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Foreword

This volume is dedicated to the topic “Urban Transformations: Sustainable Urban 
Development Through Resource Efficiency, Quality of Life and Resilience”. After 
the Habitat III conference and the adoption of the New Urban Agenda, the question 
of how to tackle the challenges in terms of transforming our cities in a sustainable 
direction is more urgent than ever. We need to think about appropriate instruments, 
strategies and mechanisms and have to consider adequate governance patterns, 
existing power constellations and the inclusion of the civil society.

Our responsibility, as scientists, is to provide an interdisciplinary framework for 
understanding urban transformations that can serve as a reference not only for pro-
fessionals in many of the disciplines involved in this volume but also for those 
involved in policymaking. This has to be done in a way that political action can 
become the result of the interaction of research, policy and citizenship and the coun-
terpart of the taxes paid by citizens that serve to support research. This has never 
been an easy task. Thus, this book responds to the challenge of providing a refer-
ence tool for researchers, practitioners and policymakers and a stimulus to strengthen 
the link between research and policy that contributes to reinforcing the idea of trans-
forming cities into more sustainable places to live, within the general European 
strategy for reaching a more sustainable lifestyle in Europe in the horizon of 2050.

The need to change towards a more sustainable lifestyle is a priority for the 
European Union. This has generated a number of European research programmes 
around the Horizon 2020 research framework programme; these aim at emphasiz-
ing the need to transform cities, at improving the quality of life by making the 
management of resources more efficient and sustainable and at promoting resilience 
in the way cities deal with the new demands. The problem of urban contexts urgently 
requires a change in our way of managing and using natural resources. This involves 
two types of changes: On the one hand, there is a need to activate lifestyle changes 
and support initiatives for social innovation that challenge existing patterns and 
propose alternatives. On the other hand, we need to transform our economies and 
generate urban environments that support wellbeing and social cohesion in a sus-
tainable direction. Both require an empirically grounded understanding of the com-
plex interactions among economic, social, cultural, political and technological 
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factors that influence sustainability and urban transformations towards a greener 
future. The European Commission states that changes to a more sustainable Europe 
need to address the demand side as well as to re-evaluate economic and growth 
models. This goes hand in hand with efficient changes in governance systems, to 
enable necessary paradigm shifts.

The 21 contributions of this volume demonstrate convincingly projects and path-
ways for urban transformations towards sustainability. They give evidence that sci-
entifically based solutions and recommendations are needed in order to achieve a 
more sustainable world, as specified in the Sustainable Development Goals. The 
contributions of this volume provide conceptual framings, problem descriptions and 
explanations, data sets, modelling approaches and case studies, as well as solution-
oriented research results, and they deal with diverse topics related to urban develop-
ment. Starting with conceptual considerations about the current state of the scientific 
discussion on urban transformations, the authors provide their own conceptual 
frame to define urban transformations. They focus on resource efficiency, quality of 
life and resilience as key dimensions of urban transformations. Some of the contri-
butions analyse one of these dimensions in depth, whilst the majority of articles 
stress the interrelatedness and the interdependencies of the three dimensions, in 
order to capture the complexity of urban development. The contributions refer to the 
initially introduced conceptual frame of urban transformations and reflect upon the 
authors’ own position as well as formulating particular and, sometimes, divergent 
opinions. Thus, the urban transformation concept provides an umbrella that is able 
to invite different disciplinary origins to exchange and collaborate. This is the pre-
requisite for interdisciplinary dialogues and approaches that produce the added sci-
entific value needed to capture complex, dynamic and occasionally wicked problem 
constellations. The contributions of this volume give excellent evidence of a variety 
of interactions, exchanges and cooperation, in particular when they cross the bor-
ders between the social and natural sciences. Furthermore, the close collaboration 
with practitioners and stakeholders, which is characteristic of transdisciplinary 
research, guarantees the relevance and the impact of research results for societal 
practice. In order to ensure this focus on practical relevance, governance issues, 
including institutional frameworks and power constellations, are an important com-
ponent of the research itself, and they invite us to acknowledge that applying 
research into political practice involves many players, with numerous social, politi-
cal and urban dynamics, all of which need to be taken into consideration.

Improving the welfare and quality of life of citizens must go hand in hand with 
the more efficient management of urban resources, mitigation of the impact of risks 
and design of more urban resilience. For this reason, we need a practical engage-
ment, considering that political action should be rooted in knowledge based not 
only on different sciences but also on a variety of actors, underlining the need to 
consider the contribution that practitioners, policymakers and civil society – in its 
many forms of organizing and manifesting itself – make to the generation of the 
knowledge base. Thus, the transfer of research results to social and urban transfor-
mations and to environmental policy, as well as the use and exploitation of public 
resources, requires a comprehensive strategy and not just focusing on a single 
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source of obtaining knowledge. Therefore, a new paradigm of knowledge develop-
ment is needed, starting from methodologies that integrate citizens, users, politi-
cians and stakeholders within a comprehensive system of co-generation of 
knowledge. This refers to reconnecting science with its primary objective, which is 
the systematic generation of well-structured knowledge through observation, rea-
soning and experimentation in disciplines working in cooperation and attempting to 
explain the functioning of urban phenomena via theories and systems.

The co-production of knowledge, incorporating the knowledge of citizens, poli-
cymakers and stakeholders, involves a change in the configuration of politics 
towards a conceptually different approach, aimed at decision-making and at new 
styles of governance in the urban context, one that incorporates social innovation as 
a key element. One of the most important characteristics of this new approach is that 
it involves the coming together of actors who have differing opinions, agendas, 
languages and expectations. It also demands the creation of a suitable space for 
innovation and social participation, where social innovation can emerge as a result 
of the creative processes arising from the encounters between the various actors. 
Finally, it demands a consensus on governance models, discarding those that are 
guided by criteria of experience, in favour of models that are committed to the 
implementation of participatory mechanisms for building up community policies.

Creating new spaces in which disciplines and actors can establish common terms 
of reference and a shared language thus becomes absolutely necessary. But perhaps 
it is even more important, in addition to the shared language, to share the idea that 
social and environmental policy, based on knowledge of the social sciences, can 
contribute to a better society. This aspect has not always led to agreement between 
scientists and policymakers. Nevertheless, it is a matter that affects the prestige of 
the environmental sciences in general and social sciences in particular, if they are to 
be considered as the base for decision-making.

This volume would not have been possible without the specific research environ-
ment provided by the Helmholtz Centre for Environmental Research, with its broad 
disciplinary background and its integrative research strategy. This volume delivers 
a convincing example of what interdisciplinary, future-oriented and relevant urban 
research should look like.

From my perspective as president of the International Association of People-
Environment Studies (IAPS), which places emphasis on strongly fostering interdis-
ciplinary exchange, particularly concerning sustainable urban development, I 
appreciate the scientific contributions documented in this volume. They provide a 
sound basis for further scientific exchange about urban transformations towards 
sustainability.

President of the International Association of Ricardo Garcia-Mira
People-Environment Studies (IAPS)
A Coruña, Spain
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 Motivation

“Cities are the future” is the title of the introduction to the special issue of SCIENCE, 
published in 2016, that stresses the planetary challenges and chances of ongoing 
global urbanization. It underlines that “the decisions we make today about how we 
build and live in cities will affect generations to come” (Winnigton et  al. 2016, 
p. 905). Also in 2016, the German Advisory Council on Global Change (WBGU) in 
the flagship report “Humanity on the move: Unlocking the transformative power of 
cities” (WBGU 2016) points to urban development as one of the major challenges 
of present and future societal development. All this emphasizes that, at present, cit-
ies are ubiquitous, with the majority of mankind now living in urban areas. And, 
urbanization, as a mega-trend, is ongoing. In 2050, more than two thirds of the 
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global population will live in cities, with particularly high population growth in 
African and South-Asian cities (UN 2015b).

The major question connected with this urbanization process is how to organize 
and provide living conditions in cities that enable a dignified life for the current 
inhabitants as well as for newcomers and future generations. This includes the effi-
cient provision and fair distribution of resources to ensure an acceptable quality of 
life for all urban residents within a resilient urban environment. To reach this target, 
fundamental changes towards sustainability  – called, in this volume, “urban 
transformations”1 – are necessary. By applying a research approach that recognizes 
the complex and adaptable nature of urban areas, knowledge and solutions can be 
produced that really respond to current and urgent urban challenges.

Cities, on the one hand, demand, use, and, in many cases, also overuse natural 
resources such as land, water, energy, or biodiversity. Seto et al. (2011, p. 1) point out 
that the conversion of land surface to urban uses has to be classified as “one of the 
most irreversible human impacts on the global biosphere”. Cities also increasingly 
grab natural resources that are far from their original territory, as the debate on urban 
land teleconnections (Seto et al. 2012) shows. Thus, urban development impacts on 
the development of resource use in many parts of the world. Furthermore, cities pro-
duce 75% of the global carbon emissions, and use 60% of the residential water 
(Grimm et al. 2008, p. 756). 90% of the global economic power (GDP) and 65% of 
the global energy consumption are concentrated in urban areas (Solecki et al. 2013).

On the other hand, cities are places where most innovations are created, and where 
people of diverse backgrounds and experiences come together, bringing in capacities 
and skills to produce ideas for more sustainable development. Moreover, cities mean a 
concentration and compaction of people and infrastructure that also has positive impacts 
on the environment, such as minimizing land consumption and sprawl, supporting short 
travel distances, making efficient use of water, energy and traffic infrastructure, as well 
as providing access to services such as school and health facilities. Thus, living in the 
so-called urban age is nothing to worry about per se. As several urban scholars have 
highlighted, cities can be seen as places of hope and change (e.g. Glaeser 2011). They 
play a key role in dealing with the challenges of global climate change (Rosenzweig 
et al. 2015), as arrival cities that raise hopes of a better life (Saunders 2011), or as eco-
nomic engines and places where innovations occur (Sassen 2012).

However, there is also a consensus that, overall, urban developments are often 
not sustainable in terms of resource use, social equity and inclusion, economic wel-
fare, and environmental justice. Accordingly, recently approved programs and dec-
larations place the need for ambitious structural transformations to reach 
sustainability at the center stage of decisions. The 2015 United Nations Sustainable 

1 In science and politics, the term “urban transformations” is given very different meanings in dif-
ferent contexts and different disciplines. Our definition is presented in the following sub-chapter: 
Our approach and understanding of urban transformations. Nevertheless, some contributions in 
the volume deviate from this definition and describe their specific handling of this concept. 
Similarly, there is also no clear-cut definition of urban areas or cities. Within this volume, we con-
sider large urban agglomerations, such as megacities, as well as smaller cities, as cities themselves 
but also include their relationships with the peri-urban hinterland.
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Development Summit marked a turning point with its declaration “Transforming 
our world – the 2030 agenda for sustainable development”. Within the 17 Sustainable 
Development Goals (SDGs), Goal 11, “make cities and human settlements inclu-
sive, safe, resilient and sustainable”, places emphasis on urban areas (UN 2015a). 
This way, and for the first time, a UN declaration assigns cities a major role as 
places of human habitat. Besides Goal 11, other goals are also closely connected 
with urban life, such as Goal 1, “end poverty”, Goal 3, “ensure healthy lives”, Goal 
6, “provide clean water and sanitation”, Goal 9, “build resilience infrastructure”, 
Goal 13, “take urgent action to combat climate change”, or Goal 16, “promote 
peaceful and inclusive societies”; they overlap and cumulate in urban areas. Even 
goals that, at first glance, seem less connected to urban life, such as Goal 15, “halt 
biodiversity loss”, are concerned: Urbanization threatens global biodiversity but 
“Cities can reconcile […] biodiversity by creating environments that are ecologi-
cally sustainable” (CBD 2012, p. 2). This variety of goals and the respective targets 
that specify each goal mark the complex and diverse character of urban structures 
and challenges that require innovative, tailored, and adapted approaches and path-
ways to reach the goals. To take action, it is essential to consider the particular urban 
context, including the starting conditions, pressing problems, and governance struc-
tures, to define clear and realistic aims and pathways.

 Sustainability Through “Urban Transformations”

A review of the scientific literature yields evidence that urban transformations, 
understood as fundamental, partly radical, multi-dimensional and, in many cases, 
non-linear alterations in and of cities, are necessary to reach sustainability targets 
(e.g., UN Habitat 2016, WBGU 2016, Pickett et al. 2013, McCormick et al. 2013). 
In order to achieve sustainable development in cities, various authors describe the 
process with the term “sustainability transformations” (e.g. Olsson et  al. 2014). 
Thus, the terms “sustainability” and “transformations” are both used in close inter-
connection. Sustainability can be considered as a general societal vision. It has been 
concretized within the Sustainable Development Goals (SDGs) to encourage con-
crete actions based on binding agreements and to make the progress measurable. 
Thus, urban transformations are a response to global trends affecting urban areas; 
these include climate change, resource scarcity, economic globalization, demo-
graphic change, social polarization, or increasing migration streams.

However, urban transformations towards sustainability represent processes and 
not an endpoint (Kabisch and Kuhlicke 2014), in which stakeholders and decision-
makers develop and execute innovative solutions in line with the SDGs in their local 
context. This encompasses examples of collective and individual alterations in behav-
ior, economic and power relationships, or technological innovations. Often, transfor-
mations are a combination of technical, organizational, economic, institutional, 
socio-cultural, and political changes towards a sustainable way of life (McCormick 
et al. 2016, van den Bergh et al. 2011, Markard et al. 2012, Forrest and Wiek 2014). 
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Moreover, in the practice of urban development, selected sectors or themes, which 
have their own complexity, become a focus. Examples include infrastructure transfor-
mations (Bolton and Foxon 2015), energy transformations (Moloney and Horne 
2015), or governance transformations at city district levels (Mahzouni 2015).

Due to the variety of trends and their specific local impacts in cities, different 
transformation paths towards sustainability are necessary. This means that cities do 
not follow one single or clear-cut pathway. Rather, multiple urban transformation 
processes take place and can interfere with each other at the same time, and in differ-
ent forms, shapes, and temporal steps. They may pursue intermediate and final goals, 
according to the various stakeholders and interests involved, as well as in terms of 
available resources. Accordingly, it has been acknowledged that we should speak of 
‘urban transformations’ in the plural (Rink et al. 2015; Sommer and Welzer 2014; see 
also Pelling 2012; O’Brien 2012; Pickett et al. 2013; Park et al. 2012; Castán Broto 
and Bulkeley 2013; McCormick et al. 2013 for more general descriptions).

In the light of these manifold challenges, urban transformations towards compre-
hensive sustainability can only succeed if innovative scientific solutions and gover-
nance approaches are developed and implemented; governance approaches, in 
particular, have to critically consider existing institutional, political, and power con-
texts with respect to their capacities to facilitate, enable, or hinder transformations.

Thereby, local key actors and city leaders push actions and programs for innova-
tive solutions that are steps and components on the way towards urban sustainability.

 Our Approach and Understanding of Urban Transformations

The point of origin of our research on urban transformations presented in this vol-
ume stems from our socio-environmental science background. Social, natural and 
legal scientists as well as economists, urban and landscape planners, modeling 
experts, and engineers are engaged in investigations of commonly defined research 
topics. This multi- and interdisciplinary perspective is needed in order to tackle the 
complexity of urban transformations towards sustainability. In our research pro-
gram, we identify three transformation dimensions that help us to tame the exuber-
ant concept of urban sustainability and that operationalize different sustainability 
aims. The dimensions are: resource efficiency, quality of life, and resilience. They 
have been selected as the major foci of an integrated socio-environmental approach. 
Thus, there is a need for defining the content of each dimension but, additionally, 
and what is important, is the specification of the interplay and the interdependence 
of the three dimensions within the urban context.

These dimensions include a normative and an analytical connotation as well. 
Therefore, they are used in order to develop a coherent research perspective through-
out this volume, including conceptual debates and empirical evidence.

Concerning resource efficiency, the analysis and evaluation of urban resource 
use in close relation to technical infrastructure services, institutional framings, and 
governmental reflections are addressed. In particular, unprecedented land consump-
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tion, changing urban energy services, challenges of water quality and water scarcity, 
deficient sanitation, air pollution, and biodiversity losses are in focus. With regard 
to quality of life, we investigate living conditions of different socio-demographic 
groups of residents with respect to environmental justice, health and well-being, as 
well as social segregation. These components are impacted by urban nature, with its 
biological diversity and related ecosystem services, housing conditions, and infra-
structure facilities. Resilience encompasses, above all, but not exclusively, the chal-
lenges of climate change and hazardous weather events. We introduce research 
results concerning risk assessments and adaptation response measures and address, 
in particular, the governance and planning perspective.

In the following, these three dimensions are introduced in more detail, according 
to the contributions in the volume that refer to them.

 Resource Efficiency

The increasing competition for scarce land, affordable energy, or sufficient drinking 
water raises the question about how to use the available resources in an “efficient” 
manner and avoid any kind of wastefulness. Generally, resource efficiency is an 
attempt to create or produce the same or an even better output with less input (EC 
2011). The higher the efficiency of a system is, the better its input-output relationship 
(Fang et al. 2013). This notion of mere technical efficiency has to be recharged by 
considerations of “economic efficiency”, which also takes into account the opportunity 
costs of technically efficient alternatives. Thus, economic efficiency is value-driven, 
whilst technical efficiency might be misleading if only simple input-output relation-
ships are used. For example, energy-saving lamps may be technically efficient, but 
they might not be the economically most efficient way to reduce greenhouse gases 
(Mennel and Sturm 2009). To make it even more complicated: technical and economic 
efficiency have to be addressed due to their effects on social equity and livability, too.

With regard to the increase of resource efficiency, a simple juxtaposition of 
behavioral changes (e.g., lifestyle or consumer patterns), on the one hand, and tech-
nological innovations, on the other hand, are not sufficient. For instance, attempts to 
decrease residential water consumption require not only technological advances 
(Lee et al. 2013) but also the awareness and acceptance of such innovations, suitable 
tariff structures, as well as the economic efficiency and affordability of water ser-
vices (Klassert et al. 2015).

Similarly, the transformation of urban infrastructure systems, most of which 
were designed under the premise of long-lasting, stable demographic, political, and 
economic conditions, needs to take into account the wider societal context (Kiparsky 
et  al. 2013). Inflexible, pipe-dependent water supply and disposal systems are 
increasingly exposed to changing conditions such as climate change or alteration in 
population numbers; these influence the number of users, as well as increasing the 
requirements regarding efficiency. Hence, there is a need for adaptive and flexible 
facilities that can deal with variable and possibly unknown requirements and con-

Introduction: Urban Transformations



xxii

text conditions. These processes, however, question many established practices and 
routines, as well as institutionalized decision and policy-making processes in the 
context of urban transformations.

Further examples of the efficient use of resources are retrofitted buildings, to 
reduce energy consumption (Vandevyvere and Nevens 2015), and the maintenance 
and enlargement of urban green spaces (Haase et al. 2014), to provide cost-efficient 
benefits from the delivered ecosystem services, such as reducing air pollution and 
urban heat island effect. Currently, ongoing urban land use and surface sealing are 
limiting the existence and the functionality of ecosystem services; e.g., green spaces 
are reduced by housing construction and infrastructure enlargement. Based on esti-
mates that indicate a growth of urban areas worldwide by 1.5 million km2 by 2030, 
in comparison to 0.7 million km2 in 2001 (Seto et al. 2011, p. 8), the pressure on 
natural resources will increase.

In our understanding, the efficiency of resource use in urban areas, particularly 
with regard to land, energy, water, and biodiversity, can and must be improved. It is 
vital to pay attention to the socio-economic and organizational-institutional con-
texts of urban development, to technological advances and innovations, to environ-
mental impacts as well as to governance processes in a broader sense. It is a 
transformation area that, in general, provides major prerequisites for simultaneously 
improving both urban quality of life and a city’s resilience.

 Quality of Life

Quality of life is a broad term that “can mean many things to many people” (EEA 
2009, p. 6). Thus, quality of life is a multidimensional concept that includes issues 
ranging from material living conditions such as housing to personal and social well-
being, as well as environmental circumstances (Garcia Diez 2015). It involves 
immaterial as well as material, subjective as well as objective, individual as well as 
collective elements of welfare, satisfaction, and happiness (Marans and Stimson 
2011). Therefore, the availability of and access to resources is a core prerequisite of 
urban quality of life. Whilst quality of life has increased in many areas of life and 
for many social groups, it has been decreasing, e.g., with respect to lifestyle-related 
diseases, and social inequalities also persist (EEA 2009).

In this volume, the focus is on quality of life from a social-environmental per-
spective. In this sense, the access to green infrastructure, “the network of natural 
and semi-natural areas, features and green spaces in rural and urban, and terrestrial, 
freshwater, coastal and marine areas” (Naumann et al. 2011, p. 1), its biodiversity 
and ecosystem services is basic to quality of life. People who live in urban areas 
with a high share of green spaces, for example, have both lower mental distress and 
greater well-being than people in areas with smaller shares (White et  al. 2013). 
Similarly, evidence suggests that high biodiversity positively affects human health 
(Keesing and Ostfeld 2015) – but access to biodiversity is not distributed equally in 
society (Strohbach et al. 2009). Equal access to a clean environment and equal pro-
tection from environmental harm (e.g., noise, pollution, heat stress, lack of green 
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space) for everyone, independent of any differentiating features of socio-economic 
status, in terms of environmental justice (Schwarte and Adebowale 2007), is thus 
vital to quality of life.

Subjective indicators of quality of life, such as individual perceptions of living 
conditions and/or the environmental situation, are at least equally important as the 
more classical objective indicators such as concentrations of environmental pollut-
ants and other technical measures of environmental burdens (Marans and Stimson 
2011). Therefore, to obtain differentiated insights into the quality of life of urban 
inhabitants, it is necessary to differentiate between social, demographic, lifestyle, 
and socio-economic groups with regard to their expectations and perceptions, and 
between different scales, from the entire city to the neighborhood. In order to pro-
vide a high quality of life for everyone, it is necessary to combine technical innova-
tions, social innovations, and ecological interests with participatory governance 
modes, by involving citizens (Nevens et al. 2013; de Flander et al. 2014).

Consequently, quality of life can only be achieved if a) access to natural resources 
and protection from environmental harm in and between cities are more equally 
distributed and b) this distribution process is designed in a democratic, transparent, 
and integrative way that refers to the concepts of procedural justice and justice as 
recognition, thus giving equal access to information and participation in decision-
making (Walker 2012).

 Resilience

The resilience concept points towards the question of how to deal with rapid, mostly 
unanticipated, and therefore surprising alterations, as well as shocks or crises 
(Kuhlicke 2013). Resilience is often defined as a system’s capacity to adapt or 
respond to singular, unique, and, most often, radically surprising events and/or pro-
cesses (Mykhnenko 2016; Olsson et al. 2014). The resilience concept used in the 
context of this volume refers to the “[t]he capacity of a social-ecological system to 
cope with a hazardous event or disturbance, responding or reorganizing in ways that 
maintain its essential function, identity, and structure, while also maintaining the 
capacity for adaptation, learning, and transformation” (IPCC 2014, p. 3). In this 
light, adaptation is seen as “incremental adjustments that preserve systems integrity 
when conditions change” (Pelling et al. 2015, p. 116). The overall orientation of the 
discourse is to consider how the concept of resilience might be useful for urban 
planners or management agencies in order to enhance, build, or develop capacities 
in communities, urban areas, and entire systems, to be prepared for and to cope with 
unexpected, quite often threatening events or developments.

Cities are particularly exposed to such alterations, e.g., in terms of natural haz-
ards and climate-related extreme weather events, due to the large number of people 
and assets located in risk-prone areas, but also in terms of other disturbances, such 
as terrorist attacks or financial crises, which can affect every city with significant 
and far-reaching consequences. Making cities more resilient means, therefore 
strengthening a system against turbulences and constructing functions and struc-

Introduction: Urban Transformations



xxiv

tures that are flexible and elastic in terms of less vulnerability during times of crisis 
(Revi et al. 2014). Therefore, increasing the resilience of a city is seen as crucial 
element of urban transformations (Schneidewind and Scheck 2013).

Resilience is, thus, not only a concrete and observable capacity that is, in a nor-
mative sense, desirable, but also a field that has to take into account how actors 
make sense of their capacity to deal with rapid changes (Kuhlicke 2013). New forms 
of governance targeting the creation of ‘preventive resilience’ are needed, in order 
to implement more resilient strategies and behavior. In a broader understanding, 
resilience also showcases the future orientation of urban transformations. A city’s 
resilience towards climate change, for example, may require deep structural changes 
in the urban economy and renewed forms of governance. In this context, other 
concepts, such as adaptation, need to be considered and win-win situations have to 
be evaluated. The crucial, although political question is, which structural elements 
need to be changed?

 Synopsis

All three transformation dimensions – resource efficiency, quality of life and resil-
ience – are interrelated and influence each other. Accordingly, synergies and trade-
offs, but also risks, feedbacks, and conflicts between the three transformation 
dimensions need to be addressed.

For example, new technologies promoting higher resource efficiency are not nec-
essarily resilient, socially sustainable and enhancing for the quality of life at the 
same time, as the example of new and highly innovative sanitation systems shows. 
Although they make use of resources from wastewater flows, and provide wastewa-
ter reuse (as drinking water), they often lack acceptance because people feel 
restricted in their quality of life, due to the loss of comfort. Another example is 
related to the ongoing pressure on urban land and land-use changes. More compact 
urban structures, to restrict urban sprawl, impact on a variety of urban functions 
because they involve land sealing. They limit inner-urban ecosystem services such 
as recreation or retention capacity, in case of heavy rainfalls (Banzhaf et al. 2017).

To analyze and evaluate the interrelations between the three transformation 
dimensions, city-specific economic, political, social, or cultural characteristics need 
to be considered. This is undispensable in order to generate context specific options 
for policy recommendations and practice solutions.

 Purpose of the Volume

The focus of this volume lies on the concept of urban transformations as an umbrella 
term because of its normative as well as analytical power: Whilst the normative 
dimension refers to the concept of (multi-dimensional) sustainability as an 
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overarching goal or direction of change, the analytical dimension focuses on under-
standing how change is occurring, framed, shaped, negotiated, implemented and 
interpreted. This is based on empirical studies and includes indicators and a well-
defined methodological design. Within this perspective, the contributions of this 
volume critically address synergies, conflicts, trade-offs, and limits, as well as 
scopes of action of urban transformations. They reflect on urban dynamics, drivers 
and triggers, and discuss governance options and decision-making processes, high-
lighting the transformation dimensions resource efficiency, quality of life, and resil-
ience, as well as their interactions.

This volume provides both theoretical contributions related to the concept of 
urban transformations and its interpretations, as well as corresponding empirical 
research contributions. Our empirical research is dedicated to a range of specific 
topics, e.g., land-use change and its consequences for ecosystem services, “the 
direct and indirect contributions of ecosystems to human well-being” (TEEB 2010, 
p. 33) and quality of life, governance of urban infrastructures, or urban resilience 
and adaptation towards climate change. We provide scientifically based recommen-
dations and solutions for the particular challenges. Furthermore, we connect the 
different approaches, point out interdependencies and define the relevance of the 
contribution for the sustainability targets. Particular attention is given to governance 
by exploring decision-making, participative approaches, and power relationships. 
This perspective is decisive for a true understanding of how and if, at all, knowledge 
can be implemented into practice. It also allows an explicit view on related trade-
offs (between different interests, actors, or policy fields) as well as existing conflicts 
and failures.

A variety of geographical scales are addressed by the contributions, ranging from 
global to regional and local, down to the neighborhood scale. The empirical case 
studies were mainly carried out in Germany. Some examples are located abroad 
(Chile, Jordan, India), acknowledging their specific cultural contexts. Thus, the vol-
ume reaches beyond a merely additive description of single case studies. It provides 
evidence for the additional value of close collaborations between social, natural, 
and technical scientists, all of whom are engaged in efforts directed at sustainable 
urban development. Thereby, the volume demonstrates that urban transformations 
are multi-facetted processes that depend on local contexts, and particularly on the 
actors who determine the governance pattern. What stands out is the interdisciplin-
ary collaboration in many of the contributions. Subsequently, we pursue an inte-
grated research approach combining different disciplines, concepts, and methods.

The volume consists of four parts, framed by an introductory chapter and a final 
reflection. Each part has a thematic focus, nevertheless strong interrelations between 
the parts exist. Part I evolves along a variety of conceptual debates about sustain-
able urban transformations in different disciplines and topics. Part II is dedicated 
to the improved use of urban resources and infrastructures by different governance 
options. Part III sheds light on quality of life, especially with respect to air quality, 
thermal conditions, green spaces, and ecosystem services. Part IV deals with urban 
risks and resilience, both conceptually and empirically, in a variety of urban 
contexts.
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Part I
Conceptual Approaches of Sustainable 

Urban Transformations

Outline

Sigrun Kabisch and Annegret Haase

In this first part of the volume, five conceptual approaches to the issue of urban trans-
formations will be introduced. The contributions provide evidence for the diverse 
ways of urban transformations and show the added value of interdisciplinary dis-
courses. Paying attention to the transformation dimensions resource efficiency, qual-
ity of life and resilience, their interrelations, trade-offs and constraints are addressed. 
All papers start with a theoretical discussion of the scientific state of the art of their 
topics and illustrate their argumentation by highly topical empirical cases.

Based on belief that cities are key players in the process of transformation 
towards more sustainability, the first paper by Rink et al. contrasts the main features 
of “transition management” and the idea of a “great transformation”; these are two 
systematically elaborated conceptual approaches. To illustrate their particularities, 
constraints, as well as overlaps, the topics of the post-fossil city and the resilient city 
are scrutinized. The authors stress the prior importance of governance and the need 
for new governance modes to overcome the still existing resistance against urban 
transformations. Bedtke and Gawel combine transition theories and the economic 
theory of institutional change by using the example of urban infrastructure transfor-
mations. They point out that infrastructure transformations consist of a technologi-
cal shift as well as a decisive change of the institutional and legal framework. Hence, 
the authors take an institutional viewpoint to explain the remarkable inertia within 
the insufficiently flexible and non-sustainable urban water sector. They conclude 
that there is a need for an integrated transformation approach of the urban system 
that is based on adaptively efficient institutions. Gawel and Kuhlicke raise the 
topic of the efficiency-equity trade-off in the urban context. Equity and resource 
efficiency may turn out to be competing guiding principles for sustainability- 
oriented transformation processes. The authors shed light on the theoretical back-
ground of these normative principles and their conceptual relationship, and also 
discuss the empirical examples of the flood-risk management and water service 
pricing. They provide evidence for the challenges facing urban transformations 
when aiming at addressing resource efficiency and equity concerns simultaneously. 
They plead for overcoming the, to date, usually fragmented theoretical discourses as 
well as decision-making solely based on one of these principles, and stress the ben-
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efit of interdisciplinary cooperation on this topic being aware of the potential trade-
offs. Haase et  al. deal with the connection between crises and sustainability 
transformations and elaborate the influence of crises on the progress and feasibility 
of change, both in theoretical terms and with the help of empirical examples such as 
urban water infrastructure crisis or the nexus between financial crises and urban 
austerity policies. They argue that there is no straightforward relationship between 
crises and transformations; crises can support or hinder transformations. They con-
clude that a more systematic and tailored consideration of the crisis factor is impor-
tant but needs dispassion and balance. Koch and Ahmad provide an approach to 
measure the progress of the achievement of Sustainable Development Goals (SDGs) 
adopted by the UN in 2015. They shed light on Goal no. 11, which is dedicated to 
inclusive, safe, resilient, and sustainable cities. By using the example of German 
and Indian cities, they specify the underlying seven targets related to appropriate 
indicators as well as the relevancy and the availability of data. They conclude that 
Goal no. 11 can be read as a global guideline for the minimum standards a city 
should fulfill in terms of sustainability.

By and large, all the papers in this part of the volume show the wide range of 
conceptual ideas that are under discussion with respect to urban transformations 
towards more sustainability. The papers invite readers to reflect on and critically 
discuss the described approaches.

I Conceptual Approaches of Sustainable Urban Transformations
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1  Introduction

With cities acknowledged as key players for active involvement towards more sus-
tainability (Parnell 2016), the city – or the urban scale – is seen as a, or even the, 
decisive field that can make transformations towards sustainability work (WBGU 
2011; UBA 2015b). And, there is “general agreement that effective and integrated 
solutions can only be found and efficiently implemented through cities and urban 
areas” (McCormick et al. 2013, p. 2). Cities are, today, assigned a role as pioneers 
or frontrunners of sustainability transformations (Wolfram 2014; Wolfram and 
Frantzeskaki 2016). Nevertheless, it still needs to be seen whether these aspirations 
and expectations about the role of cities is only born out of desperation about slow 
progress toward sustainability or if they can actually become the real focal point of 
transformation. The increasingly important notion of “transformation” in policy and 
research, when talking about changes that need to be undertaken, provokes the 
question about possible differences between the terms transformation and sustain-
able development. In this regard, Brand (2016, p. 24) has argued that the term trans-
formation is “more radical and more attractive than the term sustainable 
development” and stresses both the urgent need for action and the “how to come to” 
the implementation of sustainability. For Brand (2016, p. 24), transformation is the 
“new critical orthodoxy”, characterized by a radical problem diagnosis, promising 
far-reaching change, but also involving a relatively incremental understanding of 
the processes and steps of social change, in order to cope with the problems. 
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Loorbach concludes that “Sustainable Development itself has become part of the 
problem” because it has become part of the established regime and has primarily 
served to make it a little less unsustainable (Loorbach 2014, p. 32). According to 
this ambitious target, we explore three aspects of urban transformations: extent, top-
ics, and governance (UBA 2015b).

In order to shed light on the extent to which cities are expected to change, we 
have selected two conceptual approaches, Transition Management and the Great 
Transformation. Both approaches are prominent in the current debate about the 
societal change needed in order to respond to the challenges of sustainable urban 
development. The topics, which are empirically-based examples of urban transfor-
mations, are framed by the climate change debate: namely, the post-fossil and the 
resilient city. They have been selected because of the growing pressure that climate 
change exerts on cities and, vice versa, for cities to adapt to and deal with climate 
change (McCormick et al. 2013; O’Brien 2015). In the discussion on how to turn 
desirable transformations into real-life environments, governance, in terms of local 
politics and participation, is decisive.

The chapter is structured according to the three aspects. In order to contribute to 
the broader debate on urban transformations and to open the floor for further discus-
sion, it addresses extents and topics of urban transformations, and looks at the gov-
ernance of urban transformations in terms of actors, networks, and policy paradigms. 
Various approaches are presented and discussed. By illustrating and critically 
reflecting the state of the art and identifying challenges, we distillate pressing ques-
tions for further research related to the emerging field of urban transformations 
towards sustainability. The chapter’s aim is to provide a conceptual background for 
transformation on the urban scale.

2  Extent of Urban Transformations: Transition Management 
and the Great Transformation

The extent of transformation describes the degree to which an existing system is 
expected and able to change. It can range from stepwise incremental alterations to 
change of the complete system. This refers to recent science and policy discussions 
that have evolved around pathways, power relations, mechanisms, and instruments 
needed for achieving substantial progress towards sustainability. Conceptual 
approaches on this issue include, amongst others, transition approaches, socio- 
ecological transformations, sustainability pathways, transformative adaptation 
(Patterson et al. 2016), and the concept of the Great Transformation (WBGU 2011).

In order to exemplify this, the two approaches Transition Management and the 
Great Transformation are introduced. We are aware that the terms transition and 
transformation are broadly used within other discourses and disciplines, but to 
 pursue our goal, we have made a specific selection. We have chosen these two 
approaches because they are elaborated systematically and have a prominent posi-
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tion in national and international academic, public and political debates. Furthermore, 
the concept of the Great Transformation, first introduced by Polanyi (1971) and 
followed up by the WBGU (2011), is partly related to the concept of Transition 
Management. Nevertheless, central terms such as Great Transformation are used in 
divergent, partly contradictory ways and the usage of the terms transformation and 
transition is not at all clear cut or distinct. Within the literature, both terms often 
describe the same circumstance: fundamental change of societal relationship to 
nature. Thus, others, such as Brand (2016) or Kabisch and Kuhlicke (2014), concep-
tualize only transformation as a fundamental change and consider transition more as 
a gradual or step-wise change that is, or can be, part of a fundamental transforma-
tion. Overall, the adoption of both the Great Transformation and the Transition 
Management approach marks a turning point within the sustainability debate.

2.1  Transition Management

Transition Management (TM) has its disciplinary background in economic theory, 
particularly in innovation research. It is embedded in the transition research that was 
elaborated at the Dutch Research Institute For Transitions (DRIFT) in Rotterdam. It 
is the aim of the concept or paradigm to explain the shift from one regime to another 
and not only from one system, product, or technique to another. Nevertheless, TM 
considers incremental changes in so-called niches of markets as the starting point 
for paradigm change. Niches are defined as specific markets or application domains 
in which radical innovations can emerge without being included in the selection 
process of the prevailing regime (Grin et al. 2010; Kemp et al. 1998; see also the 
contribution of Bedtke and Gawel, “Linking Transition Theories with Theories of 
Institutions – Implications for Sustainable Urban Infrastructures Between Flexibility 
and Stability”, in this volume). Based on this concept, the Multi- Level- Perspective 
(Geels 2002) was developed. This refers to “landscape” as the overarching socio-
technical setting that includes institutions and the market on the macro level, 
“regime” as the dominant practices, rules and technologies on the meso level, and 
“niche” as the place or area where space for radical innovation and experimentation 
is provided on the micro level (Fig. 1). Each level has its own set of actors, compris-
ing parties, politicians, and organizations from government, enterprises, associa-
tions, and unions from the market, as well as civil society actors such as NGOs, 
initiatives, and projects, all interacting in different ways. The main goal of this heu-
ristic model is to explain a regime shift in order to obtain knowledge on how transi-
tion can be systematically initiated, promoted, and steered. The idea is that niches 
will emerge, grow, and spread and destabilize the level of the old regime. TM 
attempts to actively support this process with a variety of activities: strategic, tacti-
cal, and operational. This should be primarily achieved by engaging a wide range of 
actors and stakeholders from different fields and over multiple levels. In this regard, 
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TM highlights the role of experimentation and learning, so that innovation can 
emerge and diffuse efficiently (Loorbach 2010). “Transition management is theo-
retically a form of meta-governance: creating conditions under which the actions of 
autonomous agents somehow add up to contribute to a bigger whole” (Loorbach 
2014, p. 67). To describe the transition, a “multi-phase concept” has been elaborated 
with a so-called predevelopment phase, a take-off with innovation, then an accelera-
tion followed by the stabilization of a new regime (Grin et al. 2010) (Fig. 1). Because 
there is no automatism in this phase model, the alternatives of a lock-in, a backlash, 
or a system breakdown, if the take-off is not followed by a successful acceleration 
and a subsequent stabilization phase, have been introduced (ibid.).

The TM approach or paradigm has gained its conceptual framework by analyz-
ing expired transitions (Grin et al. 2010). Transition research, so far, has focused 
predominantly on socio-technical transitions, in particular, in domains such as water 
infrastructure, energy, waste, food, mobility, care, and housing (Loorbach 2014). 
Recently, TM has been used to explain the transition to sustainability, to elaborate a 
new regime, and to steer this from its starting point. Loorbach has distinguished 
here a so-called “New Transformation” of “the Great Transformation”. The New 
Transformation is defined as “a fundamental shift in power-relations and -struc-
tures: a reconfiguration of the basic socio-economic regimes that cuts across our 
society and societal domains” (Loorbach 2014, p. 53). With this conceptualization, 
he links TM with the concept of the Great Transformation by giving it a specific 
interpretation (see Sect. 2).

In urban settings, TM approaches have been used to frame technological and 
socio-technological changes related to infrastructure (Geels 2011), in addition, the 
application of the Multi-Level-Perspective in cities encounters critical issues such 
as mobility or energy production (Hodson and Marvin 2011). More recently, the 
TM approach has been connected with the so-called Urban Labs or Living Labs. 
These are environments where “an episode of transformation is realized and, as 
such, Urban Labs are facilitated sites for creating (social) innovation and within 
which social change agents can initiate or inflict urban sustainability” (Nevens et al. 
2013, p.  115). These labs are often related to climate change issues and try, for 
example, to show pathways to low carbon societies or CO2-neutral urban structures 
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autonomous trends,
paradigms, slow
changes

Meso-level: regime
dominant structure,
culture and practices

Micro-level: niches
innovative ideas,
projects, technologies, 
niche actors
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TimePredevelopment

Take-off

Acceleration
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Fig. 1 Phase model of transition (Source: Grin et al. 2010, p. 131)
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(ibid.). Thus, these labs are seen as niches from which innovation can emerge and 
spread. Even though the idea is that these innovations will be incubators, in order to 
lead to more comprehensive forms of sustainability transformation, the scale at 
which urban sustainability transformations begins is local and the extent of change 
focuses on specific technological/ socio-technological sectors. In contrast to TM, 
with its attention to niches, the Great Transformation deals with large and radical 
changes.

2.2  The Great Transformation

Within recent decades, the highly appreciated study, “The Great Transformation” 
(first edition 1944), by the economist Karl Polanyi has become a leading paradigm 
for approaches that aim at large transformations. Here, “transformation” is concep-
tualized as an overarching category of a fundamental social change. According to 
Polanyi, transformation targets the entire society or the entire societal system in its 
relation to the environment as an object. Transformations are considered within 
processes of long-term societal change. Following this understanding, until today, 
only two transformations can be named: 1. the transformation from nomadism to 
settledness – the so-called “neolithic revolution”, and 2. the transformation from the 
agrarian to the industrial society, the so-called “industrial revolution” (Polanyi 
1971; UBA 2015a, b). Both transformations started without a clear aim or distinct 
state, and the contours of the new society only gradually emerged in the course of 
the transformation. Processes can be recognized in periods before and after the 
transformation; they are determined by the intensity of (gradual) changes. Compared 
to phases of relatively stability the duration of a Great Transformation is relatively 
short, but it can vary between some years and a couple of decades. The duration of 
a transformation often correlates with the regular regeneration or replacement cycle 
of the related object or process (UBA 2015b).

Two fundamental applications of the term or the concept of the Great 
Transformation can be distinguished: (1) a strategic, and (2) an analytical one. The 
strategic use of the term and concept of the Great Transformation (which can also 
be called its “normative” use) can be found within documents of a programmatic 
nature such as declarations, charters, or “flagship reports”. Within the last 
10–15 years, international but also national organizations and institutions, in par-
ticular, have elaborated and published these kinds of strategic or programmatic 
texts. Starting with the report of the Stockholm Institute in 2002 (Raskin et  al. 
2002), similar positioning papers have been published by the New Economics 
Foundation (NEF 2010), the United Nations Economic Commission for Europe, in 
cooperation with the United Nations Development Program (UNECE/UNDP 2012), 
the World Business Council on Sustainable Development (WBCSD 2010) or – as 
already mentioned  – at the national level in Germany, by the German Advisory 
Council on Global Change (WBGU 2011; 2016). Despite the fact that a number of 
documents are lacking a definition of the used transformation concept, the term 
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“transformation” (or “transition”) has been introduced into the political sphere and 
has become well known.

We are focusing on the WBGU, which has elaborated the concept of a Great 
Transformation systematically in several reports (WBGU 2011, 2014, 2016). In its 
first so-called “flagship report” of the WBGU (2011) “World in Transition  – A 
Social Contract for Sustainability”, a new, third transformation, the transformation 
from the industrial to the sustainable society was introduced. This “new” Great 
Transformation was conceptualized as an intended and directed, planned and steered 
process. For this Great Transformation, a relatively short time period of about 
30–40 years was assigned. The decisive turning points have to be regulated within 
the next 10  years, as a prerequisite for fundamental changes to become reality 
within the following 30 years, and in order to complete the Great Transformation 
until the year 2050 (WBGU 2011). Based on the phase-model of the Transition 
Management concept, the WBGU has elaborated a model of the Great Transformation 
for a sustainable society (see Fig. 2).

It is argued that, only by adhering this timeframe, the transformation from a fos-
sil to a low-carbon or sustainable society can be ensured in due time, and a global 
climate crisis be averted (ibid). With regard to the role of cities, the WBGU (2011) 
has stressed four points: (1) The required transformation of inefficient urban infra-
structures in industrialized countries; (2) The climate-friendly design of newly 
emerging cities in urbanizing countries, particularly in Asia; (3) The overcoming of 
poverty in urban areas in poor, developing countries, particularly in Africa and 
South Asia (through slum clearance, capacity building, etc.); and, (4) The strength-
ening of capacities to adapt to climate change.

In 2016, the WBGU published its most recent report: “Humanity on the move: 
Unlocking the transformative power of cities”, which applies the Great 
Transformation concept to the urban scale. Here, transformation as a “fundamental 
social change” has gained momentum. Eight activity fields are identified in which 
action is required in order to create sustainable urban areas, including urban health, 
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land-use, urban mobility and transport, urban design (WBGU 2016). In addition, 
the WBGU has illustrated its concept for different types of cities in the developed 
world, such as Copenhagen and the German Ruhr-Area (WBGU 2016, pp. 249–
264, 279–297), and for cities in developing countries, such as Cairo and Kigali 
(ibid., pp. 233–249; 297–307). The discussion on urban transformation is linked to 
international agendas where cities are identified as places that should become more 
sustainable, not only in order to create a more sustainable habitat for urban dwellers, 
but also to achieve sustainability on a global scale and mitigate climate change. In 
other words, cities are perceived as hot spots for driving environmental change at 
multiple scales (Grimm et al. 2008, see also SDGs adopted by the UN 2015, espe-
cially SDG No. 11). In addition, other programmatic papers, for example, the UN 
Habitat III’s New Urban Agenda (UN Habitat 2016, p. 2) state that “there is a need 
to take advantage of the opportunities of urbanization as an engine of sustained and 
inclusive economic growth, social and cultural development, and environmental 
protection, and of its potential contributions to the achievement of transformative 
and sustainable development”. Even without mentioning the Great Transformation, 
this UN agenda contains a wide range of so-called transformative commitments, 
including infrastructure, public space, and the urban way of life.

Thus, both the WBGU and also UN Habitat acknowledge the need for a step- 
wise approach to implement urban transformations and their adjustment to each 
city’s specific context, in order to achieve fundamental change. This approach goes 
far beyond the discussed Multi-Level Perspective and the niche management ideas 
of the TM concept. Despite the fact that the terms transition and transformation are 
not clearly differentiated, both concepts possess special characteristics. Whereas 
Great Transformation aims to conceptualize a fundamental global change within a 
distinct time frame, Transition Management does not specify the extent of change 
(Table 1).

Table 1 Overview of main features of “Transition Management” and “Great Transformation”

Transition management Great transformation

Theoretical 
background

Economy, innovation research Political economy

Goals Transitions in socio-technical 
systems

Fundamental societal change

Characteristics Managed single or coupled 
transitions

One fundamental transformation, 
consisting of a variety of coupled 
transitions

Mechanisms Niche innovations taken up into 
broader, pathdependent 
regimes

Globally steered change to a new 
society-nature-relationship

Trajectory of change Emergent, triggered Triggered, steered
Time frame No exact or explicit time 

frame(s)
Within the next 30–35 years
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It is argued that urban transformations from a Great Transformation perspective 
will only succeed if different topics are combined, a long-term perspective for the 
transformation process to a low-carbon society is chosen, and a large extent of 
changes is envisaged (Rink et al. 2015). At least two topics of urban transformations 
stand out, as a recent literature review has confirmed: the post-fossil and the resil-
ient city (de Jong et al. 2015). These will be discussed in the following section.

3  Topics of Urban Transformations

Similar to the extent of transformations, the topics that are the objects of transfor-
mations are also not clearly defined. Urban transformations with a variety of targets 
can be identified or conceptualized. Nevertheless, focusing on the topics in the con-
text of climate change these can be broadly divided into two main categories, which 
are considered as potential solutions for more sustainable urban development: the 
post-fossil and the resilient city (Bulkely et al. 2011; Geels 2012).

3.1  The Post-fossil City

Overarching consensus exists that cities are the main source of greenhouse gas 
emissions and that ongoing urbanization can lead to an increase of these emissions 
if they are not steered to a climate compatible degree. This calls for substantial and 
fast reductions of greenhouse gas emissions (Müller et al. 2013). The main chal-
lenge is to organize and steer the transformation from a city with high energy con-
sumption, based on primary fossil energy sources, towards a city with lower energy 
consumption, based on renewable energy sources. This transformation has to be 
carried out within a manageable period of time, often within a defined time frame 
of 30–50 years (WBGU 2011). Different terms are used to describe this transforma-
tion, such as „Low Carbon City“(Chan et al. 2013), „Post-Oil City“ or “Post-fossil 
City” (OEKOM 2011), or the “Climate Neutral City” (Vandevyvere and Nevens 
2015). From our point of view, the term post-fossil city most precisely addresses the 
transformation approach that links to attempts to mitigate climate change in cities. 
The aim of making a specific city CO2-neutral is connected to deep and far reaching 
changes that will affect nearly all municipal policy fields (Libbe 2013). 
Technological, economic, and social innovations in terms of energy and heat pro-
duction, energy consumption, energy-related retrofitting of buildings, and mobility 
behavior form the basis of this approach. However, the conversion of the energy 
base of the city is a comprehensive municipal task involving political steering, plan-
ning, and economic budgeting. In addition, this needs to fit into national and inter-
national energy networks, because cities have to cooperate within overarching 
governance networks. CO2-neutrality is strongly linked to the transportation sector 
because improved mobility patterns and innovative traffic modes can substantially 
contribute to more resource efficiency in terms of energy demand. Furthermore, the 
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fundamental transformation of a city’s energy system also has many social implica-
tions (Renn 2015). Questions of affordability and acceptability arise, which are 
related to people’s behavior, consumption patterns, and life styles, and need to be 
addressed in order to increase the quality of life of the citizens rather than avoiding 
the failure of the intended transformation. This is connected to the statement that we 
need “cities for people” and not “cities for cars” (Gehl 2010).

There is a small number of cities of various European countries including 
Germany, the so-called “100% communities” (Marinakis et al. 2015), that have set 
the target to become CO2-neutral in order to address the energy and climate goals of 
the European Union for 2030. They have sought the most appropriate organiza-
tional, technical, and financial means to reduce consumption and produce renew-
able energy. Thus, “until now hardly any city is proceeding towards this 
transformation in a structured way” (Libbe 2013, p. 214), mainly because there is 
still uncertainty about the mechanisms to be used to effect such a fundamental shift 
(Bulkeley et al. 2011). The involved stakeholders, such as utility and housing com-
panies, landlords, urban policy and planning entities, tenants’ associations, and con-
sumer protection organizations, are confronted with uncertainties and risks with 
regard to future energy needs, security of energy supply, cost effectiveness, energy 
savings, and climate protection effects. It is still unclear what can be actually 
achieved in this regard, and how this will impact on the social compatibility of the 
transformation to the post-fossil city. The diversity of existing options and the 
expectations about the impact of technological and social innovations enable a 
quick conversion to energy savings and renewable energies. Thus, changing the 
whole energy system calls for strategic decisions regarding investments and new 
infrastructure systems (Libbe 2013). Here, the Achilles heel of the transformation to 
the post-fossil city can be identified, in developed countries, as centralized energy 
systems with, often, long-term obligations for, in part, extensive financial resources. 
Changing these systems thus can be considered a truly fundamental transformation 
(see Bedtke and Gawel, “Linking Transition Theories with Theories of Institutions 
– Implications for Sustainable Urban Infrastructures Between Flexibility and 
Stability”, in this volume who discuss this point with the example of water infra-
structure). On the contrary, in developing and industrializing countries existing 
energy systems are still developing, targeting, first of all, the connection all inhabit-
ants to the system, in order to cover basic needs. Here, new energy systems based 
on renewables may have the opportunity to be more easily implementable, particu-
larly if affordability is guaranteed.

In some frontrunner countries such as Germany or the Netherlands, the transfor-
mation to the post-fossil city is embedded within the national policy of energy trans-
formation, with probably the German “Energiewende” being the most well known 
example. On the national level, energy transformation policies represent the main 
instrument to implement the targets of climate policy. Thus, these policies also need 
to address other targets, particularly to secure energy supply and cost effectiveness. 
This means that policies of an energy transformation on the local, regional, and 
national level are connected with a number of various issues and interests. 
Furthermore, transformation, as a whole and in its components, is particularly vul-
nerable to crisis and failures; a “high immanent potential for conflict” is inherent 
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(Renn 2015, p. 79). In addition, the transformation is confronted with a time trap 
because decisions are often made under time pressure, which does not allow a fully 
ex ante assessment of the possible implications they may have. Consequently, a new 
governance approach is needed to follow a robust concept for accompanying and 
steering the process that will allow for better control of the transformation of com-
plex systems within a relatively short time (ibid., p. 69). This holds particularly true 
for the conversion from centralized to decentralized energy systems.

3.2  The Resilient City

Unlike the post-fossil city, the transformation to the resilient city in the context of 
climate change targets fundamental changes in a city that is able to adapt to, or to 
respond to, singular, unique and most unexpected events in terms of shocks or crisis 
(see Kuhlicke et al., “Resilience, Adaptation and Transformation: Conceptual and 
Empirical Insights from Two Case Studies in Germany and Chile”, in this volume). 
The overall orientation is, hence, to enhance, build, or develop the capacities of 
actors or systems to cope with threatening hazardous events such as flooding, heat, 
or storms and, often, their occurrence at the same place (e.g. Kuhlicke 2010; 
Childers et al. 2015; Carter et al. 2015). To be resilient means to bounce back effi-
ciently and to restore the status quo ex ante after a shock or crisis and, even more, 
to be able to change, learn, and transform, and hence to radically alter structures and 
functions simultaneously (IPCC – 2014). Evidence from various case studies has 
shown that the adaptation activities many cities are undertaking in terms of climate 
change are still far away from being called a transformation, although cites are, due 
to the concentration of people, enterprises, and infrastructure, particularly vulnera-
ble to hazardous events. All over the world there are cities located on rivers or in 
low-elevation coastal zones, which make them per se more vulnerable to flooding. 
This means that, in the long run, many harbor cities will be increasingly threatened 
by the sea level rise (UN Habitat 2016).

Thus, aiming at urban transformations towards a resilient city, those should be 
concerned with the less visible roots of urban vulnerability, such as social, cultural, 
economic, and political factors that often overlap and interact on different spatial 
and temporal scales. This is in accordance with O’Brien (2012), who argues that a 
broader and more holistic approach to adaptation involves viewing the vulnerability 
context from different spatial and temporal perspectives. Adaptation hereby refers 
to incremental adjustments that preserve systems’ integrity when conditions change 
(Pelling et al. 2015). Admittedly, urban vulnerability to climate-related hazards var-
ies in degree. And, it is, in particular, the interrelation between the spatial-structural 
conditions of an urban area exposed to a discrete and identifiable event in nature (or 
in society), together with the underlying susceptibility and response profile of its 
inhabitants, that shapes the degree of vulnerability (Krellenberg et al. 2016). Thus, 
the way of tackling the challenges also very much depends on the institutional 
capacities. Hence, vulnerabilities are neither felt nor distributed equally between 
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and within cities. In this context, the adaptive capacity of the city to climate change 
refers to a broad set of resources (skills, competences, and social relations). This 
includes the degree to which local authorities have integrated (or are in the process 
of doing so) climate change considerations into their long-term planning and devel-
opment processes, in order to be prepared and to react in an appropriate manner in 
case of intensified, extreme weather events (e. g., facilitating evacuation activities.)

