning, 238, 503, 535, 536, 538, 

540, 542–544, 548, 553
academics, 330
active mobility, 327
deviance, 331
digital technologies, 326
environmental exposures, 4
flatland worldview, 335, 336
four quadrants model, 337–339
geographical mobility, 327
health and reduce inequalities, 6
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(im)mobile construction, 326
instrumental approach, 329
interdisciplinary thinking, 335
mobility, 333
mobility and immobility, 330
polyrational thinking, 333, 334
premature mortality, Barcelona city, 5
rationality, 327
scepticism, 336 (see also Urban planning)

Transport professionals, 329
Transport system

health effects, 253
land use, 253

Transportation, Air pollution and Physical 
Activities (TAPAS) model, 618, 639

Travel behavior
distances, 256
land use, 260, 262, 265
and health, 259, 264
particulate matter (PM), 256
physical activity, 256, 257
self-selection, 258
socio-economic and demographic 

variables, 257
well-being, 257, 258

True urbanism, see International Making 
Cities Livable (IMCL) movement

U
UN-Habitat, 27, 29, 155, 156, 271
Universal Thermal Climate Index (UTCI), 486
Urban and transport planning

integrated full-chain HIA modelling, 616
public health approach, 610
qualitatively urban interventions, 609
UTOPHIA model, 618

Urban big data, 369
Urban design

active living and physical activity, 367
architectural implementations, 468
biophilic design patterns, 468
built environment, 122
community, 123
complex systems

behaviour analysis, 367
collaborative modelling, 368
digital planning tools, 367
face validity, 368
planning support systems, 368
simulations, 369
validating indicators, 369

Enviroscape measures, 465
heat island (see Heat islands)

individuals
built environment and urban form, 114
sensory experiences, 114

noise modeling and measurement, 469
policy integration, 469, 470
relative quietness and restoration, 467
Scandinavia, 128
social cohesion and safety, 468
soundscape, 468

Urban ecology, 95
Urban ecosystems, 98

community services, 90
land uses, 90

Urban flooding, 230
Urban form

road safety, 385, 386
travel behaviour, 384, 385

Urban HIA studies
air dispersion models, 618
BOD studies, 612
emissions and environmental, 615
European leading emission, 617
full-chain assessment, 618
full chain models, 616, 617
integrated full-chain HIA modelling, 616
land-use changes, 612
motorised individual transport to public 

transit, 615
non-motorized individual transport, 615
participatory full-chain, 617
participatory SDM, 616
static and thus insensitive to feedback 

loops and time delays, 616
traffic activity models, 617, 618
transport policy measures, 615
TRAP, 617
urban planning policy, 612
vehicle emission models, 618

Urban planning, 238, 510, 537, 553, 642–650
Barcelona city, 5
barriers (see Barriers)
behavioural and societal transformations, 12
car-accommodating infrastructure, 7
city mayors, 4
conceptual framework, 6, 7
cultural and ethnic backgrounds, 5
cultural shift and funding streams 

reallocation, 12
electric and autonomous vehicles, 6
enablers (see Enablers)
environmental exposures, 4
environmental factors, 10
exposures and lifestyles, 7
face-to-face interaction, 4
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Urban planning (cont.)
5 D’s, 6
good public health, 6
green space, 4
health impact assessment, 8, 9
healthy city, 10
informal settlements, 5
infrastructure investments and policies 

cities, 10
infrastructure projects or  

comprehensive, 610
innovation and wealth creation, 4
international and national guidance, 641
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