Aiming at a city that is “prepared to absorb and recover from any shock or stress 
while maintaining its essential functions, structures, and identity as well as adapting 
and thriving in the face of continual change. Building resilience requires identifying 
and assessing hazard risks, reducing vulnerability and exposure, and lastly, increas-
ing resistance, adaptive capacity, and emergency preparedness” (ICLEI 2015), the 
transformation to the resilient city is less clear in terms of the overall targets. The 
resilient city calls for efficient adaptation and avoiding mal-adaptation while 
strengthening co-benefits between different interventions such as building dams and 
dykes in flood-prone areas, additional protection for infrastructures, or the overall 
flood risk management, including early warning systems. What is more, maintain-
ing or creating new retention areas, improving information, capacity building, etc., 
need to go hand in hand. Given the strong linkage of resilience to crisis or hazardous 
events, the resilient city, unlike the post-fossil city, does not pursue clear periods or 
dates to fulfil distinct targets or measures. Thus, accumulating various adaptation 
measures and determining factors for the evaluation of success might be a step for-
ward towards the resilient city.

In the preceding discussion about the post-fossil and the resilient city, two topics 
of transformation to sustainability were addressed and conceptualized. Two major 
common issues were identified: (1) Measuring, monitoring, and assessing the prog-
ress towards the post-fossil city and the resilient city is not an easy tasks, because 
appropriate indicators are still missing (Sharifil and Yamagata 2014); and (2) The 
governance of transformation; this will be discussed in more detail in the next 
section.

4  Goverance of Urban Transformations

Governance and planning are crucial for sustainable urban transformations because 
this transformation is far more a social, organizational, economic, cultural, and 
political challenge than a technological one (McCormick et al. 2013). Thus, to pur-
sue transformation, actor constellations, power structures and interests, as well as 
modes of implementation of transformative actions are at the focus of research and 
political action. In the following, two contrasting governance approaches will be 
introduced: Firstly, transformative urban governance as a fundamental new type of 
governance, illustrated by the transformation concept of the WBGU (see Sect. 2); 
secondly, growth machines and urban regimes that represent continuity and 
persistence.
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4.1  Transformative Urban Governance – Illustrated 
by the WBGU Approach

The concept of “transformative urban governance” has been introduced with the 
central task of initiating a paradigm shift in cities “away from incremental 
approaches which are driven by short-time requirements to transformative changes 
with a strategic long-term perspective to the natural livelihood of mankind” (WBGU 
2016, p.  9). How this governance should be structured and arranged, and which 
actors are or will be involved is not outlined in detail and thus needs to be decided 
on and implemented in the respective city. Explicitly, a number of actor categories 
are addressed: niche actors, agenda setters, opinion leaders, change agents, and the 
proactive state (WBGU 2011, p.  7). In general, this transformative governance 
involves, initially, a new distribution of responsibilities, principles, rules, and mate-
rial criteria to force and design an overarching and successful transformation of 
cities towards sustainability in terms of dynamics of fundamental change. 
“Transformative urban governance must initiate dynamics of fundamental change 
to meet the stunner and the speed of global urbanization processes” (WBGU 2016, 
p. 24). Following this, some proposals are formulated that aim to strengthen, stabi-
lize, and maintain the role and the ability of cities or of the “public sector” to act 
within the national and international arena. Remarkably high requirements for 
transformative urban governance are outlined, and, in addition, it is diagnosed that 
the necessary fundamental change is confronted with “mechanisms of blockade that 
are produced not only by technical pathways, but are caused by fixed constellations 
of actors and lacking financial and institutional capacities “(WBGU 2016, p. 13). 
Municipal policy and administration are assigned a positive role per se. Thus, in the 
light of fixed governance arrangements or structures, they need to be discussed as 
part of the problem (see the following section on “growth coalitions”). Besides this, 
non-governmental actors such as social movements, NGO’s and relevant actors 
from civil society are also assigned a decisive role for the transformation. These 
actors can become active in different fields and levels, can form a “world citizen 
movement and develop pressure on politicians or enterprises to force climate pro-
tection” (WBGU 2014).

Reflecting this ambitious undertaking, the transformative urban governance con-
cept deployed in the WBGU approach is a normative concept that is full of precon-
ditions and nebulous implementations. How the necessary regime change at the 
urban level could be executed remains unanswered. An urgent appeal is directed at 
cities to create new and appropriate governance structures, but lacks concrete exam-
ples or best practices. Furthermore, requirements dedicated to the national states 
and the international community of nations concerning the necessary upgrading of 
cities, as actors in transformation, are not outlined. Moreover, transformative urban 
governance has to compete with conventional types of governance that are follow-
ing different targets, in particular, growth coalitions.
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4.2  Growth Machines and Urban Regimes – Illustrated 
by the Smart City Concept

Although, today, far-reaching sustainable development goals and climate protection 
targets exist, urban governance has not yet fully adopted this approach. Instead of 
pursuing a sustainable development, a governance-for-growth approach has been, 
for a long period of time and in many parts of the world, the “undisputed policy goal 
for a very large number of cities” (Pierre 2011, p. 68). This type of governance, also 
called “pro-growth” or “growth coalitions”, has been diagnosed as relatively stable, 
with overarching coalitions between elected counselors and private companies 
whose aim is to combine resources and competences and initiate successful growth 
policy (Stoker 1995). The idea of urban growth machines (Logan and Molotch 
1987) is based on the assumption that growth creates (new) jobs, generates invest-
ments, and increases welfare through trickle-down effects. The simple idea of 
going-for-growth is that the investments of today will be the benefits of tomorrow. 
Compared with other governance modes, “growth or pro-growth governance is 
probably the easiest and least challenging to understand” (Pierre 2011, p. 67). It is 
not surprising that this kind of politics, which focuses on economic growth, requires 
a close cooperation with local enterprises. The facilitation of economic activity and 
entrepreneurship is a crucial part of pro-growth politics. In this context, so-called 
urban regimes have emerged, defined as “informal, yet relatively stable group with 
access to institutional resources that enable it to have a sustained role in making 
governing decisions” (Stone 1989, p. 4). The example of Atlanta, USA, shows that 
local enterprises and local politicians can successfully form a coalition that deter-
mines local policies for 40 years. The key requisite for their persistency was the 
combination of several forms of power (political power and financial power), which 
assures the stability of the regime (Stone 1989). Until recently, such growth coali-
tions have rarely addressed sustainability issues such as climate mitigation and 
adaptation or environmental justice. Thus, some examples exist with a clear focus 
on climate activities that underpin the opportunity of urban politics for fostering 
sustainability, for example, the cities of Freiburg, Graz (Späth and Rohracher 2011), 
Mexico City (Delgado 2012; Chelleri et al. 2015) or New York City (Rosenthal and 
Brechwald 2013). The same is true for a few so-called “Zero Emission Cities” 
(www.zeroemissioncities.at/) that call for fundamental system changes and new 
forms of urban governance. These vary between informal arrangements that func-
tion as an add-on to the growth coalitions mentioned above and top-down approaches 
that represent a break in the growth paradigm.

Other, contrasting, examples demonstrate how powerful urban coalitions of 
interest (“urban regimes”) have “captured” the transformation idea by reproducing 
the economic and political status quo under the disguise of sustainability, rather 
than pursuing radical changes (see, for Manchester, Hodson and Marvin 2012, or, 
for Masdar City, Cugurollo 2015).

How growth coalitions emerge and work can be exemplarily demonstrated by the 
Smart City concept. Notwithstanding the popularity of this concept in urban 
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 development practice and theory (de Jong et al. 2015), a clear definition of what 
actually is a “smart city” is still lacking. Based on a review on smart city concepts, 
Caragliu et al. (2011) define a city as smart when investment in human and social 
capital, coupled with investment in traditional and modern information and tele-
communication infrastructure, generates sustainable economic development and a 
high quality of life, while promoting prudent management of natural resources. 
Besides this holistic understanding of the smart city, many urban researchers inter-
pret the smart city concept more narrowly, addressing only private investments in 
information technology. Driving forces in a considerable number of smart cities are 
multinational, powerful, mainly ICT enterprises that hide behind a sustainability 
concept, aggressive marketing strategies, and huge profits to be made by private 
companies (Hollands 2015, p. 66). Based on partnerships large projects, as a col-
laborative effort of public governments and corporate companies, are implemented 
in top- down approaches (Anttiroiko 2013; Hollands 2015), often neglecting the fact 
that the challenge of implementing urban sustainability cannot be fully solved 
through ICT investments. Although a broader smart city approach, as we understand 
it has, indeed, the potential to contribute to urban sustainability transformations, 
many existing examples rather represent growth coalitions or urban regimes of pow-
erful actors within an “entrepreneurial city”, in the understanding of Harvey (1989), 
than a contribution to transforming cities towards more sustainability.

To sum up, with respect to the governance of urban transformations, theoretical 
concepts and top-down approaches predominate to date. In fact, governance is seen 
as decisive to the implementation of transformation, but it still remains unclear who 
the key actors are, what the structures or modes of this new governance might be, 
and which policy paradigms are appropriate considering the specific city context. In 
addition, up to now, discussions about how the power of growth regimes or coali-
tions could be broken down or reversed in the direction of urban sustainability are 
rare. The same holds true for the overarching growth paradigm of the capitalist 
society. It is clear that, besides very specific examples of so-called transformative 
governance, a new governance paradigm is not yet visible that could steer transfor-
mation towards more sustainable cities in this era of climate change.

5  Conclusion

As shown by the three aspects of urban transformations – extent, topics, and gover-
nance – the need to meet the goals of sustainable development constitutes additional 
challenges for cities. The concepts of Transition Management and the Great 
Transformation address and conceptualize these challenges; however, in terms of 
extent, substantial differences exist between small-scale or incremental transitions 
and fundamental transformations. The same holds true for the time line within 
which a transformation can take place or become real. As far as the transformation 
to the post-fossil city is concerned, there is the prospect that it could be carried out 
within the next 30–35  years. The transformation to the resilient city should be 
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implemented rapidly and in parallel, but without a fixed time frame. With regard to 
the topics, it is clear that the transformation to the post-fossil city is based on the 
replacement of fossil with renewable and low-carbon energy sources. In contrast, 
the transformation to the resilient city is vaguer. The various topics demonstrate that 
the related transformations are not necessarily compatible but need to be combined 
or integrated with each other. This is one of the main questions of the New 
Transformation (Loorbach 2014) or the more recent Great Transformation (WBGU 
2016): how can different transitions be linked to each other. In effect, a strategic and 
tactical approach is needed to force different urban transformations at the same 
time. In terms of governance, pro-growth coalitions are the dominant type, to date, 
as diagnosed by the urban regime theory. New types of governance directed at the 
initiation and regulation of urban transitions or transformations towards sustainable 
development still only constitute subordinate fields or niches. In many cities, sus-
tainability is still not a central or overarching goal of municipal policy although it 
has often been propagated as such for more than 20 years. Only in so-called “front-
runner cities”, which have decided on ambitious goals related to the transformation 
to the post-fossil city, have new governance approaches emerged. Here, one has to 
concede that only cities in the Western hemisphere are such frontrunners and the 
solutions that they have developed match their conditions.

What is more, urban transformations cannot be “managed” easily or simply 
because they impinge on the economic and political interests of numerous and pow-
erful actors and, probably, of capitalist society itself (Klein 2014). The change 
towards a new mode or type of governance is a matter of power relations and con-
stitutes the Achilles heel of the transformation itself: To force urban transformation 
to sustainability, the ruling traditional or classical growth paradigm has to over-
come. The same is true of the power of traditional pro-growth coalitions; they have 
to overcome by new coalitions and networks that follow the paradigm of sustain-
ability. How this can be “managed” is still an unresolved, practical task and – at the 
same time  – an unanswered theoretical question that needs further research. 
Examples of functioning new governance modes are still scarce and limited to 
niches.

Overall, urban transformations towards a more sustainable society are still only 
just beginning; they are conceptualized in declarations, charters, and masterplans 
but their implementation into urban practice has started only recently. One actual 
attempt is the New Urban Agenda adopted at the HABITAT III meeting in Quito, in 
October 2016 (UN HABITAT 2016). In terms of the phase model, global society is, 
at the moment, in the phase of “take off” and it is not clear whether it will force the 
next phase “acceleration”. The self-contained and original role cities can play with 
regard to sustainable development cannot yet be proved. Thus, until now, urban 
transformations have remained behind the ambitious goals, and transformation, as a 
concept for radical change, has not yet achieved its far-reaching promises. One of 
the main questions for further research is how to overcome economic, social, insti-
tutional, and political resistance against (urban) transformations towards 
sustainability.
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Linking Transition Theories with Theories 
of Institutions – Implications for Sustainable 
Urban Infrastructures Between Flexibility 
and Stability

Norman Bedtke and Erik Gawel

1  Introduction

The water, energy, telecommunication, and transport services that are provided 
through infrastructure systems impact considerably on the quality of life, resilience, 
and resource efficiency and, thereby, also on the overall sustainability of urban 
areas.

Urban infrastructures determine the quality of urban life significantly by provi-
sioning means for meeting essential needs (related, in particular, to health and 
hygiene), but also to fulfil the associated residents’ desires (e.g., guaranteed mobil-
ity). The resilience of a city is understood as, in particular, how it can deal with the 
consequences of shocks or crises such as natural hazards and climate- related 
extreme weather events. Urban infrastructures are of significant importance for 
improving the resilience of a city through diverse, flexible, adaptive, and redundant 
systems but, at the same time, they can also exacerbate the problems when they fail 
to cope with changing conditions (Schramm and Felmeden 2012).

At the same time, a city’s use of resources (land, energy, water) is crucially influ-
enced by the state and the underlying technologies of its infrastructure systems as 
well as by resource-efficient use patterns of the inhabitants.

Thus, technical infrastructure systems are of major importance for urban devel-
opment, which is why, in the developed world, significant resources have been 
invested into their expansion in the past few centuries. As a consequence, in most 
industrialised countries, an overall high quality of urban infrastructural services is 
guaranteed today, albeit at varying levels.
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The current “modern infrastructural ideal” pursued in this context is character-
ised by the application of large system solutions, a high degree of centralisation and 
standardisation, as well as long technological and economic lifespans (Graham and 
Marvin 2001). Furthermore, the traditional planning approach to long-lived techni-
cal infrastructure systems, in particular related to urban water and wastewater ser-
vices, was long shaped by paradigms of growth and stationarity. This approach was 
based on the assumption of increasing utilization in the future, with the relevant 
determinants as largely constant and foreseeable factors (Hug et al. 2010). But this 
traditional approach is reaching its limits as it becomes more difficult to make reli-
able predictions about the key influencing factors when framework conditions 
change rapidly and become more regionally diverse (Milly et al. 2008; Hug et al. 
2010). Networked infrastructures are predominantly inflexible and face increas-
ingly challenges from as yet unforeseen changes in the framework conditions such 
as climate change, demographic change, changing demand structures and altering 
societal demands, particularly with regard to sustainability targets such as resource 
efficiency (Koziol 2004; Schramm and Felmeden 2012; Koop and Leeuwen 2016). 
For instance, the achievement of climate objectives requires a more resource- 
efficient provision of infrastructure services and cross-sectoral approaches because, 
e.g., wastewater treatment is increasingly linked to questions of energy efficiency 
and energy production in the future (Bates et al. 2008).

Against this background of having to cope with dynamic change and new require-
ments, a transformation of the steady-state infrastructure systems is often regarded 
as necessary in order to better meet these challenges (Newman 2001; Loorbach 
et al. 2010; Markard 2011). In the context of urban infrastructures, “transformation” 
means the use of far-reaching, radical technical innovations and also significant 
organizational and institutional changes in the provision of services, which may 
include turning away from existing paradigms of the established “modern infra-
structural ideal”. For instance, in the course of the transformation to sustainable 
water management, novel (more decentralised) water supply and wastewater dis-
posal solutions are being discussed that take better account of the aims of ecological 
sustainability (e.g., decentralised rainwater management) and also increased flexi-
bility (Bedtke and Gawel 2015). In the electricity sector, the transformation is char-
acterised by a shift from a small number of centralised production sites to a large 
number of local installations, some of which are located in urban areas, also with 
renewable energy carriers (for the case of the German energy transition, see Gawel 
et  al. 2014). These technical changes also imply far-reaching organisational and 
institutional changes because, for example, in each case, an adaptation of the tariff 
systems and investment incentives, of the hierarchy of competencies for state 
responsibilities, or of the legal framework will be necessary to accompany the tech-
nical changes. In addition, new players, such as private investors, are becoming 
more active in the area of public infrastructure, which is, in turn, changing the 
requirements for regulation.
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In practice, however, the strong pressure to transform is often met by only grad-
ual adaptation measures. In both sectors (water and energy), the modern infrastruc-
tural ideal continues to drive policymaking in many industrialised countries. In the 
energy sector, centralised provision predominates, with fossil fuel-based and nuclear 
energy production technologies prevailing. Renewable energies continue to play a 
merely supporting role, although Germany, because of its energy transition, can be 
considered a pioneer in this area. The sectors of water supply and wastewater dis-
posal are, in particular, characterised across all countries by a marked sluggishness 
to adapt and low willingness to innovate (Thomas and Ford 2005; Kiparsky et al. 
2013). Numerous interdisciplinary studies on the issue of socio- technical transfor-
mations emphasize the importance of institutions (Brown 2005; Brown and Farrelly 
2009; Kiparsky et al. 2013; Fuenfschilling and Truffer 2014) but neglect the specific 
mechanisms of institutional change.

This is the starting point for the present analysis. Infrastructure transformations 
will be an essential part of an overall urban transformation towards more sustain-
ability (NRC 2013). A better understanding of adaptation deficits in urban infra-
structure sectors, gained by focusing on institutions, seems to be a promising 
approach for identifying starting points for infrastructure-related urban transforma-
tion analysis. In our chapter, we focus particularly on the urban water infrastructure 
sector of developed countries, due to both its outstanding importance for urban 
development and the remarkable institutional inertia within the sector, which raises 
the question of initiating appropriate urban transformations towards sustainability.

The chapter is organized as follows: With the aim of shedding more light on 
adaptation deficits in the urban infrastructural sectors, the theories for mapping 
transformation processes are outlined, to illustrate the underlying mechanisms of 
socio-technical transformations (Sect. 2). In doing so, the role of institutions is 
highlighted (Sect. 3) and, drawing on the economic theory of institutional change, 
drivers of and obstacles to the transformation towards infrastructure sustainability 
are identified, using the example of water supply and wastewater disposal (Sect. 4). 
This broadened understanding of transformation as a phenomenon of institutional 
change makes it possible to identify the opportunities and limits of institutional 
steering of infrastructure transformations and to derive recommendations for action 
for steering towards sustainability pathways (Sect. 5).

2  Theoretical Concepts for the Transformation of Urban 
Infrastructures

To better understand how urban (water) infrastructure transformation can be 
achieved, we first introduce theoretical approaches to describe socio-technical sys-
tems in general as well as insights from the literature on how to steer their 
transformation.

Linking Transition Theories with Theories…
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2.1  Transforming Socio-Technical Systems

Urban infrastructures are complex socio-technical systems. They include technical 
components such as roads, supply networks, sewer systems, parking lots, power 
plants, or wastewater treatment plants, as well as non-technical elements such as 
actors, institutions, and organisations. These elements work together to fulfil a spe-
cific long-term purpose; for example, the supply of electricity. The interdependen-
cies between heterogeneous technical, but also social, institutional, cultural, 
economic, legal and, scientific elements  – because they also characterize urban 
(water) infrastructures – in system transformations were first systematically pointed 
out in the theory of Large Technical Systems, which sought to understand the long- 
term development of energy systems (Hughes 1983, 1987; Mayntz and Hughes 
1988). The early evolutionary economics studies of Nelson and Winter (1977, 1982) 
also indicated that technological developments are largely shaped by the cognitive 
routines and practices of relevant actors such as engineers, technicians, and scien-
tists, which set the boundaries of innovative activities. Their concept of “technologi-
cal regimes” was later expanded to include the consideration of additional factors, 
especially rules. Rip and Kemp (1998, p. 338) define a technological regime as a 
“rule-set or grammar embedded in a complex of engineering practices, production 
process technologies, product characteristics, skills and procedures, ways of han-
dling relevant artifacts and persons, ways of defining problems – all of them embed-
ded in institutions and infrastructures”. Geels (2002) goes a step further and 
summarises, under the term “socio-technical regime”, all elements of the produc-
tion, distribution, and utilisation of technologies that are functionally related to one 
another. For him, technological development is also influenced by users, policy 
makers, societal groups, suppliers, scientists, and investors who act within various 
sub-regimes; in addition, cultural aspects and the regulatory framework exert a con-
siderable influence on technological developments, thereby shaping socio-technical 
regimes (Geels 2002).

Coming back to the hypothesis that fundamental changes in the urban infrastruc-
ture sectors are necessary, it becomes clear that reducing the transformation of 
infrastructure systems to technological change therefore does not go far enough. 
Instead, this process also calls for far-reaching changes in institutional factors, 
which explains the frequent references to “socio-technical transformations” 
(Markard 2011; Bolton and Foxon 2015). Thus, in the context of far-reaching socio- 
technical change, the term “transition” rather than transformation is used regularly, 
denoting the evolution from one socio-technical regime to another (Geels 2004).

In contrast, fundamental social changes such as those that accompanied, for 
example, the industrial revolution or those that occur during the change from one 
social order to another (e.g., post-socialist transformation) are called transforma-
tions (Polanyi 1944; Smyth 1998; WBGU 2011). In transformation research in the 
political science context, a distinction is sometimes drawn between a politically 
influenced change in a social sub-system (transition) and a largely uncontrollable 
social change on multiple levels (transformation) (Brand 2016). Terminological 
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fuzziness emerges from the fact that the term transition is also used to refer to 
uncontrolled change (“evolutionary transitions”; see Loorbach and Rotmans 2006) 
and, at the same time, often in connection with changes in society as a whole (“soci-
etal transitions”; see e.g., Loorbach 2007). Due to the widely varying interpretations 
of the concepts (see also Rink et al., “Exploring the Extent, Selected Topics and 
Governance Modes of Urban Sustainability Transformations”, in this volume), the 
term transformation is used, for simplification, in the following, whereby our under-
standing is closer to the term transition, which means that we discuss a goal-ori-
ented, influenceable (finally radical) change in a societal subsystem.

2.2  On the Steering of Socio-Technical Transformations

The question whether a society’s technology determines its cultural values and 
social structure or, vice versa, whether human action shapes technology, has been 
part of scientific research for many decades. The approach of technological deter-
minism, which dominated the debate for some time, stressed the importance of 
technologies as significant initiators of socio-economic and institutional change and 
regarded technological changes as exogenous phenomena that cannot be influenced 
(Smith and Marx 1994). “Social constructivist” concepts took leave of this para-
digm and referred to the importance of social processes as well as the structural, 
institutional, and cultural framework conditions for technological developments 
(Bijker et  al. 1987; Bijker and Law 1992; MacKenzie and Wajcman 1999). 
Subsequently, intermediary concepts of a co-evolution of technology and society 
have been followed, in which a mutual influence of technology and society is recog-
nised although, at the same time, technological or social determinism is not empha-
sised (e.g., Unruh 2000; Frantzeskaki and Loorbach 2010). Building on this, and 
with the aim of deriving specific steering proposals for transformation processes, 
work in the field known as transition research (also transition management) has 
attracted greater attention in recent years. Transition management deals with ques-
tions relating to the goal-oriented governance of system innovations against a back-
drop of complex social problems. It is used to derive transformation strategies for 
areas such as energy, health care, mobility, or urban water management (Loorbach 
2007). The approach follows an integrated, complex systems perspective and essen-
tially understands system change as the outcome of diverse, networked processes 
that take place on multiple hierarchical levels. This also complies with the approach 
of complex “urban transformations”, which are defined as the necessary alterations 
to physical, material, and social processes that urban areas need to undergo in order 
to achieve aims based on the normative idea of sustainability (Kabisch and Kuhlicke 
2014; Kabisch et  al., “Introduction: Urban Transformations – Sustainable Urban 
Development Through Resource Efficiency, Quality of Life, and Resilience”, in this 
volume). The “multi-level perspective”, as a popular concept within transition the-
ory, identifies processes that can be regarded as ideal for socio-technical transitions 
(Geels 2002; Geels and Schot 2007):
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 – in “niches”, (radical) innovations gain increasing internal momentum 
(Eigendynamik) from learning processes, their constant improvement, and grow-
ing support from influential groups;

 – changes on the “landscape scale” (e.g., climate, demography) give rise to increas-
ing pressure for change in the existing socio-technical regime;

 – the associated destabilisation of the socio-technical regime opens windows of 
opportunity for niche innovations.

Transition management sets the stage for purposefully designing these processes 
and can also be a guide for urban (water) infrastructure transformation. It recognises 
the fact that transformations are beyond the scope of classical steering (top-down), 
because they represent the outcome of an unmanageable number of processes that, 
in addition, are often beyond the reach of design (e.g., cultural change). In general, 
socio-technical transformations result, finally, in radical changes, whereas changes 
in the socio-technical regime usually occur gradually (Dolata 2011; Geels and Schot 
2007). However, several possibilities exist for directly and indirectly influencing the 
direction and speed of the developments.

The steering philosophy underlying transition management consists of pursuing 
a policy directed at an overarching theme (such as sustainable urban transport, 
emission- free energy production) while exploiting transformation dynamics, 
whereby, in particular, innovative activities that take place in niches (micro-level) 
are accelerated, thus simultaneously influencing existing socio-technical regimes 
(meso-level) (Loorbach and Rotmans 2006; Loorbach 2010). According to eco-
nomic theory, this can be facilitated by the exploitation of market mechanisms when 
an individual’s choice of products and services is influenced by conveying price 
signals that are aligned with transformation aims. In this way, (sustainable) innova-
tions can be promoted by subsidies, and the existing regime (inter alia, through 
taxes and charges) can be placed under pressure to change. Furthermore, planning 
approaches that reflect the aims of transformation represent a centralised steering 
approach to economic activities. The establishment of “transition arenas” is regarded 
as another possible option. This is understood as the building of networks aimed at 
promoting interaction and the exchange of knowledge between key actors in the 
innovation process, so as to create the foundations necessary for transformation 
(inter alia transition agendas, transition experiments) (Loorbach and Rotmans 
2006). Transition theories identify starting points for steering transformation pro-
cesses. However, they cannot explain inertia and situations with insufficient 
 activities. This is why we focus on institutions and institutional change in the next 
section.
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3  Socio-Technical Transformations as a Phenomenon 
of Institutional Change

Although transition theories such as Transition Management do, to some extent, 
address the role of institutions in transformation processes, they cannot examine 
their role in detail. Therefore, the section seeks to bridge the gap between them and 
the theories of New Institutional Economics.

3.1  The Importance of Institutions in the Urban 
Transformation Process

In general, in New Institutional Economics, institutions are understood as “a set of 
formal and informal rules, including their enforcement arrangement” (Furubotn 
and Richter 2005, p. 7). According to North, institutions are “the rules of the game 
in a society or, more formally, are the humanly devised constraints that shape human 
interaction” (North 1990, p. 3). The main function of institutions is to reduce uncer-
tainty and introduce order into everyday life. For this, institutions function as guide-
lines for human interaction by defining and limiting actors’ decision space (North 
1990). In the theoretical works on transition management, institutions are assigned 
a significant role in the steering of transformation processes. For instance, on the 
one hand, institutional starting points for steering (inter alia, market-based support 
instruments, planning instruments) and, on the other hand, institutional obstacles of 
a formal (stabilising rules) and informal (routines, ideologies) nature are deemed 
relevant. In the process, different types of institutions and regulatory systems that 
characterise a socio-technical regime are identified (Geels 2004, with reference to 
Scott 1995; see also Table 1).

Table 1 Examples of institutions in the urban water sector

Type of 
institution Examples (for the urban water sector)

Regulative 
institutions

Formal rules, laws (e.g., EU Water Framework Directive, Urban Waste Water 
Treatment Directive, Drinking Water Directive)
Technical standards, product specifications (e.g., DWA-work sheets; DIN 
standards)
Planning instruments (e.g., urban development plan)
Incentive structures (e.g., water pricing)

Normative 
institutions

Values and norms, but also role expectations or obligations (e.g., sustainable 
corporate culture of water service providers)
Policy goals (e.g., sustainability strategy)

Cognitive 
institutions:

Search heuristics, routines, guiding principles, problem solving strategies, 
paradigms (e.g., modern infrastructure ideal)
User practices (e.g., saving water)

Source: Authors’ compilation, with reference to Geels (2004, p. 906)
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Each of these institutions is frequently found in the sub-regimes (technological 
regime, scientific regime, political regime, socio-cultural regime, user and market 
regime) that make up a socio-technical regime, as in the case of urban water ser-
vices, and determine the behaviour of the respective actors and groups of actors 
(Geels 2004). In this way, regulative institutions, such as technical standards or 
research subsidies, but also the prevailing cognitive institutions (e.g., routines and 
problem-solving strategies of engineers), very clearly determine developments in 
the technological regime. At the same time, widely varying institutional aspects of 
the scientific regime (e.g., research programmes for innovative sanitation systems), 
the political regime (amongst other things, water purification standards, subsidy 
policy) and the socio-cultural regime (e.g., social attitudes to the technology and its 
consequences), as well as dominant user practices and preferences, influence tech-
nological developments.

Irrespective of the diverse connecting points, institutions are nevertheless fre-
quently neglected or only brought up as an afterthought (“left-over category”) in 
analyses of innovation processes and socio-technical transformations (Geels 2004). 
Thus, the mechanisms underlying institutional change remain largely unclear. 
Although it is recognised that institutions are created by actors, why actors change 
institutions and in what way this change occurs has not yet been considered. To bet-
ter explain this situation, the following section seeks to bridge the gap to the theories 
of New Institutional Economics. This adds an economic perspective to the multiplic-
ity of existing social science concepts of system change (Gawel and Bedtke 2016).

3.2  The Theory of Institutional Change

3.2.1  Mechanisms of Institutional Change

First, institutional change can occur as an evolutionary process when new institu-
tions enter into competition with the existing rules and cooperation mechanisms and 
are adopted due to their advantageousness (e.g., money). Here, institutional change 
does not occur through conscious centralised steering, but as the “spontaneous” 
result of the uncoordinated decentralised actions of many individual actors, analo-
gous to the mechanisms of competition. Second, institutions can also be the out-
come of conscious (rational) design by single individuals or the result of a collective 
process of negotiation (e.g., laws) (Kingston and Caballero 2009). Therefore, espe-
cially in the second case, the institutional outcome also reflects the actors’ interests 
and their respective bargaining power. Elements of both approaches are found in the 
institutional economics-based theory of institutional change developed by Douglass 
C. North (1990, 2005). However, the central hypothesis of his studies is that institu-
tional change occurs if and insofar as it promises the actors a “benefit”. Starting 
with the observation that, in a world of scarcity, organisations have to face omni-
present competition, North sees the key to institutional change in the interdependent 
interplay between organisations (players) and the existing institutional framework 

N. Bedtke and E. Gawel



29

(rules of the game). Here, institutional change represents a cost-benefit consider-
ation of the actors. Established actors or new actors will work towards achieving a 
change in the rules if a re-configuration of the institutional framework, which is 
frequently associated with information costs and negotiation costs, improves their 
position (North 1990, 1995a). The given institutional framework conditions define 
the limits in this regard and determine the organisations’ alternative scope for action. 
Above all, institutions determine the incentives for further development, because, in 
addition to exogenous influences (e.g., climate), it is the learning processes that can 
influence not only the relative prices and the associated incentive structures, but also 
the perception of chances and possibilities. This perspective is especially relevant 
for discussing urban water infrastructure transformation, because it could explain 
why change is insufficient.

Moreover, North explains that these processes are strongly influenced by the 
intensity of competition. North (1995a, p. 16) states in this regard: “When competi-
tion is ‘muted’ (for whatever reasons) organizations will have less incentive to 
invest in new knowledge and in consequence will not induce rapid institutional 
change. Stable institutional structures will be the result. Vigorous organizational 
competition will accelerate the process of institutional change.” The institutional 
framework of every society sets incentives for distributive (rent-seeking) and also 
for activities that increase productivity, so that the relative share of these elements 
determines whether these structures will be preserved or whether they will be 
changed, in order to realise new possibilities (North 1990, 1995a). Thus, the organ-
isations within that society only learn the competences that promise the highest 
pay-out under the existing rules. This can also mean acquiring knowledge and skills 
in order to work towards maintaining the status quo. According to North, the elements 
that can cause institutional change  – insofar as the corresponding incentives are 
given – are confronted with other elements that, per se, have a stabilising effect. 
Referring to works on technological path dependencies (Arthur 1994), North (1990) 
identifies self-reinforcing mechanisms in institutions and imperfect markets that are 
responsible for the stabilisation of a path already embarked upon. This means that 
even inefficient paths can be maintained (lock-in) if changing a path involves pro-
hibitively high costs. Furthermore, this allows actors in political and economic mar-
kets to create institutions that favour their interests (North 1990). Institutional 
stability is also promoted through mental models. These are individually learned 
rules governing the perception and assessment of complex issues in a world of 
uncertainty, which are based on cultural background or earlier learning processes 
and frequently give rise to similar thought patterns (shared mental  models) (Denzau 
and North 1994). Mental models change only slowly and stand in the way of change 
(e.g., by masking new possibilities) (cf., e.g., Hagemann 2016).

North’s theorems can be differentiated into flexibilising and stabilising elements 
(Kretschmer 2006; see Table 2). Building on this basis, it is possible to assess the 
relationship between the stability and flexibility of institutional orders and derive 
starting points for forcing institutional change that are also applicable for transform-
ing urban infrastructure.
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3.2.2  The Concept of Adaptive Efficiency

Institutional change alone would not guarantee a development that favours transfor-
mation (towards sustainability) in urban areas. History teaches us that even institu-
tions that are specifically targeted at preserving existing structures are modified over 
time. At the same time, there is a need for a normative definition along which insti-
tutional development should be aligned, in order to pursue desirable change. North 
proposes the concept of adaptive efficiency, a measure of efficiency that should 
define rules for the development of a society over time, and determine the actions of 
policy makers (North 1994, 1995b). North justifies this departure from the classical 
efficiency criterion of (static) allocative efficiency by arguing that undesired and 
unintended outcomes will inevitably result if static theoretical concepts form the 
basis for decision-making in dynamic environments under conditions of uncertainty 
(North 1995b), because, as he argues, “in a world of uncertainty, no one knows the 
correct answer to the problems that we confront” (North 1990, p. 81). Although 
North does not give a conclusive definition of adaptive efficiency, he sees it as most 
likely given when “the willingness of a society to acquire knowledge and learning, 
to induce innovation, to undertake risk and creative activity of all sorts, as well as 
to resolve problems and bottlenecks of the society through time” (North 1990, p. 80) 
is particularly pronounced. The idea behind this is that, in the course of an extensive 
search and discovery process (in the sense of Hayek 1968), and the associated learn-
ing processes, new solutions to (social) problems should be found. According to 
North, societies that allow the largest number of opportunities to experiment are 
most likely able to resolve problems over time (North 1990, 1994). Even though the 
factors responsible for this are numerous, for North, the institutional framework 
conditions play a key role. Therefore, institutions should be designed in a way that 
fosters as much research as possible into alternative problem solutions. For this, the 
institutional framework must meet two requirements:

Table 2 Flexibilising and stabilising elements of institutional change

Flexibilising elements Stabilising elements

The continuous interaction between institutions 
and organisations

Perceptions are derived from the mental 
constructs of the players.

Competition forces organisations to continually 
invest in skills and knowledge to survive. The 
kinds of skills and knowledge individuals and 
their organisations acquire will shape evolving 
perceptions about opportunities and, hence, 
choices that will incrementally alter institutions.

The economies of scope, complementarities, 
and network externalities of an institutional 
matrix make institutional change 
overwhelmingly incremental and 
path- dependent.

The institutional framework provides the incentives that dictate the kinds of skills and 
knowledge perceived to have the maximum pay-off.

Source: Compiled by the authors according to North (1995a, p. 15), following Kretschmer (2006, 
p. 220)
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 1. Suitable institutions must provide the economic and political flexibility required 
to seize new opportunities; i.e., as much freedom as possible must be provided 
for actors to try out new solutions.

 2. At the same time, corresponding incentives must be given in order to trigger 
these processes and steer them in the right direction.

From the statements of the theory of institutional change, it is evident that the 
relationship between the stabilising and flexibilising elements decisively influences 
the degree of adaptive efficiency.

In the following, the question of whether the institutional framework of the urban 
water sector meets the demands for adaptive efficiency will be analysed.

4  Transformation of Urban Infrastructure Systems: 
The Example of Urban Water Management

In this section, we explain the situation in the sector of urban water infrastructures 
in more detail. The absence of adaptation in the sector, which is very distant from a 
far-reaching transformation, will be explained by using the analytical framework 
based on the theory of institutional change. On the basis of these findings, we will 
identify starting points for a transformation towards more sustainable urban water 
infrastructures.

4.1  The Need for a Transformation of Urban Water 
Infrastructure Systems Towards Greater Sustainability

A series of processes (in the sense of the multi-level perspective on the “landscape 
level”) creates pressure for change in the existing socio-technical system of net-
worked water infrastructures (see also Reese and Gawel, “Sustainable Urban Water 
Governance – Main Aims, Challenges and Institutional Approaches in Germany and 
Beyond”, in this volume): to date, altered demand structures and migration pro-
cesses have already led to water infrastructure usage of only 30% in some parts of 
Eastern Germany (Koziol 2004). The consequences involve technical and functional 
issues (e.g., recontamination of drinking water, deposits in the pipelines, premature 
wear and tear) and the threat of increasing water prices (Moss 2008; Hummel and 
Lux 2007). The massive decline in population, forecast for Germany and due to 
demographic change (UN 2015), will exacerbate this problem in many rural areas 
but also in cities. In addition, the effects of climate change will alter water resources 
qualitatively and quantitatively, causing higher peak demand, and they are expected 
to cause an increase in heavy rain events, which means a risk of urban flash floods 
and uncontrolled sewage plant overflows (Wilby 2007; Bates et al. 2008; EEA 2012).
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The climatic and demographic developments differ widely from region to region. 
Reliable predictions about the longer-term development of local overall demand can 
hardly be guaranteed through dynamic and small-scale changes. In addition, in the area 
of water resource management, the end of static framework conditions, due to climate 
change, was recently proclaimed, which means that a central planning factor is now 
missing (Milly et al. 2008). Furthermore, it is already clear that water infrastructure 
systems will have to satisfy ever stricter requirements in a sustainability- oriented soci-
ety: In addition to calls for greater purification capacity with respect to anthropogenic 
trace substances (Kümmerer 2009), there is a particularly strong demand for resource 
efficiency of conventional systemic solutions – not only in relation to the recovery of 
substances such as phosphorus (Cordell et al. 2011) but also in relation to the economic 
efficiency of infrastructure operations (Gawel and Bedtke 2015).

The key challenge for the future planning and design of the water sector is, there-
fore, to develop flexible supply concepts that can be adapted not only to small-scale 
models and rapidly changing demographic and climatic changes, but also to new 
societal requirements. To increase the flexibility of water infrastructure systems, 
numerous conceivable institutional starting points exist. These include demand man-
agement, changed planning processes, or regulations for compulsory connection and 
usage (Bedtke and Gawel 2015). However, on the whole, it is clear that, due to the 
technical inflexibility of conventional urban water infrastructure systems, a compre-
hensive systemic flexibilisation can only be achieved with the help of completely 
novel system solutions. These include, above all, (semi-) decentralised solutions, 
which are particularly flexible because of their modularity and because they dispense 
with long-life networks and thus have a shorter useful life and cause lower costs. 
These solutions also offer advantages over conventional technologies for meeting the 
strict requirements in the area of ecological sustainability, through improved energy 
and resource efficiency or superior treatment performance (Larsen and Gujer 1997; 
Shannon et al. 2008; Larsen et al. 2009). Turning away from the technological para-
digm of networked urban water infrastructure systems also requires an extensive 
adaptation of the legal and institutional framework. Concepts associated with the 
transformation of the urban water sector have been widely discussed for some time, 
primarily in the academic sphere (Larsen and Gujer 1997; Brown et  al. 2009). 
However, in practice, the need for transformation is met with a distinct reluctance to 
adapt (Thomas and Ford 2005; Kiparsky et al. 2013; Blanchet 2015). The underlying 
causes of and options for overcoming such obstacles will be examined in the 
following.

4.2  The Institutional Inertia in the Urban Water Sector 
as a Challenge

Besides the long lifespans of centralised technical infrastructure systems in urban 
regions, it is primarily the enormous costs of operating such systems that is respon-
sible for the continuation of the current path. Here, key interests in “system 
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preservation” are reflected in numerous institutions whose aim is to steer the devel-
opment of the technology: Many institutional regulations, and the established 
administrative apparatus that has been built up, are directed at supporting this sys-
tem through a refinancing model based on the principle of solidarity of as many 
connected users as possible, thus keeping the unit costs low. At the same time, in 
Germany, municipal provisions for “compulsory connection and usage” ensure that 
the usage of centralised systems is high and that the user group that finances the 
system remains as large as possible. In order to enhance the distribution of decen-
tralised elements, an opening up of the municipal provisions on compulsory con-
nection and usage and tariff-based incentives for novel solutions (e.g., reductions in 
wastewater charges for rainwater with decentralised seepage) would be required. 
But the local government agencies that have been responsible up to now have little 
interest in this, because it would be synonymous with a (further) erosion of the 
funding base for their central systems, which will, of course, still persist. 
Consequently, institutional innovations are unlikely here.

This is also because path dependency mechanisms take effect here: they can be 
found, inter alia, in centrally-oriented administrative structures and the correspond-
ing design of incentives for system users, in the building up of specific knowledge 
about dealing with the administrative requirements on the bureaucratic side, but also 
in coordination effects (e.g., model statutes for all municipalities). All investments 
in these structures would become sunk costs in the case of a fundamental path 
change. Investments in the existing system architecture, on the other hand, generate 
“increasing marginal returns”. In the water sector, these also act through a compre-
hensive and highly specific set of technical rules governing the operation of water 
infrastructure, which was developed in lengthy processes to formulate the protec-
tion targets of the respective legislative body.

In addition, among the relevant actors in urban water management, the prevailing 
mental models and ideologies support inefficient institutions and/or lead to them not 
being examined to a sufficient extent. For instance, the “theory of uniqueness”, 
widespread in the water sector, argues that, due to the special characteristics of the 
resource water (number one foodstuff), the sector is awarded special status, whereby 
a purely public provision with the exclusion of market forces would be preferable 
(Hirshleifer et al. 1960; Schönefuß 2005). This emotionally charged concept (ideol-
ogy) substantially complicates the implementation of institutional reforms in the 
economic regulatory framework. Furthermore, among engineers and urban plan-
ners, a “monument syndrome” (Thomas and Ford 2005) or the “big pipes in, big 
pipes out-paradigm” persists (Brown and Keath 2008): a historically evolved and 
consistently handed down engineers’ understanding that water infrastructure sys-
tems have to be conceived as large technical systems. This is supported by the con-
servative and frequently risk- averse self-conception of municipal politicians who, 
when it comes to urban water management tasks (implementation, organisation and 
funding), fall back on tried- and- tested solutions (Farrelly and Brown 2011; Brown 
et  al. 2011.) Moreover, there are also the consumers, who have internalised the 
comfort of “all-round full supply” as a mental model, which means that the possibil-
ity of making one’s own contribution to urban water management services is seldom 
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recognised (e.g., contribution to decentralised rainwater management by unsealing 
of land or use of rainwater).

At the same time, due to imperfect monopoly markets, the corrective effect of 
competitive selection mechanisms is lacking. The natural monopolies of networked 
central water supply and wastewater disposal exhibit hardly any competitive struc-
tures. The pressure for reform caused by the extensive opening-up of other net-
worked sectors (electricity, gas, communication) in the EU in 1990s did not produce 
resonance in the German urban water sector. Instead, the political focus was placed 
on a more symbolic “modernisation strategy”, in which the fundamental structures 
of the traditional regulatory framework were deliberately maintained (Gawel and 
Bedtke 2015). Since then, the water sector has successfully evaded further 
competition- oriented reform proposals (inter alia, introduction of stricter regula-
tions) (Finger et al. 2007). This development can also be attributed to powerful lob-
bying groups in which municipal companies are organised and where they speak out 
against proposals for regulatory reform, as well as to the public’s strong opposition 
to measures aimed at liberalising and privatising water management. The competi-
tive vacuum gives rise to a situation where, for municipal water supply and waste-
water disposal companies, the necessity to invest in new skills and knowledge and 
to apply new technologies in order to remain viable in direct competition hardly 
exists (Tauchmann et al. 2009).

As a consequence, companies also have less incentives to shape the institutional 
framework; for example, encouraging the consideration of new technical solutions in 
sets of rules or through municipal regulatory provisions. The root cause of institu-
tional change is found mainly in other drivers (such as climate change, demographic 
change, or new water law requirements). However, if municipal disposal companies 
had an interest in benefitting more from the (also economic) advantages of novel 
technologies, a much greater intensity of institutional change could be expected.

In addition, in “political markets”, there is very little competition for new solu-
tions: For many local government politicians, water infrastructure systems are not a 
key field of action, because the consequences of a change in direction in the infra-
structure sector today will only become visible in the distant future, whereas the 
costs of restructuring occur in the present (Klinkenberg 2007). For most users, only 
the quality and price of the service is important, whilst the underlying infrastructure 
remains a “black box”. The problems that result from not transforming water infra-
structure systems (e.g., underuse and overuse of systems, slow loss of substance and 
insufficient resource efficiency) lie far ahead in the future and are usually outside the 
public’s perception. Transformation failures are, therefore, not likely to generate 
significant and, at the same time, field-specific policy pressure on local government 
politicians to act in the sense of the exit-voice theory (Hirschman 1970) of local 
public goods through extensive migration of citizens (exit) or “at the polls” (voice). 
Furthermore, many of the system transformation measures discussed (e.g., resource 
recovery) are initially accompanied by investments and represent, in turn, significant 
additional costs to the individual (burden of charges) and problems of public accep-
tance (Russell and Lux 2009). This suggests the presence of strong inhibitory effects.
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Furthermore, the (political) competition between local governments addressed in 
the public finance literature (Tiebout 1956) has only marginal effects on the water sec-
tor, because of its current high standard nationwide. As a result, only insufficient polit-
ical attention is paid to the implementation and testing of new technical solutions.

On the whole, therefore, important impulses for change are not expected to come 
from the demand side (infrastructure users). And, because decentralised solutions 
are associated with greater planning efforts and lower planning fees, such impulses 
are not expected to come from the side of planners and engineers either (Sieker and 
Sieker 2009).

What is clear is that the stabilising mechanisms contributing to the continued 
existence of inefficient institutions and incentives in the water sector are still very 
strong (see Table 3). It is thus hard to distinguish a dynamic in which the relevant 
actors could work towards changing the institutional framework conditions. 
Impulses for transformation from the scientific field are too weak and fail in the face 
of ideologies, low incentives for change, and practical constraints (e.g., the budget-
ary situation of municipalities).

The examples illustrate that the urban water sector must be attested “institutional 
equilibrium”, in North’s terms – that is, a situation where numerous (relevant) actors 
do not find it advantageous to expend resources on the formulation of new institu-
tional arrangements (North 1990). The benefit that emerges from the existing insti-
tutional framework for most actors is higher than that expected to result from a 
change, especially if the switching costs are added. The requirements for an adap-
tive efficient institutional framework have not been met, because of limited incen-
tives and freedoms for change. Accordingly, non-sustainable and inefficient 
structures are preserved.

4.3  Starting Points for Steering Transformation in the Urban 
Water Sector

The question thus arises: How can processes be initiated that contribute to overcom-
ing the described inefficient equilibrium and promote a dynamic of change within 
the urban water sector? Since a coherent transformation theory does not exist, rec-
ommendations for action should be derived on the basis of general theoretical para-
digms. According to the theory of institutional change, flexibilising elements should 
be promoted and the effects of stabilising elements should – if possible – be muted. 
In this context, the institutional framework should take into account the criterion of 
adaptive efficiency; this means, above all, promoting the exploration of alternative 
problem solutions to the greatest extent possible. To achieve this, actors must have 
as much freedom as possible to try out new solutions and be given the right incen-
tives for initiating processes of transformation towards urban sustainability and 
steering them in the right direction. Here, the incentive structures should promise 
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Table 3 Flexibilising and stabilising elements of institutional change with examples from urban 
water management

Flexibilising elements Stabilising elements

 Continuous interaction between actors and 
institutions
•  Lack of competitive pressure due to the 

monopoly situation for water supply and 
wastewater disposal companies in the 
urban water sector.

•  In the context of political competition, 
urban infrastructure systems are 
uninteresting for politicians, because costs 
for future gains are incurred in the present.

•  Urban water infrastructure systems do not 
play an important role in the competition 
for citizens in the municipalities.

  Overall low competitive intensity in 
economic and political markets results in 
a significantly reduced dynamic, whereby 
only a low level of influence is exerted on 
the institutional framework.

Mental models and ideologies
•  The prevailing model of a “modern 

infrastructure ideal” characterises the 
perception of the relevant actors:

•  Urban planners and engineers develop 
routines, problem-solving strategies, search 
heuristics etc., which offer little scope for 
innovation.

•  (Risk-averse) municipal decision makers 
favour the use of tried-and-tested (practical) 
solutions.

•  Concept of “municipal full supply” among 
consumers.

  Mental models that encourage actors to 
view inefficient institutions as right and not 
question them sufficiently.

 Learning processes and knowledge 
building
•  Because of the monopolistic nature of the 

urban water sector, the necessity to invest 
in skills and knowledge in order to be able 
to survive in direct competition hardly 
exists for water supply and wastewater 
disposal companies.

•  Innovative learning takes place primarily in 
the academic sphere; the signals for change 
are too weak.

  Limited incentives for innovative learning 
due to the lack of competition in urban 
water sectors.

Institutional path dependencies
•  A complex set of technical rules generates 

increasing marginal yields (high installation 
costs, specific knowledge, transaction 
cost-reducing network effects and 
expectations about adaptation), thus 
increasing the path transition costs.

•  High capital intensity and long lifespans of 
systems give rise to municipal regulatory 
institutions (inter alia, compulsory 
connection and usage, fee systems) that 
ensure the refinancing and usage of the 
systems while, at the same time, producing 
increasing marginal returns (“administrative 
practice”).

•  Imperfect markets (inter alia, monopoly 
structures, limited rationality) prevent 
efficiency-promoting feedback processes.

  Diverse institutional path dependencies that 
stabilise the existing (inefficient) path of 
urban water governance.

(continued)
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the highest payouts, not for distributive activities, but for productive activities. 
Building on these considerations, a number of fields of action are described below:

 – Strengthening competitive structures: Lively competition is seen by North 
(1995a) as the most important driver for enhancing learning processes and 
knowledge building, and for increasing the dynamics of institutional change. 
From this perspective, increasing competitive pressure, as an “impulse from the 
outside”, should be an important concern. Competition leads to search-and- 
discovery processes and, possibly, the application of economic solutions 
(Markard and Truffer 2006). Institutional barriers to new solutions (e.g., financ-
ing systems, local government statutes) are far more likely to be successively 
adapted to fit the new requirements. Without effective competition, cost orienta-
tion and efficiency- oriented thinking are far less developed in companies, 
because effective sanctioning mechanisms are lacking and, in addition, costs can 
frequently be passed on to the consumers. This does not automatically mean that 
complex sustainability transformation can be entrusted only to competitive vehi-
cles that ensure efficiency. However, even in the water sector, any potential for 
competition that may exist should be exploited to the full (see Reese and Gawel, 
“Sustainable Urban Water Governance – Main Aims, Challenges and Institutional 
Approaches in Germany and Beyond”, in this volume).

 – Price signals: The continued pursuit of a path of infrastructure development that 
is problematic, especially also from an ecological point of view, is due, not least, 
to the insufficient internalisation of environmental externalities. Taking all 
 (environmental) costs into account, the relative prices of service provision would 
shift in favour of novel system solutions that have obvious advantages over con-
ventional systems in relation to ecological aspects (resource efficiency/recov-
ery). Owing to the relative price increase, the relevant actors (in this case, mainly 

Table 3 (continued)

Flexibilising and stabilising elements

 Direction for building knowledge and learning (relative weight of structure-preserving and 
change-inducing incentives)
•  Lack of full internalisation of the relatively high (environmental) costs due to numerous 

institutional deficits (such as, in the area of water utilisation charges, non-transparent water 
pricing)

•  The long-term nature of the decisions and future benefits of converting the system means that 
the costs and benefits of transformation efforts are temporally separated

•  Insufficient reward for the implementation and testing of new technical solutions among 
property owners

•  Planning fees are based on investment costs, which is why engineers prefer large technical 
systems

•  High customer satisfaction generates low pressure to act on municipal enterprises and 
political decision makers

  Mainly incentives for distributive activities and related learning processes, whilst 
productive activities are inadequately rewarded.

Source: Compiled by the authors
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those demanding water services) would have stronger incentives to work towards 
a change of the situation and the investments associated with it. This pressure on 
the demand side is currently almost entirely lacking, owing to countless institu-
tional deficits with full cost recovery and allocation of costs according to the 
“polluter pays” principle (in the sense of cost recovery in Article 9 of the EU 
Water Framework Directive)  – see Gawel 2016b). Water utilisation charges 
(water abstraction fees, wastewater charges  – see OECD 2010) also play an 
important role here: they can allocate “environmental and resource costs” and 
initiate structural change through their incentive effects (Gawel 2016b). It is also 
important to remove institutionally induced barriers (e.g., non-transparent water 
billing) that prevent full price perception at the household level. On the local 
government level, the application of new solutions (e.g., phosphate recovery, 
energy recovery) should be better rewarded through tariffs. On the other hand, 
the more consumption-independent tariff models that are currently being dis-
cussed (Hoque and Wichelns 2013) are, instead, purely economically motivated 
and geared towards the current level of system usage; in terms of sustainability, 
they lead down the wrong path.

 – Information and clarification/enlightenment: The institutional balance in the 
water sector exists because decision makers consider the costs of change to be 
higher than the benefits. In many places, this estimation is possibly based on an 
assessment of the situation that is too short-sighted, in which the current high 
quality of service provision is weighed against the generally “diffuse” problem-
atic situations that are mainly expected to arise in the future. The true costs of a 
“business-as-usual” approach are, therefore, often either unknown or systemati-
cally underestimated. A better understanding and consideration of future devel-
opments and costs tips the cost-benefit ratio of transformation in favour of 
change. To strengthen this effect, in addition to identifying the “costs of inertia”, 
the “costs of change” should be simultaneously reduced by removing the exist-
ing information deficits related to the transformation itself. For this purpose, 
municipalities must, for example, be provided with the (frequently lacking) 
knowledge needed for successful transformation management (capacity build-
ing). The supply of information that is as comprehensive as possible to decision 
makers therefore represents an approach for promoting change (Brown and 
Farrelly 2009) – not least, with support from science.

 – Culture of trying out: In niches, new technologies can be protected and brought 
to market maturity, and practical knowledge can be generated. During recent 
years, several pilot projects, in which novel system solutions were installed for 
testing, have been initiated in Germany and Europe (Tauchmann et al. 2006). 
However, in view of the objective of achieving a far-reaching transformation of 
water infrastructure systems, this is still not enough. What is needed is concrete 
experience with the practical feasibility of the solutions under a wide variety of 
framework conditions and influencing factors (climate, settlement structure, 
socio-economic factors, existing infrastructure, etc.,) (“because the road is 
unclear, experimentation is essential in order to learn” Van der Brugge and 
Rotmans 2007, p. 259; see also Farrelly and Brown 2011). However, the risk-
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averse approach of municipal service providers is hardly compatible with the 
possibility of failure arising from a trial-and-error method. In order to establish a 
culture that is fully in line with North’s adaptive efficiency, real world laborato-
ries (Schneidewind and Singer-Brodowski 2014) and the financial support of the 
state (Farrelly and Brown 2011) are needed. In spatially limited, exceptional 
institutional situations, approaches and technologies that would otherwise not 
function in the existing administrative network can be temporarily tested and 
improved (Londong and Hartmann 2014).

 – Changing mental models: Mental models change when the underlying learning 
processes undergo a change (Denzau and North 1994). Consequently, planners 
and engineers should already have greater exposure to new technologies during 
their education and professional training. Positive testing of new solutions in 
inter- and transdisciplinary demonstration projects (see previous point) can be 
expected to lead to (gradual) changes in the mental models of engineers and, in 
turn, of decision makers. However, this gives rise to the problem that broader 
application of new solutions must be made possible in the first place. The mental 
models of consumers can be overcome if public debate is initiated (Gawel 2016a). 
The aim is to convey the message that water management is facing considerable 
challenges, and this requires adaptations that might involve a turning away from 
“all-round full service” and the forfeiting of certain comforts. The sustained suc-
cesses of earlier campaigns to conserve water show that it is fundamentally pos-
sible to bring about a change in awareness and an alteration of attitudes.

5  Conclusions

Against the backdrop of altered framework conditions and increased societal 
requirements, there is broad consensus that many urban infrastructure sectors are 
currently, and for the foreseeable future, on a path that, overall, non-sustainable and 
insufficiently flexible. Therefore, to ensure urban quality of life and resilience in the 
long term, while at the same time increasing the resource efficiency of urban infra-
structures, a cross-sectoral transformation of urban infrastructures towards sustain-
ability is required.

Urban infrastructure systems are complex socio-technical systems. Although 
they can only be steered to a limited degree (short and medium term), it is possible 
to influence the intensity and direction of the future development of networked sec-
tors. Nevertheless, in the water sector of developed countries, as investigated in 
detail here, because it is so crucial to urban sustainability, there is little evidence that 
the course required for flexibility has been set. If we view the current situation in 
these countries from a theoretical perspective, an institutional equilibrium causing 
inertia and lack of adaptive efficiency can be identified. This indicates the presence 
of a situation in which the necessary institutional change has not occurred because 
relevant stakeholders have established themselves within the existing structures in 
such a way that the cost-benefit analysis goes against change, in favour of preserv-
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ing the current structure. As a result, the necessary measures for change are either 
not taken or are even obstructed, since change will result in losses for the estab-
lished stakeholders.

To nonetheless induce “efficient” change, from an institutional economics per-
spective, various approaches that aim at breaking down this balance of inertia exist. 
External impulses can, for example, change incentive structures. Reforming the 
economic regulatory framework of the water sector to implement competitive struc-
tures (taking sectoral idiosyncrasies into account) is a promising approach in terms 
of both static and dynamic efficiency. Furthermore, a more consistent internalisa-
tion of the environmental costs should result in the current path becoming more 
costly than the sustainability transformation path, thus providing greater incentives 
for a restructuring of urban infrastructure systems. A shift in the relative weight of 
structure-preserving and change-inducing incentives can also be achieved through 
information and education, if the real costs of a “business-as-usual policy” are 
revealed and the transformation costs are simultaneously reduced. At the end of the 
day, what is needed is more willingness and courage to test new solutions. Mental 
models and other path dependencies will only be overcome if the flexibilising ele-
ments force a change and the stabilising structures become increasingly transparent.

However, none of these measures should be viewed in isolation, since they are 
based on a series of complex interdependencies. This also applies to the integration 
of a restructuring of the water sector into an overall set of complex urban transfor-
mations, like general urban development or the linking of other infrastructure issues 
(energy, transport etc.).
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Efficiency-Equity-Trade-Off as a Challenge 
for Shaping Urban Transformations

Erik Gawel and Christian Kuhlicke

1  Introduction

Over the past few decades, sustainability has emerged as one of the central guiding 
principles of policy formulation, especially – but not exclusively – in the field of 
environmental, climate, and development policy. According to the three-pillar 
model, sustainable development should be considered in terms of ecological, social, 
and economic aspects. The United Nations recently reaffirmed this triad of targets 
in its Sustainable Development Goals (UN SDG), defining the direction to be taken 
in the formulation of global policies up to 2030. They were adopted at the UN 
Summit at the end of September 2015 (UN 2015). As explicitly emphasised in that 
context, the three dimensions of sustainability (economic, social, and environmen-
tal) are to be pursued “in a balanced and integrated manner” (UN 2015, p. 3). The 
simultaneous pursuit of all three dimensions of sustainability inevitably involves 
trade-offs that decision makers have to take into account and address when selecting 
policy instruments.

Accordingly, sustainable urban development requires a consideration of a com-
plex set of goals, among them efficiency and equity. However, quite often both aims 
are in conflict with each other (the so called “equity-efficiency trade-off”, see e.g., 
Stiglitz and Walsh 2006, p. 380) when taking into account that resources are not 
infinite and that redistribution of resources might affect their overall availability. 
Additionally, various academic disciplines have quite often developed antagonizing 
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perspectives on efficiency and equity that challenge interdisciplinary cooperation 
and exchange.

Economists, on the one hand, usually focus on efficient allocation of resources, 
to maximize overall welfare for society that can be derived from a given endowment 
of resources. They usually try to separate equity issues or highlight trade-offs, fram-
ing equity, to an extent, as problematic for efficiency considerations. Many critical 
social scientists, on the other hand, discuss issues of justice and power and thus refer 
mainly to equity and distributional concerns and neglect efficiency considerations.

However, there are strong linkages between both concepts. The efficient use of 
sparse or endangered environmental resources may come at the cost of unequal 
access to, distribution, or use of these resources and, hence, a reduction of quality of 
life for some groups or areas. Conversely, the pursuit of equity concerns may reduce 
resource efficiency, i.e., the overall redistribution mass and can, thus, even lead to a 
situation in which socially vulnerable groups are worse-off than before.

This contribution provides a brief overview on various schools of thought, origi-
nating particularly from economics, sociology, and human geography, with a focus 
on different, quite often opposing, aspects of the efficiency-equity-equation. It aims 
at emphasizing the as yet greatly underestimated role of efficiency-equity trade-offs 
in shaping complex transformation processes, not least within the realm of sustain-
able urban development. After providing a selective overview of theoretical 
approaches that address equity, efficiency, and their trade-off (Sect. 2), the paper 
presents two empirical examples, in order to emphasize the practical relevance of 
the issue for the cases of flood risk management and urban water infrastructure 
(Sect. 3). Section 4 concludes this article with an outlook for the future.

2  The Efficiency-Equity Trade-Offs – An Overview

2.1  Economics and the Idea of Efficiency and Trade-Offs

Economists have developed various concepts and instruments for dealing with effi-
ciency. In fact, economics can be seen as the “science of efficiency “par excellence, 
because it analyzes the optimal allocation of scarce resources. The aim is to make 
“the most” out of a given endowment of resources. This perspective typically pre-
scinds from individual shares and directs attention to the overall outcome for all. In 
doing so, distributional aspects are not (completely) ignored (see e.g., Atkinson 
1975; Feldman 1987); instead, (mainstream) economists rightly abstain from nor-
mative issues of what a fair distribution of resources might ever be, because distri-
butional issues require explicit normative input that goes beyond the expertise of 
economists.

Neoclassical welfare economics provides a stunning and very simple idea of how 
to deal with efficiency and equity when it comes to societal resource decision- 
making: The so-called Second Fundamental Theorem of Welfare Economics states 
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that, out of all possible Pareto optimal outcomes (efficient states), one can achieve 
any particular one by enacting a lump-sum wealth redistribution and then letting the 
market take over (e.g., Feldman and Serrano 2006; Chipman and Moore 1978). This 
means that any desired societal distribution can be reached in an efficient way 
through market allocation, for efficiency purposes, and combined social policy trans-
fers, for equity reasons (not disturbing the price mechanism). Thus, it turns out to be 
a “separation theorem”: social policy and economic policy may conduct their own 
programs and there is no need to modify efficient allocation by markets (or policies 
to correct market failure) in order to take equity concerns into account. In concrete 
terms, this means that, e.g., prices for energy or water services should tell “the eco-
nomic and ecological truth” thoroughly, whereas social concerns related to afford-
ability issues have to be addressed by additional social policy (Gawel et al. 2015).

However, for practical purposes, we have not gained very much when referring 
to this separation theorem for public policy. It assumes strong institutions and good 
governance providing, simultaneously, a social policy that corrects, in a perfect way, 
any distributional distortions caused by efficiency-oriented policy. Moreover, it is in 
fact possible, according to the Second Theorem of Welfare Economics, to obtain a 
certain Pareto optimum (out of many) by starting with any (fair) initial endowments 
of resources, but the overall outcome will be different, nota bene. This means that 
economic analyses also may depict trade-offs between efficiency and equity. These 
trade-off analyses are very common; many studies have investigated possible extra 
societal costs if resources are distributed in a particular way. If taxation, e.g., refers 
to particular equity objectives, it may decrease the overall GDP, because it could 
imply disincentives for adding value.

In recent decades, empirically oriented behavioural economics provides new 
insights into the interaction of efficiency and equity, challenging the previously out-
lined ideas. In particular, as these studies revealed, explicit fairness preferences of 
individuals have to be taken into account. In turn, newly emerging theoretical 
approaches try to integrate equity issues explicitly into economic reasoning (see, i.a., 
the so-called ERC theory of Bolton and Ockenfels 2000, which theoretically com-
bines “equity, reciprocity, and competition” in a uniform theoretical framework).

Thus, the findings with respect to economic thinking about efficiency and equity 
are somewhat complex. Welfare economics theoretically provide a relatively smart 
solution for taking into account both efficiency and equity (by conducting separated 
but coordinated policies). Therefore, economic efficiency-oriented work, especially 
policy recommendations, e.g., in the field of environmental policy, often neglects 
distributive impacts that actually must be integrated, to obtain sound policy advice. 
In practice, the separation theorem, due to state failure, does not work sufficiently 
well and thus cannot safeguard public acceptance of efficiency-oriented public pol-
icy. A very prominent challenge here is the “right” design of pricing for 
 environmentally relevant urban services (energy, water – see Sect. 3.2). New theo-
ries, inspired by behavioural approaches, seek to bridge this gap and to take into 
account equity concerns from the very beginning. This leads to modified approaches 
for, e.g., behavioural pricing (Maxwell and Estelami 2009), an economic price the-
ory based on empirically proven consumer behaviour.
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However, efficiency considerations provided by economists are highly valuable, 
by all means. Because no other scientific discipline refers explicitly to the problem 
of efficient resource allocation equally seriously, this contribution from economics 
(“talking about efficiency”) is particularly needed. Because the idea of resource 
efficiency is merely an intellectual construct for the entire economy and can neither 
be observed easily in an empirical way nor attributed to individuals and groups, 
social sciences other than economics tend to ignore or disesteem the relevance of 
efficient allocation.

This is all the more true because, in political arenas, efficiency typically lacks 
political support: efficiency gains (and losses) are invisible (you must imagine the 
alternative state in order to “see” the added value of efficient resource use) and they 
are usually distributed across the entire society (“welfare maximum of all”) and 
cannot be captured by groups or individuals exclusively, unlike the case for redistri-
bution policies. This is why “efficiency” turns out to be a public good no pressure 
group will ever be really interested in. Conversely, rent-seeking for redistributions, 
for the sake of equity, does make sense and therefore widely dictates political dis-
courses all over the world, marginalizing efficiency impacts (e.g., with respect to the 
energy transition, see Strunz et al. 2016).

However, economic thinking is just starting to incorporate equity issues into both 
theory and policy recommendations. Further interdisciplinary work has to be done to 
fully understand the interaction of efficiency and equity for economic argumentation.

2.2  Social Sciences’ Concepts of Environmental Justice

The origins of scholarly concerns with equity in environmental social science 
research are rooted in the civil rights movement in the US (Walker 2012; Elvers 
2005). The initial focus, quite often driven by grassroots groups, was predominantly 
on the relationship between ethnicity, poverty, and the spatial distribution of waste 
dumps and industrial sites, and how they impact negatively on their surrounding 
neighbourhoods. There was, hence, a strong orientation towards collecting empiri-
cal evidence that would support the claim that environmental resources and risks are 
distributed unequally and that certain groups are more often exposed to environ-
mental risks than others.

Since then, both the thematic and the geographic scope have been significantly 
expanded (Walker 2012, p. 2 ff.) as research focuses, in the meantime, on different 
social (e.g., class, gender, age, disability, future generations) and environmental 
dimensions (e.g., air pollution, urban dereliction, flooding, noise, greenspace) and is 
also increasingly established as a research domain outside the US (for Europe, see 
Elvers et al. 2008; Wolch et al. 2014). It has also become an effective mobilizing 
concept that attracts attention beyond academic circles (Taylor 2000). As an example, 
two of the seventeen UN SDGs are directly related to equity: the reduction of “inequal-
ity within and among countries” and the promotion of “just, peaceful and inclusive 
societies” are defined as central goals that should shape national policies until 2030.
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However, along with an empirically observable distributional inequality comes 
the more troubling normative question of whether the unequal distribution of 
“goods” and “bads” is also unjust? Whilst the link between inequality and injustice 
seems, at first sight, apparent (“any pattern of inequality is also unjust”), the link 
between both concepts is usually made without further consideration. Walker (2012) 
therefore pleads for being analytically more precise and for keeping both concepts 
separate: Whereas “inequality is a descriptive term, describing a condition of differ-
ence or unevenness of something (such as income, health, pollution exposure/cre-
ation, opportunity, influence, access to resources, consumption of resources), 
between different groups of people (old/young, black/white, rich/poor, north/south, 
this generation/future generation etc.)” (p.  12), injustice is about the normative 
(some say philosophical) question about the grounds on which an actor (individual/
collective) should reason/should decide that a difference is just or unjust.

Similar to the idea of efficiency, the step from an empirically describable unequal 
distribution of “goods” and “bads” to the normative question, whether this inequal-
ity is also unjust, eludes direct observation and demands a relatively presumptive 
intellectual construction process grounded in philosophical debates. John Rawls, 
for instance, in his Theory of Justice (1971), starts with a thought experiment in 
order to explicate his specifications of basic principles of justice. He situates differ-
ent actors in a hypothetical position defined by a “veil of ignorance”, implying that 
they know neither their current nor their future position within a group. Only by 
being ignorant of their respective social position can all members of a group decide 
freely about the group’s principles of justice, which is then the basis of the actual 
collective contract the group gives itself. The social contract, however, should con-
sider two basic principles: The first one is liberty (each person is to have an equal 
right to the most extensive basic liberty compatible with a similar liberty for others) 
and the second one is difference (inequality should be arranged in a such a way that 
the least-advantaged members of a group have the greatest opportunities; Rawls 
1971). Rawls’ reflection became quite influential both in urban (Marcuse et  al. 
2009; Fainstein 2009) and environmental discourses (Harvey 1996; Walker 2012).

Fainstein, in her essay on “Planning and the Just City”, undertakes the endeavour 
of relating Rawls general reflection to the more specific contexts of cities and 
engages with the “practical reality of régime formation, social exclusion, and the 
bases of conflict” (Fainstein 2009, p. 28). Harvey highlights the need to go beyond 
pure distributional analysis to understand patterns of environmental injustice and 
puts the socio-political-economic conditions that produce and reproduce socio- 
spatial disparities at the forefront of his analysis; this argument also taken up and 
expanded by Walker. He introduces not only the idea of “claim-making” and 
 “framing” in his contestation with the concept of environmental justice (Walker 
2012) and by doing so aims at bridging the gap between normative reflections as 
well as empirical observations, but also outlines three dimension of environmental 
justice including, next to distributional aspects, procedural aspects (“the ways in 
which decisions are made, who is involved and has influence”) also aspects of rec-
ognition (“who is given respect and who is and isn’t valued”) (ibid., p. 10), a point 
we return to in Sect. 3.1.
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In contrast to economic discussions, the debate on environmental equity is sel-
dom linked with the concept of efficiency, although the interrelation is highly rele-
vant (see introduction) and apparent: Whilst the discussion on justice focuses on 
distributional and procedural questions, it tends to ignore the availability of (scarce) 
resources and, hence, seems to imply that resources are available infinitely. At the 
same time, the idea of “efficiency” is a major driver of how resources (and hence 
also risks) are distributed within a society and thus shapes not only the distribution 
of risks but is also a constitutive criterion for procedural aspects, because allocation 
decisions are often based on the criteria of efficiency, as the two subsequent empiri-
cal sections will highlight.

3  Efficiency and Equity in Urban Transformations: Two 
Empirical Examples

Based on these rather conceptual reflections that aim at showcasing the interlink-
ages and, at the same time, unravelling the blind-spots of different disciplinary 
approaches, we now present selected empirical examples that illustrate how 
efficiency- equity trade-offs are shaping environmental concerns in an urban setting 
by demonstrating that trade-offs not only relate to social processes (e.g., inner-urban 
difference or differences between urban and rural areas) but, more fundamentally, 
also to the future use and exploitation of limited environmental resources. This will 
be shown using examples from flood risk management (3.1) as well as from 
network- based urban infrastructures (e.g., water services) (3.2).

3.1  Flood Risk Management in England and the Urban-Rural 
Divide

The concepts of equity and efficiency are both relevant topics in research and policy- 
making on flood risks, although they are usually considered separately. On the one 
hand, concerns for equity prevail in research on social vulnerability. In the course of 
attempts to better understand which groups or regions are more exposed (than oth-
ers) to the risk of flooding, or in a worse position to cope with its negative conse-
quences, the “root causes” for the production of unequal distribution of vulnerability 
patterns have become a concern in many empirical studies conducted in developing 
and developed countries. Walker for instance, by linking existing flood risk maps 
with statistical population data, found, for the UK, a strong correlation between 
social class und flood risk exposure (Walker 2012). The study revealed “a strong 
social regressive gradient, such that people who are strongly deprived are more 
likely to live in flood risk areas than those who are less deprived” (Walker 2012, 
p. 133). Interestingly, the sharp gradient only relates to areas located close to the sea 
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and, hence, to areas exposed to coastal flood risk but not to riverine flood risks. 
According to Walker, the reasons for this pattern are threefold (ibid., 134 ff.): First, 
in old industrial ports, working-class housing and population dominated for a long 
time. Second, lower quality housing was often developed in lower lying and was, 
therefore, on lower priced land, and, third, although many coastal cities had their 
“heyday in the first half of the twentieth century, providing holiday destinations for 
the mass of the British public” (ibid.), they have experienced decline and decay 
since then and are hence becoming increasingly deprived. As a consequence, more 
deprived areas are more often exposed to the risk of flooding from the sea.

Efficiency, on the other hand, has evolved as a central concept in flood risk man-
agement. As a result of a number of large flood events throughout Europe over the 
past 20  years, as well as the instalment of the European Floods Directive, many 
European countries have overhauled their flood management strategies. Specifically, 
a movement away from solely focusing on state-provided structural protection mea-
sures (e.g., dikes and levees), which are funded, planned, and implemented by gov-
ernmental bodies, has resulted in an increasing emphasis on the importance of 
developing and implementing alternative measures (Johnson and Priest 2008). In 
this context, the traditional goal of offering, with public funding, the same protection 
standard to all flood-exposed areas is challenged because it is considered as “techni-
cally, economically, or environmentally [not] feasible” (EA 2010, pp.  16–17). 
Instead, risk-based management approaches, which consider not only event proba-
bilities and design standards but also try to incorporate the wider economic, ecologi-
cal, and social consequences, are gaining relevance. They allow the identification of 
how a risk should ideally be reduced and which level of protection appears to be 
appropriate, in terms of a reasonable cost-benefit ratio. In England, the Department 
of Environment, Food and Rural Affairs (DEFRA), for instance, highlights risk- 
based management as a rational decision-making tool ensuring that “the maximum 
benefit is achieved with every £1 of taxpayers’ money, and that we can be confident 
that the money could not be better spent elsewhere” (DEFRA 2009, p. 3). Similarly, 
the Swiss PLANAT underlines the relevance of participation in risk-based approaches, 
as it would allow to make processes and decisions with regard to funding and the 
allocation of resources within complex net of actor transparent (Bründl 2009).

This section focuses on the case of England, which is notable for its full-throated 
commitment to being ‘risk-based’ (see Kuhlicke and Demeritt 2016, for an overview) 
and explores in more depth how ideas of efficiency and equity are interlinked.

As a results of England’s Making Space for Water (MSFW) (DEFRA 2004) and 
the Pitt Review (Pitt 2008), a revised policy agenda in line with the UK govern-
ment’s advocacy of risk-based approaches to ‘better regulation’ (Kuhlicke and 
Demeritt 2016), flood risk management relies meanwhile on various risk-based 
technologies and policy instruments (e.g., risk mapping, risk-based protection stan-
dards, and risk-based resource allocation) to ensure that flood risk reduction mea-
sures are proportionate to their expected costs and benefits (Krieger 2013). In this 
way, ‘risk’ is not simply an object to be managed, but a central principle for the 
organization of flood risk management itself (Rothstein et al. 2006). Rather than 
trying to eliminate all potential harms, risk-based approaches aim for an optimal 
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balance between acceptable levels of risk and the costs of reducing them further. 
With references to HM Treasury’s (2003, p. v) Green Book, government policy 
requires cost-benefit analysis of publicly funded flood risk management schemes to 
ensure that public money is spent proportionally. These strategic-level policymak-
ing requirements are designed to ensure that operational-level decisions “are ori-
ented to gaining the maximum economic benefit for the country as a whole” 
(DEFRA 2009, p. 12).

Whilst a risk-based approaches for prioritizing flood intervention measures 
might be efficient with regard to society as a whole, they are not necessarily per-
ceived as fair on the individual level. One can assume, on the one hand, a gap 
between those who contribute to the funding of flood protection measures and those 
who benefit from it (Penning-Rowsell and Pardoe 2012) and, on the other hand, the 
efficient investment of sparse public resources also implies transferring funds to 
areas in which the cost-benefit ratio is higher than in areas with a lower cost-benefit 
ratio. This is also reflected in recent scholarly debates about distributional effects of 
risk-based decision-making processes (Penning-Rowsell and Pardoe 2012) as well 
as in governmental documents reflecting a wider concern with social justice issues, 
motivated in part by the concern that “economics-led investment appraisal regimes 
lead to greater investments where communities are richest” (ibid., 450).

Allocating public resources through risk-based priorisation techniques implies 
that resources are distributed unequally. As a rule of thumb: the higher the avoided 
negative consequences of a flood protection measure (i.e., avoided economic 
impact), the higher its expected benefit. As a consequence, protecting a settlement 
with 200 buildings by means of a flood protection scheme is more efficient than 
protecting a settlement with 20 buildings, because the benefit for each € spent is 
higher. In this sense, risk calculations not only ascribe probability and consequence 
to future flood events, they also influence, through their reliance on cost-benefit 
analysis, the frequency and intensity of flood experience events and their negative 
consequences. Specifically, larger urban areas, usually defined by a higher accumu-
lation of wealth and by a greater presence of critical infrastructure, as well as by a 
higher share of cultural monuments are, therefore, within a risk-based setting, more 
likely to be better protected, compared to smaller or more rural areas that are less 
likely to receive publicly funded protection schemes and experience, as a conse-
quence, the negative effects of flood events more often, as the following interview 
conducted in the UK reveals:

… rural areas are going to be the ones that suffer again because there isn’t the partners 
around … in a small community. And the community themselves, being small, are not 
going to be able to raise the vast thousands upon millions of pounds that are needed towards 
any flood scheme (interview with a community engagement officer).
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The potential increase or creation of inequality was also emphasised by another 
interviewee:

well you have got … that difficulty with the small rural communities … they have created 
a mechanism to try and catch areas of deprivation so that they get a higher score but if it is 
not scoring high enough they have got very little chance of drawing in the funding … its 
puts a lot of schemes, you know, out of reach forever” (interview with a flood management 
officer from a county council).

Therefore, Johnsons et  al. argue that the “issue of procedural equality and to 
addressing the needs of those most vulnerable to flooding” should gain greater 
weight in policy making (Johnson et al. 2007, p. 376). In this context, Rawls’ sec-
ondary principle of justice becomes relevant, because it suggests that those most 
disadvantaged (e.g., areas not protected by a publicly financed protection scheme) 
should benefit most from alternative management strategies and measures (e.g., pri-
vate adaptation measures); an idea that is also acknowledged in more recent legisla-
tion (Begg et al. 2015).

The empirical case studies show how urban transformation, efficiency, and jus-
tice are interlinked. The idea of investing public money efficiently has become a 
decisive criterion in flood risk management, resulting in an unequal definition of 
flood protection levels from which particular urban areas will benefit. By introduc-
ing the idea of justice (see also Kuhlicke 2014 for the idea of protective justice), the 
focus is turned towards procedural as well as onto distributional aspects and the 
question of whether and how unequal patterns of protection can and should be miti-
gated by relying, for instance, on the second principle of justice, as outlined by 
Rawls (1971).

3.2  Sustainable Infrastructure: Pricing Water Services 
and the Efficiency-Equity Trade-Off

Sustainability policies based on the economic rationale of providing incentives to 
get prices right and to internalize external costs inevitably place, at the same time, a 
significant burden on societal groups and often raise distributional concerns. This 
holds for the German energy transition (Gawel et  al. 2015), as well as for the 
sustainability- oriented transformation of urban water infrastructure in developed 
countries (see Bedtke and Gawel, “Linking Transition Theories with Theories of 
Institutions – Implications for Sustainable Urban Infrastructures Between Flexibility 
and Stability”, in this volume). Internalizing external costs or just enforcing the 
principle of full cost recovery typically results in rising commodity prices for con-
sumers. When this affects basic commodities that are consumed to a similar extent 
by consumers in different income groups, such as water or electricity, the burden is 
typically felt relatively more strongly in the lower-income groups than in the higher 
income groups. Against this background, sustainability policies that lead to rising 
consumer prices are often classified as socially unjust because they would impose a 
disproportionately large burden of the costs of sustainability policy on low-income 
households (see, in general, Heindl and Löschel 2014; for water OECD 2009; for 
energy Bardt and Niehues 2013).
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However, resource efficiency – with respect to both the human-made water infra-
structure and the natural water resources – requires full cost recovery for water ser-
vices including “environmental and resource cost”, as stated in Article 9 of the EU 
Water Framework Directive (WFD) (Gawel 2016). On the other hand, equity con-
siderations, as laid down in target 6.1 of the UN SDGs, call for “universal and equi-
table access to safe and affordable drinking water for all”. Thus, the pricing water 
services is challenged because it simultaneously addresses economic, ecological, 
and social aspects of water use. Full cost recovery and incentive-oriented pricing 
may support resource efficiency and adequate refinancing of services but can jeop-
ardize equitable and affordable access for all water users, particularly under condi-
tions of water shortage.

Remarkably, in Goal 6, the UN SDGs emphasize the right to water but, at the 
same time, in an explicit sustainability context that also includes resource efficiency 
considerations. Unlike the Millennium Development Goals, which focused entirely 
on social objectives, the UN SDGs explicitly attach special importance to other 
sustainability aspects of water supply, e.g., integrated water resource management 
(target 6.5) and water use efficiency (6.4), as well as “sustainable management of 
water and sanitation for all” (overall title of Goal 6). Obviously, this requires a cer-
tain kind of integration of these different targets that have to be fulfilled simultane-
ously. This is well in line with theoretical considerations of interacting dimensions 
of sustainability for water infrastructure (Gawel and Bretschneider 2016a): only if 
water resources are sustainably protected and a water infrastructure is adequately 
financed and operating without waste and for least-cost, is it possible to ensure, in 
the long term, those full-coverage supply services that a right to water represents. 
The fact that water management issues are related to all interacting sustainability 
dimensions thus becomes a prerequisite for a sustainable understanding of the right 
to water (see, for the concept of “sustainable access to water”: Gawel and 
Bretschneider 2016b).

Against this background, prices for urban water services are key factors for sus-
tainable urban development, because prices (must) fulfill many important (eco-
nomic) functions (cf. Table 1):

As a part of the revenues, they refinance the efforts of a service provider to the 
benefit of the users because

• they express the degree of efficiency of production,
• they set incentives or scarcity signals for providers regarding the application of 

scarce production factors (e.g., raw water) and also for users, who must estimate 
whether the services provided justify the resource consumption (efficiency 
demand), and

• they represent a hurdle to the access of goods and must justify that they are rea-
sonable under social aspects (affordability, right to water).

Obviously, prices in general – including charges in urban water management – 
fulfill very different functions that have to be expressed in one and the same value 
(e.g., rate or tariff, if applicable): economic efficiency, ecological sustainability, 
social reasonableness, and adequate refinancing. At first sight, there are harmonious 
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as well as adversarial relations between the four basic principles of a water pricing 
policy (Table  1): Thus, an “efficient” charge that is free from monopoly profits 
 contributes to social reasonableness (low prices) at the same time. An economic full 
cost recovery, including so-called environmental and resource costs according to 
Article 9 WFD (Gawel 2016) however, demands – just as much as the justified request 
for adequate refinancing of the investments made – appropriately “high” charges.

Consequently, “sustainable charges” can be understood as prices for water ser-
vices that consider all facets of the previously mentioned price impacts in an 
 appropriate way and lead to a reasonable balance of possible trade-offs. In contrast, 
approaches that argue with only a single aspect (e.g., “only” right to water or “only” 
cost efficiency) and, thereby, derive legal demands for the regulatory framework of 
water management, are not convincing.

Interestingly, against this background, it is possible that charges that are either 
too high or too low emerge at the same time  – depending on the price function 
according to which the charge is measured. Indeed, water prices in Germany are 
currently “too high” (containing monopoly profits) as well as “too low” (subsidized 

Table 1 Water pricing policy objectives between efficiency and equity

Environmental sustainability Financial sustainability (Refinancing)
Discourage depletion of critical natural capital Guarantee long-term reproduction of 

physical assets

  Guarantee the preservation of ecological 
functions of water as natural capital.

  Compensate for the resources that are 
used as inputs in water-related activities.

  Minimise the use of “supply side” solutions to 
water scarcity.

  Cash flow should guarantee the 
conservation of value of physical assets.

  Use efficiency   Cost recovery should be chosen only for 
efficient costs.

   encourage water saving
   discourage wasteful water use
  Minimise the alteration of natural flow patterns.
Economic efficiency Social concerns
Water is allocated to the most beneficial uses 
(user efficiency) and economic resources are not 
wasted (production efficiency)

Adequate access to affordable water at fair 
and equitable conditions

  Allocate water with priority to uses with 
highest value to society as a whole.

  Identify “water needs” and allocate 
water in a way that is not skewed by 
concentration of power.

  Compare costs of water management and 
water-related services with their value, i.e., do 
not misallocate economic resources.

  Structure tariffs so that lower-income 
users can have access to and afford to 
use water services.

  Cost efficiency: minimise lifecycle costs of 
services, i.e., the creation of physical capital 
and operation and maintenance costs

  Achieve an equitable way the sharing of 
the cost of managing water resources.

  Regulation should ensure optimal risk 
allocation among stakeholders (including users 
and taxpayers).

Source: Modified after OECD (2009, p. 25)
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and calculated without complete environmental and resource costs or without neces-
sary preservation measures, e.g., leakages in the pipe system). Consequently, there 
are significant doubts whether current charges for water services in Germany can be 
regarded, altogether, as economically “cost-covering” in terms of the requirements 
of Article 9 WFD (Gawel 2012). The obvious backlog in redevelopment (lack of 
reinvestments in run-down systems) shows that current operations are “below 
cost” – mainly due to political reasons and in deference to reasonableness of charges. 
This is valid independently of the question whether charges seem “too high”, 
because monopoly profits emerge out of “unnecessary” depreciation caused by a 
lack of competition or equivalent cost pressure. Both phenomena can appear simul-
taneously, which makes a simple external diagnosis about the reasonableness of 
charges difficult. In economic theory, the problem of “too high” or “too low” price 
demands has long been discussed by taking the example of a monopoly provider – a 
typical example in water management –who manufactures a product with external 
environmental and resource costs (Buchanan 1969; Barnett 1980). In this case, a 
purely competition-oriented monopoly policy leads to welfare loss, as long as envi-
ronmental impacts are disregarded. Only an integrated consideration and instrumen-
tally modified monopoly control can secure a socially optimal monopoly policy.

Similar conflicts can emerge  – as current intensive discussion in Germany 
shows  – when new tariff models that are strongly independent of quantity are 
intended to stabilize the revenues for service providers if water demand declines 
(Hoque and Wichelns 2013). These models serve the sub-goal of adequate refinanc-
ing and also refer – with regard to high fixed costs of pipelines for water services –to 
economic principles of pricing.

However, it must be clear that, in the long term, it is in fact the infrastructure that 
must follow the demand. Moreover, the use of the natural water reserves has to be 
kept as small as possible – and therefore it cannot be the (sole) task of prices to 
provide for comfortable utilization of a historically developed infrastructure that is 
probably no longer appropriate, and to protect it permanently from economic pres-
sure to change. Furthermore, Art. 9 para. 1 sub-para. 2 WFD does not call for a 
water pricing policy of EU member states that provides adequate incentives for 
permanent security of revenues for providers; instead, incentives should be pro-
vided to “use water resources efficiently”, which refers to the resources of natural 
water circulation. For sustainability reasons, these measures should prevent charges 
being determined predominantly by consumption-independent basic prices (or even 
“flat rates”). In fact, a reasonable balance between goals and interests must be found 
and secured.

In conclusion, it is clear that charges play a key role in economic “institutions” 
regarding governance in urban water management, because many targets can and 
must be addressed within a single variable. On the one hand, requirements of eco-
logical sustainability must be fulfilled by providing incentives to use resources effi-
ciently (production efficiency) and to behave environmentally consciously (user 
efficiency). At the same time, prices reflect scarcities and should, ideally, contribute 
to always use water in the most beneficial way. Moreover, charges serve the goals of 
refinancing and “preservation of substance”, or financing of system rebuilding for 
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demographic or climatic reasons. Social matters such as the affordability of water 
services, acceptance or equity concerns regarding allocation of burden are directly 
connected to charges. It is obvious that the broad set of price policy goals must 
evoke contradiction and, thus, balanced integrative solutions for charges (“sustain-
able charges”) are a significant challenge.

Approaches that derive attempts at far-reaching reforms only from a sub-goal 
and without considering the impacts on other goals are not constructive. This applies 
especially for the basically justified attempt to introduce more cost efficiency in 
“sustainable water management” or to implement the “right to water” comprehen-
sively. This is also true for unnecessarily unilateral tariff models that strive only to 
secure revenue. In fact, “sustainable charges” must try to address all basic chal-
lenges for water prices (Gawel 2016), each in an adequate manner and, thus, also 
address the pricing-related efficiency-equity trade-off .

4  Conclusion

Sustainable urban transformation, following the widely accepted three-pillar model 
of sustainability, requires pursuing its three dimensions (economic, social, and envi-
ronmental) “in a balanced and integrated manner” (UN 2015, p. 3). However, the 
simultaneous pursuit of all three dimensions of sustainability inevitably involves 
manifold trade-offs, especially between equity and efficiency. This contribution 
used an interdisciplinary social science perspective to highlight the relevance of this 
topic for sustainability-oriented urban transformations. To date, resource efficiency 
and equity issues are often discussed in fragmented discourses and in an isolated 
way, although the flood risk management case study has demonstrated that there are 
also examples that consider both the idea of efficiency and, to a certain extent, the 
idea of equity. Moreover, trade-off issues, if covered at all, are widely framed as 
mere conflicts that have to be solved by “prioritization”. Thus, economists and other 
social scientists often find themselves in unnecessary opposition when dealing with 
sustainability transformation.

Instead, efficiency and equity have to be taken into consideration simultaneously 
and with full acknowledgement of their possible trade-off relationships. Instead of 
tackling this challenge by mere prioritization, more attention should be paid to 
emerging integrative theoretical frameworks, e.g., in behavioural social sciences, as 
well as to smart solutions in practice. This implies overcoming strongly antagonistic 
perspectives on efficiency and equity offered, till now, by different academic disci-
plines. Improving interdisciplinary cooperation and exchange is needed in the field 
of the efficiency-equity trade-off.

Moreover, this analysis pinpointed promising further avenues for research in the 
field of urban transformations. For instance, more general hypotheses on the interac-
tion of efficiency and equity could be investigated. For example, whilst urban envi-
ronmental resource-efficiency might result in an increasing rural-urban inequity 
(e.g., the quality of life in urban areas depends, to a large extent, on the exploitation 
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of resource and ecosystems located in more rural areas), the inequity between envi-
ronment and society (i.e., human society acts at the cost of the natural environment) 
could be reduced through urbanization in general, because scarce and limited envi-
ronmental resources can be used more efficiently in urban areas. The authors feel 
that intensified interdisciplinary research on the impact of efficiency-equity trade- 
offs in the field of urban transformations could yield improved insights into transfor-
mation processes and, thus, considerable added value for both theory and practice – as 
has been demonstrated here with two examples of urban development.
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On the Connection Between Urban 
Sustainability Transformations and Multiple 
Societal Crises

Annegret Haase, Norman Bedtke, Chloe Begg, Erik Gawel, Dieter Rink, 
and Manuel Wolff

1  Introduction

Crises are a frequent companion of global urbanization; within the last decades, a 
wide range of crises has influenced the fates of cities and their inhabitants. When 
reviewing the first two decades of this century, we might feel that we are living in a 
“time of constant crises”; starting with the real estate and financial crisis in 
2007/2008, a wide range of subsequent crises has spread all over the world: various 
economic, real estate, and bank crises, as well as the Euro debt crisis, which have 
led to political crises with significant social repercussions, also across Europe 
(Funke et al. 2015). In addition, a number of wars and violent conflicts such as, e.g., 
those in Syria and Northern Iraq have caused new crises; in particular, the increased 
refugee migration towards Europe (preferably to large cities of some European 
countries), an area that still has to cope with the consequences of the above- 
mentioned crises. Multiple environmental crises are receiving much less attention at 
the moment (Gawel 2014). These include biodiversity loss or climate change that 
evokes extreme events, such as floods or droughts that also regularly impact on 
cities or urban regions. Last but not least, the increasing demographic polarization 
of the world’s population, with population decrease and ageing in the developed 
countries and further population growth in the Global South, are perceived as a 
long- term crisis that is leading, e.g., to increasing south-north migration at a global 
scale. Given a situation of “multiple crises”, i.e., crises that differ in their nature but 
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are characterized by many interlinkages concerning their roots and impacts, we can 
observe emerging crisis-driven policies. These policies vary according to the type of 
crisis: bank rescues and austerity policies to tackle the financial crisis, diplomacy 
and border closures to regulate the immigration crisis, massive international climate- 
protection agendas and meetings to address the climate crisis that are characterized 
by particular interests and symbolic declarations, and so on.

These policies, however, are in sharp contrast to discussions on the need for sus-
tainability transformations in our societies. What is more, sustainability and climate 
change policies are based on normative principles and largely ignore the context of 
multiple crises. A transformation literature has developed that, however, does not 
reflect the role and impact of multiple crises and their role in urban transformations 
towards sustainability.

A prominent example of this body of literature, the report of the German 
Scientific Council on Global Change (WBGU 2011), coined the temporal frame-
work for a transformation to the so-called “low carbon society” within the next 
decades, until 2050, as a process that is occurring and being shaped by changes in 
our cities or urban environments. The report, in fact, considers the case of a failure 
of the transformation, which would lead to a “climate crisis”, but it completely 
ignores existing crises (such as demographic ageing, the financial crisis since 2008, 
and the Euro debt crisis) and their impacts on ongoing transformations. In fact, the 
most recent WBGU report on urban transformations (WBGU 2016; Rink et  al. 
2015) considers crises to be important for the realization and continuation of trans-
formations, but it does not address the relationship in depth.

Assuming that the outlined transformations will create new conflicts and crises, 
any transformation concept or theory should reflect actual and potential crises sys-
tematically: On the one hand, transformations towards sustainability are often 
caused by conflicts or crises, e.g., crises that operate as a “wild card” and trigger 
new policies such as the German “Energiewende” (exit from energy production 
based on nuclear and fossil fuel) in the wake of the nuclear accident in Fukushima, 
Japan. In this case, the crisis worked as a driver of transformation. On the other 
hand, various crises such as financial, debt, or economic crises and crisis-driven 
(austerity) policies may lead to a re-shaping of priorities that define the political 
priority of issues such as climate adaptation and sustainability as second rank, in 
comparison to economy or labour market policies, or “of lower priority”. Here, the 
crisis represents an obstacle or barrier for a transformation towards sustainability, 
and originally prioritized goals, such as climate protection or renewable energy gen-
eration, might be undermined by the necessity, or the frequently quoted “lack of 
alternatives”, to cope first and foremost with the crisis. In such a case, the develop-
ment might even lead to a situation that questions the procedure and feasibility of 
the intended transformation. In effect, the relationship between (multiple) crises and 
transformation is substantial but variegated and poses a number of questions.

Set against this background, this chapter seeks to shed light on the connections 
between (multiple) crises and current as well as potential transformations of cities 
towards sustainability. The urban scale of multiple crises is insofar relevant because 
cities are densely populated areas, economic hubs, centres of political power and 
innovation and “labs of societal change”; according the UN, in 2014, 54 percent of 
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the world’s population lived in cities, towns, and urban areas.1 This chapter explains 
how cities affect and are affected by crises in three ways: Firstly, they drive crises, 
due to their need for resources, and they often participate actively in the creation of 
crises (e.g., as speculating actors in the financial crisis 2008 and beyond); secondly, 
cities are extremely vulnerable to the consequences of crises due to their nature as 
population, economy, and infrastructure hubs. Thirdly, cities play a decisive role in 
coping with crises, not least since most of the technical and non-technical solutions 
for crises are developed in urban contexts.

Given this situation, the chapter will, apart from revealing the mentioned connec-
tions between crises and the urban context, investigate the impact of multiple crises 
on sustainability transformations or the relevant policies. It will also look systemati-
cally at the underpinnings between crises and sustainability transformations in order 
to suggest more robust or resilient policies in terms of buffering or adequately 
responding to crises.

The chapter is explorative: it supports its conceptual bases and theses with exam-
ples of empirical research from different fields related to urban development. It 
looks at the relationship between crises and transformation from an interdisciplin-
ary perspective that includes sociological, economic, scale-based (geographical) 
and governance/policy aspects. In doing so, the chapter seeks to demonstrate the 
complex interlinkages between sustainable transformations and multiple crises; it 
also seeks to highlight how crises (of different types) may affect transformations 
towards sustainability (e.g., either support or hinder). With regard to the examples 
from various fields of urban (sustainability) research, the paper will not provide 
great detail; rather, it intends to present some initial thoughts about the hitherto 
under-researched linkage between crises and sustainability transformations; empiri-
cal material is used mainly for illustration and support of our theoretical/conceptual 
arguments.

The key terms of the chapter – crisis and urban (sustainability) transformation –
are defined as follows: According to Booth (1993, p. 86), a crisis is “a situation 
faced by an individual, group or organization which they are unable to cope with by 
the use of normal routine procedures and in which stress is created by sudden 
change”. Based on this, when we speak of a crisis, we mean the culmination or 
dramatic intensification or aggravation of problems or phenomena that may endan-
ger societal cohesion or a societal system, or bring a society to the brink of destruc-
tion (Leusch 2014). Crises can have different scopes (long-term or short-term, 
creeping or sudden) and can play different roles/have different impacts at different 
scales (global, regional, local) (for a survey, see, e.g., Keown-McMullan 1997; 
Shaluf et al. 2003; Birkland 2006). In our chapter, we refer to literature that operates 
either directly with the term “crisis” or with related terms such as “disaster”, 
“ catastrophe” or, even more generally, “potential focusing events” (Birkland 1997). 
We are in line with Birkland (2006, p. 4), who states: “The distinction between cri-
sis, disaster, and catastrophe is useful, but the line between what constitutes a disas-
ter and what constitutes a crisis is unclear.” Thus, instead of using a clear-cut 
distinction between similar terms (see, for example, Faulkner 2001, p.  137), we 

1 http://www.un.org/en/development/desa/news/population/world-urbanization-prospects-2014.
html (accessed 30 August 2016).
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decided to define crisis and stick to the defined context. We are looking here at dif-
ferent types of crises, including climate change, demographic change, energy crisis, 
financial/debt/austerity crisis, ecological crisis, etc.

When we speak of transformation, we mean qualitative, (comprehensive/far- 
reaching/deep) changes that have different dimensions: (1) the act or process of 
transforming; (2) the state of being transformed; (3) change in form, appearance, 
nature, or character. Because our focus is on urban transformations towards more 
sustainability, we are in line with Kabisch and Kuhlicke (2014, p. 478) who argue 
that “our understanding of urban transformation is based on the normative idea of 
sustainability and the necessary alterations to physical, material as well as social 
processes that urban areas need to undergo in order to achieve this aim. More specifi-
cally, we understand sustainable urban transformation as ‘structural transformation 
processes – multidimensional and radical change – that can effectively direct urban 
development towards ambitious sustainability goals’” (McCormick et al. 2013, p. 1). 
Being aware of the fact that both terms, transition and transformation, are frequently 
used interchangeably in the debate on sustainability futures and are, in single strands 
of debates, especially in the political sciences literature (Brand 2016), used distinc-
tively, we decided to use both terms for the theoretical perspective, according to how 
they are used in different debates and by different authors and, considering the ter-
minology of this book, stick to transformation in a more formal way in the example, 
discussion, and conclusion sections of this article. As mentioned above for the case 
of crisis, we included literature based on how transformation and transition are 
defined and not according to which terms are actually used.

2  Theoretical Perspectives: Connections 
Between Transformation and Crises

In this section, we expand on the transformation literature and its link to crises. 
Even though a systematic treatise on the connection between crises and (urban) 
(sustainability) transformations is lacking, much theoretical and empirical literature 
is devoted to underlying relevant aspects. The following review demonstrates that 
the effects of crises on transformation processes (and vice versa) are complex and 
diverse. It seems appropriate, for a first approximation, to distinguish between cri-
ses as either drivers of or obstacles to transformations and to also consider ambigu-
ous impacts (see Table 1 for an overview).

The most obvious link between crises and transformation processes is that a 
crisis can be a powerful driving force for change (political, institutional, social) 
because it is essential for sustainability transformations. An example in the  transition 
theory literature is the widely accepted multi-level perspective (MLP) framework, 
which distinguishes between niches (form the micro-level, where radical novelties 
emerge), socio-technical regimes (the locus of established practices and associated 
rules), and a socio-technical landscape (the exogenous environment that usually 
changes slowly and influences niches and regime dynamics, e.g., climate, demo-
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Table 1 Relationships between crises and transformation (selection)

Category Author(s) and main statement(s) Context

Crisis as 
driver

Alesina and Drazen (1991): “crises begets reform”-hypothesis Economic 
crisis and 
economic 
reforms

Drazen and Easterly (2001): Clarifications on hypothesis
 •   Magnitude of the deterioration is important
 •   Perception of crisis required
 •   Acceptance of uncertain policy results increases with 

severity of crisis

Crises in 
general

Empirical support for hypothesis:
 •   Fidrmuc and Tichit (2013): Post-socialist reforms; crises 

serve as a catalyst for reforms
 •   Rochet et al. (2008): Reorganization of strongly 

change-resistant public organizations as result of crises
 •   Gawel (2014); Gawel et al. (2016): Environmental crises 

drive political action (“issue attention cycle”, public 
choice approach)

 •   Campos et al. (2010): Political crises are more important 
determinants of structural reforms than economic crises

Multiple crises/
environmental 
crisis

Geels (2013):
 •   Particularly the simultaneous occurrence of several crises 

(e.g., financial, socio-economic, environmental crises) 
can foster sustainability transitions

 •   The financial–economic crisis may lead to socio-political 
protest for institutional reform and may trigger a shift to 
a new (green) growth path

(Financial) 
crisis and 
sustainability 
transition

Geels (2002): Crises may destabilize socio-technical regimes Sustainability 
transition

North (1990, 1995): Institutional change occurs wherever it 
promises to be profitable; link to theories of public choice, 
e.g., “issue-attention cycle” (Downs 1972)

Institutional 
and policy 
change in 
general

Birkland (2006): About “dynamics of policy change after 
sudden events known as focusing events”

Policy change 
in general

Crisis as an 
obstacle

Geels (2013): Fiscal and economic problems as central 
political issues may hinder or delay sustainability transitions

Financial crisis 
and 
sustainability 
transition

Fidrmuc and Tichit (2013): Economic tensions undermine 
support for pro- reform parties (voting out)

Economic 
crisis and 
economic 
reforms

Ambiguous 
results

Prittwitz (1990, 1993): Policy action is less oriented to the 
extent of a crisis, and more to the available resources/political 
capacity

Environmental 
crises

Fuller (2010): “crisis talk” used as a political tool to pursue 
individual/personal targets

Crises in 
general

Source: compiled by the authors
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graphic trends) (Rip and Kemp 1998; Geels 2002). The MLP regards transitions as 
an integrated process at these levels that is characterized by: (a) stabilization of the 
niche innovation; (b) external environmental changes at landscape level, which cre-
ate pressure; and (c) weakening of the existing regime (Geels 2002). Crises that 
occur at the landscape level (e.g., climate crisis) may put pressure on existing socio-
technical regimes and, therefore, lead to windows of opportunity for change and 
novelties. As Geels (2013) emphasizes, particularly the simultaneous occurrence of 
several crises (e.g., financial, socio-economic, environmental) can foster sustain-
ability transitions driven by the recognition of fundamental problems and the need 
for necessary, far-reaching political reforms. Such a “crisis begets reform”-hypoth-
esis is also supported by the economic literature. Alesina and Drazen (1991) argue 
that (economic) reforms are often postponed because of a “war of attrition” over the 
distribution of reform costs. Reform costs often affect only a part of society and 
unaffected groups will oppose reforms until the costs of postponing a reform exceed 
the cost of implementing it. This is in line with theories of institutional change. 
According to North (1990, 1995), institutional change occurs wherever it promises 
to be profitable. In an institutional equilibrium, where none of the social and politi-
cal actors find it advantageous to devote resources to restructuring the prevailing 
institutions (North 1990), crises may have the potential to change the underlying 
incentive structures for institutional change and reforms. A similar view is offered 
by public choice approaches: Here, the “issue-attention cycle” (Downs 1972) is 
driven by publicly perceived crises and crisis debates that change, sometimes 
abruptly, politicians’ supply of “regulation markets” and environmental policy 
(Gawel 2014; Gawel et  al. 2016). However, for Drazen and Easterly (2001), the 
“reform follows crisis”-argument seems to be tautological, because a reform policy 
generally requires a state where change is necessary. In their opinion, the magnitude 
of deterioration in the status quo is crucial. How the need for reform is perceived is 
vital for change, and a severe crisis serves as a potential trigger. Therefore, Drazen 
and Easterly argue that problems have to accumulate and become severe in order to 
induce reforms. In such a situation, people realize that there is a permanent problem 
that requires major policy changes. As a result of crisis, they are more likely to 
accept these policy changes and reforms with uncertain outcomes. Furthermore, the 
crisis may be able to weaken the power of interest groups that block reforms. 
Empirical support for the driver hypothesis is found in numerous studies on reforms 
and institutional change in different contexts. Within the scope of post-socialist 
reforms, crises serve often as catalysts of reform and institutional change, whereby 
the severity of the crisis has a positive impact on the subsequent pace of the change 
(Fidrmuc and Tichit 2013). For example, the fundamental change in Germany’s 
energy policy is a direct consequence of the Fukushima nuclear crisis (Strunz 2014). 
Another example is that political changes in flood risk management in Germany 
result from several extreme flood events in rapid succession during recent decades 
(Gawel et al. 2016). Rochet and colleagues (Rochet et al. 2008) offer various exam-
ples of radical change, as result of a crisis, in strongly change-resistant public orga-
nizations (e.g., NYPD, French Forestry Commission).
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Less obvious, but equally important: A crisis can also be an important barrier to 
change and therefore to transition. Geels (2013) offers a compelling example: 
Global or local financial crises and environmental problems are competing for both 
political and societal attention. Due to different time frames, causes of and solutions 
to a financial crisis may hinder (ecologically oriented) sustainability transitions by 
changing social and political priorities. Voters will usually reward a policy that, first 
of all, supports their social security, which is why political priorities are often tied 
to fiscal and economic rather than on environmental issues. By contrast, financial 
cuts and utility losses, which regularly occur as result of reforms (at least in their 
early stages), will lead to opposition. Earlier post-socialist transformations have 
shown that economic tensions undermined the support for pro-reform parties 
(Fidrmuc and Tichit 2013).

Apart from these obvious effects, the influence of crises on transformation pro-
cesses is often ambiguous. For instance, it is plausible that significant challenges 
(severe crises or catastrophes) can sometimes be neither tackled nor communicated 
by policymakers, whereas relatively “small” problems trigger specific political 
action. One example is air pollution, which is addressed by environmental policy at 
a time when significant improvements have already been achieved. Another exam-
ple is the dioxin scandal: high dioxin levels in eggs received attention whilst values 
in meat that were up to 10 times higher were ignored (Prittwitz 1990). Prittwitz 
(1993) explains this “catastrophe paradox” as the political capacity to react: politi-
cal action, in his opinion, does not depend primarily on the acuteness of a problem, 
but rather on the resources available for reacting. Furthermore, the occurrence of 
crises has to be distinguished from “crisis talk”: difficult situations are framed by 
interest groups as a crisis (even though a crisis does not actually exist) in order to 
ensure that institutional change is beneficial to them (Fuller 2010).

Based on the previously mentioned considerations, Fig. 1 summarizes our under-
standing of the (main) relationships between crises and political transformation pro-
cesses. The greater the perception of problems, the higher is the likelihood of political 
reforms due to the political pressure to act. Therefore, especially urgent crises might 
act as drivers for change. However, this does not necessarily mean that (radical) 
reforms foster a transition towards sustainability. Inappropriate, symbolic political 
actions may also result. Likewise, resulting policy changes might turn out to be inad-
equate with respect to the sustainability challenge. At the same time, urgent crises 
may be an obstacle, due to changed political priorities or the lack of political capaci-
ties to react. However, creeping crises (crises which have not reached their peak) do 
not usually trigger political action. If these kinds of crises are perceived at all, it is 
much more likely that they will result in symbolic political actions or will become the 
basis for crisis talk. In any case, the triggering of political action might also be merely 
“crisis talk”, initiated by interest groups that are able to set the agenda and to frame 
the public perception of an issue as a “crisis”, in order to meet their special interests.
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3  Connection Between Urban Sustainability Transformation 
and Multiple Crises, Based on Empirical Evidence 
from Various Arenas of Urban Development

3.1  Introduction to the Urban Context and Examples

In this section, we will operationalize our theoretical reflections with the help of 
examples from our research and referring to the urban context.

As already noted in the introduction, cities are cases in point that demonstrate the 
complex relationship between transformation and crises. Cities may be drivers of 
crises (heat islands, hot spots of energy and water use) or places specifically affected 
by or suffering from crises and their consequences (e.g., financial or debt crises but 
also heat waves, water and energy scarcity, cities as hubs of vulnerable populations, 
etc.). In some cases, cities are both source (or driver) and victim of a crisis at once. 
This applies for the case of massive resource use by cities and the subsequent scar-
city of these resources (e.g., land, sometimes drinking water) but also for the active 
role of city governments as actors in financial deals and speculations that contrib-
uted to the crash in 2008, which caused those cities to suffer or go bankrupt. As for 
the future, the major decisions on the reachability of global sustainability will be 
made in cities, also for areas outside the urban realm; sustainability is meant here in 
both a narrower, environment-based sense and in a wider understanding including 
political stability, peace, and democracy. Cities are “labs of innovation” and the 
places from where most of the strategies, technologies, and tools that help to make 
our lives more sustainable are coming. In recent years, a plethora of labels describ-

• actual / constructed
(e.g. crisis talk)

• perceived / ignored
• …

Interacting crises

Urgent crises

Symbolic politics

Creeping crises

Ambiguity

(Radical) Reforms

Driver

No political action Crisis talk

Obstacle

Political
output: form

Political 
output: 
adequacy

Impact on 
policies

Type of
crisis

Perception and political pressure to actlow high

non-adequate adequate

Fig. 1 Relationships between crises and political output (Source: authors’ compilation)
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ing sustainable urban futures has developed (green cities, eco-cities, smart cities 
etc.; for an overview, see de Jong et al. 2015).

In keeping with this context, in the following, we first briefly present examples 
of crises as drivers or obstacles for sustainable urban development and then describe 
two examples in-depth in which urban contexts are contested by crises: the urban 
water infrastructure crisis and the financial crisis of 2008 and its consequences. The 
examples include different types of crises, impacts on policies and forms of political 
output, as summarized in Fig. 1.

3.2  Examples of Crises’ Impacts on Urban Sustainable 
Development

A broad spectrum of examples for the function of crises as drivers of or as obstacle 
to (sustainable urban) transformation exists. While some environmental crises, such 
as flood events or the nuclear catastrophe in Fukushima, have functioned as drivers 
for transformations (of disaster/risk management and national energy policy in 
Germany), others, such as political crises and warfare in various regions of the 
world, have endangered transformations towards more wealth and a more just dis-
tribution of economic and environmental goods and burdens on a global scale. 
Economic crises regularly question pathways towards sustainability through alter-
ing the focus and tying up finances and resources that were originally planned for 
reaching sustainability goals.

In most cases, however, the relationship between crises and transformation, or, 
more precisely, the impact of crises on transformations, is anything but linear or 
one-dimensional  – it is complex. Its complexity is shaped by and dependent on 
numerous framing and context factors as well as the actions of the different actors 
involved. The two examples, which we will expand on now, demonstrate this.

3.2.1  Urban Water Infrastructure Crisis

Water services provided through (technical) infrastructure systems have a consider-
able impact on the quality of life, resilience, and resource efficiency and, as such, on 
the level of sustainability in urban areas. Currently, the inflexible pipe-dependent 
central water supply and disposal systems in developed countries are increasingly 
exposed to uncertain, changing conditions such as substantial climate and demo-
graphic changes as well as more demanding requirements related to economic and 
technical resource efficiency (Grafton et al. 2015 for an overview). In particular, the 
increasing underutilization of capacities has the potential to generate severe func-
tional (e.g., recontamination of drinking water as a result of long retention times, 
deposits in the sewers, premature wear and tear) and financing problems (significant 
loss of revenues or acceptance of increasing water prices) that already provide, in 
some places, an impression of the anticipated “infrastructural crisis”. For instance, 
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altered demand structures and population decline have already led to a water infra-
structure usage of only 30 percent in some parts of Eastern Germany (Moss 2008; 
Koziol 2004). A number of new (often more decentralized) technological options 
and approaches that are better able to cope with uncertain conditions as well as with 
new requirements for flexibility and resource efficiency has been discussed or some 
time (Larsen and Gujer 1997; Brown et al. 2009; Howe et al. 2011). Such a techno-
logical paradigm shift is a major challenge for urban planning and infrastructure 
regulation because it questions many established practices and routines as well as 
institutionalized decision- and policy-making processes. However, in practice, we 
observe an institutional inertia and adherence to old structures of a “modern infra-
structure ideal” (Graham and Marvin 2001) that are characterized by centralization, 
large technical systems, and predominantly public provision. As a consequence, 
water supply and wastewater disposal is characterized across many countries by a 
strong inertia to adapt and low willingness to innovate (Brown and Keath 2008; 
Kiparsky et al. 2013). Thomas and Ford (2005) label this situation as a “crisis of 
innovation in water and wastewater”. Although we are now heading towards a crisis 
of water infrastructures in many cities, it is a creeping crisis and currently invisible 
to the general public, due to the (still) high quality of water services. Therefore, the 
crisis is not sufficiently severe to induce sustainability reforms, especially because 
the system is characterized by path dependency (self-reinforcing mechanisms, 
which are likely to generate a lock-in; see Arthur 1989) and by individual interests 
of established, powerful players (see Bedtke and Gawel, “Linking Transition 
Theories with Theories of Institutions  – Implications for Sustainable Urban 
Infrastructures Between Flexibility and Stability”, in this volume). This may change 
in the future, when the crisis abruptly becomes visible, e.g., in the form of urban 
flash floods (as a consequence of insufficient capacities for heavy precipitation 
events and overload of sewage systems) or requirements that households boil their 
drinking water (to cope with poor water quality as a result of long retention times in 
the pipes). Until then, the political output may be limited to forms of crisis talk, for 
example, when water suppliers argue that an orientation towards more economic 
efficiency in the sector (by regulation and elements of competition) will inevitably 
imply a decrease in quality. This, in turn, may also lead to symbolic political acts 
such as the “German modernization strategy for the water sector”, which is inap-
propriate for addressing efficiency goals because of design weaknesses and imple-
mentation problems and, furthermore, because it neglects other sustainability 
concerns (Gawel and Bedtke 2015).

3.2.2  Financial Crisis and Urban Austerity: Trade-Offs 
Between Environmental, Social, and Financial Sustainability

The 2007/2008 global financial crisis and its consequences have become one of the 
most discussed crises of the last decades. It started with real estate crises, such as the 
subprime crisis in the US or the real estate bubble in Spain, which is quite typical for 
financial crises. The crisis began in cities, and cities suffered most from its 
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consequences. It had a prehistory in the piling of public debts in the Euro zone by a 
number of countries, which culminated in the near bankruptcy of these states and 
their banks. As a result of the bank rescues, two approaches were followed: on the 
one hand, countries tried to support their economies with plans to stimulate invest-
ments, on the other hand, in many countries of the Euro zone and at all political and 
administrative levels, austerity policies and measures that included cuts in pensions, 
social and other welfare spending were also established (IILS 2011). Financial sus-
tainability was thus, first disturbed by the debts and, later on, by the policy response 
to counteract the debts; both processes, which are clearly distinguished here as writ-
ten descriptions, have been, in reality, multiply entangled. Numerous cities  – or, 
more precisely – particular cities, notably weak cities or cities in countries hit hard 
by the crisis, have suffered from the crisis and will probably continue to do so in the 
medium and long run. This is due to ‘scalar jumping’: “cities are […] where austerity 
bites […] the projection downward of these pressures establishes a socially regres-
sive form of scalar policies – with cities poisoned at the shark end” (Peck 2012, 
p. 629). Austerity measures that had been occasionally introduced as a precaution, 
not only in those countries that were most markedly affected by the crisis, have 
impacted on the social and cultural infrastructures of cities; cuts and closures – even 
if of a different scope – have been the main consequences (Vila and Freixes 2015; 
Matsaganis 2013). As a result, both processes – the increased state indebtedness and 
the austerity measures to counteract these debts – have led to a decrease in the gen-
eral welfare level, in the individual quality of life of the affected urban inhabitants, 
and an increase in poverty. Cities became a symbol of instability and impoverish-
ment, because of, e.g., evictions in Spain or mass out-migration of young and well-
educated people from the GIPS countries (Greece, Ireland, Portugal, Spain), and 
there, mainly from large cities. Many cities fell into a debt trap because they were 
embedded in the global financial system through credits and ratings and, thus, insep-
arably linked to the national policies that – until the late 2000s – supported or toler-
ated increasing debts. The bankruptcy of cities as a result of indebtedness and 
impoverishment is a global phenomenon that can also be found outside the Euro 
zone: the bankruptcy of the city of Detroit in 2013 became a symbolic case of the 
impacts of financial crises on cities (Chung 2015). This case also makes it clear that 
poor, economically weak cities, such as, e.g., shrinking cities, are more affected by 
crises than growing or economically successful cities. Based on this situation, a two-
fold “crisis talk” has emerged: On the one hand, austerity measures and cuts in wel-
fare are promoted as TINA (there is no alternative) policies and as being inevitable 
to keep “the system” working. On the other hand, the opponents of austerity mea-
sures usually exclude the process of indebtedness and the lack of responsibility for 
financial sustainability shown by the affected governments from their mode of 
talking.

As a consequence of decade-lasting indebtedness and subsequent austerity poli-
cies, sustainability goals or the welfare needs of marginalized or weak social groups 
often become of secondary importance, because the priorities are located in the 
consolidation of markets, the economy, and budgets. The goals are either com-
pletely cancelled or they are postponed and subordinated to the “crisis-related pri-
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orities”. Even if market consolidation and a stabilization of national economies 
doubtlessly contribute (in the long run) to a more solid base for an overall welfare 
system and general sustainability, in the short term, many of the introduced mea-
sures had bad consequences for many population groups that were most affected by 
immediate results of the crisis, including unemployment, cuts in social spending, 
etc. Even if “financial responsibility”, as a background of austerity and as an impor-
tant part of the crisis talk, seemingly supports the sustainability concept, the mea-
sures currently employed to achieve financial stability are, in fact, a continuation 
and acceleration of privatization and market-friendly reconfiguration of national 
assets and economies. It is debatable whether these measures will really lead to 
economic, financial and – as a consequence – social sustainability.

The example of financial crisis and the associated austerity policy supports the 
view of crises as a hindrance for sustainability transformation (Geels 2013). It 
addresses the question of how seemingly contradictory goals such as austerity and 
(comprehensive) sustainability can be brought into accordance at all, and it chal-
lenges the feasibility and sense of current coping strategies, such as cuts in expenses 
and welfare, without discussing fundamental changes of the economic and financial 
system that created the crises. The example of austerity policy and the opposing 
rhetoric about it (either totally in favour or against, see above) in the public and the 
media might be also an example of “crisis talk” (Fuller 2010) that should help to 
legitimize long-term cuts and make them the new ‘normality’.

Last, but not least, the financial crisis and austerity conditions also have an 
impact on political shifts and stability: A recent study confirmed that financial cri-
ses, in particular, result in an upswing of right wing populism and have a strong 
potential to destabilize political systems (Funke et al. 2015). Thus, financial crises 
and austerity regimes responding to them might be a case of a crisis that brings 
about other crises in its wake.

3.3  Cross-Case Assessment

Cross-referencing our cases, following the heuristics introduced in Fig. 1 above, we 
can identify several issues related to the types or character of crises, responses to 
crises and policy formulation, as well as contextual factors impacting on the per-
ception and response to crises.

It is obvious, that different types of crises exist. In the case of the urban water 
infrastructure sector, the crisis is creeping and, to date, predominantly invisible to 
the public. But it is already foreseeable that the situation has the potential to become 
a severe crisis if appropriate actions are not taken. However, so far, the crisis is not 
trigger for a transformation of the sector, which is characterized by high stability 
and inertia. By contrast, urban austerity, which had been a creeping development for 
a long time, suddenly became a severe financial crisis from 2008 onwards. The 
austerity measures, introduced by many countries when the situation worsened 
(another confirmation of the argument by Drazen and Easterly 2001) may be a hin-
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dering factor for (sustainable) transformations (Geels 2013). Austerity, as the new, 
predominant “crisis talk”, often changed certain political priorities (e.g., save money 
and spend it first for jobs and investment while cutting down on other spending), 
which could have negative consequences for other policy fields, e.g., climate protec-
tion, resource protection, social inclusion and justice (see argument of Fuller 2010).

Consequently, we also have different impacts of the described crises on (trans-
formative) policies. A fundamental change of the technological approaches in the 
urban water infrastructure sector would also produce a need for numerous, far- 
reaching reforms of institutions and policies. However, since the crisis is creeping, 
the consequences are ambiguous and have not lead to a change in policies so far. 
The lack of financial sustainability (debt and austerity crises) has to be seen, in 
general, as an obstacle to an overall sustainability transformation. Particular in the 
case of financial sustainability, the phenomenon of “crisis talk” plays an important 
role in framing and guiding public action in the field.

With respect to the policy output, several results are also observable. In the case 
of urban water infrastructures, necessary policies that are adequate for dealing with 
the sustainability challenges have not been implemented or even designed. On the 
other hand, symbolical political acts and “crisis talk” are performed to address the 
increasing pressure to provide water services efficiently. In the case of the financial 
crisis, many reforms were, in fact, introduced but there are many doubts about 
whether austerity policy leads to more sustainable outcomes or can prevent future 
crises in a system that, as such, remained untouched by coping policies.

The adequacy of policy output is also a complicated issue. The need for a tech-
nological change and far-reaching reforms of the urban water sector is obvious. 
Therefore, no political action, “crisis talk”, or symbolical political acts are appar-
ently adequate forms of political output for dealing with the challenges. In the case 
of financial crisis and associated urban austerity, the situation is as follows: while 
political decision-makers by and large see policy interventions as helpful and 
responsible, TINA policies and consequences are perceived as negative and dispro-
portionally hard by many affected people; the way in which the issue is dealt with 
is also criticized, because it did not question the system as such.

Generally, the severity of a crisis does not necessarily lead to transformative 
policies. As the examples of water infrastructure and austerity policy show, systems 
or traditional settings are often not touched, even in the case of an acute crisis or 
when a creeping crisis threatens to become acute in the near future.

4  Conclusion

Crises play an important role in both the debate on and the framework conditions of 
urban transformations towards sustainability. This observation is supported by the 
theoretical reflections and empirical examples provided in this chapter. It does not 
apply only to the urban realm, although cities are meaningful examples that show 
the variegated relationships between crises and transformation. As we have 
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demonstrated, there are variegated relationships between crises, their emergence, 
character, and policies, as a form of response, and the way they impact on sustain-
ability transformations (in cities). These relationships range from crises being a 
push factor for transformation up to being an obstacle for (further or successful) 
transformation. In most cases, a variety of factors and context determine what the 
impact of a crisis on an on-going or insipient transformation could look like, exactly. 
With the help of our examples, we could show what is missing in the transformation 
debate, when crises are not considered as a factor or context. The debate on sustain-
able transformations should not be held in a kind of “laboratory mode”, i.e., without 
being set into real world contexts. Here, crises have to be considered as repeating 
context factors, too. Discourses and institutions bringing forward the debate on sus-
tainable transformation at a global scale, such as the WBGU, or the German 
Advisory Council on the Environment (SRU), or the UN, the Club of Rome, or the 
Global Agenda Council on Sustainable Development, should actively integrate the 
crisis perspective into their further dealings with potentials, limits, and conditions 
of future transformations. The relationship between crisis and transformation, 
which was highlighted in this article only in an explorative, mosaic-like way, should 
be systematically investigated and systematized.

In conclusion, we stress that the consideration of the factor crisis is important but 
needs dispassion and balance; it is surely best located somewhere between “taboo” 
and “alarmism”. Crises should be addressed without falling into the trap of “crisis 
talk” or assuming a permanent crisis mode. Therefore, a clear definition of what a 
crisis is and how we define it seems to be crucial for a balanced and matter-of-fact 
discussion. As researchers, we have to critically assess whether we are facing a 
crisis context and, if so, how it is constituted, but also whether it is losing impor-
tance or has even ended.

Last, but not least, the temporality of crises requires some attention. As shown in 
the examples and theoretical reflections above, crises may last for a long time, be 
creeping and latent, or they can become acute or even emerge in a sudden or event- 
like way. In a discussion on their impact on long-term sustainability, acute crises 
might even be misleading, because they could blur the view for fundamental objec-
tives and long-term challenges. Acute crisis policies have rarely led to sustainable 
solutions so far; they were driven more by the wish to find a short-cut out of the 
problem.
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1  Introduction

Cities1 seem to be keystones within global policies towards sustainability. Urban 
areas are hot spots that drive environmental change at multiple scales (Grimm et al. 
2008) and a large share of CO2 emissions has urban origins (Sethi and Puppim de 
Oliveira 2015). At the same time, a global urbanization process that increases the 
total number, and also the share of urban dwellers worldwide, is taking place. 
Therefore, ambitious global goals for sustainability that do not consider urban areas 
seem to be predestined to fail and documents such as the UN’s New Urban Agenda 

1 Even though a myriad of urban scholars have struggled to define what a city or an urban area 
actually is, and “the urban is not a pre-given, self-evident reality, condition or form” and “cannot 
be plausibly understood as a bounded, enclosed site of social relations” (Brenner and Schmid 
2013, p. 19f), we chose, for this article, a political science perspective, defining cities as the politi-
cal entities and territories limited through administrative borders within which local governments 
act. Nevertheless, we acknowledge that these entities are nested in multi-level political arrange-
ments (Kübler and Pagano 2015), that public actors are not necessarily most crucial for the pursuit 
of collective goals (governance perspective) (Pierre and Peters 2015), and that other definitions – 
for example, urbanism as a way of life (Wirth 1938) and the city as the place where a specific form 
of living appears (Simmel 1903 and Koch 2011) – exist and reveal the shortcomings of defining 
cities through political borders. Still, for the sake of this article, which deals with public data and 
indicators, we stick to this “traditional” form of definition.
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(UN Habitat 2016) highlight the need for profound changes in current urban devel-
opmental paths. These paradigm changes, also labeled urban transformations 
towards sustainability, demonstrate the normative dimension of urban transforma-
tions (see Rink et  al., “Exploring the Extent, Selected Topics and Governance 
Modes of Urban Sustainability Transformations”, in this volume). Urban transfor-
mations receive increasing political recognition, as demonstrated by the much-cited 
statement of UN Secretary General, Ban Ki Moon, that “our struggle for sustain-
ability will be won or lost in cities” (UNESCAP 2014, p. 1) (Rudd 2015 later com-
plemented, rightly, that this struggle “will be won or lost by cities”). That is why one 
of the 17 Sustainable Development Goals (SDGs, also known as Global Goals, UN 
2015), which, together, form the 2030 Agenda, has an explicit urban focus (Goal 11: 
Make cities and human settlements inclusive, safe, resilient and sustainable). Cities 
are also important for the implementation of other SDGs. Goals such as “End pov-
erty in all its forms everywhere” (Goal 1) or “Ensure inclusive and equitable quality 
education and promote lifelong learning opportunities for all” (Goal 4) also need to 
encompass the urban dimension of poverty and learning opportunities in cities, in 
order to be realized. Estimates based on the wording of the SDG zero draft indicate 
that 21% of the 169 targets of all 17 SDGs can only be implemented with urban 
stakeholders, 24% should be implemented with urban stakeholders, and a further 
20% should have a much clearer orientation towards urban stakeholders, although 
current wording does not suggest this (Misselwitz et al. 2015). Nevertheless, this 
chapter focuses only on Goal 11, acknowledging the crosscutting character of cities 
for the other SDGs as well.

The argument that cities are increasingly seen as driving forces for reducing 
global environmental change and as facilitators of a more sustainable development 
globally is strengthened by ongoing political discussions: Besides the above- 
mentioned New Urban Agenda, also the UNFCCC’s Paris Agreement, as well as the 
latest report of the German Advisory Council on Global Change (WBGU), high-
lights the power of cities for sustainable transformations (WBGU 2016). These per-
ceptions of cities as solution-providers for global sustainability are relatively new: 
Whereas, for a long time, cities were considered mainly as polluters and threats to 
the environment, the pendulum has swung back and urban areas are now seen as one 
option for combining economic, social, and environmental development in a sus-
tainable way. The Sustainable Development Goals play a crucial role in this process 
because the importance of cities for achieving global sustainability is acknowledged 
and, at the same time, targets and indicators for inclusive, safe, resilient and sustain-
able cities are made explicit. The predecessor of the SDGs, the UN Millennium 
Goals, were adopted in 2000 and focused on the developing world through goals 
such as halving extreme poverty, halting the spread of HIV/AIDS, and providing 
universal primary education. In contrast, the Sustainable Development Goals have a 
global character, including developing and developed countries. This implies that 
Goal 11 applies to cities of the Global South and the Global North equally, i.e., Goal 
11 can be considered as a global normative framework for urban transformations.

As welcome as the intent to create global targets for sustainable cities worldwide 
is, it is nonetheless of crucial importance to also think about how to implement these 
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goals. In this context, several issues, including governance aspects, funding, the 
negotiation of emerging trade-offs, as well as the general character of global agree-
ments and responsibility, need to be considered. Implementation needs also to be 
measured and therefore indicators and the availability of data play a major role 
(Koch and Patterson 2015). In contrast to the Millennium Goals, a fundamental 
change about the data provision from the SDGs is that progress measurement – not 
only for Goal 11, but for all goals – should take place not only at national but also 
at subnational levels. This is a challenge for the official statistics (Schnorr-Bäcker 
2016) because comparable data on the indicators mentioned in the SDGs are often 
more easily available on the national than on the city or regional level.

The UN’s Statistical Commission, as well as the Inter-agency and Expert Group 
on Sustainable Development Goal Indicators (IAEG-SDGs), are currently discuss-
ing indicators and data availability for the SDGs. Regarding Goal 11, several adjust-
ments have already been made (United Nation Statistic Division 2016), and further 
changes are expected. Nevertheless, agreement on the 10 core principles of the SDG 
indicators exists (Simon et al. 2016)2: Based on these principles, it is stated that, 
wherever possible, data from the UN institutions should be used. With respect to 
this point, the WBGU proposed that UN Habitat could play an important role 
regarding indicators for and monitoring of Goal 11 (WBGU 2016, p.  445). 
Nevertheless, the question of disaggregation, which is of special importance for 
Goal 11, is not yet fully resolved. Two key concerns exist:

 1. As stated in the latest UN documents, the indicators should contain, as the disag-
gregation level, only a distinction between urban and rural on the national level 
(as well as disaggregation by sex and age). It is argued that disaggregation with 
other characteristics should be realized when relevant and possible, but without 
further specification.

 2. It is not yet clear whether data on the level of urban agglomerations (i.e., the city 
and its surrounding area/the urban region) or from the city area, defined through 
administrative boundaries, should be used. Whilst UN statistics frequently use 
urban agglomerations as a statistical unit, most publicly used data refer to the 
area of administrative boundaries. This divergence would require a somewhat 
complex re-aggregation after the disaggregation is done in order to ensure 
comparability.

Based on the UN’s principles of using well-established data sources and making 
data collection transparent, we investigate which publicly accessible data on the 
SDGs already exist on the city/urban agglomeration level. This is based on the idea 
that monitoring the process of the SDGs needs to be performed locally. Aggregated 

2 The 10 principles are: (1) indicators that are limited in number and globally harmonized, (2) 
simple, single-variable indicators with straightforward policy implications, (3) allow for high-fre-
quency (annual) monitoring, (4) consensus-based, in line with international standards and informa-
tion already collected by national and environmental/economic information systems, (5) 
constructed from well-established data sources, (6) disaggregated, (7) universal, (8) mainly out-
come-focused, (9) science-based and forward-looking, (10) a proxy for broader issues or 
conditions
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UN data on the proportion of urban populations living in slums, informal settle-
ments or inadequate housing in all urban areas in one country do not indicate where 
the actual problem is and in which city action is needed. This also holds true for the 
other SDGs. As Satterthwaite questions, “What does it serve to know the proportion 
of a nation’s territory that is public space? Or the national average in the time or 
distance to public transport?” (Satterthwaite 2016). In contrast, if it were possible to 
evaluate, for each city, how the various indicators of Goal 11 are fulfilled or what 
progress has been made, accountability as well as priorities on the urban level could 
be more easily addressed.

2  Aims and Approach

Because the SDGs have a global character and should be applied not only in devel-
oping but also in developed countries, two test case countries – India as an example 
of a developing and Germany as an example of a developed country – were chosen 
in order to analyze the SDG 11 indicators. This chapter looks at German and Indian 
cities with a focus on how the implementation of SDG 11 can be measured in these 
two contrasting contexts. The manifold differences between German and Indian cit-
ies, for example, those related to population development, social welfare, informal 
building activities, institutional capacities, or municipal competencies make India 
and Germany a testbed for whether the indicators are globally applicable. Those 
countries were chosen because the authors are familiar with the respective national 
context. First, we briefly review the relevancy and availability of data pertaining to 
targets referring to Goal 11. Thereafter, the availability of data for the indicators 
related to Goal 11 is examined. Methodologically, we refer to existing documents 
and official data for German and Indian cities (for Germany: data of the Statistisches 
Bundesamt as well as other publicly accessible data; for India: data from the Office 
of the Registrar General and Census Commissioner, and the National Sample 
Survey Office, among others), to our own experience with urban planning processes 
in both countries, as well as to secondary literature on research that has been done 
on the SDGs and their implementation.

The chapter builds on previous work of the authors related to the Issues Papers 
of the Habitat III process and the ISSC seminar on sustainable urbanization in 
Taipei, in November 2014 (Ahmad and Koch 2015).

This chapter describes Goal 11, the related targets and indicators, and evaluates 
the relevancy and existing data for German and Indian cities. Furthermore, we dis-
cuss the findings and highlight common problems as well as country- or city- specific 
obstacles.
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3  The Urban Dimension of the Sustainable Development 
Goals

The targets of Goal 11 demonstrate, on the one hand, the complexity of urban sus-
tainability and, on the other hand, the difficulties concerning the data, which should 
reveal whether the goal has been fulfilled or not. Table 1 provides a survey of data 
availability and reliability, as well as the relevance of the respective targets in the 
German and Indian contexts. We have divided the parameters (relevancy, availabil-
ity, and reliability) of data referring to the target into low, medium, and high, based 
on the approach of Simon and Arfidsson (2015) and Simon et al. (2016). The rele-
vance of an indicator depends on whether the related target is of importance for the 
respective national urban context. For example, in high-income countries with good 
provision of housing, the measurement of the proportion of the urban population 
living in slums, informal settlements, or inadequate housing is less relevant than in 
countries in which the major proportion of the population lives in precarious forms 
of housing. In the table, we classify the relevancy, availability and reliability with L 
(=low), M (=medium), and H (=high). The relevance of an indicator for the German 
and the Indian context was determined by consulting the drafts of the national 
Reports for Habitat III (SRL 2015; UTC 2015).3 High availability is given if the data 
are easily accessible and usable for long-term monitoring. In order to track avail-
ability, we analyzed whether publicly accessible databases contain data on the 
respective indicator. Therefore, we cannot prove whether data on the selected indi-
cators exist at all but we can estimate how easy available the data are. Reliability 
refers to the fact that gaps between official statistics and the actually occurring 
developments may exist, especially with regard to classifications in the so-called 
informal sectors. This may be the case for indicators that explicitly refer to informal 
(as yet unofficially documented aspects such as, for example, work relationships 
lacking legal definitions or housing construction outside of the existing formal regu-
latory framework) forms of development (Simon and Arfvidsson 2015).

4  Discussion

Earlier studies have pointed out priorities for the UN SDGs: devise metrics, estab-
lish monitoring mechanisms, evaluate progress, enhance infrastructure, and stan-
dardize and verify data (Lu et  al. 2015). All of these priorities are still major 
challenges. More precisely and for urban contexts involving a comparative frame-
work of five fairly representative cities (globally) and broadly relevant, acceptable, 
and practicable targets, Simon et al. (2016) conclude that each city faced problems 

3 The final reports haven’t been published by the time we wrote this article (April 2016) and could 
therefore not be used as sources. Nevertheless, the reports have now been published and are avail-
able at www.unhabitat.org
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in providing all the data required; however, each city also proposed various changes 
to maximize the local relevance of particular targets and indicators.

The analysis of Indian and German cities has confirmed these results and, again, 
demonstrated the challenges concerning data for the SDG as well as the difficulties 
related to having universal, but at the same time, city-specific data. National or local 
data on all of the indicators for Goal 11 do not exist in either the German or in the 
Indian context. Even though some indicators (not only for Goal 11 but also for other 
SDGs) can be already measured on local levels (Schnorr-Bäcker 2015), the provi-
sion of data for all the indicators on a subnational and, even more, on an urban level 
remains challenging.

Of course, the provision of data on the indicators of the targets does not auto-
matically guarantee that Goal 11 will be realized and cities will become “inclusive, 
safe, resilient and sustainable”, but it is necessary to measure the progress towards 
this goal. If data on the indicators do not exist, Goal 11 becomes an issue of wishful 
thinking that some cities might, and others might not achieve. Through data moni-
toring, the necessary actions to avoid the non-achievement of the SDGs can be 
identified. As our analyses have shown, data on most of the indicators for Goal 11 
do not exist, currently, for cities in Germany and India. Adjustments and modifica-
tion of the official statistics are necessary, not only in order to provide data for Goal 
11 but also for the other Goals (Schnorr-Bäcker 2015). From an urban point of view, 
we propose four major points that need to be considered in further discussions on 
monitoring and evaluating progress on the SDGs and, especially, on Goal 11.

• Reach and limits of data: The selected indicators try to sketch which issues need 
to be considered in order to make a city inclusive, safe, resilient and sustainable. 
It was beyond the scope of this article to question whether these indicators are 
the right ones for defining inclusive, safe, resilient and sustainable cities (for a 
detailed discussion of the SDGs, see ICSU and ISSC 2015, or Loewe and Rippin 
2015). We acknowledge that these indicators can serve only as a first approxima-
tion towards what future urban development should look like; other issues, such 
as social coherence on an urban level, the institutional capacity of city−/region- 
wide forms of governance, or the strengthening of urban circular economies, also 
need to be considered.

• Disaggregation level: As stated above, a disaggregation of data that only distin-
guishes between rural and urban areas on the national level is not helpful for 
monitoring and developing concrete actions in order to achieve Goal 11. We sug-
gest, therefore, that the focus of such datasets should be beyond the urban/rural 
disaggregation, but also city- specific. Only if city authorities can identify which 
target’s implementation poses a problem, can specific actions be taken. 
Nevertheless, the indicators should not lead to a situation in which cities that 
have already achieved the targets should lean back and cease actions towards 
inclusiveness, safety, resilience and sustainability. Furthermore, it has to be 
acknowledged that not all targets of Goal 11 can be realized by local authorities; 
several require national politics (see, for example, targets 11.4 or 11.c). In cases 
where data on a city level are not accessible, data should be compiled on types of 
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cities, e.g., size of the city, or based on specific typologies of cities, e.g., coastal 
cities. Such a data compilation could help to develop urban public policy inter-
ventions for specific types of cities.

• Transparency – open access data: One of the targets of Goal 17 is to encourage 
civil society partnerships to strengthen the means of implementation and to revi-
talize the Global Partnership for sustainable development. In keeping with this 
line, we would like to emphasize the need for open access data on the SDGs’ 
indicators. This is especially true for the city level, where public interest and civil 
society involvements may be greater than for issues that are discussed on a more 
abstract, global level. If civil society involvement should be facilitated in the 
implementation of the SDGs, free access to data that monitor the SDGs’ imple-
mentation is needed. Civil society’s access to data can be considered as a power-
ful way of feeding information on the implementation level of the SDGs back 
into the policy and political arena, to hold responsible stakeholders to account. If 
we do not create these sorts of ‘feedback loops’, based on civil society, how will 
we make sure that the SDGs are actually being implemented? This is in line with 
current discussions on adjustments and modifications of the official statistics and 
public access to SDG-relevant data (Schnorr-Bäcker 2015).

• City and country specifics: As our analysis has shown, the relevance of the vari-
ous targets of Goal 11 varies and depends, to a high degree, on the respective 
national context. Therefore, we suggest that each country should assess the rel-
evance, availability, and reliability of datasets for measuring and monitoring 
SDGs/targets and, thereafter, efforts should be made to create and compile the 
respective datasets. Nevertheless, this process should be made transparent and 
decisions about why some indicators are considered to be of greater importance 
than others should be explained. Cities should be encouraged to perceive the task 
of monitoring the implementation of the SDGs as municipal business and include 
them in their urban development strategy.

5  Outlook

Measurement is acknowledged to be crucial for monitoring and implementation of 
the SDGs and freely accessible data for each city, preferably divided between the 
city and the wider urban region, would be useful. However, considering the related 
costs and the restricted resources of municipal or regional statistical offices, not 
only but especially in developing countries, it is obvious that trade-offs between an 
expansive, but hardly realizable set of indicators and the focus on a more limited set 
of indicators need to be made (Cities Alliance 2015). Discussing these trade-offs 
should not be left to national and international institutions. Perspectives from urban 
stakeholders, as well as from cities and urban civil societies, are needed. Therefore, 
the UN Habitat III conference in Quito, characterized as the first implementation 
conference on the SDG agenda, seems to be an appropriate context to discuss these 
issues, and a close linkage between the Habitat III New Urban Agenda and the 
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SDGs, as envisaged, is fundamental (Cities Alliance 2015). Whether our cities have 
the adequate data and mechanisms to measure whether they are becoming more 
inclusive, safe, resilient, and sustainable thus depends on how urban stakeholders, 
such as local administrations, mayors, civil society and urban enterprises, but also 
urban scholars, raise their voices and become more visible in the global debates on 
the Sustainable Development Goals.

From a theoretical point of view, the SDGs and, especially, Goal 11 can be con-
sidered as a normative and universal vision of what cities should look like in 2030. 
Therefore, SDG Number 11 can also be read as global guideline for the minimum 
standards that a city should fulfill – irrespective of its location in the Global South or 
North. This makes the SDGs especially valuable for discussions on urban transfor-
mations towards sustainability, such as those included in this book: The SDGs attempt 
to operationalize sustainable development and present indicators on how to measure 
progress towards sustainability. Even though shortcomings concerning the selection 
of indicators and the conceptualization and ambition of the SDGs exist (Unmüßig 
2016), the SDGs can be a starting point for thinking about indicators of how to mea-
sure sustainability transformations and about how the shift from declarations of inter-
est towards implementation of sustainable urban development can be realized.
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Part II
Urban Resources and Governance

Outline

Erik Gawel and Andreas Zehnsdorf

An analysis of how to organize and provide living conditions in cities that enable a 
dignified life for all includes the efficient provision and fair distribution of resources, 
to enable an acceptable quality of life within a resilient urban environment. Cities 
demand, use, and, in many cases, even overuse natural resources (land, water, 
energy, etc.). They also, increasingly, grab natural resources far from their territory, 
produce three-fourth of global carbon emissions, and use 60% of residential water 
(Grimm et al. 2008, p. 756), as well as 65% of energy consumption (Solecki 2013). 
Thus, efficient use and fair distribution of resources is crucial for a sustainable 
development in the context of urbanization.

This part of the book focusses on urban transformations towards a sustainable 
management of urban resources and on appropriate governance structures to imple-
ment them. With respect to resource efficiency, the focus is on the analysis and 
evaluation of resource use in terms of unprecedented urban land consumption, 
urban energy services, water quality and water scarcity, deficient sanitation, or air 
pollution, as well as built and technical infrastructures. Thus, Part II is dedicated to 
the improved use of urban resources and infrastructures through a variety of gover-
nance options.

Klassert et al. discuss, in an empirical case study, the challenges of sustainable 
urban water infrastructures in Amman, Jordan, under conditions of severe water 
scarcity and the current refugee influx. They highlight the crucial role of demand- 
oriented measures beyond mere technical or supply-side approaches for long-term 
sustainability. Hansjürgens and Brenck present “The Natural Capital Germany 
Approach”, an application of the TEEB initiative (The Economics of Ecosystems 
and Biodiversity) in the context of urban transformations. They show how we can 
make ecosystem services visible and incorporate them into urban decision-making. 
Nivala et  al. outline the role of green infrastructure for increased resource effi-
ciency in urban water management. They show that communities are aware of the 
benefits of green technologies for minimizing the negative impacts of urbanization 
and that a green infrastructure is a real alternative to traditional approaches to gray 
infrastructure planning. Reese and Gawel discuss the concept of sustainable urban 
water governance in Germany and in the EU, emphasizing its main aims, chal-
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lenges, and institutional approaches. Lenz et al. refer to the energy context of sus-
tainable infrastructure and discuss, in a case study, the challenges of the 
“Wärmewende” in urban areas of Germany. The authors argue that a complete con-
version of the heat supply to renewable energies ("Wärmewende") is only possible 
if heat from solar thermal systems, heat pumps, and geothermal plants, as well as 
heat from excess electricity from renewable energies (electricity heat) and options 
for heat recovery are used. Haase et al. analyze the nexus between urban dynamics, 
land use, and ecosystem service provision. They note that shorter shrinkage and re- 
growth times are likely for the future, and that the effects of nonlinear development 
need to be taken into account in the discussion of transformation. Finally, Banzhaf 
et al. deal with the existence of urban brownfields – a spatial resource – in terms of 
integrated urban development regarding ecological, social and economic character-
istics. They identify the revitalization of brownfield sites as an important tool for 
intensifying building activity in such urban districts and, thus, for the regeneration 
of formerly disadvantaged locations.

The results gained here are also highly relevant when aiming at increased urban 
resilience and quality of life: improving resilience (e.g., with respect to floods) (see 
Part IV in this volume) or providing living conditions with high a quality of life (as 
discussed in Part III of this volume) is costly and requires a large input of scarce 
resources of all kinds, as well as high-performance infrastructures. Moreover, both 
are reliant on sound governance structures that ensure efficient use and fair distribu-
tion of resources, resource-based services, and infrastructures. For example, the 
human right to water can only be ensured in the long term if natural water resources 
are sustainably protected, if a powerful water infrastructure is adequately financed 
and operated in a thrifty and efficient way, and if water tariffs are fair and afford-
able. In this respect, the interlinkages of different resources also have to be kept in 
mind because they represent the manifold nexus challenges for governance, e.g., 
water and energy, land and energy, water and food, amongst others.

II Urban Resources and Governance
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Sustainable Transformation of Urban Water 
Infrastructure in Amman, Jordan – Meeting 
Residential Water Demand in the Face 
of Deficient Public Supply and Alternative 
Private Water Markets

Christian Klassert, Erik Gawel, Katja Sigel, and Bernd Klauer

1  Introduction: Transforming Urban Water Infrastructure

Rapid urban growth processes pose severe challenges to the existing water infra-
structure, particularly in developing countries (see Bedtke and Gawel, “Linking 
Transition Theories with Theories of Institutions – Implications for Sustainable 
Urban Infrastructures Between Flexibility and Stability”, in this volume). 
Responding to these challenges might exceed the scope of a gradual change and 
require a sustainability-oriented system transformation (Kabisch and Kuhlicke 
2014). This chapter examines the prospects for such an urban transformation in 
Amman, the capital of the Hashemite Kingdom of Jordan, where the challenges of 
supplying water to all residents are particularly demanding. Since the year 2000, the 
population of the greater Amman municipality is estimated to have grown by more 
than one third (DOS 2014), and this trend can be expected to persist, due to continu-
ally high rates of immigration of Syrian refugees. In addition, Jordan is among the 
most water-scarce countries in the world (Yorke 2013) and is currently overexploit-
ing its renewable groundwater sources by about 65% above the sustainable extrac-
tion rate (IRG 2015). Thus, making progress towards a more sustainable use of its 
freshwater resources is a matter of urgency. The pressing scarcity of water has led 
Miyahuna, the public water utility of Amman, to introduce a water quantity ration-
ing scheme by which households only receive water for a limited number of hours 
per week, leading to perceived and actual water quality problems (supply interrup-
tions can, e.g., lead to contaminant infiltration and the development of biofilms; see 
Hashwa and Tokajian 2004; Yorke 2013; Potter and Darmame 2010). Both the sup-
ply intermittency and the quality concerns have forced residents to intensify the use 
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of various coping strategies (e.g., maintaining private storages, ordering private 
water tankers, purchasing bottled water), which further complicate any targeted 
steps to initiate a transformation of the public water supply system and water use 
patterns towards sustainability.

Sustainable development is generally characterized by a use of resources that 
does not “[compromise] future needs” (WCED 1987). The corresponding sustain-
ability requirements are commonly directed at the environmental, the social, and the 
economic spheres of development (UN General Assembly 2005). Specifically, with 
regards to urban development, Kabisch and Kuhlicke (2014) propose that three 
guiding concepts should be emphasized in pursuing a transformation towards sus-
tainability: quality of life, resource efficiency, and resilience. These guiding con-
cepts represent important facets of a broader sustainability perspective. They are 
interlinked and interdependent, which creates synergies, trade-offs, and conflicts 
between them (ibid.). In the context of an analysis of urban water supply systems, 
they can be interpreted as follows: Supplying water to the residents of a city has a 
fundamental effect on their quality of life, because water is essential to various basic 
needs, such as drinking, food preparation, personal hygiene, washing, and cleaning. 
In addition to the individual utility derived from the use of resources, Kabisch and 
Kuhlicke (2014) also include aspects of distributional equity in their definition. 
Moreover, in order to be able to provide water services to its customers in the long 
run, the water utility or authority in charge of urban supply needs to ensure the sus-
tainability of its freshwater resources, i.e., the surface- and groundwater bodies 
from which it abstracts water. Resource efficiency, defined in a broad sense that 
comprises both technical and economic efficiency, contributes to this objective by 
improving the ratio between the water inputs into the supply system and the welfare 
contribution generated by these inputs, e.g., by influencing residential consumption 
patterns or changing supply technology. The welfare contribution of water use in 
this definition encompasses all positive impacts of water on the city’s residents and 
economic entities that are conceptually amenable to economic valuation. Whenever 
resource efficiency entails a reduction of buffering capacities, it may conflict with 
the transformation objective of resilience, defined as the capacity of the water sup-
ply system to recover from exogenous shocks, such as refugee influxes, interrup-
tions in supply sources, or extreme weather events (ibid.). The benefits of any 
reductions of water inputs into the system should, therefore, be weighed against 
their effects on resilience. Infrastructure improvements can, however, ameliorate 
this conflict (see Bedtke and Gawel,  “Linking Transition Theories with Theories of 
Institutions – Implications for Sustainable Urban Infrastructures Between Flexibility 
and Stability”, in this volume). A system that is exposed to shocks due to rapid 
changes, e.g., in demographic, climatic, or economic conditions, can only be sus-
tainable if it exhibits a certain degree of resilience to shocks. Thus, all three guiding 
urban transformation concepts are directly related to the overall objective of reach-
ing a sustainable state, ensuring the continued supply of water to all residents, 
although, individually they do not, of course, provide a comprehensive description 
of such a state.

C. Klassert et al.
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This raises the question of how to govern the transformation of Amman’s urban 
water infrastructure system towards a more sustainable state. In view of the debate 
about the term transformation (see Kabisch et  al., “Introduction: Urban 
Transformations – Sustainable Urban Development Through Resource Efficiency, 
Quality of Life, and Resilience”, in this volume), we adopt the following definition: 
The transformation under investigation in this chapter (1) concerns the water sector, 
not the whole urban system; (2) is a controlled process, rather than a spontaneous 
one; and (3) contains gradual as well as disruptive elements. Whilst the term infra-
structure can have various meanings, we use it to refer to technical public infrastruc-
ture, including all technical means for providing man-made water supply services. 
In Amman, this mainly includes the piped water network and a small fleet of public 
water tankers, both run by Miyahuna (Gerlach and Franceys 2009). Against this 
background, we analyze governance options to promote a sustainability-oriented 
transformation. In addition to Miyahuna, the Jordanian Council of Ministers, which 
sets water tariffs, and the Water Authority of Jordan (WAJ), which controls water 
transfers to Amman, fulfill important roles in water sector governance for the city 
(Humpal et al. 2012). Due to this important role of government entities in governing 
Amman’s water supply, we will focus our analysis on transformation governance 
through public policy.

Conceptually, public water supply policy can be divided into supply-side and 
demand-side measures. On the supply side, government entities make decisions 
about investments in establishing, spatially expanding, or improving the supply 
infrastructure (e.g., repairing leakages), the abstraction of water from freshwater 
resources, and the service level with regards to the spatial allocation, temporal avail-
ability, and quality of supply (Griffin 2001). Demand-side measures include deci-
sions about the water pricing rate, consisting of a general price level and specific 
tariff structures (Goldstein 1986), installing metering devices, reducing illegal 
abstractions from the network or directly from freshwater resources, improving the 
technical efficiency of household water appliances, and information and awareness 
campaigns (Green 2003). Efforts to employ these governance instruments to initiate 
a transformation towards sustainability are, however, impeded by various path-
dependencies and mutually reinforcing sources of inertia that characterize urban 
water infrastructure systems (Bedtke 2015). In order to overcome this inertia and 
switch to a more sustainable development path, governance initiatives need to apply 
both supply-side and demand-side measures efficiently. Only such an integrated 
governance approach, which ensures a sustainable use of freshwater resources, suf-
ficient financing of the supply infrastructure, and a wastage-free and efficient distri-
bution, can guarantee the provision of water services and their affordability in the 
long run (Gawel and Bretschneider 2016). In practice, however, initiatives often fail 
much earlier, by focusing only on supply-side measures, aimed at accessing new 
sources of water, and ignoring the need to address the demand side with measures 
targeted at the behavior of water users. In Jordan’s water sector, this tendency is 
observable in a clear prioritization of large infrastructure projects, such as the Disi 
Water Conveyance Pipeline and the Red Sea-Dead Sea Canal (Bonn 2013).

Sustainable Transformation of Urban Water Infrastructure…
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The remainder of this chapter addresses the significance of this neglect of the 
demand side in Amman’s governance of the water supply system as follows: Sect. 2 
describes the institutional setting of water provision and consumption in Amman as 
a basis for the argumentation. Subsequently, Sect. 3 identifies the sustainability 
problems that result from the water sector’s focus on supply-side measures and the 
governance challenges arising in solving these. Finally, Sect. 4 derives the 
 implications of our analysis for the governance of a sustainability-oriented water 
infrastructure transformation in Amman.

2  Institutional Settings in Amman

Despite plans in the National Water Strategy (MWI 2009) to increase the role of 
water demand management, Jordan’s water policy is still mainly shaped by supply-
side measures (Bonn 2013). Giving a greater role to pricing policies addressing the 
demand side could serve to fulfill the functions of both financing water services and 
allocating water resources (OECD 2010; Dalhuisen et al. 2000). Pricing policies 
can be used to pursue the four sustainability objectives of economic efficiency, envi-
ronmental and financial sustainability, and social affordability (OECD 2010). If the 
price level for piped water is, however, set too low to reflect its scarcity, a shortage 
occurs. This means that the quantity demanded exceeds the available water supply. 
In such situations, either a coordinated non-price rationing mechanism is introduced 
deliberately, or spontaneous rationing mechanisms, such as queuing, will emerge 
(as is often observed for limited stocks of retail goods). In the case of piped water, 
a simple restriction of the water quantity input into the network would, however, not 
lead to queuing, as households are generally supplied through an in-house connec-
tion. Households could, therefore, independently withdraw water from the network 
until the water pressure becomes too low. In the absence of pricing, this can only be 
avoided by a coordinated quantity rationing mechanism, such as temporarily inter-
rupting water supply to parts of the network.

Up until today, piped water prices in Jordan have reflected the scarcity of fresh-
water resources and the funding needs of the water sector only to a limited degree 
(Kubursi et  al. 2011; Humpal et  al. 2012; FDA/AFD 2011). Instead of rationing 
piped water through higher prices, in 1987, Amman’s water utility reacted to the 
pressing water shortage and to leakages in the piped network by restricting piped 
water supply to a limited number of hours per week, varying from district to district 
(Potter et al. 2010). This deliberate introduction of supply intermittency provided a 
coordinated quantity rationing mechanism. It also helped to reduce the amount of 
water lost through leakages, which is necessarily larger when leaking pipes are 
under pressure for longer periods. Compared to increasing piped water prices to 
reach market equilibrium, however, this intermittency rationing approach has the 
same disadvantage as any quantity rationing scheme: it cannot account for differ-
ences in the willingness to pay for water between households and fails to clear the 
market, keeping it in a state of disequilibrium. The water utility simply cannot have 
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the necessary information to determine which households barely make ends meet 
with the water quantity they receive and which households could more easily reduce 
their consumption because they use water for less important purposes. As an exam-
ple, a family whose members regularly eat outside of the home (e.g., at their school 
or workplace) might have a lower demand for potable water than one that prepares 
most meals at home. The first family may, however, be using more water for baths, 
without this difference being readily observable for the water utility. Apart from 
having limited information about differences in the demands of each household’s 
members, the water utility will also most likely have insufficient technical informa-
tion about the water distribution and storage facilities within their buildings (e.g., 
leakages, storage capacity). This lack of distinction can impose a high cost on water 
users: In a study of water supply in Sydney, Grafton and Ward (2008) estimate that 
the use of a quantity rationing mechanism instead of price rationing created welfare 
losses per household that were equivalent to almost half the value of an average 
water bill. This shortcoming will often be further exacerbated by measures under-
taken in the interest of technical and administrative practicality. Differentiating the 
piped water supply durations in Amman by distribution districts may be much more 
feasible than trying to target each household individually, but it also means arbi-
trarily treating different households within one district in the same way and similar 
households across district borders differently. Furthermore, technical errors in the 
implementation of supply interruptions can cause unintended deviations from the 
planned distribution schedule. In summary, a lack of price signals, arbitrariness in 
the allocation, and distortive technical factors create a mismatch between demands 
and supply quantities, making intermittency rationing economically as well as tech-
nically inefficient.

Intermittency rationing will, therefore, satisfy demands to a much smaller extent 
than price rationing and keep the market in disequilibrium, thus creating pressure to 
look for alternative sources of water to meet the excess demand. In fact, the quantity 
rationing of piped water in Amman by means of supply interruptions has caused 
residents to rely strongly on a combination of water sources: besides the direct use 
of water from the piped network, these mainly include the purchase of water from 
private tanker truck operators, the release of previously stored water from in-house 
storage tanks, the purchase of bottled water from retail stores, and the delivery of 
containers of water filtered in local water stores (Rosenberg et al. 2008).

A consistent economic foundation for this type of behavior is provided by so-
called new consumer theory, which allows for the assumption that water users have 
independent demands for various characteristics of water, leading to the simultane-
ous use of different water sources (Lancaster 1966). In their development of a prac-
tical specification for a fundamental right to water, Gawel and Bretschneider (2016) 
identify four characteristics of water that are regularly included in assessments of 
individuals’ access to water: (1) its quality, (2) its temporal availability, (3) its spa-
tial accessibility, and (4) its price. The three non-pecuniary dimensions help to 
explain the demands for different water sources in Amman, given their respective 
prices. Since all four dimensions affect the suitability of a water source for various 
household uses, water sources differing along these dimensions are imperfect sub-
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stitutes. This can complicate any efforts to initiate a transformation towards 
sustainability.

The intermittency of piped water supply in Amman means that the temporal 
availability of this resource is limited. Based on the data in a 2011 report about 
Amman’s piped water network (Abu Amra et al. 2011), households only received 
piped water for about 50  h per week, on average, depending on their district of 
 residence. As an indirect consequence, intermittency can also lead to negative 
impacts on water quality, which can potentially create health risks, e.g., by facilitat-
ing the infiltration of contaminants into the piped network and creating slow water 
flow conditions that promote the development of biofilms (Hashwa and Tokajian 
2004; Yorke 2013). Residents are especially aware of such risks due to a severe 
water pollution crisis that occurred in 1998 and reduced their confidence in the 
safety of the public supply (Theodory 2000). Both the limited temporal availability 
and the low quality of water have substantial negative impacts on residents’ quality 
of life.

The temporal availability of water is improved by all of the alternative water 
sources. In-house storage tanks are essential for extending the temporal availability 
of piped water supply across the whole week. This possibility is only limited by the 
tanks’ capacity, which has been estimated to be, on average, about three cubic 
meters for low-income and 16 cubic meters for high-income households (Potter and 
Darmame 2010). Because capacity enhancements are relatively inexpensive, stor-
age size is unlikely to be a constraining factor under normal conditions, but it can 
determine the resilience of households when faced with unexpected water shortages 
(Klassert et  al. 2015). As a downside, the necessary storage of water in private 
households leads to a deterioration of the quality of water drawn from the piped 
network (Humpal et al. 2012): In-house storage tanks provide favourable conditions 
for the growth of bacterial contaminations caused by piped network infiltrations or 
by blending lower quality tanker water with the piped water in the tank, thereby 
reducing the usability of water over time and creating additional health risks 
(Hashwa and Tokajian 2004). These quality reductions, again, negatively affect resi-
dents’ quality of life.

Private tanker operators make the usually distant rural groundwater sources spa-
tially accessible to urban residents at any time, although interviews conducted with 
tanker drivers have revealed that up to 5 h can pass between request and delivery 
(Sigel et al. 2017), meaning that a substantial temporal access hurdle remains. Water 
sold on the private tanker water market is partially purchased legally at government 
licensed private wells in and around Amman, and partially obtained from unlicensed 
wells or illegal surface water abstractions (Gerlach and Franceys 2009). In 2004, 
1267 tanker trucks with capacities between 3 and 20 m3 were registered in Amman, 
highlighting the significance of this market (ibid.). The quality of tanker water var-
ies, due to the variety of sources used and the conditions of transportation, and is 
generally lower than the quality of piped water, whereas its price is usually signifi-
cantly higher (Rosenberg et al. 2008). Of the truck drivers interviewed, 84%, how-
ever, stated that their customers cared about water quality, and of these, 98% 
reported that the quality was more important to customers than the price (Sigel et al. 
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2017). The fact that many customers are willing to pay higher prices for lower qual-
ity tanker water is a strong indicator of the inefficiency of the intermittency ration-
ing scheme for satisfying demands.

Bottled water and filtering store deliveries provide a type of supply that is both 
constantly available and qualitatively safe for drinking and cooking purposes 
(Rosenberg et al. 2008). Both sources are prevalent across all income classes, but 
because they are vastly more expensive than piped and tanker water, their use clearly 
increases with rising income (Gerlach and Franceys 2009). Spatial access to bottled 
water is impeded by the fact that bottles have to be transported from the store to the 
place of residence. Thus, households have to invest time and effort in order to use 
this source.

In summary, households’ access to water along the three non-pecuniary dimen-
sions differs significantly between sources. The degree to which Amman’s residents 
can choose between different sources, therefore, has a strong impact on their quality 
of life. Compared to a situation in which sufficient high-quality piped water is 
always available at an affordable price, however, the money, time, and effort spent 
on the various coping strategies implies that intermittency rationing shifts part of 
the public cost burden of maintaining the piped water supply infrastructure to pri-
vate water users.

3  Governance Challenges for Residential Water Supply

An urban transformation that ensures the long-term provision of affordable and 
accessible water services requires governance efforts that address current shortcom-
ings on both the demand side and the supply side. The previous section has identi-
fied inefficiencies of Amman’s intermittency rationing scheme in satisfying water 
demands. The resulting combination of water sources used by Amman’s residents is 
characterized by temporal interruptions of piped water supply, quality issues with 
regards to piped, stored, and tanker water, and high prices for bottled and filtered 
water, all of which negatively impact their quality of life through resource ineffi-
ciencies. We now examine the consequences of the intermittency rationing scheme 
for the sustainability of Amman’s water supply system and attempt to identify which 
obstacles to a sustainable development of the urban water sector need to be tackled 
by governance efforts.

3.1  Sustainability Problems

Amman’s piped water system delivers vast quantities of water to its residents. In 
2009, Amman received 129.7 million m3 of piped water, of which 76.7 million m3 
appeared on water bills, whereas the remainder was either lost through leakages or 
consumed, but not paid for (Abu Amra et al. 2011). In order to generate this supply 
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quantity, about 50 million m3 are pumped about 1000 meters uphill from the Jordan 
valley, while the rest is obtained from various sources in the highlands (Abu Amra 
et al. 2011). Since 2014, the Disi Water Conveyance project has been delivering an 
additional 100 million m3 per year from the far South of the country to the northern 
governorates, where Amman is located (IRG 2015). Jordan relies heavily on ground-
water abstractions and exploits its renewable groundwater resources at a rate that is 
about 65% beyond the safe yield (ibid.), making an adjustment of consumption pat-
terns inevitable in the long run (Yorke 2013).

Only rough estimates of the exact composition of the supply quantity that does 
not appear on water bills exist: according to a water infrastructure study, Miyahuna 
was only able to collect payments for 51.6% of the net water supplied to the gover-
norate of Amman in 2014 (IRG 2015). These losses are termed unaccounted-for or 
non-revenue water (NRW), depending on the calculation formula used. The IRG 
(2015) study states that about half of them are due to leakages (technical NRW), 
whereas water meter malfunctions, theft, and other tariff collection problems 
account for the other half (administrative NRW). Whilst technical NRW lowers 
resource efficiency directly, administrative NRW further reduces the potential of the 
already low water prices for making users internalize the full cost of water. This lack 
of resource efficiency weighs even heavier in the light of the above-mentioned 
extensive efforts that are necessary to maintain Amman’s current water supply. The 
prices for piped water determined by the government, however, reflect neither the 
scarcity of freshwater resources, nor the operation and maintenance costs of the 
supply infrastructure (Kubursi et al. 2011). The combination of low prices, leakage, 
and organizational inefficiencies aggravate the sustainability problems that are 
already inherent in the prevailing consumption patterns.

Rather than through prices, the scarcity of freshwater resources is currently 
reflected in Amman’s intermittency rationing scheme. This creates further detri-
ments to resource efficiency: Firstly, the quality deteriorations during the necessary 
storage of piped water exacerbate the general scarcity of water, because a large part 
of the available resources ceases to be available for important purposes of water use. 
Secondly, creating and maintaining this storage capacity requires costly investments 
thus shifting costs of supply from the public to the private sector. A certain amount 
of storage capacity in an arid country might be desirable from a resilience perspec-
tive, but the dimensions of the available storage in Amman would seem unnecessary 
without the scheduled supply interruptions. Finally, households have to invest sub-
stantial amounts of time and effort in filling tanks and developing and executing 
other coping strategies, which could be more beneficially employed for other pur-
poses. The substitution of public responsibility for maintaining the piped water sup-
ply infrastructure with these private efforts is clearly not the least-cost solution, and 
it can impose a substantial cost and time burden on low-income households, who 
spend larger shares of their income on water than high-income households and who, 
more often, have to organize some of their weekly activities around obtaining and 
using water (Potter and Darmame 2010).

The most significant direct impact of the intermittency rationing scheme on the 
sustainability of freshwater resources has probably been the emergence of the par-
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tially illegal private tanker water market. Whereas water in the piped network can 
usually be considered to be a private good, rural groundwater often has the charac-
teristics of a common pool resource, requiring effective regulation to ensure its 
sustainability (Schomaker 2010). Whilst the WAJ is struggling to maintain the sus-
tainability of its own groundwater pumping, rules about extraction quantities and 
quality standards are even more difficult to enforce across widely dispersed private 
wells and surface water bodies. Illegal tanker water extractions, therefore, circum-
vent most efforts to ensure a sustainable use of groundwater. In addition, the decen-
tralized supply solution provided by the private tanker water market is simply 
technically less efficient than delivery through the public network could be. 
Delivering water via tanker trucks is vastly more energy intensive than pumping it 
through pipes, especially if a network is already established (see, e.g., Sima et al. 
2013). A similar conclusion holds for other substitutes for piped water: The use of 
water bottles and containers is also technically inefficient for most purposes (apart 
from travel-related or spontaneous purchases) and harmful to the environment, 
because it creates substantial quantities of plastic waste.

3.2  Sustainable Urban Water Supply – The Economic 
Perspective

From an economic perspective, resource efficiency in a wider sense constitutes a 
key prerequisite for sustainability, but trade-offs between resource efficiency and 
other sustainability requirements, such as quality of life and resilience, also have to 
be considered. For an urban water supply system to be resource-efficient, it has to 
be optimized with regard to (1) the abstraction of renewable and non-renewable 
water resources, (2) investments in establishing or improving the supply infrastruc-
ture, (3) the service level in terms of the spatial allocation, temporal availability, and 
quality of supply, and (4) an adequate price level and structure (Griffin 2001). 
Decisions about water abstraction rates need to take all opportunity costs into 
account, including those related to future uses (ibid.). Investment decisions should 
lead to an optimal capacity and spatial scope of the supply network and take all 
expected future benefits and costs into account (Dandy et al. 1984). Especially in 
the context of developing countries, an optimal expansion of the supply network 
does not necessarily entail piped water connections to all households, but might 
consist of a combination of centralized and decentralized solutions (WBWDRT 
1993; Altaf et al. 1993; Madanat and Humplick 1993). Similarly, although the cur-
rent rate of supply intermittency in Amman seems to be inefficiently high, avoiding 
any risk of an interruption might not be worth the cost (Griffin and Mjelde 2000). 
Finally, pricing should pursue all of the four OECD (2010) sustainability objectives 
of economic efficiency, environmental and financial sustainability, and social 
affordability by not only taking into account full cost recovery and economic 

Sustainable Transformation of Urban Water Infrastructure…



102

efficiency, but also aspects of equity and administrative feasibility (Dalhuisen et al. 
2000).

Even in theory, therefore, the welfare-maximizing solution would not necessar-
ily be a fully centralized system with comprehensive continuous supply, where all 
the coping strategies that residents have adopted cease to exist and every user is 
charged the same full cost price per cubic meter. As a case in point, whilst transport-
ing large shares of the water supply in a city via tanker trucks will usually be 
 economically and technically inefficient, providing water to remote locations and 
during unplanned network interruptions in this way might increase efficiency. In 
Amman, this service could continue to be a role for private tankers or it could be 
ensured through an expansion of the public tanker water supply. A small fleet of 
public water tankers already exists in Amman but, currently, most households do 
not seem to have access to this service (Gerlach and Franceys 2009). Furthermore, 
maintaining some in-house storage capacity could be preferable to investments nec-
essary for completely eliminating supply interruptions. Lastly, whilst ecological 
sustainability might require an increase in the piped water price level, the necessity 
to choose a tariff structure that shifts part of the financial burden from low-income 
to high-income users, to ensure affordability, will most probably still remain.

Despite these qualifications, the size of the private tanker water market, the lack 
of trust in the quality of piped water, the large share of NRW, and the actual water 
quality deteriorations occurring during storage times in the network and in private 
tanks indicate that the current system in Amman does not supply water efficiently. 
Therefore, some progress towards a more comprehensive role of the piped network 
in water supply and towards a greater balance between supply- and demand-side 
policies could contribute to an increased sustainability on both the supply and the 
demand side. This raises the question of whether this type of progress could be 
implemented in practice.

3.3  The Transformation Conundrum

3.3.1  Four Obstacles to Sustainably Transforming Amman’s Water 
Supply Sector

In practice, the fact that demand-side governance was largely neglected in Amman 
has led to a self-sustaining system, which poses several obstacles to a sustainability-
oriented transformation of its urban water infrastructure, in addition to pre-existing 
obstacles inherent to the institutional environment:

 1. Political infeasibility of tariff increases: Firstly, as pointed out above, water tar-
iffs are not determined by Amman’s water utility, but by the Council of Ministers. 
Raising residential piped water price levels to reflect full costs might, therefore, 
be politically infeasible, since equity and political stability concerns make it a 
highly sensitive societal issue. In 2009, for example, public resistance against 
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price increases led the King of Jordan to repeal a water tariff increase passed by 
parliament (Bonn 2013).

 2. Intermittency rationing: Secondly, while the piped water price level is low, the 
low level of service, especially the supply intermittency and the resulting quality 
issues, imposes high non-pecuniary barriers to accessing piped water. These 
access barriers might actually be serving an important function in preventing an 
excessive use of water resources (Gawel and Bretschneider 2016). If Miyahuna 
attempted to improve its service level without a simultaneous increase in tariffs, 
the system might simply not be able to meet all demands, unless it increases its 
water intake.

 3. Non-revenue water (NRW): Thirdly, organizational inefficiencies (as well as 
technical obstacles) might make it difficult to reduce leakages and unpaid uses of 
water, creating additional losses if a more continuous supply was introduced. 
Despite considerable efforts to reduce NRW in the Miyahuna network, little 
progress has been made (Yorke 2013).

 4. Private tanker water market: Finally, the tanker water market has emerged as a 
private solution to the demand problem neglected by the public water sector. 
Whilst the quantity of tanker water used in Amman is estimated to be much 
lower than the quantity of piped water, the fact that tanker water is the marginal 
good for many households makes it very relevant for their consumer surplus 
(Klassert et al. 2015). The private tanker water market fulfills the function of 
balancing shortcomings in the public water supply by providing water during 
scheduled interruptions, in other crisis situations where additional supply is 
needed, to customers who do not have a sufficient connection, and, generally, 
during the water-scarce summer time (Humpal et  al. 2012). Therefore, while 
delivering water via tanker trucks may often not be the most efficient solution, in 
general, their role of filling public supply gaps still creates substantial welfare 
gains under the status quo (Klassert et al. 2015).

3.3.2  Interdependencies Between the Four Obstacles

A major challenge for initiating any transformation to a more sustainable water sup-
ply system in Amman is that the four transformation obstacles – political infeasibil-
ity of tariff increases, intermittency rationing, NRW, and the private tanker water 
market – are highly interdependent:

 1. Combatting unsustainable tanker water extractions requires relaxing the inter-
mittency rationing scheme. The reason is that, without a more continuous supply, 
any attempt to reduce the size of the private tanker water market could have 
strongly negative effects on water users’ welfare, because a key element of many 
households’ strategy for coping with the shortcomings of public supply would be 
eliminated (Klassert et al. 2015).

 2. Relaxing the intermittency rationing scheme, however, requires both reducing 
NRW and overcoming the political infeasibility of tariff increases. Firstly, short-
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ening supply interruptions while the current rate of NRW persists would increase 
both the technical losses of piped water through leakages and provide more 
opportunities for obtaining water free of charge (administrative NRW) through 
theft, meter tampering, etc., (Humpal et al. 2012). Secondly, the need for planned 
intermittency as a quantity rationing mechanism will only disappear if an alter-
native rationing mechanism, such as a higher water price level, is in place.

 3. Reducing NRW also requires overcoming the political infeasibility of tariff 
increases. Miyahuna will need to finance continued investments in an improved 
water supply infrastructure and in greater organizational efficiency if it aims to 
limit leakages and unbilled uses of piped water. Increased tariffs are a necessary 
precondition for achieving financial sustainability with regard to at least part of 
these costs (Humpal et al. 2012).

 4. In turn, overcoming the political infeasibility of raising water tariffs might 
require improvements related to all three of the other obstacles. Firstly, residents 
may not be willing to pay a higher price for piped water unless they receive a 
better service with regard to the supply intermittency. Secondly, they also might 
not be motivated to accept a higher price level for the sake of sustainability if 
they observe wastage and theft due to unresolved NRW problems and know 
about unsustainable tanker water extractions from illegal sources. Finally, the 
reasons for raising the piped water tariff might be defied if the higher price drives 
people to substitute more tanker water for piped water.

The reinforcing tendencies of the four transformation obstacles create a conun-
drum that makes it difficult to address any one of the four obstacles before the others 
have been addressed. The subsequent section will develop potential solutions to this 
transformation conundrum.

4  Governance Implications: Water Demand Policy Is Key

4.1  Overview: Governance Options for Sustainable Water 
Policy

The challenge in solving this transformation conundrum is to find starting points 
where some progress is possible, despite the self-sustaining tendencies of the cur-
rent water supply system in Amman, and which might initiate a transformation to a 
more sustainable use of Jordan’s freshwater resources, especially of its groundwa-
ter. This section will, therefore, examine supply- and demand-side policies that 
could contribute to this kind of progress, such as: implementing an adequate price 
level and structure, ensuring a sustainable use of freshwater resources, fighting ille-
gal abstractions, improving infrastructure and repairing leakages, avoiding intermit-
tency, and improving water quality.1 These will be assessed with regard to their 

1 The other demand-side measures mentioned above: installing metering devices, improving the 
technical efficiency of household water appliances, and information and awareness campaigns, 
will not be addressed in this chapter.
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effectiveness, economic efficiency, environmental and financial sustainability, 
equity and acceptability, and their political feasibility (OECD 2010; Dalhuisen et al. 
2000). The remainder of this section is organized as follows: Firstly, we discuss 
whether there is an option to use a better designed tariff structure to improve the 
allocation of piped water and to contribute to financing the public supply network in 
a fair and equitable way (Sect. 4.2). Secondly, we analyze the potential for fighting 
illegal water abstractions, especially by private tanker truck operators (Sect. 4.3). 
Thirdly, we identify funding requirements for a sustainable supply infrastructure 
(Sect. 4.4). Finally, we outline a possible implementation strategy for such policies 
to promote a sustainability-oriented transformation (Sect. 4.5).

4.2  Water Pricing

In order to find starting points for transformation, it is important to recognize that 
the unsustainable state of the water supply system originated from a neglect of 
demand-side governance. This is especially apparent in the fact that a higher price 
level for piped water could contribute to a sustainable urban transformation with 
both of the water price functions mentioned in Sect. 2: raising funds for improve-
ments to the public supply and making water users internalize the scarcity value of 
water. The latter point is especially important, because the lack of price signals 
about water scarcity created the need for intermittency rationing in the first place. 
This rationing mechanism, in turn, led to the emergence of the tanker water market. 
Apart from being partially illegal, this market most likely exhibits an excessive size 
(compared to a welfare maximizing optimum). This is due to the fact that water sup-
plied by tanker trucks does not provide obvious comparative advantages relative to 
the piped water supply system for the entire market volume supplied. Adequate 
pricing, to clear the market is, therefore, a necessary precondition for reducing sup-
ply interruptions and combatting illegal tanker water abstractions. The question is, 
of course, whether in practice, prices could actually be implemented to fulfill these 
functions in an effective, efficient, and equitable way.

4.2.1  Effectiveness of Pricing

Among economists, pricing is commonly seen as a powerful means to govern 
resource use, especially to promote economic efficiency, by ensuring that markets 
will clear, and to initiate sustainability-oriented path changes (Griffin 2016). 
However, the question here is whether pricing is actually effective under the real-
world conditions in Amman. The price elasticity of demand is a concept that may 
answer this question, in so far as it indicates to what extent demand would ever react 
to price changes.

In a review of price elasticity estimates for water demand in developing coun-
tries, Nauges and Whittington (2010) find that most studies report values between 

Sustainable Transformation of Urban Water Infrastructure…



106

−0.3 and −0.6. Even though the economic terminology refers to such values as 
inelastic, they imply that a doubling of the price would lead to a demand reduction 
of 30–60%. Nauges and Whittington (2010) point out that these elasticities are simi-
lar to findings for industrialized countries, and that they are large enough for prices 
to have a substantial effect on water demand. The authors conclude that, under such 
conditions, it is possible to use pricing for both demand management and revenue 
generation. Al-Najjar et al. (2011) and Tabieh et al. (2012) find price elasticities 
between −0.5 and −0.7 for Amman, confirming that Nauges’ and Whittington’s 
conclusion is transferable to our case. Pricing, therefore, has the potential to be an 
effective rationing mechanism, and to contribute to the efficiency and financial sus-
tainability of the water supply system.

4.2.2  Pricing and Equity Considerations

Even an effective and efficient price rationing mechanism might be undesirable, 
however, if it requires prices to be raised in a way that jeopardizes the affordability 
of water for some members of society. As a solution to this problem, the structure of 
a water tariff can be adjusted to distribute the cost burden according to different user 
groups’ ability to pay, allowing for equity and affordability considerations to be 
taken into account at any price level. Currently, an increasing block tariff is used in 
Jordan to promote an equitable distribution of the cost burden. Under this tariff 
structure, the price per cubic meter rises in a series of steps as increasing total quan-
tities of water are consumed during a given time period. Thereby, luxury uses of 
water are intended to cross-subsidize an essential minimum consumption. 
Nevertheless, increasing block tariffs can also inadvertently increase the burden on 
low-income households, if these support relatively more people or share a connec-
tion with another household (OECD 2009). Appropriately implemented increasing 
block tariffs are, however, seen as a viable option for reconciling full cost recovery 
with affordability, due to their potential to provide a minimum endowment of water 
for little or no charge (ibid.. Dalhuisen et al. 2000). In a survey conducted in Amman, 
Potter and Darmame (2010) found that the piped water bill expenditure of house-
holds interviewed in low-income areas of the city was, on average, only slightly 
more than a quarter of that of households in high-income areas of the city, implying 
that cross-subsidization does occur. At the same time, the average income of high-
income households in the survey was, however, eight times as high as that of low-
income households. This demonstrates that there might still be scope for improving 
the equitability of the tariff structure. Even among low-income households in the 
survey, however, the average piped water bill value was only 2.1% of the average 
income, suggesting that the current tariff structure allows them to obtain piped 
water at an affordable rate.

However, the assessment of affordability changes when the expenditures neces-
sary for households’ coping strategies are taken into account. Among the low-
income households interviewed by Potter and Darmame (2010), only 20% regularly 
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bought bottled water, but among this subgroup, the average monthly expenditure for 
this supply source was 35.6 Jordanian Dinars (JD). This seems substantial, in view 
of the fact that the average monthly income across all low-income households 
(including those that did not buy bottled water) was only 235 JD. In addition, 84% 
of low-income and 64% of high-income households reported adjusting some their 
weekly activities to the temporal availability of piped water, which clearly imposes 
constraints on the discretionary use of their time. These observations indicate that 
increasing the piped water price to provide a better service could lead to substantial 
cost savings, if this reduces the need for households to rely on coping strategies. It 
might, counter-intuitively, even lower the overall cost burden, if the savings are 
substantial enough to offset the piped water price increase. As long as the basic 
water endowment is supplied at a sufficiently low rate, it would very probably 
improve the overall affordability of water for low-income households currently 
relying on costly coping strategies.

4.2.3  Acceptance: The Willingness to Pay for Higher Quality

Apart from the questions of whether piped water prices influence consumption and 
whether an equitable use of prices is possible, the implementation of a new piped 
water tariff also requires its acceptance by the respective users. In a situation similar 
to the one analyzed here, Whittington et al. (1991) interpreted high tanker water 
expenditures as an indicator of households’ willingness to pay for improved public 
water supply. In Amman, the prices charged for tanker water are actually often 
higher than the estimated full cost price of piped water would be (Gerlach and 
Franceys 2009; Zawahri 2012), indicating a potentially sufficient willingness to pay 
for water. Behavioral pricing theory has identified the so-called reference price phe-
nomenon in other contexts, which describes the fact that customers often use pre-
defined expectations about the price of a product to decide about the acceptability 
of a newly encountered price (Gawel 2016; Kalyanaram and Winer 1995). In this 
sense, two additional, competing factors might influence water users’ willingness to 
pay for piped water: On the one hand, the current low level of piped water tariffs in 
Amman would be expected to reduce the willingness to pay. This might further be 
exacerbated by the so-called fiscal illusion, the tendency of citizens to underesti-
mate the true costs of publicly financed services (Gawel 2016). On the other hand, 
the emergence of the private tanker water market might have primed customers to 
accept somewhat higher prices for piped water as well, thereby contributing to the 
acceptability of a tariff increase.

Supplying piped water more continuously could both improve this water source’s 
temporal availability and reduce intermittency-induced quality deteriorations (see 
above, Sect. 2), making it an attractive substitute for any of the other sources. As a 
confirmation of this, an extensive survey of Amman’s water users in the year 2000 
revealed that 97% of the households relying on tanker water and 96% of those using 
bottled water would replace these expensive sources with piped water, if it was sup-
plied in sufficiently high quality and frequency (Theodory 2000). Although not all 
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respondents explicitly reported a positive willingness to pay for such an improved 
service, 47% of high-income and 36% of upper-middle-income households did so. 
Across all income groups, 31% reported a willingness to pay for better water quality 
and 28% for a larger supply quantity. Rosenberg et al. (2007) simulated the willing-
ness to pay for greater supply continuity in Amman on the basis of avoided coping 
costs. They validated their model with data from the Theodory (2000) survey, but 
even found that approximately 50% of households might be willing to pay a higher 
price for piped water, to avoid supply interruptions. These findings indicate that 
there seems to be some acceptance for a tariff increase, at least in parts of Amman’s 
society. An adequately structured tariff could try to target these and to minimize 
resistance by, e.g., focusing on luxury uses, in particular.

An additional acceptance of higher tariffs for the sake of sustainability might 
hinge on whether water is generally perceived to be handled diligently. Experimental 
research in behavioral economics indicates that peoples’ willingness to contribute 
to public goods (e.g., to conserve water) depends on whether free-riding is pun-
ished, because that reduces the fear of being exploited (Gächter et  al. 2004). 
Currently, the existence of illegal water extractions from the piped network and 
from illegal wells is well-known in Jordan (Namrouqa 2016). Residents also observe 
wastage of water through leakages and quality deteriorations. Besides improving 
the piped water service, fighting water theft and wastage might, therefore, be impor-
tant for raising the acceptance of piped water tariff increases.

4.2.4  Political Feasibility

Even if higher prices can allocate piped water in an effective, efficient, and equitable 
way, it might, nevertheless, be politically impossible to implement them, as the 
above-mentioned repeal of the 2009 tariff increase has shown. Jordan’s regional 
neighborhood in the Middle East is characterized by political crises and, despite its 
relatively stable domestic situation, the country experiences regular protests for 
reforms that address deteriorating socio-economic conditions, water shortages, and 
corruption; therefore, avoiding public discontent is a high priority in Jordanian poli-
tics (Zawahri 2012). In such a situation, keeping water prices low is seen as a “small 
price” to pay for political stability, compared to attempting to solve more funda-
mental political and economic problems. In contrast to claims about the political 
infeasibility of raising water tariffs, Zawahri (2012), however, makes the case that a 
tariff increase could actually have a politically stabilizing effect on society, if the 
main financial burden was targeted at higher-income groups. It is questionable, 
though, whether price increases would be compatible with the societal influence of 
the well-established tribal system (Gao 2011). Moreover, Zeitoun et al. (2012) have 
argued that other stakeholders (e.g., owners of large farms) also have great influence 
on political decisions about water demand management and they, also, might be 
dissatisfied with such a solution.

Assuming that some progress could be made on increasing the price level for 
piped water, the transformation conundrum would, however, still not be solved. 
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Tackling the sustainability problems caused by intermittency and by the private 
tanker water market still requires improvements to the network infrastructure, 
reductions of NRW, and the enforcement of rules against illegal water extractions. 
A key challenge for decision makers is to actually make credible commitments to 
implement these improvements.

4.3  Fighting Illegal Abstractions

As long as prices are too low to equilibrate water demands and supplies, excess 
demands will increase pressure on switching to illegal alternatives, in order to over-
come the prevailing shortage. In Amman, this can be observed, in particular, in the 
use of tanker water from unlicensed sources, but also in activities categorized as 
“administrative NRW”, such as manipulations of water meters or direct illegal 
abstractions from water pipes (Namrouqa 2016).

With respect to fighting illegal and unsustainable tanker water abstractions, the 
question arises of whether increases in the piped water price level might actually 
undermine these efforts because they could boost demand for tanker water as a sub-
stitute. In this regard, a simulation experiment undertaken by Klassert et al. (2015) 
reveals that piped water tariff increases in Amman might actually reduce, rather 
than encourage, tanker water consumption. Even though the two sources appear to 
be substitutes, they do not behave as such. The authors explain this with the fact that 
intermittency rationing in Amman creates a highly artificial allocation of water with 
little correspondence to the differences in demands. In this situation, some house-
holds can rely fully on affordable piped water, whilst others have to complement 
their supply with much more expensive tanker water to obtain the same quantity. 
Increasing piped water tariffs can, therefore, help to distribute water more evenly 
and reduce the need for additional tanker water purchases, especially among house-
holds with very limited piped water access. In this way, a more uniform distribution 
of water is not only more equitable; it can also contribute to mitigating the negative 
sustainability impacts of the private tanker water market. This means that raising the 
price level for piped water would facilitate efforts to fight illegal tanker water 
abstractions by lowering the demand for tanker water, rather than undermine them. 
Most of the demand for illegal tanker water and other illegal abstractions will, how-
ever, only disappear when piped water is provided with a higher service level and 
greater reliability. In contrast, purely repressive approaches to combatting illegal 
water abstractions (e.g., monitoring and sanctions) that ignore their economic 
causes are unlikely to be successful. If a sensible demand-side policy is introduced, 
however, additional sanctions against water theft might strengthen its acceptability 
(see above, Sect. 4.2.3).
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4.4  Funding Infrastructure Improvements: Curing Revenue 
Deficits

Demand patterns are interlinked in various ways with the performance of the techni-
cal supply infrastructure. On the one hand, one can expect increases in the willing-
ness to pay for network-based water services when the technical system is improved. 
On the other hand, the possibility of implementing such improvements may be 
restricted by revenue constraints, especially due to tariffs not covering full cost, and 
difficulties in reducing administrative NRW. These revenue constraints conflict with 
the concept of the financial sustainability of water services (OECD 2010; see 
Section 2). A further challenge for the implementation of infrastructure improve-
ments stems from the risk of water losses: As long as leakages and water theft 
remain prevalent, increasing supply durations will cause an amplification of water 
losses, which do not create revenue. This implies that there is little incentive for 
decision-makers to reduce intermittency.

Improving this situation will require investments both in the water supply infra-
structure and in organizational efficiency. Some authors argue that organizational 
deficits could be mitigated by awarding a private management contract (Schomaker 
2010; Oelmann 2010). Between 1999 and 2007, Amman’s water utility was actually 
operated under a management contract with the private company Lyonnaise des 
Eaux-Montgomery Watson-Arabtech Jardanesh (LEMA). This, indeed, led to some 
improvements with regard to investing in infrastructure, combatting NRW, and 
increasing weekly supply durations to 66 h in 2005, but it also required substantial 
external funding by the World Bank (Potter and Darmame 2010; Humpal et  al. 
2012). This indicates that, no matter whether infrastructure improvements were to 
be implemented under the auspices of the publicly owned private company 
Miyahuna, or whether another, fully private management contract were to be nego-
tiated, tariff increases alone will probably be insufficient to finance organizational 
and infrastructure improvements for a transformation to a piped water system with 
largely continuous supply. Initially, at least, external financial support might be 
required to fund these investments.

4.5  Implementation Strategy

The neglect of demand-side policies in Amman has led to a reliance on intermit-
tency rationing, causing residents to adopt inefficient coping strategies and making 
the current public water supply system unsustainable in the long run. As we have 
seen, increasing the piped water price level could both reduce the need for intermit-
tency rationing and contribute to financing an acceptable piped water service level. 
A higher price level could not only distribute water more equitably and efficiently, 
but also might even help to mitigate the indirect sustainability consequences that 
have resulted from the emergence of the private tanker water market. Of course, in 
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order to ensure the affordability of water for households in all income categories, 
price increases should be implemented as an increasing block tariff, similar to the 
one currently in place, with an endowment for basic water needs provided at a very 
low or no charge. Although we have presented several arguments for the political 
feasibility of a water tariff increase, it is still far from clear whether such a policy 
initiative could be successful in practice. There is, however, relatively reliable evi-
dence regarding one aspect: A tariff increase would encounter higher acceptance if 
it was introduced in exchange for service improvements with regard to the temporal 
availability and quality of piped water. Mitigating the shortcomings of the current 
network would, in any case, be necessary to increase resource efficiency. Judging 
from the experiences with the LEMA management contract, this might, however, at 
least initially, require investments larger than the potential revenue from water tar-
iffs. In this regard, a credible commitment to improve the piped water system on 
both the supply and the demand side might be more successful in winning the sup-
port of the donor organizations involved in Jordan’s water sector than projects that 
focus purely on the costly development of limited stocks of additional supply. 
Current efforts to increasingly combat illegal water extractions from the network 
and from private wells (Andrews 2015; Namrouqa 2016) could be a promising sig-
nal towards all stakeholder groups in the water supply system (residents, water 
regulators, industrial enterprises, farms, etc.) that water resources should be handled 
diligently and that deviating behavior will be sanctioned. This could enhance stake-
holders’ motivation to cooperate in taking further transformation steps (see above, 
Sect. 4.2.3). Even if investments in network improvements, tariff increases, and an 
effective regulation of the private tanker water market are subsequently initiated, 
however, substantial efforts will still be required to achieve a complete transforma-
tion to a more sustainable urban water supply system in Amman.

5  Conclusion

Amman’s urban water supply system provides a clear example of the various coping 
mechanisms that can be prompted by quantity rationing schemes and of the subse-
quent inefficiencies in terms of meeting demands and ensuring water resource sus-
tainability. Several lessons can be derived from this example:

A price level that reflects the scarcity value and costs of the public water supply 
relatively well will usually be the best option for maintaining a sustainable infra-
structure for water supply services, because it creates efficient incentives for 
resource use and protection, market clearing, and adequate financing of the infra-
structure. However, when the price level is below the true scarcity and equilibrium 
value, market clearing fails; consequently, non-price access barriers, such as supply 
intermittency, may act as substitutes with respect to the inevitable societal rationing 
mechanism needed in this case. This creates demand pressure, pushing for the use 
of (possibly) illegal water supply sources (e.g., tanker water from illegal sources, 
“administrative” NRW that is not paid for), and political pressure to provide more 
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water intake into the system. The suboptimally large size of Amman’s tanker water 
market indicates, e.g., how inefficient non-market quantity rationing mechanisms 
can be. Moreover, combatting illegal water abstraction with repressive measures not 
only requires well-established institutions of good governance, but it also does not 
cure the underlying economic cause for excess water demand being on the lookout 
for (illegal) alternatives, such as tanker water. Therefore, a repressive strategy will 
not help to mitigate the negative sustainability impacts of illegal water extractions, 
unless good water sector governance explicitly addresses the deficits in the public 
water supply system and tries to meet water demand, at least partly, through 
 market-clearing. This would mean that each remaining abstinence from water use 
would be voluntary, thereby fulfilling the equilibrium condition. The example of 
Amman also demonstrates that the overall willingness to pay for public water sup-
ply may be higher than expected, especially if this supply is safe and reliable, thus 
increasing the service level and lowering non-pecuniary barriers to access to water. 
At the same time, equity and the affordability of the public water supply should be 
ensured by a tariff structure that distributes the cost burden in correspondence with 
different user groups’ ability to pay.

Initiating a transformation to a more sustainable urban water supply system can 
be complicated by the fact that mechanisms compensating for the absence of an 
adequate price level may be highly interdependent, as is the case with the need to 
obtain additional funding for infrastructure improvements and the difficulty of rais-
ing tariffs without an improved infrastructure. These interdependencies can only be 
resolved if trade-offs between different sustainability dimensions, especially the 
three guiding principles for a sustainability-oriented urban transformation, are taken 
into consideration. As the example of Amman shows, the partially illegal private 
tanker water market could be seen as an unambiguous problem if it was viewed 
purely from the perspectives of resource efficiency and environmental sustainabil-
ity. This would, however, neglect its important role in balancing the shortcomings of 
the piped water network and, thus, its contribution to residents’ quality of life. As 
we have shown, an attempt to fully appreciate these trade-offs cannot only reveal the 
complexity of the governance challenge, but also identify steps towards resolving it.
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1  Introduction

Green spaces are an important urban resource. They provide a bundle of ecosystem 
services that benefit humans (Elmqvist et al. 2013; Gómez- Baggethun and Barton 
2013; Haase et al. 2014). For the future prospects of cities they are not only impor-
tant for the health and well-being of their inhabitants, but also as a direct economic 
factor, e.g., to attract investors, companies, and employees. Thus, green (and blue) 
spaces are becoming increasingly decisive for providing a high quality of life in 
urban areas.1 At the same time, urban green infrastructure contributes to more effec-
tive and efficient solutions for urban challenges, compared to traditional technical 
(“gray”) solutions. There are many examples of their ecological and social superior-
ity, although this has rarely been demonstrated in economic terms, i.e., in terms of 
a higher cost-benefit-ratio (see Naturkapital Deutschland – TEEB DE 2016). As a 
consequence, urban green infrastructures have not or only insufficiently been taken 
into account by local decision-makers. Accordingly, they have only been imple-
mented occasionally in urban planning processes.

1 While focusing on urban green spaces and urban green infrastructure, we are fully aware that 
many of our arguments also hold for water-related ecosystem services (“blue” spaces; see Nivala 
et al., “Green Infrastructure for Increased Resource Efficiency in Urban Water Management”, in 
this volume).

This chapter relies on major results of the Natural Capital Germany – TEEB DE – Report on cities 
(Naturkapital Deutschland – TEEB DE 2016).
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The underlying economic reason is that many services provided by nature are 
public goods with widespread benefits for all humans. The benefits of these ser-
vices, in the form of regulation of water bodies, protection against flooding, reduc-
tion of heat stress, etc., are therefore not mirrored in market activities (with resulting 
market prices). They also are not or only insufficiently taken into account by public 
decision-makers. In contrast, what is taken into account are the opportunity costs of 
urban green spaces, which increase over time with the urban dynamics (i.e. the dra-
matic increase of population, migration, economic activities, higher densities, etc.,). 
Both effects – the non-counting of benefits of urban green and the counting of its 
opportunity costs – lead to a neglect of green infrastructure in many planning and 
investment decisions and to a loss of urban green spaces. This is a result of existing 
pressures and interests that are of particular concern for growing municipalities. 
Because municipal revenues strongly depend on the settlement of private house-
holds and companies in cities and communities – due to corresponding revenues 
from income tax, business tax, and property tax – many open areas are released for 
building development and company settlement.

Against this background, two questions arise: How can “green” in cities be sus-
tained and promoted? And, how can an urban transformation be initiated that fol-
lows the path of greening und sustainable urban development?

The TEEB study, “The Economics of Ecosystems and Biodiversity”, offers an 
innovative answer to these questions. The central message is: Sustainable urban 
transformations can be achieved by recognizing and demonstrating the values of 
ecosystem services and by incorporating them into decision-making. Recognizing 
and demonstrating ecosystem services refers to the necessity that individuals and 
communities are aware of such services and that mechanisms exist that make eco-
system services’ values visible (we call this “demonstrating” values of ecosystem 
services). Incorporating values into decision-making refers to specific instruments 
and measures to include ecosystem services in decisions (we call this “capturing” 
values of ecosystem services) (TEEB 2010; Naturkapital Deutschland – TEEB DE 
2016). By taking such an economic (TEEB) approach, the prerequisites for “real” 
transformations, understood as “fundamental forms of change” (see Kabisch et al., 
“Introduction: Urban Transformations – Sustainable Urban Development Through 
Resource Efficiency, Quality of Life, and Resilience”, in this volume) can be 
improved significantly.

This chapter refers to the role of ecosystem services for human health and human 
well-being (Sect. 2), how ecosystem services can be made economically visible 
(Sect. 3) and how they can be captured in decision-making (Sect. 4). We conclude 
with some comments on the importance of this perspective for sustainable urban 
transformations (Sect. 5).
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2  Urban Green and Its Services for Human Health 
and Well-Being

Urban green, in its diverse manifestations, increases the attractiveness of cities as 
places to live and work. It serves all three goals that characterize the framework 
conditions for successful urban transformations (see Kabisch et al., “Introduction: 
Urban Transformations – Sustainable Urban Development Through Resource 
Efficiency, Quality of Life, and Resilience”, in this volume): It contributes to resource 
efficiency by focusing on the natural basis of our lives and by emphasizing that 
resources should be used wisely (i.e., effectively and efficiently). It contributes to the 
quality of life because the benefits obtained from green infrastructures directly or 
indirectly improve humans’ well- being. And it contributes to resilience by strength-
ening nature’s capacity to protect against harm, e.g., in the case of flooding.

This section outlines essential ecosystem services that support human health, 
strengthen social cohesion, maintain citizens’ contacts to nature, and increase, over-
all, the attractiveness of cities.

Human Well-Being in the City
Cities usually are more affected by overheating, high concentrations of particulate 
matter and other air pollutants, as well as noise, compared to their surroundings. These 
stress factors, individually and, especially, combined, can lead to serious health-related 
impairments and result in increased morbidity and mortality rates (Gabriel and 
Endlicher 2011; Heudorf and Meyer 2005; Hoffmann et  al. 2008; Schneider et  al. 
2009). Furthermore, climate change contributes to greater stresses, which will increase 
considerably in the future. Heat waves will become more frequent, more intensive, and 
will last longer (IPCC 2013). Urban heat islands will expand, causing more people to 
be directly affected by overheating and heat waves (Li and Bou-Zeid 2013). 
Additionally, environmental risks will increase as a result of heavy rainfalls.

In particular, regulating ecosystem services can reduce these stresses. Trees and 
other vegetation elements, as well as rivers and lakes, reduce heat stress through 
shading and evaporative cooling effects. Vegetation also binds particulate matter 
and other air pollutants. Along roadsides, it can reduce the concentration of particu-
late matter by 15% (Kuypers et al. 2007). Water resources, forests, and parks are 
“cooling islands” that significantly contribute to a reduction of heat stress for neigh-
boring city quarters during the night. Even smaller green spaces can reduce tem-
perature by three to four degrees, compared to a built environment (Mathey et al. 
2011; Bruse 2003; Ermer et al. 1996).

Incentives for humans’ physical activity are created by proximity to nature and 
designed open spaces. Medical studies demonstrate the beneficial effects of physi-
cal activity on human health, for example, strengthening of the cardiovascular sys-
tem as well as the immune system (Richardson and Mitchell 2010). Epidemiological 
studies show that an increasing distance to urban green spaces correlates with higher 
risks of disease and a lower life expectancy (Maas et al. 2009). Contact with nature 
increases the ability to reduce stress, aggression, or fear and positively influences 
concentration and performance (Hartig et al. 2003; Roe et al. 2013).

The TEEB Approach Towards Sustainable Urban Transformations: Demonstrating…
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Strengthening Social Cohesion
Public open spaces such as parks, water body shores, communal gardens, and play-
grounds, offer places for people to meet, relax, and communicate. Moreover, they 
contribute to environmental justice because access is free of cost.

Traditional allotment gardens are used by approximately 5 million people in 
Germany. Community gardens, such as neighborhood or intercultural gardens  – 
often set up by residents’ initiatives – are experimental spaces in cities that link 
social and ecological aims. They offer room for interaction and for creative cultural 
and political exchange. A garden project can strengthen the sense of community, 
which also contributes to the identification with the neighborhood or the city 
(HMWVL 2012; Jirku 2013; Wendorf 2011).

Children and Young People Experience Nature
The opportunity to play and roam freely in natural surroundings and to interact with 
nature’s elements (water, soil, plants, animals) supports healthy physical and mental 
development of children and young people. Individual responsibility, creativity, risk 
competence, and social competence, as well as linguistic, motoric and scientific 
abilities benefit from these experiences (Dadvand et al. 2015; Gebhard 2003; Maller 
et al. 2006).

Green learning places and areas where nature can be experienced (so-called nat-
ural experience areas – “Naturerfahrungsräume”) contribute to the experience of 
nature and to environmental education. This includes forest schools as well as urban 
agricultural projects. Urban wilderness, which often emerges on fallow land, creates 
opportunities to experience nature in a residential environment.

Growing Food – More than Just Nutrition
Urban agriculture and growing food in urban gardens play an important role – as 
provisioning services and for sustainable health promotion. Urban gardening and 
urban agriculture offer children the chance to find out about the origins of natural 
food. They offer experience in cultivating vegetables, fruit, and herbs. Awareness 
about local and regional products and about a healthy diet increases through garden-
ing experiences, e.g., in community or school gardens (Lobstein et al. 2015).

Urban agriculture profits from better regional marketing and the direct sale of 
high-quality products. A partial self-supply with food from urban gardens or agricul-
tural allotments also has economic relevance for some households (Neu and Nikolic 
2014). In allotment gardens in the German Rhein-Ruhr area, the degree of self-sup-
ply with fruit and vegetables (excluding tropical fruits) was estimated to be around 
50% (LUA NRW 2001). Nevertheless, experiencing the pleasures of gardening and 
working in nature are the main reasons for gardening (Neu and Nikolic 2014).

Urban Nature as a Location Factor
Municipalities compete against each other when it comes to tax revenues, production 
sites, workplaces and attractive places of residence. Companies usually make deci-
sions about suitable location according to hard location factors such as transport 
links or proximity to sales markets. Nevertheless, if different areas are considered, 
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“soft”, location factors can be crucial. These soft factors involve environmental qual-
ity, valuable recreation areas, and an attractive environment for living and working.

A higher availability of urban green areas is reflected in higher real estate prices. 
The example of Cologne demonstrates this: The effect of shorter distances to parks 
on real estate prices is smaller than the impact of other factors such as size and age 
of properties. However, in view of the large number of real estate transactions, small 
effects also lead to a considerable capitalization (Kolbe and Wüstemann 2014).

This example illustrates the fact that urban green has substantial economic 
importance. It contributes to health, social cohesion, and healthy development of 
children, and also serves as a relevant location factor for municipalities.

3  Demonstrating the Value of Urban Green

In order to bring green spaces and green infrastructures to the tables of decision- 
makers, their advantages have to be made visible, particularly in economic terms. 
There are examples of green infrastructures that seem to be superior to “gray” (tech-
nical) infrastructure solutions; however, their economic superiority (in terms of bet-
ter cost-benefit ratios) has rarely been demonstrated. Here, an economic perspective, 
with its own methods and indicators, is a helpful tool; it can help to develop argu-
ments about the benefits of green solutions that can influence stakeholders’ aware-
ness and political decision-making.

To reveal, demonstrate, and assess ecosystem services, various methods can be 
applied, ranging from qualitative descriptions over quantitative approaches up to 
monetary evaluation (Gómez-Baggethun and Barton 2013; Gómez-Baggethun et al. 
2015). Monetary evaluation methods are only one approach, amongst others, to 
assess urban green and its ecosystem services. In this section, we briefly describe 
suitable economic valuation methods for urban green spaces and infrastructures.

The economic perspective aims at uncovering the value of nature. Urban green can 
be seen as a valuable capital good – as “natural capital”. This natural capital is compa-
rable to human and physical capital: it is a stock – urban nature – that yields profit in 
the form of ecosystem services. By applying an economic perspective, awareness of 
the importance of urban green can be promoted. The economic perspective can reveal 
the “hidden values” of nature, which are considered insufficiently in decision-making 
processes related to urban planning, because they are overseen or underestimated.

3.1  Which Values Are Covered by the Economic Approach?

The term “value” can be interpreted in two directions (Oxford University Press 
1989): Firstly, it can be seen as the monetary worth of something, e.g., price as the 
equivalent of a commodity, which is shown in money or other means of payment. In 
its second meaning, it can be determined as validity, importance, or significance of 
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an object, person, or circumstance. This is also linked to the word’s Latin origin 
(valor = validity).

It should be noted that every valuation is context-specific and depends on its 
basic conditions: ecological, social, and cultural circumstances, individual prefer-
ences, basic values, views and opinions, perceptions of the society, individuals’ or 
societies’ prosperity, economic situation, etc. (Vatn 2009; Brondizio et al. 2010). 
These factors are situational, as well as space- and time-related. There is, thus, not 
one “correct” value; instead, there are diverse values of nature, based on different 
moral concepts (or value paradigms) (Spangenberg and Settele 2016).

Several values of nature can be distinguished (see Fig.  1). Here, we take an 
anthropocentric view on nature’s values because we focus on the benefits humans 
obtain from nature.

The physiocentric view highlights the “intrinsic” value of nature (Krebs 1999; 
WBGU 1999; EPA 2009). The recognition of the inherent value of nature is inde-
pendent of an appreciation by humans from their usability perspective (Eser and 
Potthast 1999). This intrinsic value thus exists without direct or indirect benefits for 
people. In contrast, the economic view is based on anthropocentric paradigms and 
therefore excludes this inherent value of nature in its approach.

Social values are located between individual (anthropocentric) values and the 
inherent (physio-centric) values of nature. Some authors place social values among 
economic values, because they are based on aggregated individual preferences. 
Others consider them to be a category of their own (for details see Kenter et al. 
2015; Hansjürgens et al. 2016). In this chapter, the term “social values” assumes 
that a person has certain preferences, as a member of society, that differ from indi-
vidual preferences. For instance, if individuals act as citizens, they might make 
other decisions than they would if they followed their individual interests (Gómez- 

Fig. 1 Different values of nature (Source: Naturkapital Deutschland – TEEB DE 2016, p. 31)
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Baggethun et al. 2015; Kenter et al. 2015, Chan et al. 2016). This phenomenon is 
described by Vatn (2009) as “We-rationality”, in contrast to “I-rationality”.

3.2  Methodological Approaches to Demonstrating Values 
of Urban Green

Various methodological approaches can be applied to identify and demonstrate 
urban ecosystem services with regard to health and quality of life. Economic assess-
ment methods are based on individual preferences. Here, basically, two approaches 
are available: (1) the use of market prices of goods, which are related to the demand 
for environmental goods, for example by their complementarity; and (2) the direct 
inquiry about the willingness to pay for the environmental goods at issue.

 1. In the first group of valuation approaches, actors have made purchase decisions 
for goods that are related to various environmental qualities. In this way, users 
indirectly express a demand for environmental quality. In the terminology of 
economics, they reveal their preferences – described as “Revealed Preferences 
Approaches” (for an overview, see Freeman 2003). For the urban scope, these 
include, in particular, decisions on the place of residence or travel costs to attrac-
tive green cities with recreational value (Travel Cost Method).

 2. The second group of approaches deals with direct survey-based inquiries of the 
willingness of demanders to pay for nature (or, to be more precise: for possible 
improvements of particular components of environmental quality). For this pur-
pose, the components of environmental quality (e.g., the extension of an urban 
park) are described in all their dimensions, potential scopes are differentiated 
(e.g., changes of the area of the urban park), and the individual willingness to 
pay is investigated. Because the willingness to pay is stated directly, these 
approaches are described as “Stated Preferences Approaches”.

Participatory and deliberative methods (processes of participation or “negotia-
tion”) are particularly suitable for capturing the social values of urban green. Here, 
groups of stakeholders can exchange information about the need for urban green 
and its societal relevance (for details, see Lienhoop et al. 2015).

4  Capturing Urban Green in Decision-Making

As shown above, urban green provides many services for humans – especially for 
health and wellbeing – with strong effects on social costs. How can these green 
spaces and their multi-functionality be sustained and developed? Which strategies 
and measures exist, which are suitable and which are to be pursued? At this point, 
we highlight four aspects (see Fig. 2):
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 1. Delivering information on nature and ecosystem services in cities;
 2. Enhancing cooperation between sectors and areas within a municipality as well 

as between municipalities and other levels of regional authorities;
 3. Considering urban green in integrative planning approaches; and
 4. Providing economic incentives.

4.1  Delivering Information

An essential basis for a stronger consideration of urban green in decisions is infor-
mation about the various services of nature, as they are presented in the Natural 
Capital Germany report on cities (Naturkapital Deutschland  – TEEB DE 2016). 
Information on urban ecosystem services can constitute important support for 
decision- makers. So far, such information is only used occasionally in decision con-
texts. Municipalities might ask for information about urban ecosystem services, but 
they often lack the necessary budgetary resources for a local assessment. But even 
general information on urban ecosystem services can be very helpful for pointing 
out the relevance of multifunctional green spaces. Based on this information, syner-
gies and trade-offs between different land-use options or alternative design options 
can be revealed and discussed.

To strengthen the promotion and development of urban green, it is important that 
the “tangible green assets” – the natural capital – are visualized in budgetary deci-
sions of cities and municipalities. One possible approach is the implementation of a 
“green” double-accounting budget system, where urban green can be assessed in 
terms of financial assets (Hilgers and Burth 2011; Güse et al. 2009). In this system, 

Fig. 2 Policy Instruments for strengthening urban green (Source: Naturkapital Deutschland  – 
TEEB DE Naturkapital Deutschland – TEEB DE 2016, p. 280)
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urban natural capital can complement municipal assets. The green double- 
accounting makes the value of urban green areas explicit: they bind significant pub-
lic investments, and they also are subject to ongoing investments for maintenance 
and design measures. It needs to be kept in mind that a monetary accounting of 
urban green can only be an indication of its minimal values, because relevant cul-
tural ecosystem services such as social cohesion, environmental education, or 
effects on well-being cannot adequately be captured in monetary values.

4.2  Enhancing Cooperation and Creating New Alliances

Another strategic approach to strengthen urban green and ecosystem services is the 
enhancement of collaboration. This concerns alliances between (1) different sectors 
within a municipality and the comprehensive coordination between them, (2) differ-
ent municipalities, and (3) the municipality and other governmental levels.

Cooperation Between City Sectors
With regard to cities and communities, it is especially important to connect diverse 
sectors within the local community that benefit from urban green spaces, such as 
infrastructure, health, education, climate protection and adaptation, and economic 
development.

Some examples: It was shown that urban green promotes health. In addition, 
positive effects arise for social cohesion in neighborhoods and for children and ado-
lescents who can experience positive effects due to urban green (Röhner 2013). In 
this context, the responsible authorities in the community, such as the departments 
for urban green, health, youth welfare, and social security, should have a common 
interest in promoting and facilitating access to urban green for various social and 
demographic groups. In many cases, the objectives of the individual administrative 
departments are not aligned with each other because they compete for small public 
budgets. Improved coordination and comprehensive planning can contribute to 
identifying synergy effects, in order to reach common aims and to push for appro-
priate measures. Hence, new paths for decision-making and coordination are 
needed. This involves, in particular, making the multi-functionality of urban green 
visible, making use of the given synergies, collectively discussing trade-offs and 
common interests, and developing cooperation to benefit from urban green spaces 
and green infrastructure.

A German example for a comprehensive urban development concept that inte-
grates the promotion of ecosystem services as a target criterion in urban planning is 
provided by the city of Augsburg. In July 2015, the city council adopted the “Future 
Guidelines for Augsburg” as a basis for the sustainable development of the city 
(Stadt Augsburg 2015). The concept integrates various administrative bodies and 
departments and formulates common and comprehensive objectives. It differs from 
other communities in the comprehensive inclusion of numerous urban departments 
and sectors to deal with issues related to green urban infrastructures.
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Cooperation Among Cities
An important field for inter-communal cooperation is the promotion of municipal 
economic development. Until now, municipalities see themselves in competition for 
attracting investors and businesses. This competition led to the designation of new 
commercial and industrial areas for the settlement of companies. Spaces were des-
ignated but were not used, due to a lack of demand (see, for Europe: EEA 2006; for 
Germany: Schröter-Schlaack 2013).

This land consumption is alarming, with regard to, e.g., the German sustainabil-
ity goal of limiting land consumption to 30 hectare per day until 2020 
(Bundesregierung 2016). In addition, it represents a considerable fiscal burden for 
municipalities. Instead of additional tax income from property, business, and income 
taxes, deficits that are the result of the development and maintenance of oversized 
infrastructure projects have emerged.

A stronger collaboration for greater harmonization of land-use policies between 
municipalities is urgently needed. Inter-communal cooperation cannot only save 
space. It can also reduce costs, without forcing individual municipalities to give up 
the advantages of attracting new business. The goal is a joint marketing of regional 
commercial premises and can be implemented by the following approach: The 
municipalities gather these industrial and commercial areas into a common pool. 
The share of each municipality is allocated according to the value of the properties 
within this pool. The incorporated commercial premises are jointly marketed by an 
agency and the collected business tax is distributed according to the shares in the 
common pool (Naturkapital Deutschland  – TEEB DE 2016). In doing so, price 
competition among the municipalities is avoided and full utilization of already 
assigned commercial areas is promoted.

Cooperation Between Cities and Other Governmental Levels
The multifunctional advantages of nature-based solutions can also be used in the 
collaboration between municipalities and superordinate levels of regional authori-
ties (e.g., federal government and federal states). For example, a program dealing 
with adaptation to climate change, which is initiated by the federal government, 
will, in many cases, refer to concrete implementation projects that must be imple-
mented locally. One example of the facilitation of nature-based solutions is the 
“Green Roof Strategy Hamburg”: the aim of this statewide strategy for green roofs 
is the greening of 100 ha of roof area until 2020. The project is financed with 3 Mio. 
Euro by the German federal environmental ministry’s program “Measures for adap-
tation to climate change”. In cooperation with the HafenCity University of Hamburg, 
it works towards a legally binding requirement for installing green roofs (Stadt 
Hamburg 2014). The design of such programs in a way that includes urban green 
and also takes municipal decisions into consideration can generate considerable 
synergies that exceed adaptation to climate change. Effects can then, in addition to 
the actually intended effects on climate adaptation, also relate to health, social 
coherence, and life quality, as described above.
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4.3  Strengthening Ecosystem Service Perspectives in Urban 
and Land Use Planning

Urban planning is a key component of urban development. This is where urban 
green needs to be taken into account. The planning instruments should consider the 
multi-functionality of green infrastructure. On the one hand, landscape planning is 
based on a weighing-up of all relevant impacts, including environmental impacts, 
which can be referred to as the “supply side” of ecosystem services. However, a 
focus of the ecosystem services concept is also on the “demand side”, i.e., on the 
stakeholders in a certain area (inhabitants and visitors) and how they benefit. This 
aspect is, to date, not or only implicitly taken into account in planning processes 
(Hansen et al. 2015). Initial ideas about how the ecosystem service approach can be 
integrated into this planning system, by identifying stakeholders and their prefer-
ences, exist. Within the framework of specific planning decisions, multi-criteria 
analyses can be applied that include qualitative arguments in addition to monetary 
costs and benefits. In this way, the value of nature-based solutions can be considered 
appropriately in the evaluation processes.

4.4  Providing Economic Incentives

Finally, an additional area of activity for strengthening urban green and urban eco-
system services is provided by economic instruments. They are supposed to increase 
the price for using nature for decision-makers, or to make the nature-friendly variant 
cheaper. Most importantly, if such instruments are implemented and the resulting 
price signal is transferred to producers and consumers via market prices, private 
decision-makers will decide whether they take up the offered incentive or not. The 
result is to reach the environmental aim in an efficient way.

In the municipal sector, however, options for introducing economic incentives 
are rather limited. There usually is no sovereignty, on the municipal level, for levy-
ing taxes or other new price-based instruments (Droste et al. 2017). The municipal 
level is, basically, only allowed to regulate those areas in which it has sovereignty 
on its own. And, with respect to quantity-based economic instruments, although 
there are proposals for introducing tradable development rights, their  implementation 
is, so far, restricted to a few cases in a pilot testing phase (Schröter-Schlaack 2013; 
Umweltbundesamt 2016).

A possible area of action is to use charges, either through an incentive-oriented 
design of existing charges (e.g., municipal fees for water services) or by levying new 
ones (e.g., water- or land-use charges). Charges represent a solution in terms of 
price-indicating opportunity costs of using ESS. Fees for water services usually have 
to conform to the principle of cost recovery (Gawel 1995). However, margins exist 
here, because the determination of underlying costs also allows – at least in princi-
ple – the inclusion of environmental and resource costs (Gawel 2016). Apart from 
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the degree of cost recovery, setting environmental incentives can be achieved through 
appropriate levy design. For example, a separate rainwater run-off charge can offer 
incentives to avoid soil sealing (Rüger et al. 2015). The same is true for wastewater 
fees that are oriented to the area of sealed natural ground (Geyler et al. 2014). Fee-
based policies may also contribute to abating disincentives to shrink green spaces in 
cities, as is the case for cemetery charges in Germany (TEEB DE 2016). Here, sur-
face-oriented user pricing keeps the public green function of these areas free of 
charge (overcoming the lack of money problem for municipalities) and sets disincen-
tives for users, in order to reduce the demand for large graves. This leads to a signifi-
cant trend to reduce this kind of green areas in cities. Incentives to curtail land 
consumption may also be provided by tradable land-use designation rights, creating 
a genuine market price for “consuming” land-use (Schröter-Schlaack 2013).

Another instrument consists of the communal fiscal equalization scheme, as it 
exists in Germany (Ring 2008). This instrument regulates fiscal compensations 
between municipalities (district-independent cities, districts, district municipalities) 
within a federal state, while the federal state provides specified compensation pay-
ments in accordance with the financial revenue power and the expenditure require-
ments of the municipalities. The municipal financial needs are based on the number 
of inhabitants as well as some other indicators that essentially reflect the centrality 
of a municipality and the interconnected financial need (Ring and Mewes 2013). 
Examples of indicators of financial needs are central institutions such as opera 
houses but also the number of school students. The financial needs for nature con-
servation issues or the safeguarding of natural capital are currently not taken into 
account within the communal financial compensation in Germany.

This is where reform proposals start, but they have, so far, only been discussed in 
the literature and have not yet been integrated into on debates political reforms. 
According to these proposals, ecological indicators that represent the provision of 
environmental public goods and services are to be additionally considered as indica-
tors to calculate financial needs and analogous allocations. This would be an impor-
tant step towards providing economic incentives for public actors to promote 
ecosystem services.

5  Concluding Remarks

The promotion of urban ecosystem services is a promising strategy for achieving 
comprehensive and sustainable urban transformation. The TEEB approach can play 
a decisive role in implementing such a strategy because it helps to demonstrate and 
capture values of ecosystem services. Based on this focus on economic aspects, 
several recommendations for urban transformation can be developed. They include, 
inter alia, a focus on the benefits of nature’s services and the identification of benefi-
ciaries, and an inclusion of these benefits in cost-benefit ratios. If these issues are 
taken into account, they can foster urban transformation in the direction of a more 
resource-efficient and resilient municipality, with increased quality of life.
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With respect to instruments that support this overarching task, several come into 
play, and many of them are already available: strengthening of cross-sectoral com-
munication within the different sectors and departments of cities (particularly 
between sectors such as planning, infrastructure, mobility, health, or education), 
inter-communal collaboration between municipalities, as well as collaboration 
between the local municipal level and upper governmental levels. Proposed mea-
sures also include financial incentives or improved planning tools. Key elements are 
cross-sectoral thinking, alliances of various stakeholders, identifying synergies, 
defining common goals of urban transformation, knowledge transfer, and nature- 
based solutions.
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Green Infrastructure for Increased Resource 
Efficiency in Urban Water Management
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1  Introduction

Green Infrastructure can be defined as a network of natural and engineered areas 
that are designed and managed to provide an increased breadth and depth of ecosys-
tem services in both urban and rural areas. It is based on the concept that a specific 
area of land that has healthy ecosystems can actively mitigate challenges such as 
urban growth and climate change. Green Infrastructure offers a myriad of environ-
mental, economic, and social benefits, as well as valuable ecosystem goods and 
services. This chapter addresses resource efficiency as it relates to water, and spe-
cifically to resilience and quality of life in urban areas.

One key aspect of Green Infrastructure is that it is comprised of many individual 
components, all of which function simultaneously in order to improve overall eco-
system health in a given area. Previous approaches, commonly referred to as ‘Gray 
Infrastructure’, often performed a singular function and did not take into account 
any environmental or ecological considerations. The multifunctional approach of 
Green Infrastructure is attractive because it offers simultaneous benefits to both 
nature and society.

Green Infrastructure includes components that span a wide range of scales, and 
the combined impact is much more than simply the sum of the individual elements. 
Current approaches include technologies such as green roofs, rain gardens, con-
structed wetlands, and vegetated swales, and are often implemented in parallel with 
approaches such as pervious pavement (for increased infiltration) as well as rainwa-
ter harvesting systems and storage tanks (for collection, storage, and eventual re-use 
of water). Each component in the greater network of a Green Infrastructure initia-
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tive contributes to overall improvements for nature and society. Many urban Green 
Infrastructure approaches focus on retention and treatment of water on a local scale, 
by reducing shock loads to sewage treatment plants, thereby decreasing the dis-
charge of untreated stormwater to receiving waters.

Green Infrastructure initiatives also challenge the common misperception that 
there is not enough land available in urban landscapes, or that the associated costs 
are prohibitive. In fact, although installation costs for Green Infrastructure may be 
higher, compared to conventional approaches, they can be much more cost-effective 
when evaluated on a cost-per-unit-volume of managed water.

Not everything that is physically green can be automatically considered to be a 
component of Green Infrastructure. In order to be integrated into a Green 
Infrastructure approach, it must be interconnected with other components in the 
network and provide benefits for more than one kind of ecosystem service; these 
include, but are not limited to, increased biodiversity, restored natural habitat, rain-
water retention, flood alleviation, reduced stress on local water supplies, lower 
energy demands for building, increased food production, increased protection of 
coastal areas, and more recreation opportunities, among many others.

2  Graywater

The separation of graywater and blackwater as wastewater component streams, 
combined with specially adapted processes for treating these streams, makes it pos-
sible to almost fully close local water and material cycles. In addition, energy and 
nutrients can be recovered significantly more efficiently from wastewater if separa-
tion into component streams with differing loading levels is carried out at the loca-
tion where the wastewater arises (Kjerstadius et  al. 2015). In urban areas, the 
localised treatment of graywater leads to a significant reduction in the residual 
wastewater (blackwater) to be treated in a centralised manner, because this black-
water then only comes from toilets and accounts for around 30% of the total waste-
water volume.

Depending on its origin, graywater can be divided into light graywater (e.g., 
wash basins, showers, and bath tubs) and dark graywater (e.g., wastewater from 
washing machines, dishwashers, and kitchen sinks). Sievers et al. (2014) quote the 
following typical concentration ranges for dark graywater in Europe, based on a 
literature review with 130 references: chemical oxygen demand 102–1583 mg/L, 
biochemical oxygen demand 56–427  mg/L, total nitrogen 3–48  mg/L, and total 
phosphorous 0.5–15 mg/L.

The degree of engineering sophistication required for the processes used to treat 
graywater differs, depending on both the intended subsequent use and the quantity 
of the water to be treated (Ghaitidak and Yadav 2015; Teh et al. 2015). Thus, there 
are systems for installation in single-family homes as well as engineering solutions 
for residential developments with several hundred residents. Fig. 1 shows an urban 
graywater treatment in Oslo, Norway, where the treatment system is integrated into 
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the front courtyard of a block of residential apartment buildings. The system is 
 comprised of a septic tank, a wetland constructed for vertical flow, followed by a 
wetland constructed for horizontal flow. Both wetlands contain porous filter media 
and are planted with flowering wetland plants. The system footprint is 1 m2 per 

Fig. 1 Klosterenga urban graywater treatment system in Oslo, Norway (Source: Jaime 
Nivala)
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person equivalent. The system provides high levels of treatment that meet European 
 summing water standards with respect to pathogens as well as standards for drink-
ing water set by the World Health Organization (Jenssen 2005), making the treated 
effluent suitable for discharge to nearby surface waters.

Particularly strong interest in the treatment and re-use of graywater exists in 
areas of the world where little water is available (Al-Zu’bi et al. 2015; de Gois et al. 
2015; Lam et al. 2015). Systems such as sand filters (Ochoa et al. 2015) and con-
structed wetlands (Laaffat et al. 2015; Saumya et al. 2015) are simple in nature, yet 
highly effective.

Combinations of conventional wastewater treatment processes can also be used, 
particularly when large flows are to be treated in confined spaces. For example, the 
combination of a membrane bioreactor for the removal of biodegradable substances, 
ozonisation, UV disinfection and subsequent adsorption and filtration have been 
used to treat graywater up to drinking-water quality, (Knerr et al. 2009).

Good purification performance has also been achieved with biological systems 
such as membrane bioreactors and biological aerated filters that include a reliable 
barrier for the removal of solids (Jefferson et al. 2004). However, a comparison of 
the potential of pilot wastewater treatment processes for in-building graywater recy-
cling has revealed that the various treatment processes (membrane bioreactors and 
biological aerated filters) differ with regard to the microbiological water quality 
criteria they achieve (Laine 2001).

3  Rainwater and Surface Runoff

Managing rainwater and surface runoff from roofs, parking lots, and other impervi-
ous surfaces in urban areas is a challenge because the timing and quantity of rain-
water and runoff is highly variable throughout the year, as well as from 1 year to the 
next. Extended dry periods can be followed by heavy rain events, where large quan-
tities of water fall within a short period of time, leading to hazards such as flash 
flooding. Moreover, this water often contains pollutants such as nitrogen and phos-
phorus, particulate matter, salts, and heavy metals, as well as compounds such as 
pesticides and hydrocarbons. Green infrastructure can help increase resiliency in 
urban landscapes by providing management, storage, and treatment of storm water, 
as well as improving local micro-climates via natural cooling effects. Such systems 
can also contribute to improving the quality of life in urban areas, when designs also 
include ancillary benefits. Nature-based technologies can often be integrated 
directly into urban landscapes, providing additional ecosystem services such as 
more habitats for plant and animal species as well as the potential for increased 
biodiversity within the urban realm.

In principle, constructed wetlands and rainwater gardens are suitable for the 
localised treatment and storage of rainwater and surface runoff because they pro-
vide storage, treatment, and controlled release, thereby reducing the quantity of 
water and pollutants sent to local sewage treatment plants. A case study in Burnsville, 
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Minnesota, (USA) showed a 93% reduction in runoff after the installation of 17 rain 
gardens in a neighborhood with a watershed area of approximately 2 ha (City of 
Burnsville 2016).

Rainwater can also be treated using wetland plant mats made of fleece materials 
or other engineered textiles that are intertwined with the roots of helophytes. 
Because this structure does not use gravel or sand, which otherwise generally serve 
as the substrate matrix in constructed wetlands, these systems are comparatively 
lightweight and enable rainwater treatment to be shifted to the roofs of buildings, 
leaving ground-level areas available for other uses. This type of helophyte roof is a 
form of extensive roof greenery; the plant mats are installed on the surface of the 
roof and watered daily at regular intervals.

In general, green roofs can be used both for rainwater treatment and as “natural 
air-conditioning systems” (Blumberg 2011). When installed properly, they also 
have a positive impact on the building climate by acting as an insulation layer that 
effectively reduces the solar energy transferred to the building.

Green roofs have also been shown to protect roof structures, thereby increasing 
their service life, as well as improving the microclimate by reducing heat island 
effects. Green roofs also help to retain rainwater and serve as habitats for a range of 
organisms (Song et al. 2013). Moving rainwater treatment to green roofs with lush 
vegetation covers – such as wetland roofs – provides positive ecosystem services, 
such as filtering of pollutants, air humidification, carbon dioxide absorption, and 
oxygen production (Fig. 2).

The helophyte vegetation is markedly photosynthetically active under summer 
conditions. If rainwater is collected and dosed to the helophtye mat on a controlled 
and regular basis, it allows for significantly higher levels of evaporation and transpi-
ration (evapotranspiration) than green roofs planted with, for example, water- 
efficient plants. The choice of green roof vegetation depends strongly on project 
aims. Projects aiming to reduce the volume of water would utilize a helophyte mat, 
whereas projects aiming to maximize the volume of water available for re-use 
would use water-efficient vegetation, such as succulent plants.

4  Wastewater

Wastewater is another component of the urban water cycle that can be managed 
with ecologically engineered systems. New construction in urban areas can be 
planned in a way that separates household (domestic) wastewater from the central-
ized sewer system, so that it can be managed and treated separately. Many urban 
areas, however, utilize what is known as combined sewers, which convey both 
household sewage and storm water runoff. Such combined sewers have a limited 
capacity to carry storm water, which can result in an overflow of the untreated 
wastewater-storm water mix to the surrounding environment. Domestic wastewater 
and combined sewer overflows can both be effectively treated in urban areas with 
technologies such as constructed wetlands.
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Constructed wetlands, also known as treatment wetlands, are one of the most 
common kinds of ecologically engineered systems for onsite treatment of domestic 
wastewater. Treatment wetlands provide many advantages, compared to other 
wastewater treatment systems. Unlike many conventional technologies, wetland 
systems are simple to operate, can be constructed from locally available materials, 
and can be easily adapted to local topographical and climate conditions. Treatment 
wetlands can also be integrated into the landscape, thus adding aesthetic appeal to 
the surrounding environment.

Treatment wetlands that receive only domestic (household) wastewater, such as 
septic tank effluent, can be designed in many different ways. The most basic design 
is a horizontal subsurface flow wetland, which consists of a water-tight liner, 50 cm 
of coarse gravel, and wetland plants. Water in this system is kept below the surface 
of the gravel (thus avoiding the risk of human exposure to untreated wastewater). 
The wastewater flows horizontally, by gravity, from one end of the wetland to the 
other, and is treated by physical, chemical, and biological processes. This type of 
treatment system can operate without any external energy inputs, but requires a rela-
tively large surface area; approximately 5  m2 of area is required per person 
equivalent.

Another kind of treatment wetland that is used for domestic wastewater is an 
unsaturated vertical subsurface flow wetland. This type of wetland still has a liner 
and wetland plants, but the main media is sand or fine gravel, and the water is inter-
mittently dosed throughout the day with a small pump. The water percolates 

Fig. 2 Wetland roof with a surface area of 120 m2 for the treatment of rainwater in an office build-
ing in Jena, Germany (Source: Michael Blumberg)
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 downward through the sand or gravel, and is treated as it passes through the unsatu-
rated media. Unsaturated vertical subsurface flow wetlands, however, require a 
small amount of energy for dosing the water to the wetland bed, but the trade-off is 
a smaller area requirement. Vertical flow constructed wetlands generally require an 
area of 3–4 m2 per person equivalent.

Treatment wetlands can also provide wastewater solutions in situations where 
land availability is extremely limited. Design modifications exist, whereby an incre-
mental increase in energy requirements (for example, additional pumps for moving 
water, or for providing additional air for increased microbial degradation) can result 
in a significantly reduced system footprint. Intensified treatment wetland designs 
require much smaller areas, generally 1–2 m2 per person equivalent, but they also 
require slightly more sophisticated components and, inevitably, need access to the 
energy grid.

Treatment wetlands can also be customized to fit specific site conditions. An 
excellent example is the Constructed WetRoof in Tilburg, The Netherlands, where a 
horizontal subsurface flow wetland design was modified to fit the roof of an office 
building (Fig. 3).

The system treats 500 L/d of wastewater that is generated onsite. The wastewater 
undergoes primary treatment in a septic tank, and is pumped twice every day to the 
Constructed WetRoof system, where it flows through a 9 cm thick layer of porous 
media (a mix of local and volcanic sands and a lightweight expanded clay aggre-
gate) covered with sod (Zapater-Pereyra et  al. 2012). Approximately 25% of the 
treated effluent is re-used onsite for toilet flushing, whereas the remaining treated 
effluent is discharged to the soil for groundwater recharge.

Sewer systems that receive large amounts of rainwater during storm events gen-
erally have a bypass installed, so that, when the total amount of sewage plus rainwa-
ter exceeds the capacity of the sewage treatment plant, it is discharged directly 
(without treatment) to the nearest receiving watercourse. This is termed Combined 
Sewer Overflow. The annual pollutant load from combined sewer overflow dis-
charges can often exceed the pollutant loads discharged by conventional sewage 
treatment plants, simply due to the sheer volume of water that is effectively “washed 
through” the sewer network and discharged during rain events (Meyer et al. 2013).

In many urban areas, the sewer lines and sewage treatment plants are decades old 
and running at or near capacity. The cost of new sewer lines and new treatment 
plants is often prohibitively high. Treatment wetlands for CSO treatment can be 
installed (even retroactively) between the sewage treatment plant and the receiving 
water body. In such cases, the wetland only receives flow during rain events for 
which the sewage treatment plant is overloaded.

The sewage treatment plant of Lyon, France, was confronted with this problem 
and began to search for alternative solutions to constructing new sewer lines. A pilot 
CSO treatment wetland was installed in a community at the periphery of the Lyon 
urban area, as a demonstration of a Green Infrastructure solution that could be 
adopted throughout the peri-urban areas of Lyon (Fig. 4).

The system is designed to accept combined sewer overflow for a sub-watershed 
in Lyon. The system covers an area of 530 m2 and is partitioned into two wetland 
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cells that are fed alternatingly. The system has a storage capacity of 1200  m3. 
Overflow is sent to the wetland for buffering, and receives treatment during the days 
after the rain event. Discharge from the treatment system is controlled, ensuring that 
the water has received adequate treatment before it is released to the nearby water-
courses over a timespan of days to weeks.

5  Outlook

This chapter demonstrates that a broad range of Green Infrastructures for urban 
water management with high treatment efficiencies is available for a variety of 
applications related to urban development. However, the national and international 
perspective reveals that there is substantial opportunity for increased implementa-
tions of green infrastructure for water management. Decision makers and investors 
often choose well established and well-known technologies based on existing 
knowledge about investments and costs. The value of environmental protection with 
public protection targets (e.g., reducing air pollution, mitigating microclimate 
effects, closing local water balances, and improving urban landscapes) often plays 

Fig. 3 A 300  m2 constructed wetland for domestic wastewater treatment on a rooftop in the 
Netherlands. A portion of the treated effluent is re-used for toilet flushing (Source: Frank van Dien, 
ECOFYT)
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only a secondary role. Communities are now aware of the benefits of green tech-
nologies and use these innovative approaches for minimizing the negative effects of 
urbanization.

In this framework, future activities require a systematic approach in order to 
bring together innovative technologies with adapted and corresponding framing 
conditions. Infrastructural and urban planners should be aware of the possibilities 
and advantages that green technologies offer at an early stage of urban development. 
Pilot projects that demonstrate not only the technological performance but also the 
economic, ecological, and social relevance of this approach are needed, to bring 
together different segments of the decision-making process. Finally, an operation 
and maintenance system is required, in order to prepare clear management respon-
sibilities for the growing market.

Making Green Infrastructure a real alternative to traditional, gray infrastructure 
harmonization across infrastructure sectors is required to replace isolated planning 
and operation approaches. The sectors of water, building, transport, energy and agri-
culture apply their own standards for construction and performance; these treat 
Green Infrastructure almost as an afterthought and make cross-sectoral public ten-
dering of Green Infrastructures complicated.

Furthermore, the implementation of Green Infrastructure requires adequate 
financing schemes. The focus of many institutional lenders and investment banks 
does not actively promote the deployment of Green Infrastructures because their 
substantial benefits have, up till now, been largely undervalued.

Fig. 4 The Marcy Etoile constructed wetland for combined sewer overflow treatment in Lyon, 
France (Source: Stephane Troesch, EpurNature)
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In order to leverage investments and reduce regulative and administrative barri-
ers, the European Commission recently developed the Green Infrastructure Strategy 
and initiated an EU Research & Innovation agenda for nature-based solutions. The 
strategy aims to ensure that the implementation of Green Infrastructure becomes an 
integral part of spatial planning and territorial development and it promotes EU 
leadership in the new global market for nature-based solutions with new economic 
opportunities, products, services and new local green jobs (EU 2015).
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1  Introduction

In the pursuit of a liveable urban environment, water infrastructures have always 
played an essential role. The development of safe sewage and drinking water supply 
systems since the mid-nineteenth century has ended the ages of severe pestilence 
and created the hygienic preconditions for the exponential growth of cities in the 
decades of industrialization and urbanization. In the future quest for sustainable 
urban transformation, too, water infrastructures will remain an essential factor, even 
though the factual challenges have changed and transformation of the historic infra-
structure systems seems to be necessary, in multiple regards: In many cities around 
the globe, water infrastructures are facing major challenges. Demographic change, 
climate change, aging infrastructure, and more stringent water pollution control 
standards are placing the “blue infrastructure” under pressure. Scenarios involving 
re-orientation and system transformation – e.g., shifting the emphasis towards semi- 
central and closed-loop technologies – are being discussed (see, e.g., the contribu-
tion of Nivala et  al., “Green Infrastructure for Increased Resource Efficiency in 
Urban Water Management”, in this volume). In this context, there is also a growing 
focus on the governance of urban water infrastructures, and it is questioned whether 
existing laws and organizational settings are adequate for meeting the above- 
mentioned challenges.
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However, the debate in this area tends to be fragmentary and to oscillate between 
the various individual objectives and problems of a sustainable water supply and 
sewage systems. In the light of this, this contribution provides a comprehensive 
review of the challenges, objectives, and institutional priorities that should underlie 
the development of sustainable water infrastructures. Firstly, we briefly review the 
factual challenges that (many) agglomerations are facing with regard to water infra-
structures. Then, drawing on the general and sector-specific sustainability debate, 
15 key objectives and preconditions for sustainable water infrastructure develop-
ment are formulated and discussed as “imperatives” to be observed in the interests 
of sustainability. Lastly, conclusions will be drawn as to how these imperatives can 
be accounted for within the governance framework of water infrastructure develop-
ment (Sect. 4).

At the outset, it should be noted that this paper refers to German and European 
examples with regard to both the factual situation and the governance framework. It 
is apparent, however, that similar challenges exist in many cities around the world. 
Moreover, the general key objectives and requirements of sustainable water infra-
structure development discussed in Sect. 3 are of a global nature and are applicable, 
regardless of the specific local situation. The same holds true with regard to the 
basic institutional implications that we analyse in Sect. 4. As the reader will hope-
fully agree, these implications are, similarly, of a general nature and equally rele-
vant beyond Germany and Europe.

Lastly, we wish to clarify that the sustainability challenges, criteria, and 
approaches analysed below are not generally confined to urban agglomerations but 
are, in many regards, equally relevant to smaller and even rural settlements. 
Nevertheless, they are essential factors for sustainable urban development, there-
fore, need to be duly considered and analysed in the context of urban 
transformation.

2  Seminal Challenges for Urban Water Infrastructure 
Development

Little research is needed to identify the challenges facing urban water infrastructure 
development and governance: the key problems and development issues are more or 
less obvious and are widely discussed among experts (for concise summaries see 
Pinnekamp 2014; Bauer 2014; for the legal aspects see Hanke and Libbe 2012). The 
following survey relates mainly to the situation in Germany and Central Europe. 
However, as mentioned above, comparable problems also exist  – to varying 
degrees – in other countries and regions (Grafton et  al. 2015; Wong and Brown 
2009).

M. Reese and E. Gawel



147

2.1  Widespread Reinvestment Gaps and Obsolescence 
of Existing Waste Water Structures

In many parts of Germany, the water infrastructure suffers from serious under- 
investment (Dohmann 2014; Grabow and Schneider 2014). It is estimated that the 
annual amount that needs to be spent on the country’s sewage infrastructure alone is 
€8.5 billion (Dohmann 2014, p. 17), yet, in 2013, the actual investment totalled a 
mere €4.8 billion (Leptin et al. 2014). Many systems are out-dated and in need of 
replacement. Hence, reform of the financing and investment policies is apparently 
necessary if the infrastructure is to be not only appropriately maintained but also 
upgraded and transformed in accordance with technical developments.

2.2  Demographic Change (Shrinkage/Growth/Aging)

Demographic change poses a twofold challenge for water infrastructure develop-
ment. Firstly, the population density is decreasing in many areas. Shrinkage is 
occurring especially in rural areas but also in many urban neighbourhoods 
(Statistisches Bundesamt 2015). The central water supply and sewage infrastructure 
in these shrinking areas is increasingly underutilized, resulting in significant ineffi-
ciencies and, in some cases, in steeply increased costs for operators and users (pri-
vate households, businesses). Underutilization can also place the functioning of the 
infrastructure at risk (Londong et al. 2011, p. 153ff.; Siedentop et al. 2015, p. 15). 
Secondly, the average age of the German population is rising steadily (Statistisches 
Bundesamt 2015), with attendant changes in user behaviour. In particular, the dis-
charge of pharmaceuticals into domestic sewage is increasing (Tränckner and 
Koegst 2011; Hillenbrand et  al. 2010). The human and environmental risks and 
impacts of this remain largely uninvestigated and consideration needs to be given to 
the strategies and technologies (e.g., active carbon adsorption or ozonation as a 
fourth stage of sewage treatment) that should be deployed to reduce the concentra-
tion of pharmaceuticals in sewage (Pinnekamp 2014, p. 5). The higher water purity 
standards that currently apply are an important factor here.

2.3  New and Stricter Environmental Standards

In Europe, wastewater infrastructures must comply with increasingly stringent 
water quality standards, largely as a result of the European Union’s water policy. 
The Water Framework Directive 2000/60, which entered into force in 2000, makes 
it compulsory for member states to achieve a good status of surface and ground 
water bodies, normally by 2015, and, at the latest, by 2027 (Article 4.1 WFD). 
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Compared to the status quo, the Directive sets high standards for both the ecological 
and chemical components of these objectives.

Good ecological status of surface waters is defined as a situation in which ‘the 
values of the biological quality elements ... deviate only slightly from those nor-
mally associated with the surface water body type under undisturbed conditions’ 
(1.2 of Annex V to the Water Framework Directive). For highly modified and artifi-
cial water bodies, values are permitted to deviate only slightly from those found at 
the ‘maximum ecological potential’ consistent with the necessary modifications. 
Good chemical status of surface waters is defined by the environmental quality 
standards of Directives 2008/105/EC and 2013/39/EU. Some of these quality objec-
tives – especially those for ubiquitous pollutants – are still significantly exceeded in 
many water bodies. In addition, Directive 2013/39 introduces a ‘watch list’ that 
should be monitored with a view to limiting permitted levels at a later, if this proves 
necessary. Pharmaceuticals are included in this watch list for the first time. This 
means that further standards might be imposed, posing an additional challenge for 
municipal sewage management and rendering additional treatment stages necessary 
(Kern 2014; UBA 2015). Water quality targets also present challenges for rainwater 
management, for example, with regard to combined sewer overflows, which often 
enable untreated sewage to drain into receiving water bodies.

2.4  Increasing Risk of Urban Flash Floods as a Result 
of Land-Use Change and Climate Change

Climate change may cause an increase in heavy rain events in Central Europe and 
elsewhere. Increasingly extreme precipitation increases the risk of urban flooding, 
as a result of rainwater volumes that overload the drainage system. This risk of 
sewer overflow and flooding is, of course, both caused and exacerbated by the fact 
that, in cities, increasingly more land is being sealed and not being developed in a 
‘water-sensitive’ way that enables extreme precipitation to be temporarily stored or 
channelled off without causing damage. Under the banner of terms such as ‘water- 
sensitive development’ and ‘sponge cities’, a wide range of technical and planning- 
related development options is now being discussed (Bunster-Ossa 2013).

2.5  Increasingly Dry Summer Seasons and Drought Periods 
as a Result of Climate Change

As part of regional variations in climate change patterns, periods of drought could 
increase and make it more difficult to secure adequate supplies of water, especially 
for the high demand of large agglomerations (Zebisch et al. 2005; Castell-Exner and 
Zenz 2010; Karthe 2015). Drier summers are likely to become the norm in some 
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parts of Germany, making it necessary either to restrict water withdrawal (e.g., for 
power-plant cooling or agricultural irrigation) or to put expensive, alternative pro-
curement systems (long-distance water supply) into place.

2.6  Strong Call for More Energy and Resource Efficiency

For reasons of climate change mitigation, environmental conservation, and cost effi-
ciency, there is constant pressure on the water service sector to reduce the use of 
energy and resources (Flasbarth 2012) – particularly in the energy-intensive field of 
wastewater treatment. In Germany, for example, wastewater treatment uses between 
15 and 80 kWh of energy per person per year (Hansen 2014); a significant energy- 
saving potential seems to exist here (DWA 2010). The main contribution of waste-
water management to resource conservation is via the recovery of valuable 
substances from sewage. The discussion focuses currently on phosphorus, because 
this element is in particularly short supply (Cordell et  al. 2011; Roskosch and 
Rechenberg 2015). However, other nutrients, energy, and the water itself also need 
to be considered (Mo and Zhang 2013).

2.7  Increasing and Highly Diverging Water Prices

As already mentioned, coping with the challenges that have been described requires 
significant investment; financing this investment is, itself, a key challenge for water 
infrastructure development. A major problem in this area is that local authorities do 
not necessarily spend the revenue from water and sewage charges on infrastructure 
development but, instead, use it for other municipal purposes (Gawel 2011). Linked 
to this, one of the reasons why costs and financing are regarded as a key challenge 
is that there are large regional differences in water and sewage charges in Germany 
and, in some cases, these charges are rising markedly (Gawel and Bedtke 2013). 
This leads one to suspect that, in some places, management is inefficient or that 
consumers are being overcharged.

2.8  The Liberalization Question

With regard to cost efficiency, the finger is often pointed at the state’s monopoly of 
activities in this field and the frequently competition-free regulatory framework of 
the water management system: these two issues are often seen as causes of ineffi-
cient management and excessively high charges (see, for example, SRU 2002, 
p. 295ff.). In England, for example, competition in this field has already been sig-
nificantly extended, whereas Germany  – partly as a result of the negative 

Sustainable Urban Water Governance – Main Aims, Challenges and Institutional…



150

experiences of some other countries (Lobina and Hall 2007; Bakker 2010) – has 
virtually avoided this path (Gawel 2016b). Nevertheless, the issue of an appropriate 
competitive regulatory framework remains on the agenda (Gawel and Bedtke 2015), 
especially from the European perspective (Finger et al. 2007).

3  Towards Sustainability: Essential Aims and Requirements 
of Sustainable Water Infrastructure Development

The summary of challenges, in itself, reveals some of the key objectives of the 
development of urban water infrastructures, such as increasing the resilience of 
water supply and sewage systems to extreme weather conditions, improving envi-
ronmental performance in terms of water quality, and boosting energy efficiency. 
These are also some of the core objectives of sustainable development. As will be 
shown below, however, sustainable development of urban water infrastructures– at 
least if it is based on the prevailing understanding of sustainable development, in 
general, and of sustainable water governance, in particular – also needs to satisfy a 
number of other core objectives and basic conditions.

In the professional debate on the above-mentioned challenges, there is frequent 
reference to the topos of sustainability and the ideal of sustainable water manage-
ment (e.g., Hellström et al. 2000; Makropoulos et al. 2008; Novotny 2008). Various, 
very valuable concepts for implementing the requirement for sustainability in water 
governance have also been developed (Kahlenborn and Kraemer 1999; Brackemann 
et al. 2001).1 We have analysed this sustainability debate and the relevant concepts 
in detail elsewhere, as a basis for arriving at a comprehensive requirement profile 
for sustainable water supply and sewage disposal systems (Reese and Bedtke 2015) 
that:

 – is based on a broad definition of sustainability, involving long-term optimization 
of basic ecological, economic, and social conditions for wellbeing and, in par-
ticular, permanent and ubiquitous compliance with minimum standards for a life 
compatible with human dignity and minimum conditions for the conservation of 
the natural foundations of life.

 – should specify only ‘pure’ objectives and basic conditions that are essential for 
sustainable management in the above sense, and should not include strategic or 
instrumental decisions about ways and means. The initial aim is to clarify the 
sustainability standards needed for further strategic, technical, and institutional 
development.

1 Key documents are the Dublin Statement on Water and Sustainable Development, International 
Conference on Water and the Environment, Dublin, January 1992; Agenda 21: United Nations 
Conference on Environment and Development in June 1992  in Rio de Janeiro, Chapter 18  – 
Protection of the quality and supply of freshwater resources.
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On the basis of these premises, we have identified the 15 core objectives and 
basic conditions listed in the table below (Reese et al. 2015).

Each one of these “sustainability imperatives” will be further explained and ana-
lysed below. Initially, however, some important general aspects will be detailed.

All the sustainability imperatives apply to the entire urban water management 
system – i.e., on both the supply and the disposal side. The two sides are considered 
here in parallel – with particular attention not only to their connections and syner-
gies but also to differences and specific challenges.

There are many trade-offs between the various sustainability imperatives; the 
aim is, therefore, optimization – i.e., realization of the combined objectives in the 
best way possible. The core requirement of the sustainability maxims is the achieve-
ment of the optimum and, in the long term, most viable balance between the eco-
logical, economic, and social issues that the imperatives cover. However, how 
conflicts/trade-offs between the individual sustainability imperatives are to be 
resolved in practice  – e.g., whether affordability should be reduced in order to 
achieve a higher level of environmental protection – is clearly a question of weight-
ing, for which the concept of sustainability does not provide a definitive answer. 
Instead, there is considerable room for political manoeuvring to achieving a balance 
between the different imperatives: various ‘sustainable’ solutions are possible.

Nevertheless, there are also limits to this room for manoeuvring; to completely 
ignore one of the imperatives or to neglect one in an obviously inappropriate way 
oversteps these limits. In particular, the boundaries of sustainability are transgressed 
if a compromise solution is not globally applicable or not permanently sustainable 
and the problem is shifted to other regions or to future generations (SRU 2012, 
p. 31ff.). With regard to security of resources and environmental sustainability, this 
applies, above all, to practices that do not meet the requirement for long-term con-
servation and lead, instead, to continuous degradation of the natural foundations of 
economic activity. It is true that the level of long term conservation needs to be 
determined politically (Reese and Bedtke 2015; Kopfmüller et al. 2001, p. 64 ff.). 
On this basis, however, the conservation principle and the ‘sustainability manage-
ment rules’ that arise from this principle can well be regarded as defining the ‘outer’ 
limits of sustainable resource management, also in the field of urban water manage-
ment (see SRU 2002 for a more detailed account).

Within these ultimate sustainability boundaries, the sustainability imperatives 
provide an indicator of the sustainability effects of various management options. 
The better an option scores, in terms of meeting the objectives of the individual 
imperatives, the more sustainable it is in the sense used in these imperatives. If the 
option involves conflicting sustainability requirements and trade-offs are therefore 
unavoidable, measuring its (positive or negative) sustainability benefit is, normally, 
partly a question of weighting. Some initial thoughts on these issues of weighting 
and ‘room for manoeuvring’ in connection with sustainability on an urban scale will 
now be presented.

It is not the authors’ intention to put forward their own preferences as a basis for 
a particular sustainability (preference) model. The aim is, rather, to highlight the 
various areas of tension and scope for value judgements, and the limits of these 
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areas. One of the purposes of the list of objectives in Table 1 is to specify the key 
criteria for assessing the technical and institutional aspects of sustainable urban 
water management.

 (1) Demand orientation

A demand-oriented water supply and sewage disposal system is the main aim of 
residential water services. The actual need on the demand side (domestic use, indus-
try, trade, and agriculture) in quantitative and qualitative terms must form the basis 
and the benchmark of water governance activities. Demand-orientation has funda-
mental points in common with economically efficient water management systems 
that provide water and sewerage services geared to the preferences of consumers 
(see imperative no. 7). From the social perspective, though, one aspect of this 
demand orientation is that water and sewage services must also take account of the 
other sustainability requirements.

A maximum level of supply based on what consumers demand and in the absence 
of any cost and other limitations (the ‘saturation quantity’) is clearly not compatible 
with the objective of sustainability. The sustainability objective, in the narrow sense, 
must instead be a – sustainable – level of supply that is also compatible with the 
other sustainability imperatives. However, the hypothetical maximum demand 
remains a key guiding criterion, although it will only be met if this can be achieved 
sustainably; the other sustainability imperatives may impose significant restrictions 
on this. In particular, if supplies are scarce, the need to secure resource availability 
may mean that the demand from user groups cannot be met in full.

Even if scarcity is not an issue, it makes economic sense to regard demand as 
relevant only if is articulated in awareness of and with due consideration to the full 
economic costs of providing water services. Restrictions may also be required for 
cost effectiveness and efficiency. For example, the costs of providing infrastructure 
may exceed the utility derived from it, or cost-effectiveness calculations may require 
the scope of provision to be reduced, or render consideration of alternative techno-
logical options necessary.

It should be borne in mind here that key social priorities in connection with 
demand-oriented supply are a basic supply of clean water and sewage hygiene. 
However, with regard to the relationship between the precedence of basic supply, on 

Table 1 Sustainability 
imperatives: Core objectives 
and basic requirements of 
sustainable urban water 
governance

1. Demand orientation 9. Polluter/user pays
2. Secure resource 
availability

10. Acceptance

3. Health protection 11. Knowledge orientation
4. Security of supply 12. Precaution
5. Environmental soundness 13. Flexibility
6. Resource efficiency 14. Integration
7. Economic efficiency 15. Participation
8. Affordability
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the one hand, and competing uses and sustainability goals on the other, it is neces-
sary to clarify how this precedence relates to the ‘impositions’ of payment, procure-
ment, or change of location. These ‘impositions’ can, after all, (partly) serve to steer 
the demand for basic provision into more sustainable channels. Two fundamental 
aspects should be considered in this connection:

• Firstly, impositions do not obstruct basic provision if they are within the means 
of those affected (Gawel and Bretschneider 2016). Obviously, no one should find 
it impossible to obtain access to clean water but, provided that the impositions 
are tolerable, basic provision per se is not in question. The issue, rather, is the 
interest of the recipients of such provision in avoiding expenditure. Against this 
interest, however, the competing interests of sustainability, such as the interest in 
securing resource availability and the interest in environmental soundness must 
inevitably be set. Balanced solutions are therefore required.

• Secondly, it is not necessarily the task of urban water services to ensure that 
everyone can cope with the impositions. In particular, if poverty is an obstacle, 
responsibility for addressing this lies with social policy institutions (Bretschneider 
2016). Consequently, the primacy of basic provision does not mean that major 
environmental, resource-related, or efficiency problems should be accepted 
unconditionally, in order to ensure basic provision in even the most unfavourable 
location.

In Germany and Central Europe, it is, in fact, often decreasing demand that poses 
challenges for water governance. If population shrinkage and falling consumption 
result in systems being underused, the imperative about demand-oriented water sup-
ply and sewage services becomes relevant because it requires supply and disposal 
systems to be protected against critical under-utilization. The demand orientation 
benchmark, thus, also includes the need to avoid functionally critical over-capacity. 
Avoidance of over-capacity is also required under the imperatives relating to eco-
nomic and resource efficiency, and indeed long before the under-utilization reaches 
an extent that puts functionality at risk.

 (2) Secure resource availability

Ensuring the long-term adequacy of water resources is a crucial requirement for 
sustainable supply and one that involves both the supply and the demand side. On 
the supply side, sources of raw water in sufficient quantity and quality must be 
secured, especially with regard to the high demand of large agglomerations. Water 
pollution control, including, in particular, the harmless disposal of wastewater, is 
clearly of central importance in this respect.

In connection with securing water resources, it is always worth considering the 
use of sources outside the local area; the exchange of resources between water-rich 
export regions and demand-heavy import regions can be economically beneficial to 
both sides. However, long-distance water supply systems are widely criticized – 
partly on account of the need to conserve resources for the future – and because 
German water law establishes the primacy of ‘water supplies from local water 
resources’ as standard practice, provided that these supplies can be secured in 
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 sufficient quantity and quality and at reasonable expense (Article 50.2, German 
Federal Water Act). One of the cited justifications for this is that obtaining supplies 
locally is in keeping with the ‘polluter pays’ principle and provides incentives for 
conserving local water resources that might be lost if water is obtained from a dis-
tance (Kahlenborn and Kraemer 1999). In addition, transporting water over long 
distances may involve accepting reductions in quality and incur additional costs that 
conflict with the requirements for economic efficiency and affordability. The con-
flict between local and long-distance supply involves a number of advantages and 
disadvantages that must be weighed against each other (Kampe 1987; Kriener 
2004).

On the demand side, a wide range of technical and regulatory measures can be 
used to encourage users to reduce the amount of water consumed. This is relevant in 
agriculture and for industrial plants and equipment that use water. It may also be 
possible to manage water consumption by limiting allocation to different uses. 
Finally, the consumption side and the supply side can be linked through processing 
and re-use, to form a resource-saving circular management system. However, 
demand management and circular solutions have a significant impact on central 
supply and disposal systems, which need to be adjusted to reduced procurement 
volumes and wastewater quantities. The costs of the necessary system adjustments 
may be considerable; in the short term they may impose limits on resource-saving 
for efficiency reasons. In the long term, however, system adjustments can result in 
significant cost savings, especially when abandonment of (oversize) pipe networks 
goes hand in hand with closed-loop management.

 (3) Health protection

Health is a central precept of sustainable water supply and sewage disposal. On 
the supply side, this imperative requires making the available water have a quality 
appropriate to the purpose for which it is used and to be harmless to health. For 
drinking water supplies, this means maintaining adequate hygiene and avoiding 
problematic pollutant content. Shortage of supplies may make it necessary to com-
promise on quality or to use less pure sources of water or treated wastewater (gray-
water, rainwater). In the interests of affordability, it may be appropriate to dispense 
with costly stages of treatment and to differentiate quality standards according to 
the purpose for which the water will be used. When attempting to strike a balance 
between health protection and resource conservation, drinking water quality stan-
dards clearly play a key role.

On the disposal side, from the point of view of the health protection objective, it 
is important to ensure that wastewater is collected, drained away, and treated in 
ways that preserve municipal hygiene, that there is a physical barrier impervious to 
human pathogens between wastewater and water supplies, and that any planned use 
of surface waters, as swimming areas or sources of drinking water, is unaffected by 
the chosen disposal option.
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 (4) Security of supply

The goal of security of supply encapsulates the need to secure supply and dis-
posal systems, which are part of the ‘critical infrastructure’ (BMI 2011), against 
extreme events and to ensure uninterrupted provision of water services. In the pub-
lic debate, the concept of security of supply often goes further than this and is 
regarded as including long-term resource security (Scheele 2006). When consider-
ing the specific risks and challenges, it seems appropriate to distinguish between 
these objectives and to recognize security of supply in the narrower sense – security 
against interruption and breakdown – as a separate sustainability condition.

The causes of risks to the security of the water supply, in this narrower sense, are 
varied. They include worst-case scenarios, in particular:

 – technical failure of the supply infrastructure as a result of age- or obsolescence- 
related defects, inadequate maintenance, or over- or under-use (BMI 2011),

 – extreme rainfall and flooding,
 – periods of extreme drought, and, also
 – hostile events ranging from terrorist attacks (Gleick 2006) to defence-related 

situations;
 – if services are provided by the private sector, security of supply may also be 

jeopardized when a supply company ceases operation as a result of bankruptcy.

During times of stable development, these unusual sustainability risks tend to 
remain in the background. Nevertheless – and not least because of the historical 
experience of two world wars – security risks are an important political consider-
ation connected to the development of ‘critical’ infrastructure. National security of 
supply, including supply to the energy industry and to agriculture, continues to be a 
key driver of state infrastructure policy.2 The challenges that arise from this include 
making supply and disposal systems as invulnerable as possible and maintaining 
emergency systems for basic supply purposes. In organizational terms, steps should 
be taken to enable those enterprises and administrative systems responsible for 
water supply and disposal services to remain functional and to ensure effective cri-
sis management.

 (5) Environmental soundness

Sustainable water infrastructures must be environmentally sound in the long 
term. According to sustainability management rules, this means that steps must be 
taken to minimize the environmental burdens arising from water procurement, treat-
ment, and transport – and, in particular, those arising from waste water disposal – 
and that the capacity limits of the environmental media and ecosystems must not be 
exceeded (Enquete-Kommission 1994; Kahlenborn and Kraemer 1999). From the 
point of view of urban water management, these are primarily issues of protecting 

2 See, in particular, the publications of the German Federal Office of Civil Protection and Disaster 
Assistance (BBK) on the protection of critical infrastructure: www.bbk.bund.de/DE/
AufgabenundAusstattung/KritischeInfrastrukturen/Publikationen/publikationen_node.html
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water bodies and maintaining the hydrological regime (groundwater recharge). The 
requirements of water law and the resulting need for action have already been 
referred to in the introduction of Sect. 1 above. Reference has also been made to the 
opportunities for climate change mitigation within urban water management, which, 
in large measure, also form part of the objectives of energy and resource efficiency.

 (6) Water resource efficiency

The sparing, efficient, and future-oriented use of water resources is another fun-
damental requirement of sustainability. This applies, in particular, to natural 
resources that are exhaustible and difficult to replace. However, renewable resources 
must also be considered if they are being overused or if their capacity for regenera-
tion is being irreversibly impaired. The objective of water resource efficiency is, 
thus, about contributing to the maintenance of society’s production opportunities. 
Furthermore, resource efficiency is also required for environmental protection, 
because the extraction, use, and disposal of resources often entail significant envi-
ronmental burdens.

‘Resource efficiency’ is only indirectly linked to ‘securing resource availability’. 
If securing resource availability is interpreted as imposing an absolute limit on (or 
reduction in) human access to resources, this cannot be ensured through economi-
cally efficient resource use alone; the best possible use of inputs does not necessar-
ily imply the restrained use of these resources, in the sense of absolute moderation. 
This is the ‘ecological trap of economic resource efficiency’ – a subject that has 
been discussed often and at length (e.g., Gawel 2016c).

Nevertheless, economic resource efficiency can make an important contribution 
to securing resource availability by weeding out uses that are ‘economically ineffi-
cient’ or, in other words, wasteful. Economic resource efficiency, as a usage rule, 
results in a specific form of rationing of scarce resources that is unavoidable in a 
world of scarcity, namely rationing on the basis of relative urgency: scarce resources 
are used where – according to the benchmark of value that is used – they produce 
the highest yield, i.e., where they can be deployed with the greatest utility (the eco-
nomic aspect). At the same time, this rule condenses resource use, confining it to 
efficient uses (the ecological aspect). This means that economic resource efficiency 
can be simultaneously seen as a kind of ecological precautionary principle that con-
serves the resource base by reducing (inefficient) usage and, at the same time, as a 
rule of economic wisdom that seeks to maximize the utility of the remaining 
resource appropriation.

 (7) Economic efficiency of water services

To ensure sustainable urban water management, it is essential that the provision 
of water services is based on economic criteria and that economic resources are 
used without waste. At the microeconomic level, this means that service provision 
must be as cost-efficient as possible, whilst, at the macroeconomic level, it requires 
efficient allocation of supply and disposal tasks/services.

In the name of cost efficiency it is necessary to realize the efficiency potential of 
the sector, which is likely to reside mainly in technological and administrative econ-
omies of scale. Efficiency potential also exists in the synergies that can be achieved 
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through linking and harmonization of supply and disposal services at the opera-
tional level. However, one of the reasons why boosting economic efficiency in the 
water sector poses a challenge is that services are largely provided by regional ter-
ritorial monopolies and, moreover, usually in a vertically integrated form and with-
out competitive control of prices. This is why service provision is widely regarded 
as inefficient (e.g., Monopolkommission 2010; see Gawel 2016b for an overview).

In addition, the efficiency imperative renders both static and dynamic consider-
ation necessary. In the light of the climatic, demographic and settlement-structure- 
related changes described earlier, solutions must be found that remain efficient 
under the changed circumstances or can be adapted at low cost.

 (8) Affordability

The objective of sustainable urban water services – like the objectives of other 
public services – is often linked to the social policy requirement that these services 
be offered to users at affordable and roughly equal prices (Bretschneider 2016; 
Gawel and Bretschneider 2014). This requirement is based on the conviction  – 
which is also widespread outside Germany – that the public sector has a responsibil-
ity to intervene to ensure a minimum level of supply of basic infrastructure services 
to the entire population (Reese and Koch 2010; Britz 2004). It is the task of state and 
local authorities to make sure – by providing services themselves or through appro-
priate regulation – that the necessary structures are created and maintained and that 
basic provision is also available to the entire population at affordable and approxi-
mately equal prices. In connection with the general objective of meeting demand, it 
has already been stated that the human right to water gives rise to a requirement to 
provide basic water supply and waste water disposal services at affordable prices 
(Laskowski 2010; from an economic perspective: Bretschneider 2016). The ques-
tion of which barriers to access are nevertheless appropriate  – especially in the 
interests of sustainable water supply and sewage services – must be considered in 
connection with the affordability objective, with a particular focus on the price.

There are questions to be asked about what pricing impositions can be regarded 
as ‘affordable’ and the extent to which offsetting should take place between central 
locations, to which services can be provided at low cost, and decentral locations 
where, because of higher fixed costs and smaller effects of scale, connection to sup-
ply and disposal systems may prove to be significantly more expensive. It is doubt-
ful whether it should be the task of public water services to guarantee equal 
affordability across the board, even in the most remote areas. Finally, moving on 
from the core guarantees of the human right to water, it is necessary to clarify 
whether the affordability postulate should apply beyond the area of basic provision 
and whether it should also protect water users’ interest in merely avoiding added 
expense.

The affordability objective raises significant conflict issues, depending on how 
these questions are answered. For example, if the answers mean that cost-recovery 
prices cannot be imposed and (cross-) subsidies are therefore required, this would 
clearly conflict with the ‘user pays’ principle (see imperative no. 9 below) and with 
the objectives of securing resource availability and resource efficiency (nos. 2 and 6 
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above), because subsidizing water services tends to militate against sparing use and 
sustainable technological and structural change. These other sustainability require-
ments therefore appear to argue, prima facie, for the affordability objective to be 
taken into account via social ‘poverty assistance’ that is specifically targeted at the 
needy and, as far as possible, does not affect the elementary allocational function of 
prices for water services.

 (9) Polluter/User pays

Fair distribution of the burdens associated with supply and disposal services is 
another common objective of sustainability. It applies, in the first instance, both to 
the distribution of the burden within the present generation of users/polluters (intra- 
generational) and to fair distribution of the burden between this generation and 
future ones (inter-generational) (Rogall 2008). Intra- and inter-generationally fair 
distribution of the burden needs to be guaranteed institutionally, and systematic fair-
ness gaps must be avoided.

Full cost recovery under the ‘user pays’ principle not only accords with the gen-
eral sense of justice but is also a significant incentive for sustainable consumption 
behaviour and a basic requirement of an economic management system that remains 
viable in the long term. An infrastructure management system that systematically 
transfers costs to future user groups or to the general public is clearly not sustain-
able; it is not economically viable, in the long term, and it creates incentives to 
waste resources. In the interests of economic sustainability, it is therefore desirable 
for each user and each generation of users to pay the share of the costs that reflects 
their usage.

This must also apply, in principle, to the external costs of water services, espe-
cially the costs arising from consumption and pollution of environmental assets 
(Gawel 2016a). From the point of view of ‘sustainable’ equivalence of burden, the 
costs of rehabilitating these environmental assets and the costs of lost environmen-
tal utility must also be recovered from the service recipients, in order to avoid cost- 
shifting, to create sustainable avoidance incentives, and to ensure restoration – at 
least on a compensatory basis – of the consumed assets.

The call for cost recovery that fully reflects the usage made and the benefit 
obtained therefore seems appropriate for a number of reasons. However, imple-
menting this approach raises significant conflict, attribution, and calculation issues. 
As already mentioned above, there is, in particular, a fundamental conflict with the 
objective of basic supply and affordability. From the perspective of the ‘user pays’ 
principle, the redistribution of costs required by the affordability principle seems 
unfair and reduces the incentive for beneficiaries and service providers to adapt to 
real scarcity and cost considerations. Calculation and attribution problems arise, for 
example, in connection with reliable credit financing, assessment of depreciation 
and risk, and assessment and attribution of environmental costs. Another significant 
challenge involves ensuring that funds are used in accordance with the purpose for 
which they were obtained. This is also a necessary condition of the ‘user pays’ prin-
ciple and one that deserves special attention.
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An essential requirement, at least for inter-generational equivalence of burden, is 
that the cost-equivalent funds collected from one generation of users are actually 
used to offset the consumption of assets that has taken place and to conserve the 
substance of the infrastructure. Otherwise, cost-equivalent prices will be calculated 
but the burdens will still be transferred to future generations of users. This aspect of 
equivalence of burden is by no means trivial, especially because providers of munic-
ipal water services have a strong tendency to transfer some of the revenue from 
water and sewage charges to the general municipal budget and use it for entirely 
different purposes, to the detriment of the infrastructure stock (Gawel 2011). A key 
challenge in accordance with the imperative of ‘the user pays’ is, therefore, to 
ensure full purpose-appropriate use of the cost-covering refinancing funds that are 
collected.

With regard to water supply, in particular, the cost generators are, primarily, the 
connected customers or water users. As the beneficiaries, they give rise both to the 
provision of the supply and to the factor costs, environmental costs, and resource 
costs that may result from the withdrawal of water. If the factor cost of supplying 
water is further increased by external influences, these cost sources (farmers, plant 
operators) would also need to be included as causes of costs. This gives rise to attri-
bution and distribution questions related to the proportion of costs attributable to the 
connected customer (as the originator of the purpose) and the ‘external’ cost genera-
tor. Difficult assessment problems also arise in connection with the ‘true’ environ-
mental costs (Gawel 2014) for further references to the Common Implementation 
Strategy (CIS) in connection with Article 9 of the Water Framework Directive).

The above comments apply analogously to the sewage disposal system. The 
environmental costs of wastewater disposal are the adverse effects on water bodies 
caused by the waste water. It is precisely because the ‘user pays’ principle has been 
ignored for so long and standing practices have been implemented at the expense of 
asset depletion that sewage disposal is, in many places, confronted with significant 
sustainability issues.

 (10) Acceptance

Technological and institutional solutions cannot be sustainable unless they are 
sufficiently accepted by users, those responsible for supply, and any third parties 
involved. Acceptance is an asset in itself  – as an expression of satisfaction and 
agreement with a particular supply situation or standard. Acceptance is also a key 
implementation condition; in particular, it is essential in order to ensure that the 
specific solutions are supported by the stakeholders in the long term and not 
obstructed. Conflicts of objectives therefore arise in connection with supply and 
disposal concepts and solutions that – at least in the eyes of those affected – are 
associated with significant cost burdens, interference with private property, or loss 
of convenience (see, for an overview, Po et al. 2003; Mankad and Tapsuwan 2011). 
Acceptance problems also arise in connection with the production of drinking water 
from treated wastewater, because although the resulting water may be hygienically 
safe, the ‘yuck’ factor may still predominate (Russel and Lux 2009). In Germany, 
the traditional idea prevails that drinking water, as ‘food no. 1’ must, as far as 
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 possible, be free of non-natural ingredients. Supply solutions that do not ensure this 
therefore meet with acceptance problems. This applies, in particular, to competitive 
solutions involving long-distance transport and piping systems, in which adequate 
hygiene can only be ensured by adding chemicals (Besche 2004). Another area in 
which acceptance issues may arise relates to connection with decentralized or inno-
vative solutions – such as small-scale sewage treatment systems for individual prop-
erties or rainwater harvesting systems – that require greater involvement of the users 
of the infrastructure services in setting them up (Parsons et al. 2010; Geyler et al. 
2014). However, acceptance of a new water management option, including its dis-
advantages, will be significantly enhanced if the option is recognizably in keeping 
with the sustainability imperatives elaborated here and it is, therefore, clear that it is 
in the common interest. As experience with major infrastructure projects has shown, 
another key factor is involvement of the affected population in the decision-making 
process at an early stage, so that people are given an opportunity to state their con-
cerns and these concerns are at least considered during decision-making. A related 
point is that acceptance can only be expected if possible alternatives are included 
and examined with an open mind as to the outcome, and if the decision-making 
process and the reasoning behind the decision are made transparent and comprehen-
sible (Renn et al. 2014).

 (11) Knowledge orientation

A basic requirement for broad implementation of all the above-mentioned core 
objectives is a knowledge base that is as extensive as possible and that is continually 
expanded through research and innovation. The knowledge base should include, 
firstly, technical knowledge relating to the options for advanced water extraction, 
treatment and distribution, and wastewater disposal. Secondly, it should cover 
knowledge of relevant natural and social conditions. This must include reliable pro-
jections and detailed knowledge of the driving forces behind climatic and demo-
graphic developments and the causal relationships between these developments. 
Knowledge in predictive situations also involves knowing what we don’t know and 
dealing with this lack of knowledge. When important infrastructure decisions are to 
be made, uncertainties must be identified and disclosed, different possible courses 
of development must, if possible, be illustrated by scenarios, and action strategies 
must be devised that have the prospect of proving successful in all the possible 
courses of development.

The technical challenge extends into the realm of science. It entails improving 
our incomplete knowledge of the regional consequences of climate change and their 
impacts on water governance through research (Hasse et  al. 2012; Keßler et  al. 
2012). Research into demographic, social, technical and settlement-structure- 
related developments is also needed. Here, detailed regional monitoring pro-
grammes and advanced, continuously improved modelling are required.

 (12) Precaution

Precaution is a key condition for sustainability. It is particularly important in 
connection with sustainable development of water supply and sewage systems. 
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Precaution means, above all, that future developments and risks must be assessed as 
clearly as possible and that supply and disposal systems and usage structures that 
are capable of meeting changed requirements in the future, or of being adapted, 
must be developed in that manner at an early stage.

Forward-looking action is crucial for sustainable development of urban water 
infrastructures because central supply and disposal systems have a long service life. 
The demand side is also characterized by ‘sluggish’ developments in settlement 
structures – developments that can only be influenced in the long term and through 
advance planning. From the point of view of the precautionary approach, this sug-
gests that it is necessary to think well ahead and act on a long-term basis.

Rational precaution will, where possible, select ‘no regret’ options and develop 
systems that will remain functional across a range of development scenarios (Reese 
2010). To this end, it can be useful to establish flexible, decentral supply and dis-
posal solutions that can more easily be adapted to unforeseen developments. 
However, given the current situation, this requires a system transformation that 
would itself need extensive preparation. Another, potentially complementary strat-
egy could involve creating particularly ‘stable’ systems that perform adequately 
under a wide range of conditions.

Economic precaution is also essential for sustainability. In tandem with the 
objectives of demand orientation and equivalence of burden, economic precaution 
requires that constant attention be paid to making the investment and to building up 
the reserves that are necessary in order to maintain the functionality of supply and 
disposal systems in a cost-efficient way and to finance necessary adaptations and 
innovations.

 (13) Flexibility

Flexibility is now widely regarded as an important factor in the sustainability of 
water infrastructure, especially in light of the uncertainty that exists with regard to 
future demographic, economic, and ecological developments (Spiller et al. 2015; 
Laskowski 2012). As described above, flexibility that enables adaptation to various 
developments is, in principle, a key precautionary strategy. The more dynamic the 
way in which conditions develop and the more uncertain and variable the develop-
ments that occur, the more important flexibility becomes.

However, flexibility comes at a price and flexible technologies may have disad-
vantages in terms of other sustainability objectives. In particular, there are likely to 
be economic disadvantages if a wide range of flexible solutions results in fewer 
benefits of scale, and if some sustainable technologies that are currently only prac-
ticable and affordable when used on a large scale cannot be used in decentral struc-
tures (e.g., fourth treatment stage, some energy-saving measures, or methods of 
recovering resources such as phosphorus). Overall, therefore, decentral solutions 
cannot categorically take precedence. Instead, the advantages and disadvantages of 
all relevant sustainability aspects must be weighed up, taking into account the adap-
tation risks of less flexible solutions (Bedtke and Gawel 2015). It is therefore advis-
able to aim for as much flexibility as is possible without incurring overriding 
disadvantages.
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 (14) Integration

In the discussion of the sustainability imperatives above, the key components of 
the objectives of the sustainability postulate have been described and the main syn-
ergies and conflicts between them have been set out. It has become clear that 
sustainability- oriented development that aims at optimum achievement of the eco-
logical, economic, and social objectives that have been discussed must, above all, 
integrate these objectives while also considering the various synergies and conflicts. 
Institutionally, this requires a framework that is not merely limited to sectoral 
aspects and individual sustainability issues but that takes account of developments 
and their economic, ecological, and social consequences and steers them in a way 
that optimizes the overall outcome. With regard to urban water management, one 
must therefore ask whether suitable institutions exist for this complex integration 
task that can, in particular, promote the following:

 – Investigation of the specific manifestations and circumstances of the above- 
mentioned economic, ecological, and social sustainability objectives, as they 
relate to the specific supply and disposal situation.

 – On the basis of this, creation of balanced strategies/plans for sustainable infra-
structure development that take account of the above-mentioned circumstances.

 – Linking and harmonization of water supply and sewage disposal services with 
particular attention to the synergies described in relation to the above-mentioned 
sustainability imperatives, and

 – Linking and harmonization of these development plans with relevant project, 
sectoral, and overall plans, especially spatial plans and water resources manage-
ment plans.

In particular, aligning supply systems closely with spatial planning and develop-
ment is an important condition for sustainable urban water infrastructures and one 
that is already implicit in the other sustainability objectives. It is clear that a demand- 
oriented, resource-appropriate, environmentally sound, secure, and at the same time 
efficient and economical water supply and sewage disposal system can only be 
guaranteed if water infrastructure and urban development are optimally coordinated 
(Bahri 2012; Wickel 2015; Wong and Brown 2009). Equally evident is also the need 
for coordination with water body and river basin management, which is important 
in connection with securing the necessary raw water reserves. However, river basin 
management also sets important parameters for the location and quantity of permis-
sible water withdrawal and wastewater discharge and for opportunities for decentral 
water extraction and closed-loop management.

 (15) Participation

Participation, understood as informing and listening to/consulting members of 
the public and organizations potentially affected by administrative decisions is, 
today, viewed as an indispensable condition for sustainability for several reasons 
(see, on the state of debate, SRU 2008, p. 52ff, and also the papers in Jonuschat et al. 
2007). Involving the people and organizations affected by a decision can play a 
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valuable role in establishing the knowledge base for sustainable decisions (Bulkeley 
and Mol 2003). It may yield not only the particular factual knowledge of those 
affected but also information about their interests and priorities, which represent 
important points of view in a decision that is based on the most satisfactory balance 
of interests that can be achieved. Above and beyond its function in providing 
decision- related knowledge, participation is also recognized as an element of demo-
cratic decision-making and as an important basis for acceptance (Habermas 1992; 
Mason 1999). In representative democratic systems, the executive obtains its legiti-
mation primarily from the election and influence of the representative bodies that 
govern it; at the local government level, these are often the mayor and the commu-
nity council. However, this does not in itself provide any opportunity for discussing 
sectoral decisions with those affected in terms of effects, stakeholder interests, and 
alternatives. This requires plan- and project-related participatory instruments. 
Matching the indirect sustainability purposes of participation, it has already been 
made clear, in the exposition of the relevant substantive sustainability objectives, 
that the participation of affected people and organizations is a key requirement in 
the development of water infrastructure, in order to:

 – identify or estimate present and future supply and disposal needs as a benchmark 
for demand-oriented development of supply structures,

 – obtain a complete picture of key interests and impacts, as well as of technical 
options and alternatives,

 – develop water supply and wastewater disposal solutions that users and executing 
organizations will accept and be prepared to implement to an adequate extent.

Existing and potential expanded forms of participation have been discussed in 
recent years, mainly in connection with problems in acceptance of major infrastruc-
ture projects (see Renn et al. 2014 for an overview). However, this debate has only 
touched on water infrastructure, perhaps because water infrastructure projects sel-
dom involve construction or environmental impacts on a scale that would attract 
attention outside the region (but see Laskowski 2010, p. 889 ff.; Laskowski 2012, 
p. 606). Nevertheless, the construction and operation of urban water management 
facilities can undoubtedly have significant adverse impacts on the neighbourhood. 
This is particularly true of sewage treatment plants but it also applies to reservoirs, 
drains, and large-scale sewer construction work. In addition, development of water 
infrastructure systems can also affect the interests of citizens, companies, and asso-
ciations, for example through decisions on:

 – which systems plots of land are to be connected to,
 – which decentral facilities may be self-built and self-operated,
 – which charges and prices are to be levied for water services,
 – to which extent expensive connections to decentral properties are to be main-

tained/expanded and potentially co-financed by the community of charge 
payers,

 – which protection standards are to be ensured for regional water bodies, and
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 – how secure against extreme events the supply and disposal systems are designed 
to be.

The above-mentioned sustainability arguments for participation apply to all 
these decisions.

4  Institutional Foundations for Sustainable Urban Water 
Infrastructure

Various aspects of the necessary institutional conditions have already been men-
tioned in the above exposition of the challenges and core objectives of the sustain-
able development of urban water infrastructure; in each case, in relation to a 
particular sustainability objective or problem. In this section, the institutional 
framework will be considered from an overarching perspective and the main 
approaches and organizational issues that arise from the challenges and objectives 
set out above will be identified. These issues include the question of the division of 
responsibility between the market and the state, the regulatory framework, eco-
nomic incentives as a governance tool, the organization of water supply and sewage 
disposal services, and, finally, the use of planning instruments as a basis for cogni-
tive preparation, integration, coordination, participation, and long-term orientation.

4.1  State-Sponsored vs. Competitive Fulfilment 
of Infrastructure Tasks

The division of responsibility for various tasks between the state and the market is 
of fundamental importance for fulfilment of the sustainability imperatives, for a 
number of reasons. The issue of an appropriate regulatory framework that includes 
competitive elements was identified in the summary at the start of this paper as a key 
issue in the development of urban water infrastructures (on the relevance of market 
competition as to transformation of the water sector see also the contribution of 
Bedtke and Gawel, “Linking Transition Theories with Theories of Institutions – 
Implications for Sustainable Urban Infrastructures Between Flexibility and 
Stability”, in this volume). A glance at the complete package of sustainability objec-
tives reveals that this issue is relevant to most of them – e.g., to demand orientation, 
health protection, environmental soundness, affordability, efficiency, flexibility, and 
so on. In each case, it is necessary to ask to what extent implementation of the sus-
tainability objective is dependent on or benefits from the public monopoly and 
whether equally good or even better results could be achieved through competitive 
fulfilment of the task within a suitably regulated framework.

It is not possible to give clear priority to one side of the argument or the other on 
the basis of the above consideration of the package of sustainability aspects. Instead, 
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various advantages and disadvantages, as well as opportunities and risks, can be 
identified on both sides. Securing sustainable service provision by private stake-
holders, especially in terms of health protection and environmental soundness, usu-
ally requires specific regulation. The extent to which (one-off) competition among 
private companies in a tendering process (for the market) or possibly new and 
revised price regulation of existing territorial monopolies can be designed in a way 
that it boosts efficiency – in particular by cutting prices – while at the same time 
securing sustainability, clearly depends to a large extent on how concessions, ten-
dering processes, prices, and competition are regulated. In Germany and Europe, 
the relevant regulations continue to be in flux. At all events, there is no suggestion 
that the water sector should be granted a general exemption from cost-effectiveness 
postulates.

Moreover, in view of the special features of water, classical liberalization, as in 
other network-tied sectors (rail transport, telecommunications), is only possible to a 
very limited extent – and from the point of view of other sustainability consider-
ations, especially security of supply, health protection, environmental soundness, 
affordability, and acceptance, it is not particularly useful. By contrast, competitive 
elements, as part of the regulatory framework, are certainly worthy of consideration 
(Gawel 2016b). However, in connection with competition for the market, which 
may involve subdividing infrastructure services into tendering periods, areas, and 
performance segments, it should be borne in mind that  – as has been described 
here – many of the sustainability imperatives can only be effectively and efficiently 
fulfilled through systematic integrated development and, in particular, through close 
coordination with associated public infrastructure and spatial development activi-
ties, especially those relating to water supply, sewage disposal, water resources 
management, and urban development. Prima facie, this integration requirement sup-
ports the primacy of public, municipal responsibility for such tasks, although this 
does not imply any exemption from competitive and efficiency-oriented regulatory 
elements.

With regard to the possible sustainability advantages of decentral solutions, fur-
ther consideration needs to be given to whether, and to what extent, these options 
should be promoted through more rigid application of sustainability criteria to con-
nection and usage dictates, thereby providing more scope for private initiatives and 
decentral solutions. In this respect, however, it is also necessary to consider the 
whole package of sustainability conditions from a long-term perspective and to 
ensure that the infrastructure system as a whole is developed coherently and 
sustainably.

4.2  The Regulatory Framework

A regulatory framework that provides mandatory instructions for action is clearly 
important for almost all the sustainability conditions – in particular, for health pro-
tection and environmental soundness, but also for the efficiency (rules on public 
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contracts, benchmarks) and affordability (price regulation) of infrastructure ser-
vices. In Germany, the regulatory framework for all these sustainability aspects is 
already well developed, but there is still scope for further optimization, or at least 
further consideration, as is discussed elsewhere (Reese et al. 2015).

4.3  Incentives

Economic incentive instruments direct stakeholders’ behaviour by using the price 
mechanism to influence their economic decision-making calculations. Charges for 
water services play a key role, because they need to address a large number of sus-
tainability considerations in a single variable. Sewage and water withdrawal levies 
represent another important method of creating incentives for environmentally 
friendly, resource saving, and efficient user behaviour and generating funds for the 
financing of infrastructure development. In this respect, the precept of cost recovery 
on the basis of the ‘polluter pays’ or ‘user pays’ principle, which has been classified 
here as an independent sustainability condition, is clearly pivotal. This imperative is 
also directly enshrined in the EU Water Framework Directive (Article 9 WFD – 
Gawel 2016a). There are fundamental conflicts of objective that need to be resolved 
between the objectives of resource efficiency and environmental soundness, on the 
one hand, and affordability and cost recovery on the other. In addition, improving 
the efficiency of supply and disposal services remains a challenge – all the more so 
because it must not be pursued in isolation, as in the past, but needs to be reconciled 
with the other sustainability requirements.

4.4  Organization

The organization of urban water services must be examined in the light of the above- 
mentioned sustainability objectives and conditions and consideration must be given 
to the forms of organization best suited to the pursuit of the sustainability objec-
tives. Organization may obstruct realization of the sustainability objectives and the 
associated integration requirements, in particular, through sectoralization and a lack 
of coordination instruments. Important aspects of coordination are coordination of 
water supply and wastewater disposal, coordination of overall water infrastructure 
development with urban planning, and coordination between water infrastructure 
development and water resources management. The more strongly decentral struc-
tural elements are included in water supply and disposal provision, the greater the 
importance of coordination between the officials responsible for central structures 
and the operators of decentral structures. Organizational obstacles to sustainability 
can also arise if the areas for which officials have spatial responsibility are too 
small, with the result that they lose the capacity to pursue demanding and complex 
sustainability objectives effectively.
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4.5  Planning

Planning is ‘a systematic process for defining the objectives and sequences of 
actions over a longer period’ (Fürst 1995, p. 11). One of the key purposes of the 
planning process is to achieve optimum coordination of substantively related indi-
vidual decisions in the light of shared objectives. Planning law instruments there-
fore aim to ensure such systematic, long-term oriented, cognitively and predictively 
prepared, and adequately coordinated processes. The corresponding planning insti-
tutions are, naturally, mainly involved in situations related to the development of 
complex land-use, settlement and infrastructure elements.

The fact that infrastructure development is essentially a complex planning task 
involving investigation, coordination, and optimization is of major importance in 
connection with the realization of almost all the sustainability conditions and, in 
particular, the necessary coordination and overall optimization of the frequently 
conflicting sustainability requirements. It is difficult to meet the multiple optimiza-
tion requirements of the sustainability principle effectively without proper planning 
that develops both the internal and external aspects of the infrastructure system in 
the light of its relationship to urban development and water resources management, 
that builds on thorough investigation of the relevant facts, forecasts and interests, 
and that arrives at a well-founded development strategy by involving relevant bodies 
and other stakeholders. However, in Germany, corresponding specialist planning 
law relating to urban water infrastructure exists only in a more or less rudimentary 
form in the law of the Länder, i.e., the national states (Wickel 2015). The develop-
ment of an upgraded planning system geared to sustainability criteria as a basis for 
both environmental impact assessment and the involvement of the general public 
could therefore be an important driver of the sustainable orientation of water infra-
structure (Wickel 2015).

5  Conclusion

In the context of urban transformations, urban water management is facing major 
challenges and corresponding pressure to change. These changes should be system-
atically based on the principle of sustainable development. Future organization of 
urban water infrastructure, as a pillar of sustainable urban development, will – as we 
have set out to show here – depend on a number of core objectives and conditions 
of sustainability that, in some cases, conflict with each other. For future co- 
development of technical and institutional solutions for blue infrastructure in the 
city, it will be important to consider all these key conditions of sustainability and to 
‘optimize’ them by adopting an integrating perspective. This applies, of course, 
both within the water sector and to the linkages with other urban/spatial change 
processes and infrastructures.
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Transitioning the Heat Supply System – 
Challenges with Special Focus on Bioenergy 
in the Context of Urban Areas

Volker Lenz, Cornelia Rönsch, Kay Schaubach, Sebastian Bohnet, 
and Daniela Thrän

1  Background and Challenges

The reduction of greenhouse gas (GHG) emissions is a central goal of international 
climate policy agreements. Thus, Europe and, consequently Germany, as one of its 
major economies, have decided to reduce their GHG emissions by 80–95% by the year 
2050. Therefore, the energy supply system needs substantial decarbonizing (Merkel 
2015). The predominant form of energy consumed by end users in Europe and 
Germany is heat, which is mainly used for residential demands, i.e., space heating and 
hot water. The most important renewable source for heat is biomass, which accounts, 
for example in Germany, for almost 90% of the overall renewable heat (see Fig. 1).

The constantly increasing share of the human population living in towns and 
growing urban areas has reached about 50%, which corresponds to approx. 3% of 
the land surface worldwide (Reusswig et  al. 2014). Not only in countries with 
increasing of the total population but also in those with even decreasing numbers of 
inhabitants, the urban areas are growing in space and population. In the years to 
come, it is expected that the energy demand of these densely populated areas will 
rise dynamically. This, in combination with the anticipated decarbonization of the 
energy sector, poses a significant challenge but also the opportunity to implement 
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renewable heat on a large scale. Urban areas and their districts differ greatly in 
terms of, e.g., building characteristics and density, infrastructure, proportion of resi-
dential areas, public buildings, industries and businesses, which also results in 
diverse heating systems on levels from single edifices up to the urban area as a 
whole. Therefore, decarbonization strategies for these areas have to consider a 
broad range of key factors, such as available sustainable fuels, various conversion 
technologies at different scales, varying demands, integration with the sectors of 
waste management, power supply and, possibly, material use, as well as the para-
meters set by the existing infrastructure.

Using biomass as a source for renewable heating within urban areas involves 
specific challenges:

• Within growing cities, the transport distances for solid and liquid biofuels, as 
well as for biogenic waste materials, will expand, as long as there is no internal 
production, use, and recovery or disposal.

• Air pollution is becoming a severe problem in urban areas. Due to many emitters, 
a large number of parties are concerned and only a low natural regeneration 
potential is available. Urban areas have a share of 60–80% of worldwide emis-
sions (Reusswig et al. 2014). Moreover, the combustion of solid biofuels in inef-
ficient heating units (e.g., for cooking) is very often one of the major sources of 
air polluting emissions (see Kindler et al., “Socio-Spatial Distribution of Airborne 
Outdoor Exposures – An Indicator for Environmental Quality, Quality of Life, 
and Environmental Justice: The Case Study of Berlin”, in this volume).

• Urban areas depend strongly on a secure energy supply. Black-outs can cause 
serious damage. Therefore, grid stability and independent back-up capacities for 
power and heat generation are essential, e.g., with biomass.

• Very often, the inhabitants of urban areas live with greater anonymity in the near 
neighborhood than in rural areas. But, at the same time, a greater interest in 
improving general living conditions of their own part of the city is possible, 
including the energy supply. Thus, changing the latter depends very much on a 
committed involvement of the inhabitants.

Europe and, here, especially Germany, is among the areas with the most ambi-
tious plans to reduce greenhouse gas emissions. Whilst, for electricity supply, the 
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Fig. 1 Final energy consumption in Germany (Source: Based on BMWi 2015)
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“Energiewende” is already in implementation, additional measures are currently 
being discussed for heat supply (Stryi-Hipp et  al. 2015). Therefore, this article 
focusses mainly on German conditions in the largest urban areas (e.g., Berlin, 
Rhein-Main-area, or Ruhr-area), building on the experiences from the transforma-
tion process of the electricity sector. In a first step, the different heating systems and 
exemplary data on heat demand and percentage of renewable provision are elabo-
rated. Secondly, the possible potentials of biogenic fuels, especially in urban areas, 
are listed. This is complemented by a definition of criteria for promising future 
biogenic energy systems and a chapter describing these new technology options. A 
brief discussion of change management is given thereafter. Taking the distinction 
between European member states and urban areas in other countries into account, 
generalized conclusions for future biogenic heat supply in urban areas are drawn as 
an impetus for further research and discussion.

Besides the technical, economic, and ecological aspects of the transformation of 
the heat supply in urban areas, there are legislative regulations allowing, blocking, 
or incentivizing transformation options. This article does not explicitly consider 
legislative impacts, so that the implementation of some of the described options 
may require changes in national and international legal frameworks.

2  Heat Supply in Urban Areas

Urban areas in Germany are characterized by heterogeneous structures in terms of 
their use of land and the type of buildings they contain. Depending on the specific 
building layout, they are classified as (1) concentrated districts with multi-storey, 
mostly non-residential buildings, (2) commercial and industrial areas, (3) apartment 
buildings, as well as (4) low-rise developments with garden structures. In other 
regions of the world, different historical styles exist. However, in general, the struc-
tures in urban areas are comparable, in spite of (5) slums in developing countries 
and, sometimes, (6) districts without perspectives, due to, e.g., economic decline or 
severe environmental problems.

The heat demand profiles of specific districts depend on the composition of 
building types (industrial, commercial, public, residential), the properties of the 
building stock such as age (usually covering a large range) and renovation status, 
resulting in a range of insulation standards, as well as the residential milieu. For 
example, office buildings and schools have a different daily heat load course, com-
pared to apartment houses. The specific heat demand ranges from 15  W/m2 to 
250 W/m2, resulting in, e.g., 5–25 kW heat demand for a typical detached apartment 
house (Erhorn et al. 2010). The heterogeneous nature of the building stock and the 
stakeholders (owners, renters, public sector) in the urban areas as well as the variety 
of fuels used, leads to a wide range of systems and technologies for heat generation. 
Basically, there is a distinction between the heat-only generation and the cogenera-
tion of heat and electricity (Combined Heat and Power, CHP). Heat-only plants use 
the thermal energy of a fuel for the production of heat by means of combustion. 
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Systems are available for a wide range of installed capacity as well as energy 
sources.

• Heating systems for single rooms (e.g., stove, fireplace):

 – The generated heat is only used at the place of installation. Installed capacity 
depends on the size of the room, with a typical load of 6–8 kWth, up to a maxi-
mum of 20 kWth.

 – Solid fuels dominate, especially wood, occasionally coal. Nevertheless, some 
electrical heat-storing radiators or mobile radiators are in use.

• Central heating systems (e.g., (condensing) boilers, heat pumps, solar-thermal 
systems) with and without heating grid (district heating):

 – Generated heat is fed into a distribution system, supplying a single building, 
a group of a few buildings, a district, or even entire cities. Systems are avail-
able from 4 kWth up to a few MWth, depending on the energy source and 
application (e.g., detached houses, multi-storey dwelling, schools, hospital, 
industrial sites).

 – Fossil fuels, especially natural gas, dominate in urban areas due to the gas 
distribution system. In the spectrum of renewable sources, woody biomass is 
particularly important in central heating systems (primarily wood chips, logs, 
and pellets). Particularly in view of fuel logistics and the existing gas net-
works, bio-methane might gain in importance.

• Combined Heat and Power Plants (CHP plants)

 – Heat generated in conjunction with electricity production processes is fed into 
a local or area distribution system. Plants are available from 1 kW electric 
capacity (and 4 kW thermal capacity) up to a few MWel and MWth, depending 
on the energy source and application (e.g., detached houses, businesses, pub-
lic supply).

 – Fossil fuels, i.e., natural gas, oil, and coal in regions with coal mining domi-
nate. As a result of the German Renewable Energy Act, more than 9000 CHP 
plants based on biomass have been installed in Germany (2013). Biogas 
plants represent 65% of the installed capacity, wood-based CHP plants 31% 
and vegetable oil-based CHP plants 4% (Scheftelowitz et al. 2014).

The heat distribution systems listed above can be differentiated by the number of 
edifices they supply and, hence, the distances covered and the applied technologies. 
If the heat is used in close proximity to the conversion site, the system is categorized 
as object supply. In case large physical distances are covered, the term “grid- 
connected supply” is used in this paper. Depending on the actual transport distance, 
this is subdivided into local heating or long-distance heating. However, there is no 
exact quantitative differentiation between both terms (Fischedick et al. 2007). When 
it comes to the use of excess heat from industrial processes and CHP plants, the 
main focus is on the grid-connected supply.
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As a result of the described variety of structures and stakeholders in urban areas, the 
whole range of heat supply and distribution systems is implemented to different 
degrees. Due to the close proximity of consumers in urban areas, grid-connected sup-
ply predominates very often and in many parts of the urban area, either as long- distance 
heating, gas networks, or even the power grid. The three most important urban areas in 
Germany, with the key figures for the heat supply, are described in Table 1.

For decentralized heating furnaces based on biomass, there is a greater need for 
fuels with superior properties for long-distance transport, especially energy density, 
to reduce logistics costs. For example, wood pellets are superior to log wood, which 
is found more often in rural areas. The use of log wood in urban areas is limited to 
single- or two-family houses in the sub-urban areas and single combustion units 
functioning as additional heating systems in the comfort segment. Other possible 
renewables, besides biomass, that can be used in single-family houses as well as 

Table 1 The most important urban areas in Germany, compared to the national average

Area Size Inhabitants Heat supply Source

Ruhr-area 
(e.g., Essen)

4400 km2 
(210 km2)

Approx. 
5,100,000 
(approx. 
540,000)

Essen: 58%individual gas 
boilers, 17% long-distance 
heating, 10% oil heaters, 
15% electric heaters; large 
biomass heating units with 
local heating system based 
on local wood, waste 
incineration plant feed in 
long- distance heating (55%)

Rat der Stadt 
Essen (2009)

Berlin 890 km2 Approx. 
3,500,000

44% individual gas boilers, 
31% long-distance heating/
steam, 25% oil heating, 
renewable energies <0.5%

Reusswig et al. 
(2014)

Rhein-Main-
area (e.g., 
Frankfurt/
Main)

4300 km2 
(250 km2)

Approx. 
2,600,000 
(app. 
720,000)

Frankfurt/Main: 50% 
individual gas boilers, 38% 
long distance heating/steam 
from gas plants, 7.5% oil 
heaters, 0.5% coal heaters, 
3% renewables (one third of 
the renewable heat is 
produced by an organic waste 
fermentation plant, a large 
biomass CHP unit and a 
variety of smaller 
decentralized biomass CHP 
units; in total 130 GWh/a)

Raatz et al. (2014)

Germany 357,000 km2 Approx. 
82,200,000

11% long- distance heating 
(of this, 18% renewable 
energy sources), 36% 
industrial heating systems, 
53% small heating systems 
(15% renewable energy 
sources)

AG 
Energiebilanzen 
(2016)
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apartment houses and office buildings are heat pumps and solar thermal systems. For 
the city of Frankfurt, several projects have proven the feasibility beyond new build-
ings and single-family houses; large plants have been realized, even in the densely 
built financial district, as well as in commercial areas (Schumacher et al. 2015).

3  Biogenic Urban Sources of Heat Supply

Biomass can be differentiated into woody, herbaceous, and other biomass. Biomass 
for heat supply is mainly forest wood, generated in rural areas (BMWi 2014). But 
there are also biogenic resources within cities that are applicable for heat 
generation.

Woody biomass of urban origin includes waste wood. The assessments of (Thrän 
2009) report that 70% of this wood comes from settlement, packaging, and con-
struction waste. In addition to woody biomass, herbaceous biomass includes land-
scaping material and material that comes from the maintenance of roadside 
vegetation and green waste from the landscaping of parks and cemeteries, in par-
ticular. The biological recycling of brownfields also generates biomass that has to be 
dealt with (see Banzhaf et al., “What Really Matters in Green Infrastructure for the 
Urban Quality of Life? Santiago de Chile as a Showcase City”, in this volume). 
These biomass streams are characterized by increased heavy metal content (road-
side maintenance) and, often, increased ash content (landscape maintenance wood), 
which make it difficult to use them in small- scale combustion units. Herbaceous 
biomass is very inhomogeneous in composition and is characterized by high water 
content that requires drying to be considered for thermochemical conversion (see 
figures in Table 2).

In addition to woody and herbaceous biomass, urban areas also generate wet and 
damp residues, by-products and waste of biogenic origin from businesses and 
industries, as well as municipal waste and organically polluted wastewater. In urban 
areas, the most important form is the municipal waste, which consists of organic 

Table 2 Urban biomass resources in t (dry mass) and the theoretical energy potential in PJ, each 
per year, in the three main urban areas in Germany

Urban 
area

Waste wood 
and 
landscape 
wood

Wet and damp 
residues/wastes 
(households and 
commercial)

Food 
production 
residues

Wastewater 
(sludge)

Energy 
potential in 
PJ

Ruhr- 
area

800,700 446,800 395,300 229,000 18.8

Berlin 549,500 306,600 271,300 157,200 12.9
Rhein- 
Main- 
area

408,200 227,800 201,500 116,700 9.6

Sources: Reusswig et al. (2014), Rat der Stadt Essen (2009), Raatz et al. (2014)
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household waste and commercial waste similar to household waste (e.g., waste 
from canteens and markets, and residues from the retail sector). This extensive 
resource could and should be used for energetic purposes (e.g., in Germany, since 
2005, only waste with an organic mass component of ≤5% in the dry base may be 
deposited legally in landfills (BMJV 2009)). Separately collected biogenic waste 
(organic waste, market and canteen waste) can be used to generate energy in a bio-
gas plant (see figures in Table 2).

Food production, as well as food processing, takes place in urban areas to fulfil 
the food demands of the inhabitants. Usually, such food industry plants are located 
at the periphery of the city center. However, the use of by-products for energy can 
be exploited to supply companies’ sites and surrounding commercial units.

Biomass also includes organically polluted wastewater that occurs in house-
holds, as well as in industry and commerce. The regulations for the discharge of 
wastewater into receiving waters require pre-treatment of waste water by aerobic 
and anaerobic processes. Quantitatively, plants using exclusively aerobic treatment 
processes predominate. With increasing capacity and, thus, plant size, anaerobic 
processes are integrated into sewage treatment plants, so that an additional energy 
production is possible; it is often used to meet the energy needs of the sewage treat-
ment plants.

Therefore, for the three urban areas  – Ruhr, Berlin, and Rhein-Main  – in 
Germany, approximately 7% of the heat demand in each region, based on the aver-
age national demand, could, theoretically, be supplied by the existing waste poten-
tials, if all the resources are used for heat generation. If a significant reduction of 
heat demand by insulation and higher efficiency of commercial processes were to be 
realized (BMVI 2013), even up to 12% of the future heat demand could be supplied 
by waste biomass. It has to be noted that the utilization of these potentials is linked 
to special emission risks. Thus, special legal aspects have to be considered very 
often, e.g., special emission reduction measurements or safe distances to housing. 
In addition to the space required and concerns of the general public, there is the 
challenge of integrating such systems into urban areas from where the biomass 
flows and heat sinks originate. However, the City of Vienna impressively demon-
strates how a complex system, such as an incineration plant, can be integrated 
attractively into the urban heart of the city (Wien Energie 2016).

Nevertheless, even more important biomass resources are located in rural areas; 
these include straw, forest wood residues and by-products, as well as agricultural 
biomass sources. To be used in the urban area, these fuels have to be transported 
either by truck (e.g., compressed solid fuels) or by existing grids (e.g., bio-methane 
via the gas grid, renewable electricity via the power grid). Already today, road trans-
port in urban areas causes 10% of the global CO2 emissions (BMBF 2010). Even if 
transport will have less specific CO2-emissions in future, transport is time and space 
consuming. Therefore, not only the transport of energy carriers by road into the 
urban areas has to be avoided, but also the transport of urban by-products, residues, 
and waste. Furthermore, biomass can be provided in a local context to consumers by 
using urban brownfields for biomass production (Ponitka et al. 2010).
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In general, the challenge is to make biomass flows, that cannot be used for energy 
purposes, available for energy recovery, by achieving suitable properties. This 
requires, on the one hand, adapting combustion technology to the requirements of 
the fuels. On the other hand, corresponding processes have to be developed and 
adapted; these include compaction (optionally in combination with additives/pre- 
treatment), torrefaction, or hydrothermal carbonization. Because urban biomass can 
be stored, at least for short periods, conditioning can be performed when surplus 
electricity from renewable sources is in the grid. Thus, additional CO2 emissions do 
not occur. From a cost perspective, biogenic waste, residues, and by-products have 
to be dealt with anyway, because deposition in landfills represents a severe problem 
in terms of greenhouse gas emissions. For example, in Germany, the deposition of 
biomass in landfills is forbidden. Therefore, it is not a question of comparing the 
costs of fuels from rural areas according with those of urban sources but rather a 
matter of cost-effective conversion of urban waste, residues, and by-products.

4  Criteria for Promising Supply Systems in Urban Areas 
for Heat from Biomass

Currently, heat from biomass is the most important renewable heat source world-
wide, as well as in most regions of the world (see also Fig. 1) (Thormann et al. 
2016). Although, in some countries, there is still biomass potential and the political 
target to increase the use of biomass for energy, e.g., in Japan (JIHK 2014), the 
global discussion about food security, sustainability of land use and conservation of 
biodiversity has a more specific focus. Fulfilling global climate protection targets 
will lead to a supply system dominated by renewable energy, with variable contribu-
tions from wind and solar power, as well as from solar-thermal and geothermal heat, 
in combination with heat from waste sources and surplus electricity. It is expected 
that, despite heat storage, there will be heat supply gaps, both in total and also tem-
porarily in individual city zones, that will need to be closed with renewable chemi-
cal energy storage.

Besides the growing variety of heat supply options, the specific heat demand of 
the buildings will also continue to differentiate. Thus, there will be many buildings 
that have very low specific heat requirements, due to extensive insulation work – 
sometimes even only selective heat demands for domestic hot water. At the same 
time, there will also be buildings for which an extensive insulation is not possible, 
for various reasons, so that they will need very substantial heat inputs. In conjunc-
tion with the integration of various, inexpensive renewable energy resources, bio-
mass can be used, with high output in the short-term (peak loads), but with 
comparatively small amounts of heat production overall.

Therefore, the use of biomass for bioenergy will undergo a fundamental change 
in applications towards much more flexibility and integration into regional value 
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chains and a more intensive integration of heat and power supply, as well as of 
mobility (Lenz and Thrän 2015) (Fig. 2).

Using all the different energy technologies shown in Fig. 2 in one and the same 
house is definitely not cost-effective. However, if we look at several buildings cou-
pled by a heating grid, such multi-heating systems and multi-combined heating and 
power systems might be feasible. Additionally, even in single houses, systems with 
a heat pump and a stove with water heat exchanger (so called water pocket) could 
be economically feasible (Lenz et al. 2017). Thus, it is always a question of the 
optimal combination of the different systems, depending on existing technologies, 
space, available energy sources, housing conditions, and so on.

Additionally, the energetic use of biomass will have to focus much more on resi-
dues, by-products, and wastes instead of on high-quality biomass resources from 
tree wood or agricultural farming for primary use.

In terms of health aspects in urban areas, air quality is one of the greatest chal-
lenges for the future; therefore, emissions from thermal combustion processes will 
have to be minimized.

Both, fuel conditioning and storage, as well as the actual conversion, will need 
areas within the urban area. Odour and noise emissions are also possible; these have 
to be considered when selecting suitable sites. In addition, aesthetic design is impor-
tant for the acceptance of systems whenever they are clearly visible. The last point, 
in particular, raises the question about how local residents will accept the systems. 

Fig. 2 Exemplary overview of the integration of different renewable heating systems into heat, 
power, and mobility supply in settlements (Source: Based on Lenz 2017)
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In addition to an intensive on-site communication and involvement of residents, the 
general image of each technology and method is of considerable relevance.

Besides all the listed aspects, the costs are also extremely important. The dis-
posal costs for fuels from waste and the provision of certain ancillary services (elec-
tricity grid stabilization, heat supply reliability) need to be considered.

A summary of the above-mentioned criteria is provided in Table 3.

Table 3 Criteria for promising supply systems for heat from biomass in urban areas

Criteria Range/Unit Comments

Operating flexibility – 
load change rate 30–100% 
and 100–30%

In minutes Possibly under 5 min, high partial 
load efficiency

Operational flexibility – 
cold start and stop time

In minutes Start possibly under an hour; stop 
under 5 min

Specific investment costs €/kWel and €/kWth Competitiveness to alternative 
renewable heating technologies 
and feasible insulation/energy 
efficiency measures

Fuels starting material Usable materials Range of usable residual and 
waste materials

Fuels (fuel processing 
expenses)

High final quality Quality criteria, possibly price

Fuels (storability) Time and space requirements 
per unit of energy

Durability, water uptake, 
biodegradation, self-ignition, 
energy density and stack height 
(flowability, bridging), emissions 
during storage

Near-zero emission 
technology

Dust emissions below  
1 mg/m3, CO emissions 
below 0.1 g/m3, org-C. less 
than 1 mg/m3; NOx is below 
0.05 g/m3 in each standard at 
13% O2

Dust, CO, organic carbon, NOx

Local fuel source Collection and preparation of 
local biomass resources

Options of collection and 
preparation of landscape biomass 
as well as residues and 
by-products

Noise emissions dB (A) ... at the side of the 
plant

Reducible with better insulation

Odor emissions Clearly recognizable 
disturbance or measured by 
olfactometry

Often connected to quality of 
combustion

Aesthetics/optics Visibility, personal likes and 
dislikes

Very dependent on attitudes of the 
protagonists

Acceptance of technology Unacceptable up to “sexy” Very dependent on attitudes of the 
protagonists

Space requirements In m2 Value of used area

Source: Lenz and Thrän (2015)
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5  Future Technologies for Heat from Biomass

Heating options used in urban areas that are based on biomass vary widely on a 
global scale. In German urban areas, pellet boilers (small scale), larger wood chip 
heating plants with some 100 kWth up to several MWth (medium scale) and to some 
extent wood chip heat and power plants with up to 40 MWth and 20 MWel offer the 
greatest heat contribution. Single-room combustion units are more likely to be 
installed for reasons of comfort. The co-combustion of biomass in coal firing plants 
plays only a subordinate role and the number of bio-methane CHP and the propor-
tion of bio-methane in gas heating systems are also marginal. In contrast, urban 
areas in emerging countries (such as Chile) still have simple wood stoves and heat-
ing furnaces in operation, which then also contribute significantly to air pollution.

With regard to development structures and climatic conditions, the authors 
assume that, due to the requirements defined above, a fundamental adaptation of 
bio-heat technologies will occur in urban areas in the course of this century. 
Nevertheless, heat from biomass will play an essential role in the future energy 
system, because: (1) People like their own and secure heating system, even if it is 
only a stove; (2) biomass is storable and therefore easily available in the winter; and 
(3) combined heat and power systems with biofuels can provide residual load with 
high efficiency in the winter and during long periods of cloudy weather with low 
wind speeds.

In addition to the technology, there is also the central issue of biogenic fuels. 
Apart from bio-methane, which can be transported from the surrounding areas into 
the urban areas with the (possibly) existing natural gas grid, solutions are needed for 
fuel deployment from waste disposal. Biogenic residues and waste in urban areas 
could be aligned and integrated to the following categorisation: A) relatively wet, 
perishable components (food scraps and much waste from food production) and B) 
drier, lignin-containing residues and waste material (landscaping materials, such as, 
e.g., leaves and grass, waste wood). Depending on these two categories, two basic 
formatting options can be distinguished: Anaerobic digestion into biogas or bio- 
methane, or preparation and conditioning into storable and transportable solid fuels. 
For the latter approach, two basic pathways can be considered: B1) conversion to 
wood chips and brikletts (small flowable briquettes within robust conveyor systems) 
with a minimal effort, and used in robustly constructed conversion plants with high 
emission control (possibly: sorting, screening, washing, and drying). B2) produc-
tion of high-end compacts like pellets, pelletinos (pellets with diameters of less than 
6 mm) or upgraded firewood substitute briquettes, which can pass through various 
processing steps such as washing, sorting, screening, mixing, torrefaction, hydro-
thermal treatment, etc., prior to compacting. The fuels thus obtained are suitable for 
small-scale and micro cogeneration units because they meet the relevant higher 
quality standards. This market segment also offers higher prices needed to cover the 
pre-processing. By means of customized treatment paths, either cost-effective, low- 
quality fuels can be produced for large-scale plants with adequate conversion tech-
nologies, or high-end fuels for small plants of the future can be obtained.
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5.1  Heating Technologies Based on Solid Biomass

Automatic stoves with water pockets (small scale). In the future, houses for one or 
two families and small municipal and commercial properties with a high insulation 
standard (not passive houses) will be heated with a heat pump, maybe in combination 
with a solar thermal system. To address the double winter slump (electricity short-
ages and lower returns of solar heat and lower performance factor of the heat pump), 
there is, today, already the promising option for an optimized renewable heat supply 
that involves integrating a stove with water pockets and connecting it to the central 
heating system. For low emissions and optimum integration into the heat supply, the 
stoves will have an electrical control of the combustion process (air control) and 
integrated catalysts and downstream precipitators in the future. The systems will 
have either thermoelectric generators, to ensure the power self-supply (for control 
units, ventilators, regulators and ignition), or they can be heated in emergency cases 
without electricity. The thermal output could be between 2 and 10 kW. In terms of 
urban supply, high-end fuels (B2) will be used. Currently, stoves are not very flexi-
ble. Once they have been started, they have to burn a full batch of fuel in most of the 
installations without adjustment of the load. In the future, there may be pre-gasifica-
tion systems with automatic starting systems and automatic load control.

Micro gasifiers with fuel cells in the home area (small scale). In 2050, in addition 
to fuel cells powered by bio-methane, micro gasifier concepts for extracting gases 
from solid biomass, in conjunction with fuel cells, will be available for houses for 
one or two families, as well as for well-insulated apartment houses and smaller 
municipal and commercial properties with and without solar thermal plants. At the 
moment, only gasifiers for solid biomass that have more than 30 kW electrical out-
put are available. But, in the future, systems with less than 5 kW will be on the 
market. In order to be able to realize the gasification in cost-effective gasifiers and 
to make sure that the gas can be used without costly gas purification, high-quality 
fuels with reliable product quality are needed. For this, there will be high-end pel-
lets made of urban wood, natural wood waste, washed leaves, grass, etc. In order to 
improve the gas generation, “difficult” fuels must be subjected to a consistent tor-
refaction process or a hydrothermal treatment in advance (B2). With these high-
quality fuels, a more flexible and less expensive operation of the gasifier is possible 
than with thermally untreated fuels. On a laboratory scale, a very flexible gasifica-
tion of charcoal has already been demonstrated (Krüger and Ortwein 2014).

Medium size gasifiers with high-temperature fuel cells and additional ORC tech-
nology (medium scale). In the power range between 20 kWel and 1000 kWel, flexible 
plant operation is paramount for stabilizing the local power grid. In addition to the 
supply of a heating network, the integrated heat storage makes it possible to provide 
a portion of heat necessary for restarting the gasifier and for maintaining the tem-
perature of the high-temperature fuel cell. Gasifiers, fuel cells and ORC modules 
are available. The integration of the system and the controller are currently under 
investigation and development. The gasifiers will probably run with wood and some 
specially prepared agricultural fuels: B1 fuels (pre-sorted, size-graded, and option-
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ally washed and dried). Integrated gas storages permit less flexibility of the gasifier 
while running the fuel cell with high flexibility. In this fashion, the power output can 
be well adjusted to the needs of the power grid. With thermal storages, the produced 
heat can be used exactly at those times when it is needed. An integrated heat-and- 
power controller manages the running times for more or less full use of the heat and 
an optimized impact on grid stability.

Boilers and heating plants (large scale). Even if a high-value energy usage of 
biomass requires a combined heat and power generation for maximum efficiency, 
there may be premises that contain biomass combustion plants (boilers) providing 
only heat. The technology is well developed. Major improvements may occur for 
emission reduction and increasing the flexibility of the furnaces; e.g., integration of 
pre-gasification into the reaction process (Windhager 2016). The size of the instal-
lations can vary from some kW of thermal output to some MW. Typically, they only 
use inferior solid biofuels (B1), in particular, fuels with limited suitability for 
 biomass gasifiers. Typical areas of implementation might be premises that need 
comparatively high heat output at very short notice, so that a power grid-oriented 
combined heat and power generation would only be possible with buffers of an 
unjustifiably large size. The furnaces have to guarantee, in these cases, and despite 
of very unfavorable fuel properties, maximum of flexibility of operation. The worse 
the fuels are, the lower, typically, the flexibility of the boilers is. For the future,  
also for low quality fuels, the flexibility of the boilers has to be improved signifi-
cantly in order to fill any heat gaps.

Industrial high-temperature heat appliances (large scale). In cases where steam is 
required with high temperature and/or high pressure for industrial applications, bio-
mass is a favorable renewable option. Depending on the applications, the size of the 
boilers can range from some hundreds of kW to some MW of thermal output. The 
fuel is mainly B1 fuel, sorted and screened for use. The plants can operate flexibly to 
the extent required for the production process. Due to the high temperatures and, 
sometimes, varying needs, the boilers’ flexibility could be increased in the future.

5.2  Solid Biomass for Production Purposes

Use of biogenic fuels in thermal production processes (cement production, steel 
production). In certain production processes, extremely high temperatures are nec-
essary, e.g., 1450 °C for cement production. Therefore, in this case, the fuel is often 
mixed with the raw materials to be processed in a (melting) furnace. It should be 
noted that, in addition to very high temperatures (little water content), certain trace 
gases of the fuel could often have a positive influence on the final product, or, they 
should have. Accordingly, the fuel has to be selected and processed (B1 to B2). 
Because the processes are in a closed system, there are no direct requirements (such 
as flexibility) from external users. Excess heat may be used for external applications.
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5.3  Heating Technologies Based on Gaseous Biofuels

Combined heat and power (CHP) from biogas (anaerobic digestion). Anaerobic pro-
cesses produce a methane-rich biogas from wet, non-woody biomass, including vari-
ous biological residues. The biogas can be directly burned in combustion engines, to 
provide electric power and heat via a power generator and heat exchangers. The 
advantage of these biogas CHP units is their waste reduction potential (including 
related emission reduction and waste valorization), stand-alone capability, high effi-
ciency, flexibility, and the non-necessity for an upgrading system for bio-methane. 
The capacities range from tens of kWel to a few MWel output. By installing several 
small CHP units via a micro gas grid, even smaller units may be installed to serve 
single buildings. With the standard layout, apartment building blocks, smaller neigh-
borhoods and industrial areas can be supplied with heat and power. In particular, 
sectors of the food processing industry are an interesting option for biogas CHP 
plants, because they could process the biological residues to provide (process) heat 
and power to industrial sites close by, thus reducing the transport of waste and fuel.

Because biogas CHP units can be operated according to demand (heat or power), 
as they are not based on fluctuating sources (such as wind and solar radiation), they 
are suitable for complementing these fluctuating renewable energies by providing 
the residual load needed to match the demand for both heat and power. The chal-
lenge lies in a technological, as well as in a managerial solution, that can match the 
differing demand curves of both energy forms. Available solutions for biogas CHP 
units involve flexible engines (capable of start/stop operation, quick load changes, 
and high partial load efficiency) in combination with storage for biogas and heat (in 
the case of operation driven by power demand) or, possibly, with power storage. 
Current research is related to improving the as yet unattained flexibility of the diges-
tion process itself, in order to achieve a variable gas output, to decrease or eradicate 
the biogas storage; this should be an established technology by 2050. The urban 
heat distribution grid may also render heat storage obsolete if its base load absorbs 
the provided heat completely. Biogas CHP units may also provide peak loads, not 
only in the range of the installed conversion capacity but also by providing biogas 
to a reserve gas burner or using its power output to drive a power-to-heat system. A 
connection to the gas grid is conceivable for periods of depleted gas storage, to 
obtain bio-methane for continuous operation at peak load (emergency backup). 
Provided that market conditions in 2050 are similar to current ones, the power out-
put, based on its flexibility, can be sold as a high-value product in the day-ahead or 
intraday market, as balancing power, services for the local distribution grid (e.g., 
redispatch or output reduction in case of over-supply) or via direct contracts (OTC – 
over the counter) with customers who have their individual demand curves. 
Additional benefits, such as treatment of urban biogenic wastes and lower grid 
expenditures might need to be monetarized, in order to be reflected in the economic 
feasibility of the biogas CHP plants.

Anaerobic digesters can be constructed to match the aesthetics of industrial 
buildings and thus be integrated seamlessly into the city layout. The storage of sub-
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strates and digestates, as well as the digester itself, need to be well controlled to 
avoid odor nuisances and methane emissions. The engine itself produces a low fre-
quency noise that is contained by proper sound insulation  – already a standard 
today. These measures are necessary for social acceptance.

For the future, besides combustion engines, fuel cells for small- and medium- 
scale applications based on bio-methane may also enter the market. Positive effects 
could be reduced emissions, lower noise levels, and an even more flexible 
operation:

Bio-methane mini fuel cells (small scale). For single-family houses that are not 
optimally insulated, as well as for insulated apartment buildings or smaller munici-
pal or commercial properties with existing gas connections, the use of bio-methane 
mini fuel cells is conceivable. Their optimal field of application, from today’s per-
spective, is for closing the gaps in the power and heat supply, after consideration of 
all existing renewable energy and storage options (residual load supply). The sys-
tem operates in a serving manner for the power grid, i.e., the system runs whenever 
heat demand is foreseeable and the power grid needs positive balancing power. The 
electricity and heat output is in the range from 1 to 20 kW, depending on the size of 
the object to be supplied. To offer balancing power, these small-scale systems need 
to be part of a pool, to fulfil the minimum capacity requirements of this market. 
Methane that was derived from municipal waste fermentation plants, sewage gas 
plants, or via thermochemical processes for municipal solid waste or in biomass 
conversion plants in the surrounding rural region, can be considered as fuel. Because 
the bio-methane is stored within the grid, the flexibility of the system only depends 
on the characteristics of the fuel cell.

High-temperature fuel cells with bio-methane and additional ORC technology 
(medium scale). Bio-methane, both from the urban as well as from the surrounding 
areas, can also be used in CHP plants offering residual load and balancing power. 
Here, once again, a very high electrical efficiency combined with a high load flexi-
bility is desired. The actual technical requirements depend on the market strategy of 
the plant and the pool operators. Typical sizes could be in the range of some hundred 
kW to some MW of electrical output. The generated heat is distributed via a heating 
network or is stored in large buffers until the heat demand occurs. The stored heat is 
also used to keep the fuel cell in a stand-by state at the required operating tempera-
ture, ready for a short-term start. When needed, the ORC technology is used to 
convert the high temperature excess heat of the fuel cell into electricity, in order to 
generate total electrical efficiencies of up to 60% with respect to the fuel heating 
value and to reduce the amount of heat that has to be stored.

A comparison of the listed technologies is shown in Table 4.
All mentioned technologies have a good chance of providing favorable future 

solutions for the varied heating requirements in urban areas. The future potential of 
the different technologies depends on many aspects, such as price development of 
biomass, technical improvements of the technologies, regulations of energy mar-
kets, price development for system services, social acceptance, and so on. Further 
research is needed not only with respect to the technologies but also according to 
market options and the legislative framework.
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6  Change Management – Integrating People and Processes

So far, the focus was on renewable technologies for generating heat. In the follow-
ing, the issue of how the transformation of the heat sector can be realized in strongly 
agglomerated areas is investigated. The “how” should be understood in terms of 
“Change Management” that can build a bridge between technology and local actors.

Change management involves the monitoring and handling of processes and 
activities, as well as the assistance and coordination of stakeholders, the  identification 
of the crucial points. Overall, the change management has to secure a long-term 
coherent support of the transformation process and coherent conditions (UBA 
2015). It should be tried to transfer positive experiences with the implementation of 
(collective) renewable energy heating projects in rural areas to urban regions.

Besides the communication pathway  – discussed in the following  – the 
German government has set up some regulations for new buildings as well as 
for the reconstruction of existing buildings: e.g., an energy saving ordinance 
(“Energieeinsparverordnung”) with regulations about the insulation and the effi-
ciency of heat generation, and the renewable heating act (“Erneuerbare Wärme 
Gesetz”) with regulations on the use of renewable energies in new buildings. 
Additionally, numerous funding programs for new, renewable heating systems exist 
in Germany, e.g., the market incentive program (“Marktanreizprogramm”).

Challenges in the city. In addition to the general challenges of the energy transi-
tion, which include security of supply, affordability, and acceptance, there are addi-
tional aspects that need to be considered in agglomerated areas. The reasons for this 
are very different conditions in terms of existing buildings, remediation conditions, 
and forms of heat supply. This leads to a large heterogeneity in town segments such 
as districts and blocks or even within a single building (see above).

Moreover, there is also a wide variety and heterogeneity among the stakeholders 
involved, e.g., tenants and landlords. The latter can be divided into small private 
providers, commercial landlords, municipal housing companies, and housing asso-
ciations. The ownership rate differs widely between regions and rural and also urban 
areas. For example, the proportion of owners in owner-occupied dwellings, com-
pared to all inhabited dwellings in residential buildings in Berlin, was almost 16% 
in 2011 (Statistische Ämter des Bundes und der Länder 2014). This results in a 
bilateral dependence of tenants and landlords concerning the allocation of the costs 
of energy-saving renovation, which is also called the “landlord-tenant dilemma”: 
The landlord may transfer the costs of energy-saving renovation only to a limited 
extent to the tenants, although they benefit, in the long-term, from cheaper energy 
costs (Neitzel et al. 2011). This can lead to a lack of incentives for the energy mod-
ernization and a stalemate concerning the allocation of costs.

If the relationship between tenant and landlord is at the level of buildings or resi-
dential units, other stakeholders who are involved in comprehensive considerations 
about using renewable energy resources emerge. These include local/regional 
energy providers, urban management and urban development agencies, or the local/
regional policy. Excluding the area of residential buildings, the number of stake-

Transitioning the Heat Supply System – Challenges with Special Focus…



192

holders is also spread over the commercial or even industrial sector, education, 
health care, etc.

In addition to the challenges described in the context of existing buildings and of 
the participants, there are very often overall legal requirements about building stan-
dards, including insulations requirements and demands about the use of renewable 
heat, as well as possible emission limits. Besides these “strong” regulations, every 
city can have individual (urban policy) goals and regulations that need to be consid-
ered during the implementation of the transformation of the heat sector. This 
 concerns, for example, the creation or continuation of social housing, in order to 
counteract spatial segregation and gentrification.

Therefore, it is clear that the urban transformation of the heat sector takes place 
at different levels that can be located at the level of living units, buildings, building 
blocks or districts/neighborhoods, depending on the specific issue. In addition, there 
is a great structural heterogeneity and the requirement to involve various groups of 
stakeholders and interests. Unlike power generation, the heat supply and the demand 
for heat must always be brought together locally. For this purpose, management on 
a variety of levels is necessary.

Change Management. Grid-connected solutions for the supply of heat are usu-
ally dominated by influential actors such as public utilities, whilst the respective 
owners make decisions about the object supply.

Urban planning plays a central role in the basic control of the heat supply 
(WBGU 2011). Formal instruments, such as land-use planning and the implementa-
tion of urban rehabilitation measures, but also increasingly informal instruments 
and measures, can supply basic choices for the transformation of the urban energy 
supply. Integrated overall concepts, such as master planning or city district develop-
ment plans, play an important role in the development of cross-property solutions 
such as heat power networks, which can profit from experiences in other cities. The 
necessary information can be put together in a heat register, where energy needs are 
recorded at the building level. If such a register is integrated in a Geographic 
Information System (GIS), analysis can easily be carried out on different spatial 
scales and can be blended with further information (such as building renovation). 
Unlike the electricity supply, the type of heat supply cannot be changed very easily 
if heating systems are installed decentrally in the building (i.e., one system for each 
apartment) and are fixed by different investment cycles. Additionally, landlords and 
tenants follow different interests in investing in modern, fossil-free heating systems 
with lower fuel costs and lower greenhouse gas emissions (see landlord-tenant 
dilemma and see also Bedtke and Gawel, “Linking Transition Theories with 
Theories of Institutions  – Implications for Sustainable Urban Infrastructures 
Between Flexibility and Stability”, in this volume). Novel approaches are required 
to allocate investment costs and benefits of a renewable heat supply more 
attractively.

Integration by means of information, communication, organizational and finan-
cial participation (e.g., financing of a new heating system by the tenants and the 
landlord, involving professional contractors for efficient heat provision) provide the 
opportunity to create new synergies. In urban areas, the population density is much 
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higher than in rural areas. Therefore, informal communication could spread more 
rapidly and people could be more interested in activities occurring in their part of 
the urban area.

Change agents are of particular importance in the transformation process: These 
are individual actors who convey the change of institutions and mentalities in social 
transformation processes (WBGU 2011). These actors may, for example, be con-
nected to the Local Agenda 21 or belong to the Transition Town movement (Doerr 
and Carr 2014). However, a committed district management can also help to 
 transform the idea of local cycles into concrete projects and to search for techno-
logical solutions for object-dependent urban heat solutions (Fig. 3).

The challenges and chances of a smart heat supply must be communicated to 
different audiences. Local change agents play a key role in this process. Furthermore, 
good examples are needed that can be communicated and spread.

7  The Path Ahead for Biogenic Urban Heat Supply

In the past, the development of large cities was only possible if energy carriers with 
high specific energy density, to be used in industry, transport and, last but not least, 
heating were explored. Thus, the decarbonization of the heating – and also cool-
ing – sector is one of the central challenges for growing urban areas. Heat from 
biomass is the most relevant renewable energy carrier today and also, at least, for 

Fig. 3 Tools and actors for change management in urban heating systems
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the mid-term. Additionally, there are huge potentials for biogenic residues and 
wastes in urban areas, as well as in the surrounding rural regions that can be used 
for energy provision, e.g., the three regions analyzed in Germany could produce up 
to 12% of their future heat demand by using all the available biogenic residues and 
wastes. Hence, in the long term, whilst increasing the resource efficiency of urban 
infrastructures, a sectoral transformation towards sustainability is needed at the 
same time.

A full change of heat supply to renewable energies (“Wärmewende”) is only pos-
sible if solar-thermal systems, heat-pumps, and geothermal systems, as well as heat 
from surplus renewable electricity (power-to-heat) and heat recovery gain signifi-
cantly in relevance. Together with better insulation and other efficiency measure-
ments, the role of heat provision from biomass needs to change; the opportunity is 
to use biomass in combination with other renewables to optimize a cost-effective 
energy transformation, taking the wide range of buildings, infrastructures, and 
stakeholders into account, as well as the growing interlinkage between the heating 
sector, with secure electricity provision, and the mobility sector.

There is a wide range of technical options for transforming biomass into heat and 
also into other energy forms. An assessment of these options, according to various 
criteria shows that there are promising options, ranging from small-scale to large- 
scale applications that fit into the decarbonization of the heat supply. Either they can 
be realized in the urban areas as stand-alone solutions or in combination with the 
surrounding rural region. An especially interesting technological option might be 
the conversion of urban biogenic wastes and residues into high-quality energy car-
riers, such as bio-methane or premium quality biomass pellets (washed, thermo- 
chemically treated, compressed), that can be used in highly flexible small- to 
medium-scale combined heat and power units, thus closing renewable heat gaps and 
stabilizing the local power grid at the same time (SmartBiomassHeat) (Lenz 2017).

Due to the requirements concerning air quality, urban emission limits will be 
much stricter than in rural regions. In addition to the primary reduction measures, 
secondary measures (precipitators, catalysts) will also gain in importance. The 
resulting sales boost is expected to reduce prices in this product segment.

Developing dedicated processes for heat transformation are a key, including the 
definition of scenarios and transformation pathways, the adopted planning, broad 
stakeholder and inhabitant involvement – including local change agents – and infor-
mation about best practice and successful developments as well. With this approach, 
adopted solutions for all the kinds of buildings (new and old) and infrastructural 
standards can be developed and the change of the heat supply can be arranged, over 
time, in the most effective way for complete urban areas.

In order to find collective solutions that also take into account other objectives of 
urban development, higher-level central managers (district manager, climate change 
manager, etc.) are required, as well as a general understanding by all actors involved 
in city planning and development of the technical possibilities of the renewable heat 
supply and of efficient management of resources.
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1  Introduction

Urban shrinkage, commonly understood as population loss of an urban area, and 
post-shrinkage regrowth have become prominent pathways of urban development 
across Europe. While many cities, mostly in Eastern Europe, are still shrinking 
today, other cities that shrunk in the past now see new growth. Numerous cities have 
undergone this transformation from shrinkage towards new growth within only one 
or two decades – a relatively short time. Both shrinkage and regrowth have consid-
erable impacts on urban land use, be it on densities or types of use. Both offer a 
variety of potentials and risks for sustainable use of urban land as well as for the 
provision of green spaces and urban ecosystem services (UES). On the one hand, 
there is the risk that new growth after shrinkage puts pressure on the qualities that 
emerged and/or were created in the time of shrinkage such as less density, more 
green areas, or spaces for experimentation and innovation, will be questioned in 
their existence and benefit. On the other hand, regrowth after shrinkage offers the 
great opportunity to make use of those qualities in order to build more sustainable 
regrowing cities and to ensure good provision of environmental qualities and eco-
system services for large segments of the population. Here, many trade-offs emerge, 
and many new challenges have to be addressed. Often, there is a complex setting of 
actors and interests that make it complicated to negotiate solutions.

Set against this background, this paper deals with the impacts of urban dynamics 
related to urban shrinkage and post-shrinkage regrowth on changes in urban land 
use and the provision of UES. The focus will be on the analysis of existing chal-
lenges, synergies, and trade-offs. Based on this analysis, the article discusses how 
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urban actors and existing governance arrangements cope with the challenges. The 
arguments will be illustrated by examples from several shrinking and regrowing 
cities across Europe.

This contribution addresses the following key questions:

 – Which impacts do urban shrinkage and (post-shrinkage) regrowth have for urban 
land use changes and the provision of UES?

 – Which trade-offs and challenges can be identified?
 – How do different actors, policies, and modes of local governance respond to 

them?

As a result, this paper will argue that urban shrinkage produces specific problems 
for land use management but also chances for the (or: a better) provision of ecosys-
tem services. Regrowing cities face the challenge of retaining many of these chances 
while successfully remediating the problems. The final outcome will depend mainly 
on negotiations between various actors and interests as well as on specific local 
conditions that determine how the interplay between urban dynamics, land use, and 
provision of environmental services can be shaped and managed.

This paper draws on long-term research by the authors on urban dynamics such 
as shrinkage and regrowth as well as on related challenges for land use change and 
ecosystem service provision; it includes empirical evidence from several projects or 
analyses. Evidence comes from a variety of urban contexts across the European 
realm, among them the urban region Leipzig-Halle. With respect to the overall focus 
of the volume, the paper focuses on the aspects of resource efficiency, related to 
(urban) land use, and quality of life, in terms of opportunities for urban dwellers to 
benefit from urban green and UES.

2  Urban Shrinkage and Regrowth

During recent decades, shrinkage and regrowth have come to represent two urban 
dynamics that are characteristic for European urban development. In particular, 
post-industrial transitions affected cities in Western Europe, for example in France 
or the UK, since the 1970s and has led to urban shrinkage. Furthermore, the “pole” 
of shrinkage moved to post-socialist Eastern Europe after 1990, due to rapid changes 
in political, economic, and urban systems. In the early 2000s, approximately 40% 
of all large cities (>200,000 inhabitants) across Europe were shrinking (Turok and 
Mykhnenko 2007).

Because urban shrinkage is, in most cases, conceptualized through and measured 
by population decline, it must be emphasized that also the contexts of deindustrial-
ization and postindustrial change have led to shrinkage in terms of economic decline 
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and abandonment in these cities. As a result, large-scale brownfield sites (post- 
industrial, post-railway, post-military, post-mining, etc.) emerged that are not found, 
in terms of their numbers and spatial extent, in non-shrinking cities.

Although the scholarly community dealing with shrinkage remained quite small, 
its research received increasing attention, not least in the light of post-socialist 
transformation and the recent economic and financial crises, during which shrink-
age and related problems (e.g., abandonment, vacancies) emerged as problems. 
Thus, we find a large number of studies and an extensive body of literature on 
shrinkage, among them some comparative studies (Haase et al. 2016; IJURR sym-
posium 2012; Rink et  al. 2012) and related European research projects such as 
Shrink Smart – The governance of urban shrinkage within a European context (EU 
7FP Project Shrink Smart 2009–2012) or CIRES – Cities Regrowing Smaller (EU 
COST Action CIRES 2009–2013). Basically, these investigations point out that the 
duration, speed, and scope of shrinkage were variegated. Furthermore, several stud-
ies underline that this trajectory represents the non-linear urban development that 
cities, most of all, are facing (Kabisch and Haase 2011; Turok and Mykhnenko 
2007) – to put it differently: that growing cites might shrink and shrinking cities 
may return to new growth is a natural urban phenomenon.

Since the 1990s, many formerly shrinking cities have seen new growth that is 
referred to as post-shrinkage regrowth. This new, emerging trend can be, most 
prominently, observed in Eastern Germany and the UK.  Moreover, the fact that 
examples from Western, Southern and even post-socialist Europe also exist (Haase 
2015) allows the labelling of this regrowth as a ‘European phenomenon’. Although 
one might argue that regrowing cities demonstrate many characteristics that can 
also be found in continuously growing cities, there is a crucial, qualitative distinc-
tion: Regrowth follows a (longer) phase of shrinkage and thus builds on the legacies 
of shrinkage, i.e., housing vacancies, abandoned land, large-scale brownfield sites, 
underused infrastructure, tight (public) budgets, low interest in investment, etc. At 
the same time, the “positive legacies” of shrinkage, e.g., more green and open 
spaces, less density through abandonment and demolition, offer many generous 
opportunities for a more sustainable shaping of the new growth than in continuously 
growing cities, which usually do not have such prerequisites at their disposal.

Similar to shrinkage, the speed and scope of regrowth vary. Whereas some cities 
have seen continuous regrowth for more than 20 years (e.g., Antwerp, Manchester), 
others constantly oscillate between growth and new losses (e.g., Brno, Timisoara, 
Genoa). In addition, the regrowth of cities can differ in extent, leading to a variety 
of regional contexts. In some cases, the entire urban region sees new growth, whereas 
in others, population increase occurs in the core city while the hinterland is (still) 
shrinking. It is factors at different spatial scales, from local to global, that impact on 
regrowth. Some studies have identified national contextual factors (Kabisch et al. 
2012) and compared different cities in terms of the causes and consequences of their 
turn from shrinkage to regrowth (Rink et al. 2012). Among the various factors influ-
encing urban development, especially external ones cannot be steered by the cities 
themselves and contribute to the non-linearity of cities’ trajectories. Thus, regrowth 
has only recently also become a subject of research, but it will probably continue to 
do so and, thus, it will become increasingly important for urban research.
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Because the focus of this chapter is on the interlinkages between shrinkage and 
regrowth and their impacts on land use (change) and the provision of UES we will 
not elaborate on the various causes and effects of shrinkage and regrowth (Haase 
et al. 2016; Rink et al. 2012). Instead, this contribution will explicitly link the fol-
lowing two strands of research: a) urban dynamics and their impacts on urban 
development, including land use and land use change, de- and redensification and 
vacancies/abandonment (Haase and Rink 2015; Haase et al. 2016; Rink et al. 2012; 
Rink and Wolff 2015); and b) the nexus between urban shrinkage/regrowth and land 
use policies/practices, together with the provision of UES (Haase et al. 2014; Rink 
and Arndt 2016). The following section details briefly the relationships between 
urban dynamics of shrinkage and regrowth, urban land uses changes, and the provi-
sion of UES/environmental qualities/open and green space.

2.1  The Nexus Between Urban Dynamics and Land Use 
Changes and the Provision of UES

The connection between different dynamics of urbanisation beyond just growth 
(shrinkage, regrowth after shrinkage) and its impacts on land use and UES provision 
is still relatively rarely described in the literature. There is a number of papers directly 
addressing the relationship between urban shrinkage and its impacts on land use 
(Haase et al. 2012; Kroll et al. 2012) or on specific land use settings in shrinking cit-
ies, such as green interim uses (Lorance Rall and Haase 2011) or urban forests (Rink 
and Arndt 2016). Haase et al. (2014) analysed the nexus between urban shrinkage, 
land use changes conditioned by it, and consequences for the provision of UES in a 
more conceptual fashion; this chapter builds on this research but goes beyond it in a 
twofold way: First, it looks at the coupled dynamics of shrinkage and regrowth, a 
case that is increasingly typical for many European cities (Rink et al. 2012; Haase 
2015; Wolff et al. 2016). Second, it directly addresses the relationship between urban 
dynamics, land use (changes) and UES provision for this coupled context.

Figure 1 shows the basic nexus between urban shrinkage and the provision of UES 
(Haase et al. 2014). Shrinkage leads to impacts on the physical infrastructure and, 
more precisely, to decreasing demand and underuse. This results in abandonment, 
e.g., housing vacancies and brownfields, with corresponding effects on the urban land 
uses. Moreover, changes in land use, such as de-sealing or demolition, also have 
impacts on the provision of UES – especially on fresh air, biodiversity, carbon dioxide 
storage, cooling effects, and leisure functions. Broadly speaking, the potential provi-
sion of these UES is supported by land use changes that are quite typical for shrinking 
cities; these include the creation or enlargement of green areas and parks after aban-
donment or demolition of built structures. A better or more efficient UES provision 
emerges from direct connections with processes of dedensification and the need for 
an, at least temporary, reuse of abandoned urban land. In sum, urban shrinkage 
involves a risk for land use and its efficient usage but, at the same time, it creates a 
window of opportunity for more green areas and ecologically sustainable uses.
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The framework conditions for urban development essentially change when a city 
experiences new population growth after a period of shrinkage (Haase et al. 2015). 
Due to this new growth, an increasing pressure to (re)use urban land for new housing 
and infrastructure is observed. This includes redensification, infill, and construction 
on formerly open or green space, including brownfield sites. Redensification is 
becoming a general trend in regrowing cities also because high-rise buildings are 
prioritised, compared to low buildings with low densities (such as town houses, which 
had been built in many shrinking cities). However, this is accompanied by new chal-
lenges for the provision of UES, because abandoned or green areas are exposed to 
new, developing pressure and constantly disappearing. The extent to which green uses 
and related environmental services that were created during the period of shrinkage 
can be maintained depends on many factors (new priorities of urban strategic develop-
ment, involved actors, etc.). On the one hand, regrowth has also been achieved in 
many cities through substantial investments in green and open spaces, as well as an 
improvement of residential environments: less dense, greener. On the other hand, the 
new pressure of reusing urban land to meet the increasing demand often threatens 
these qualities – redensification and reuse of open space for new construction receive 
highest priority. Moreover, the redensification of a city also contributes to increasing 
compactness which, in turn, has positive effects on UES; these include shadow effects 
of street areas due to high buildings or less (traffic) noise for buildings in the second 
row (rear buildings). In sum, new opportunities for the provision of UES emerge dur-
ing regrowth but also new risks for them as well as for the quality of urban life (Fig. 2).

These rather generalized reflections on the nexus between the provision of UES 
and the two basic trajectories of shrinkage and regrowth are now further underpinned 
by providing specific examples from several European contexts. Based on these, a 
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Fig. 1 Nexus between urban shrinkage and the provision of UES (Source: Haase et al. 2014)
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discussion will mirror the challenges, synergies, and trade-offs together with a con-
sideration of how urban stakeholders and other actors deal with those challenges.

2.2  Examples for the Interplay of Urban Dynamics, Land Use 
Changes, and the Provision of UES

The following paragraph mirrors the previously mentioned interlinkages by illus-
trating examples from various cities that have been investigated in an explorative 
way. All of these examples of shrinkage and regrowth need to be considered in rela-
tion to each other.

2.2.1  Shrinkage

Shrinking cities usually undergo dedensification and dissolution of the existing built-
up structures. For instance, rear buildings were demolished and, instead, green areas 
or at least partial greening was implemented. As a consequence of demolition or unde-
ruse, other forms of uses were required. In the Eastern German city of Leipzig, which 
used to be a prominent example of a shrinking city, temporary uses were implemented, 
using a planning instrument (Haase and Lorance 2010a, b). With this, niches came into 
existence, e.g., for urban gardening, which, in turn, fostered social communication 
and solidarity (“places of encounter”) or the cultural scene, etc. Moreover, green areas 
in general and urban gardens in particular also contribute to health via healthy food, 
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Fig. 2 Nexus between urban regrowth and the provision of UES (Source: Haase et al. 2015)
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leisure, social solidarity, etc. (Fig. 3). The relatively small scale of the created green 
areas (because, basically, only one building was demolished) opened up the opportu-
nity to also establish green areas in disadvantaged and former high-density districts.

Urban shrinkage even allows for projects that have a pilot or experimental char-
acter. In the cities of Leipzig and Halle, projects on urban forests were implemented 
(Fig. 4). These aimed at the reforestation of urban areas that were not supposed to 
be reused for new construction in the future. The specific character of these areas is 
that, from a planning perspective, they lose their legal status for building and are, 
instead, converted to the status of ordinary forests. These projects or instruments 
save money because extensively designed, high maintenance parks with a minimum 
infrastructure provision are not needed (lighting, rubbish bins, and benches are not 
provided). Rather, these areas substantially strengthen the biodiversity and therefore 
contribute to an enriched provision of UES. What is more, they also serve to use the 
areas sustainably and as a counter strategy against litter pollution and dilapidation 
through their use (cycling, walking, walking dogs along predetermined ways).

In addition, large scale demolition allows the creation of new parks and green 
areas such as in Liverpool (Everton Park) or Leipzig (Lene Voigt Park, Rabet Park). 
These are successful examples that show the interrelation of the requirement for 
demolition and the creation of new quality of life in the form of urban parks within 
the central/inner city.

Moreover, even entire districts, e.g., in Manchester (Castlefield district) are con-
verted and newly designed. In this case, a former highly industrialised district was 
upgraded by residential and leisure functions while considering and maintaining its 

Fig. 3 Urban garden project, Leipzig, Germany (Source: Annegret Haase)
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urban nature, such as green and blue (i.e. water) areas, as urban amenities. Several 
other projects have followed this principle, commonly known as water- or river-
front developments (in Bristol, Newcastle, Amsterdam, Malmö, etc.) (Fig. 5).

In several shrinking cities, however, new construction and investments in infra-
structure can be observed. In the inner cities of Liverpool, Leipzig, or Pittsburgh 
(US), several types of town houses had been constructed, representing a new, less 
dense form of dwellings and allowing for more green and open areas (Fig.  6). 
However, to what degree these developments contribute to an improved provision of 
UES is still under discussion (Haase et al. 2014). In Liverpool, Genoa, or the Upper 
Silesian Industrial District, new urban qualities have been created by the decontami-
nation and renovation of former industrial infrastructure such as channels, docks, or 
industrial buildings that had been converted to residential use.

Table 1 summarizes examples of the described land uses or use strategies with 
respect to their impacts on land use change and UES provision.

2.2.2  Regrowth

When a city is regrowing, we usually find redensification and re-compaction pro-
cesses, especially in the inner city, which thus drive the development of the entire city, 
as in Amsterdam, Manchester, or Leipzig, for example. Most regrowing cities follow 
an inward development strategy, i.e., they deliberately concentrate new construction 

Fig. 4 Urban forest, Leipzig, Germany (Source: Annegret Haase)
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Fig. 5 Riverfront development in Newcastle, UK (Source: Annegret Haase)

Fig. 6 Low-density housing in Liverpool’s inner city (Source: Annegret Haase)
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Table 1 Land uses and land use strategies in shrinking cities and their impacts on land use change 
and UES provision (examples)

Land 
uses and 
use 
strategies Description

Impacts on land 
use change

Impacts on UES 
provision Examples

Urban 
gardens

small-scale 
community gardens 
in residential areas 
serving local food 
production, 
communal activities 
and communication

non-residential 
land use, and 
large unsealed 
areas, in contrast 
to the built 
environment

gardens provide 
space for encounter, 
outdoor activities and 
communication, 
healthy food and 
recreation; support 
rainwater runoff and 
fresh air filtration

Annalinde, 
Leipzig, 
Germany; 
Greening of 
Detroit, US 
South Liverpool 
Urban Garden 
(SLUG), UK

New 
parks

de-sealing and 
greening of formerly 
built-up lots; 
decrease in density 
of the built 
environment

new land use on 
formerly 
built-up lots, 
increase in 
non-sealed, 
green land use

new opportunities for 
recreation, leisure, 
sport and encounter; 
provision of aesthetic 
values and healthy 
environments

Lene-Voigt Park 
Leipzig, 
Germany 
Everton Park, 
Liverpool, UK 
Southside Park, 
Pittsburgh, US

Urban 
forests

reuse of formerly 
built-up lots for 
afforestation and 
steered succession

new land use on 
formerly 
built-up lots, 
increase in 
non-sealed, 
green land use

new opportunities for 
walking, cycling and 
walking dogs; 
provision of aesthetic 
values and healthy 
environments

Urban forest 
pilot projects in 
Leipzig and 
Halle, Germany 
Tree farms in 
Detroit, US

Interim 
uses

various use options, 
e.g., green interim 
uses for gardens or 
parks, location for 
trailer parks, parking 
lots

generally 
lower-density 
land use, 
non-residential 
in a narrower 
sense, partial 
de-sealing and 
greening

degree and quality of 
UES provision 
depends on the type 
of interim use; it is 
high in the case of 
gardens or parks and 
lower in the case of 
parking lots

Urban 
gardening 
projects in 
Leipzig, Detroit 
and other cities
Millennium 
field (urban 
farming as an 
art project) in 
Leipzig, 
Germany

Low- 
density 
housing

reuse of urban land 
for low-density 
residential purposes, 
mostly no change in 
type of land use but 
in density

lower density, 
more green per 
square km, 
lower degree of 
sealed land than 
before

provision of more 
UES than in 
high-density housing, 
e.g., fresh air, 
rainwater runoff, 
green
(depends on 
equipment and shape 
of housing)

Town houses in 
Leipzig, 
Germany
Town houses in 
Liverpool, UK
Suburban-type 
housing in inner 
Pittsburgh, US

Source: authors’ compilation
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and infrastructure development activities in the inner parts of the city or the core city. 
Whereas, during shrinkage, less dense buildings, such as town houses, had been pre-
ferred, under conditions of regrowth more and more multi-level buildings (Fig. 7 left 
photo) are required, due to strong immigration and the demand for flats. However, 
this does not automatically led to less green in the surrounding areas because, due to 
large scale refurbishment, the accompanying green areas did not need to be touched 
and, if new constructions are needed, they are usually equipped with greening of the 
facades, the inner courtyards, balconies, or the roof itself; this has occurred in many 
European cities (Green Surge WP3 report 2015). The cooling effects of such re-den-
sification are still being discussed because, on the one hand, denser and larger build-
ings provide more shade but, on the other hand, they may block fresh air corridors. 
Inward development and re-densification means, on the one hand, less provision of 
UES such as fresh air, rainwater runoff, green/biodiversity through concentration of 
use and densities, but, on the other hand, better access to urban green spaces through 
shorter distances, as well as opportunities for high-quality green spaces in the urban 
hinterland. Moreover, new housing is being built, in many cases, close to high-quality 
green areas, such as parks (Fig. 7 right photo). This surely provides benefits in terms 
of UES (cooling, air filtration, biodiversity, recreational opportunities) for those who 
live in the housing, but it might lead to exclusionary displacement of lower income 
groups because such types of new housing are usually rather expensive.

Regrowing cities, in general, reuse their brownfields, albeit with different foci. In 
Ostrava (Karolina area), Liverpool (docklands), Leipzig (Plagwitz) or Manchester 
(Castlefield), many brownfields have been converted into new commercial, residential, 
and even nightlife areas. This often results in a sealing of formerly non-sealed or even 
green areas. In a few cases, the existing green and blue infrastructure was incorporated 
into the new built-up structure (as in Manchester, Liverpool, or Birmingham). Other 
prominent examples of such developments can be found in the former harbour areas 
of Liverpool or in large, previously highly industrialized areas in Manchester, Ostrava, 
or Leipzig. This emphasises that the degree to which green plays a role for the provi-
sion of UES depends highly on the new uses of the former brownfields (Fig. 8).

However, green and blue infrastructure is increasingly being used as a strategic 
upgrading component (living in a green environment, living next to water- or river-
fronts, etc.) with the associated increasing prices for rents, flats, and land prices. In 
many cases, these policies have led to selective upgrading and a displacement of 
lower income groups. This phenomenon has been discussed as “eco-gentrification 
“or “green gentrification” in an evolving debate since the mid-2000s (Dooling 2009; 
Quastel 2009; Banzhaf and McCormick 2007), although proof for a real causality is 
still lacking and the role and impact of environmental improvement on socio-spatial 
segregation is a complex and multi-faceted one. More green areas that are created 
when new buildings are constructed have, in sum, a positive effect on the urban 
population (filtering effects, mitigated heat effects, etc.) but a closer look reveals 
that especially those residents who can afford the higher prices actually benefit most 
from these green areas (see: the Phoenix project in Dortmund, which provides lux-
ury housing and leisure areas on a former industrial ground; http://www.phoenix-
dortmund.de/de/home/index.html), thus reinforcing socio-spatial differentiation.

From Shrinkage to Regrowth: The Nexus Between Urban Dynamics, Land Use…
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Fig. 7 (a) Redensification in Liverpool and (b) new, upmarket housing close to a park in Leipzig 
(Source: Annegret Haase)
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The increasing settlement pressure due to very high rates of immigration also has 
trade-offs for UES provision. The niches, mentioned above, which emerged during 
shrinkage, are subjected to further pressure, especially those with temporary green 
uses (e.g., community gardens, cultural projects, caravan parks, or informal uses) 
and more and more such niches are disappearing. Increasing rates of sealed land 
cover, growing infrastructure systems, and increasing traffic can even lead to new 
environmental stress because the remaining green areas are over-used, resulting in 
lower quality of the green areas. Increased densities of built environment, more traf-
fic, and more use of infrastructures and public areas also impact on the capabilities 
of the urban ecosystems to provide UES such as fresh air, carbon dioxide storage 
capacity, filtering of pollutants, cooling effects, or rainwater runoff. Here, the capac-
ities of UES to balance environmental pollution and burdens (for the urban popula-
tion) are often exhausted and/or exceeded. Several studies on various European 
cities have confirmed that more urban green is not balancing out the pollution pro-
duced by the constantly increasing traffic in a regrowing city (Kain et  al. 2016; 
Larondelle et al. 2016; Baro et al. 2015; Lauf et al. 2016).

Table 2 summarizes examples of the described land uses or use strategies with 
respect to their impacts on land use change and UES provision.

Fig. 8 Reuse of former large-scale brownfield sites: (a) Princes Dock, Liverpool and Czermaks 
Garden, Leipzig, (b-1) as interim use area in 2004 and (b-2) under reconstruction in 2016 (Source: 
(a) Annegret Haase, (b-1) J. Volz (2004), (b-2) Dieter Rink (2016))
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Fig. 8 (continued)
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3  Which Challenges Can Be Identified from the Interplay 
of Urban Dynamics, Land Use Change, and UES 
Provision?

The following section reflects in a systematic way on the challenges that emerge for 
land uses and the corresponding provision of UES in phases of shrinkage and 
regrowth. Existing synergies/benefits and trade-offs are of particular interest.

Urban shrinkage is widely perceived as a problem with many negative conse-
quences for urban society and urban space, including the sustainable use of urban 
land and the provision of a good quality of life. One of the main challenges thereby 
is it to deal with vacancies, abandonment, and demolition and to balance these with 
greening of areas and the quality of life for the remaining population. Most shrink-
ing cities experience difficulties in tackling these challenges, due to decreasing 
human capital and budgets.

However, shrinkage does not just represent a problem for sustainable land use 
and UES provision in cities. It also offers opportunities and potentials for more 
sustainable land use and better provision of UES, both factors that may lead to an 
increased quality of life for the (remaining) inhabitants. For example, town houses 
and new housing next to green and blue infrastructure provide residential qualities 
and retain population in these districts. Although new construction means additional 
soil sealing, these measures often contribute to an improvement of the housing con-
ditions in terms of leisure, recreation, and even health aspects. Newly created parks 
and urban forests or interim/temporary uses such as urban gardening provide more 
space for green and thus for biodiversity and movement (sports). This represents an 
essential link between land use changes and the provision of UES (biodiversity, 
recreation, fresh air, etc.; see Haase et al. 2014; Lorance and Haase 2010; Rink and 
Arndt 2016).

In fact, in many cities that have seen a period of shrinkage, these new opportuni-
ties and created qualities have helped to encourage residents to stay and to attract 
new residents. In doing so, low-density land use, more green spaces, opportunities 
for alternative uses and niches, as well as higher environmental qualities contrib-
uted, in many cases, to a halt of shrinkage and to new growth. To put it differently: 
the trade-offs of the shrinkage context were translated into benefits for the urban 
environment (land use, UES) and quality of life. Even if this was, in most cases, 
only possible with large-scale public financial support and in conjunction with the 
creation of new job opportunities, it makes it obvious that only the context of shrink-
age provided the framework for new developments and qualities that made the cities 
attractive for their inhabitants to stay there and for new in-migration.

When, after a longer period of shrinkage, a city is regrowing, views on land man-
agement, reuse of abandoned areas, greening and interim uses change. Although 
regrowth is generally a favourable situation for a city because it means new people, 
increasing attractiveness, and often also new investment, it is not just a benefit when 
it comes to land use (change) and potentials for UES provision. New challenges 
resulting from emerging or changed requirements and interests have to be balanced. 
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On the one hand, new demographic and settlement pressure requires a constant 
redensification and construction of new houses. On the other hand, the conservation 
of hitherto created green and open areas, as a pull element, is necessary. The corri-
dor of how sustainable urban development, including land use and UES provision, 
may be shaped ranges between these two poles. What the real world result looks like 
depends, however, on several factors. Among these are the overall strategy and leit-
motifs of a city, the constellation of decisive actors, ownership issues, existing insti-
tutional and legal conditions, and, not least, the available budget. Regrowth must not 
automatically lead to new segregation, pressure on green spaces and displacement 
but, in most cases, documented in the literature, new growth brought about exactly 
these processes, although in different degrees of depth and speed and focused on 
specific parts of the cities. In these parts, usually the most attractive areas – green 
and blue – become part of upgrading strategies, leading, in the worst case, to eco- or 
green gentrification (see above).

By and large, there are many more ambivalences around the nexus between 
urbanisation dynamics and its impacts on land use (change) and the potentials and 
constraints for UES provision. Whilst urban shrinkage, despite all its problems, 
offers the space for new ways of thinking, less density, more green and experimen-
tation, urban regrowth sets new challenges for the maintenance of green qualities 
that were created or established within the period of shrinkage. Potentially, the con-
text of regrowth offers the chance to steer new growth in a more sustainable direc-
tion by building exactly on this “green legacy” from the period of shrinkage. In fact, 
however, this remains a theoretical option in many cases. In most cases for which 
the authors have evidence, new growth brought an immediate return to market- 
oriented and pro-growth strategies and a delimitation of space for experimentation, 
innovation, niches, as well as for affordable or non-market solutions. Whereas, dur-
ing shrinkage, the market was dominated by the supply side, it is highly demand- 
driven during regrowth, allowing the market to react by creating new and high 
priced housing. Therefore, especially in the context of post-shrinkage regrowth, the 
creation of a balance between the new settlement pressure and the maintenance of 
green areas remains a continuing challenge. In shrinking cities, the mentioned 
potentials for more green, less density, and experimentation are often restricted by 
tight budgets and an insistence on pro-growth strategies, instead of using the oppor-
tunities of abandonment and emptying for green solutions and an enhancement of 
the quality of life.

Thus, it is necessary to look more closely at all trade-offs between UES, land use 
change, and the changing urban context: Which positive aspects emerge from re- 
densification, not just for residential quality and provisioning with green areas, but 
also for socio-spatial configurations, physical improvements, or even displacement. 
We emphasise here that an integrated perspective is essential in order to capture all 
effects and to bridge debates that deal with the topic from different perspectives, 
e.g., the debate on land use change under conditions of non-linear urban develop-
ment, UES and ecological sustainability, as well as the debate on connections and 
trade-offs between green/blue-based upgrading and socio-environmental justice, or 
socio-spatial segregation/displacement. To date, only a few investigations have 
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addressed these connections and trade-offs explicitly (Berbes-Blazquez et al. 2016; 
Kabisch et al. 2016, for example). Here, more mutual consideration and interest is 
needed to achieve a truly integrated view.

4  How Do Actors, Policies, and Governance Respond 
to These Challenges?

The synergies listed above and trade-offs between shrinkage or regrowth with 
respect to land use changes and the provision of UES, as well as the resulting oppor-
tunities and challenges show that how actors cope with the respective situation 
given is crucial. Therefore, the following section will expand on the responses of 
different actors, their motivations, and when or how shrinkage and regrowth have 
been treated as a problem or chance.

In shrinking cities, the management of, or planning for, shrinkage represented a 
new challenge for local actors. There were no blueprints about how to respond to a 
situation that was opposite to the overall growth paradigm and in which a decline of 
the population, economic base, infrastructure and, in general, demand, had to be 
governed. Within this context, space also emerged for experimentation, new coali-
tions of actors and new models for land use related to growth/market expectations/
mechanisms beyond (pure) market orientation.

In the case of regrowth, the framing conditions, in contrast to shrinkage, change. 
Empirically, most shrinking cities suddenly turn to (re)growth rhetoric and planning 
as soon as some insipient signs of stabilization appear. Policies are re-adjusted to 
growth orientation; the management of shrinkage is no longer seen as necessary. 
Investment (also private) often assumes a larger role and, in many cases, the cities 
are (still) dependent on it. Generally, they see a recovery of their real estate market 
and the local economy. Simultaneously, the former support for green, less dense, 
and less market-oriented uses decreases.

Two meaningful examples of this situation are the cities of Leipzig and Halle; 
whilst Leipzig officially labeled its post-2000 stabilization immediately as new 
growth, Halle declined any deliberate planning for shrinkage (which was also 
backed by a written strategy) immediately after it started to tentatively regrow in the 
years after 2010 (Wolff and Haase 2015). Under the condition of regrowth, the man-
agement of shrinkage is seen as no longer necessary; instead, the new growth was 
to be stabilized and increased. Whereas, during the period of shrinkage, local actors 
typically are comparatively weak and limited in their capacities to act and depend 
on external investment and decisions (Rink et al. 2014), the situation changes (at 
least partly) when a city turns to new growth. In the period of regrowth, investment 
in the city increases, as does the demand for urban space. The existing building 
stock is mainly renovated in attractive inner-city locations, and new housing is built. 
Re-densification takes place through renovation of existing, vacant housing, infill 
and new multi-storey or high-rise construction. Generally, land and the real estate 
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market recover and increase in value (Couch and Cocks 2013; Haase and Rink 
2015). Given this context, non-market interim uses that were typical for the shrink-
age period, tend to decline in importance or face increasing pressure. They do not 
have a strategic importance for urban planning anymore. Interim uses are increas-
ingly displaced by market-oriented uses, as described, e.g., by gentrification 
research.

Existing governance structures, including interim uses and users, are subjected to 
increasing pressure. The much more purpose-driven coalitions of actors from the 
context of shrinkage that oriented to stabilization, maintenance, and attenuation of 
decline, usually break or disappear in the context of regrowth and market and 
benefit- oriented logic returns. New conflicts of interest between actors who for-
merly cooperated emerge, e.g. when interim users want to continue to use their 
spaces or land and defend them against market-oriented interests. Differences in 
interests between actors of different origin become larger and always more difficult 
to balance since municipal actors and entrepreneurs prefer (again) the classical pro- 
growth strategies. Purpose-driven coalitions from the period of shrinkage that cre-
ated win-win situations for private owners, housing companies and entrepreneurs 
are replaced by pro-growth interests and logic. The speed of this change depends on 
the scope and type of regrowth. Whether sustainable solutions are subsequently 
pursued and “green qualities” maintained depends on how they fit into the new 
growth concepts and exploitation interests. This might be the case when a city 
adopts smart or sustainable growth strategies or when creative or innovative interim 
uses are later useful for marketing purposes, to keep the city attractive for new 
(better-off) residents. While et al. (2004) introduced the term of “sustainability fix” 
for the extent to which green or sustainable developments are employed as strategic 
priorities for a city’s future (“city of gardens”, “innovative city”, “eco-city”). Of 
course, the maintenance of “green solutions” also depends on how interim users 
may counteract market interests, and how they can, e.g., mobilise the public in favor 
of their interests.

By and large, green qualities and sustainable solutions created in the period of 
shrinkage can be only maintained when they are situated on public land or in public 
ownership. Examples of this are the new parks or urban forests that were created in 
shrinking cities in former railway areas or other (industrial and residential) brown-
field sites, such as Everton Park in Liverpool, Lene Voigt Park in Leipzig, Emscher 
Landscape Park in the Ruhr area, or the “forest city” Halle-Silberhöhe. Other exam-
ples are urban gardens that are situated on public land. It is crucial to guarantee 
public ownership before market-oriented actors can buy the land because then, in 
most cases, interim and/or green uses are displaced stepwise or just become niches. 
This can be observed in some regrowing cities. It shows that the steering of regrowth 
cannot be left to the market because, in this case, benefit-oriented uses will win – 
and they do not need to be sustainable, green, or inclusive uses. The municipalities 
have a decisive role in this process because they have to plan for the long term and 
have to pay attention to the maintenance of sustainable qualities. Of course, differ-
ent interests and use developments have to be negotiated, e.g., between redensifica-
tion strategies on former brownfield sites that are now open/green spaces and new 
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land consumption. From a scientific standpoint, the new conflicts also lead to the 
question of how shrinkage and regrowth may be assessed from a sustainable or UES 
standpoint, and it becomes obvious that there are benefits and trade-offs: Despite all 
its problematic aspects, shrinkage offers space and opportunities for sustainable and 
green solutions supporting livability and well-being; regrowth may set new limits to 
such solutions or even “sacrifice” them to market- or benefit-oriented interests that 
are less or not sustainable/green.

It is obvious that the consideration of green qualities and the provision of UES are 
not easy tasks for governance to fulfill under the conditions of regrowth. Complications 
arise from differing or even opposing interests and demands. The crucial question is 
whether the long-term guarantee of UES provision can be defended against (more 
short-term) market-oriented interests and how these two issues can be brought 
together in a way that is also socially sustainable. The only actor who can defend 
sustainable developments is the municipality. It can form an alliance with other 
actors (civic society, green economy) to strengthen its position. Because municipali-
ties are also interested in supporting regrowth, their task consists of constant pro-
cesses of negotiation and balancing. To date, relatively few examples of how these 
various interests and priorities can be successfully combined exist. There is only 
little evidence for which interests will finally prevail or how market and sustainabil-
ity interests might be coupled and/or balanced in a reasonable way. Here, we see a 
new “avenue of research” for interdisciplinary social- environmental sciences but 
also for the transdisciplinary dialogue between science and urban practice.

Generally, a bundle of factors decides to what extent shrinkage and regrowth 
represent a problem or a chance for cities, in terms of sustainable land use and pro-
vision of UES. These factors include structures of ownership and types of leader-
ship, availability/sources of funding, strategic goals of development, political and 
institutional settings, as well as the level of inclusion of different actors into 
decision- making. When considering the political framework, it is important to note 
that, in this contribution, the examples used describe cities in a welfare state context 
with an elaborated environmental policy and sustainability goals (Germany, UK); 
the situation would change considerably if we considered Central Eastern European 
cities with a much stronger neoliberal orientation or also cities in crisis countries 
such as Greece, Italy, Portugal, or Spain, where consequences of crises but also of 
response policies (e.g. of privatization, see Haase et al., “On the Connection between 
Urban Sustainability Transformations and Multiple Societal Crises”, in this vol-
ume) are much less favourable for discussions on sustainability or for transforma-
tion towards more sustainability.

5  Conclusions

Coming back to our original research questions raised, we conclude that there is a 
complex and by no means clear-cut or one-dimensional relationship between con-
texts of shrinkage and regrowth and their impacts on land use change and UES 
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provision. Whilst shrinkage represents a problem for cities, due to abandonment, 
underuse of urban land, decline of the economic base, and tight budgets, it also 
offers new opportunities for creating solutions for reuse of areas or re-shaping 
brownfield sites in a green, sustainable way. This generally (and excluding differ-
ences and unevenness here) contributes to the quality of life, as well as the health 
and well-being of the remaining residents. This development might contribute to an 
increasing attractiveness of a city and act a source to make people stay or even to 
attract new residents. The main challenge in the context of regrowth is it to balance 
different interests (more or less benefit-oriented) and to steer new growth in a way 
that maintains at least some of the green, UES provisioning uses, and solutions that 
were created in the period of shrinkage. Because many of those uses are not market- 
oriented, the probability that they will continue is, given today’s primacy of profit 
maximization as a guiding principle in many cities, relatively small. This is also due 
to the dependency of many regrowing cities on private capital. At the same time, 
regrowth also represents a chance for compact city development in a resource- 
efficient way (short distances, high-density housing). This can contribute to decreas-
ing environmental burdens (less traffic, cooling effects of high buildings, 
energy-efficiency of high-density structures) and increasing accessibility, e.g., of 
green areas such as public parks. Here, the role of municipal policy, policy priori-
ties, and public ownership of green areas seem to be crucial for maintaining green 
(re)uses in formerly shrinking cities.

Here, we see the emergence of an interesting new avenue for future research. At 
this point, the idea of the above-mentioned “sustainability fix” of While et al. (2004) 
might serve as a conceptual framework to detect which role land use and green qual-
ity play when it comes to strategies for urban development and to what extent these 
strategies overcome one-dimensional thinking. This would, indeed, help to reveal 
the relationships between different developments “below the surface”, e.g., impacts 
of land use change on socio-spatial patterns and, even more, to shed light on intended 
and unintended developments accompanying such changes. The emerging debate 
about the relationship between UES and power relations, which leads to uneven 
distribution of UES (winners and losers), can be enriched by a reinforced coopera-
tion between social and environmental science. In this context, many new questions 
arise, such as: How long can the qualities created during shrinkage that support the 
turn towards regrowth be maintained? How important are green areas and the rec-
ognition of benefits through UES (see Hansjürgens et  al., “The TEEB Approach 
Towards Sustainable Urban Transformations: Demonstrating and Capturing 
Ecosystem Service Values”, in this volume) for housing and relocation choice in a 
context of rising housing costs and tighter housing markets, and, what effects does 
redensification have on both residential and environmental quality of life? How 
should redensification be shaped in order to avoid segregation and allow for afford-
able solutions and niches for experimentation/innovation?

Factors such as land use, UES provision and the political, societal, or governance 
framework can hardly be examined individually. The contexts of urban shrinkage 
and regrowth are  – although meaningful  – just examples to support this general 
argument. Thus, we strongly recommend an integrated perspective that considers all 
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three elements and their integrative relationships. In research, as well as in policy 
practice, this integrated view is rarely followed; instead, individual problems and 
challenges are addressed and the side effects of causes and problem solutions are 
ignored. These debates have to be linked very closely for what this paper would like 
to contribute and they represent core elements for a fruitful exchange.

When we return, finally, to the overall context of this volume and the relationship 
of our subject to the general context of urban transformation, it should be high-
lighted that urbanisation has to be considered as a non-linear process. Because, for 
the future, shorter periods of shrinkage and regrowth are probable, the impacts of 
non-linear development have to receive more consideration in the discussion on 
transformation. The nexus between urban land and provision of UES is in the centre 
of urban transformation towards more sustainability; as the chapter has attempted to 
show, this nexus is a complex one and there are many factors that determine whether 
shrinkage or regrowth are a problem or benefit. A better and more informed under-
standing of emerging and existing trade-offs and ambivalences is crucial for a full 
grasp of the challenges and potentials that shrinkage and regrowth offer for sustain-
able land use and UES provision.
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Potentials of Urban Brownfields for Improving 
the Quality of Urban Space

Ellen Banzhaf, Thomas Arndt, and Jan Ladiges

1  Urban Brownfields as Land Resources

Urban brownfields have been an international phenomenon for decades and are part 
of most industrialised countries worldwide (de Sousa 2008). Brownfields are under-
stood as previously used land that has been abandoned and may suffer from con-
tamination. They occur in shrinking cities as well as in growing cities. In particular, 
urban locations that changed from agglomerations with heavy industry to service 
centres transformed these urban spaces into brownfields. Several international insti-
tutions and expert networks deal with concerted actions for brownfields, to develop 
such valuable urban areas (CABERNET; US Environmental Protection Agency 
(EPA), European Environmental Agency (EEA), etc.). Despite substantial efforts, 
many of these previously used industrial sites could not be assigned to new func-
tions and, therefore, no further use was made available. Re-using brownfields can 
help to reduce the amount of newly sealed land (e.g., Rink and Banzhaf 2011). Land 
recycling, in particular, is considered a solution because it offers potential sites for 
residential and commercial constructions (EEA 2015). For the process of reurban-
isation, brownfields play a particularly important role in recycling former industrial 
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sites into land that meets the needs of today’s cities. In urban areas, land is subjected 
to strong dynamics and is a tenuous and competing resource, in view of ongoing 
global urbanisation. Therefore, the development of commercial brownfields is an 
important municipal task for sustainable land management. Their potential redevel-
opment is vital with regard to resource-efficient land management, on the one hand, 
and the newly developed land-use type as an option for increased urban resilience 
against natural hazards on the other. Consequently, redevelopment can have marked 
effects on the quality of life and sustainable urban development (Martinat et  al. 
2016; Norrman et al. 2016; Bartke et al. 2016).

Urban brownfields can, therefore, have positive implications as land resources 
for new urban development, despite their negative images as contaminated sites or 
as symbols of urban decay and blight. When considering the redevelopment of for-
merly abandoned sites, there are two major options for dealing with urban brown-
fields. The aspect of revitalisation is concerned with the re-use of these brownfields 
for commercial purposes and has been identified as an important tool to prevent 
further urban sprawl. The second option  – renaturation  – treats brownfields as 
important green spaces for humans, animals, and plants. Although this aspect has 
high social and ecological values, it has, so far, only played a minor role when 
revaluating derelict land (BBSR 2013, p. 93). In this regard, redeveloping brown-
fields is important in terms of urban transformations towards sustainability and it 
shows how different development options may help to fulfil two substantial, yet 
divergent objectives of urban sustainability: reducing urban sprawl or maintaining 
urban ecosystem services.

Understanding the potentials of urban brownfields has been discussed compre-
hensively in the literature (e.g., Keil 2005; Lafortezza et  al. 2008; Budinger and 
Gruehn 2012). For a city, their specific potentials depend on their respective size 
and allocation, their overall area, spatial distribution, and connectivity.

Location-based development incentives have been used for decades. A challenge 
for urban planning is to find a balance between brownfields’ actual contribution to 
real estate investment decisions that stimulate infill growth in urban areas and their 
value for improving environmental quality, based on their degree of vegetation 
cover and succession stages.

2  The Potential Re-Use of Urban Brownfields

Brownfields have diverse functions for urban development and are in “conflict 
between conservation and structural re-use” (Hansen et al. 2012, p. 126). On one 
hand, they provide important land-use options for reducing the consumption of 
land. This aspect supports the goals of the National Strategy for Sustainability 
(Presse- und Informationsamt der Bundesregierung 2016). On the other hand, 
brownfields are important sites for urban biodiversity and are part of the urban green 
infrastructure (Die Bundesregierung [i.e. Federal Government of Germany] 2002). 
Thus, these aspects support the goals of the National Strategy for Biodiversity 
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(exemplified by BMU 2007). These conflicting objectives, in particular with regard 
to further greening of cities, are a challenge that has to be met on a local scale and 
within an integrated urban planning approach (Arndt and Werner 2015). As a con-
sequence, local planning authorities face the challenge of either revitalising existing 
brownfields, or conserving the site to enhance green infrastructure and/or to safe-
guard its biodiversity (BMU 2007). In many cases, the priority is set to economical 
reactivation, especially in the inner city (Mathey and Rink 2013). In any case, re- 
using abandoned land still is a complex process, from incipient remediation through 
demolition and new design to the rehabilitation of a brownfield site into the struc-
ture of the city.

2.1  Revitalisation

Municipalities are mainly interested in an economic recovery of unused land 
because it generates tax revenue, revives the economy, and – in the case of com-
mercial sites  – creates jobs. Therefore, potential recovery areas need to be well 
connected, logistically, and have to be offered on acceptable terms. In addition to 
economic development, a municipal aim is also to minimize the consumption of 
undeveloped land, in order to restrict urban sprawl and to manage urban land in a 
more resource-efficient manner. For this purpose, the intention is to re-use existing 
space potentials by the complete recovery of derelict land.

Because they are named as “prime candidates for urban revitalisation efforts” 
(De Sousa 2008, p. 251), it is obvious how precious these sites are and what kinds 
of urban benefits can emerge from their refurbishment. As mentioned above, differ-
ent international organisations in North America and Europe, as well as local and 
regional governments, have initiated incentives to make the recycling of brown-
fields attractive to land owners. Such innovative strategies include environmental 
and economic policies and programs that provide relief from the costs and risks 
immediately connected with brownfield remediation and redevelopment. Liabilities 
for contaminated sites keep owners from selling their land, so that valuable space in 
central urban areas lies abandoned, rather than being returned to the development 
cycle of land as a resource. Because they are unsure about regulations governing 
who should cover the costs of cleaning the lot, owners refrain from selling. As a 
consequence, local governments tend to exempt owners from liability to clean-up 
the premise from pollution. Only by gaining the empowerment to reclaim the real 
estate can local authorities stimulate new investments in the premises. Redevelopment 
of brownfields exists for private and public users and makes the land economically 
viable, depending on the demand for real estate in urban centres. The support for 
brownfield redevelopment must be shared by various divisions of local govern-
ments, such as divisions for urban planning, urban greening, environmental protec-
tion, and business development, to make a concerted action profitable for the social, 
environmental and economic benefit of a neighbourhood or of a local district.
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2.2  Renaturation

With respect to a resource-efficient city that takes brownfields as an opportunity to 
rethink urban planning, preservation and development of open spaces has become of 
great importance, but stands behind the economic profit of re-using brownfields (EEA 
2015, p. 44). Nevertheless, it has been recognized that urban open spaces can be used 
not only for recreational purposes; they also serve essential functions for the urban 
ecosystem, such as climate regulation (local solutions against heat hazards) and pro-
vide habitats and refuge for many rare and endangered plants and animals. Here, 
brownfields may, in particular, represent an important complement to existing open 
spaces if they are understood as part of the urban green infrastructure (EC 2013). 
Recultivated land complements the urban ecological inventory and also supports eco-
nomic and socio-spatial revitalisation. Taking nature conservation on brownfields into 
consideration, and making use of them in terms of their local proximity to nature, can 
only be implemented with the involvement of socio- demographic demands for design 
and usability in densely populated urban areas. Beyond this, urban brownfields fail to 
be perceived as providers of cultural ecosystem services, due to their lack of aesthet-
ics (different succession stages, and untended vegetation).

The controlled development of urban brownfields into intensive or extensive 
landscapes has often been cited as a proactive strategy for dealing with brownfields 
(Rößler 2010). In addition, however, there are also unused areas that have no social 
interference. A few years after an area has become a brownfield, some kind of natu-
ral greening usually occurs. In the early 1990s, Kowarik (1993) introduced the con-
cept of a specific urban-industrial nature to which urban brownfields belong. The 
natural succession areas in a city have, in particular, high nature conservational and 
ecological value, because they become important stepping stones for animals and 
plants. A problematic aspect here is that green fallow succession sites do not have 
administrative protection, because these potentials are not recognized in the urban 
planning process, with respect to their qualitative characteristics. Brownfields are 
recorded in the municipal registers, according to their original dedication, either as 
commercial or residential sites. Although awareness of the ecological function of 
urban brownfields exists at the local urban planners’ level, permitting succession is, 
currently, definitely not a proactive greening strategy (Ahern 2007).

2.3  Multifunctional Land Use Options

Studies on the renaturation of brownfields show that legal planning instruments 
exist that are relevant when considering nature conservation and the respective plan-
ning aspects. The economic focus of city planning, however, makes such an imple-
mentation somewhat problematic (Rößler 2010; Kühnau et  al. 2016). Decisions 
about how a specific urban premise can be used are often made on an individual 
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basis. Hence, appropriate guidelines that could help to decide if an area is more 
 suitable for revitalisation or for renaturation are still not available. A good example 
is a German study, funded by the Research and Development Projects of the Federal 
Office for Nature Conservation (BfN), on inner urban development (i.e. in contrast 
to suburban development) and urban planning that deals with this topic (Kühnau 
et al. 2016). The objective was to develop a catalogue to support decision-making 
for ecologically important or nature conservation sites that would exclude structural 
re-use or the need to be adjusted accordingly. Thereby, specific multifunctional 
parameters were considered for each site with respect to spatial coverage, condition 
of the vegetation, accessibility, etc. The project results demonstrate that sustainable 
urban development has to be taken seriously and should not be biased towards 
 economic prosperity. Social and, especially, ecological aspects have to be involved 
as well, to help in providing ecosystem services and, therefore, to improve the 
 quality of life in cities (see Kabisch et  al.,  “Local Residential Quality from an 
Interdisciplinary Perspective: Combining Individual Perception and 
Micrometeorological Factors”, in this volume concerning local residential quality 
and also Fig. 1 for the factors that set priorities for redevelopment). To make well- 
balanced decisions, it is particularly important to have detailed qualitative informa-
tion on brownfields, in addition to quantitatively obtained figures.

Fig. 1 Multiple factors influence priority setting for redevelopment of commercial brownfields; 
illustrated by figures from our own survey for the City of Leipzig (left side of graphics)
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3  Potential Spaces for Regrowing Cities – The Case 
of Leipzig, Germany

In recent years, the City of Leipzig has undergone a drastic change and has developed 
from a shrinking city into a regrowing city (see Haase et al., “From Shrinkage to 
Regrowth: The Nexus Between Urban Dynamics, Land Use Change and Ecosystem 
Service Provision”, in this volume dealing with urban dynamics). Although brown-
fields had existed for a long time, the amount of derelict land increased rapidly after 
reunification in Germany, and currently represents a large stock of land reserves. The 
majority of brownfields is located in industrial sites, along railway tracks, in former 
military zones, and in vacant residential housing. As in many formerly industrialised 
areas worldwide, it was common in all eastern German cities that many of their 
brownfields were contaminated.

Since the mid-1990s, the City of Leipzig has implemented an integrated urban 
development strategy (STEP). The problem of brownfields became an important 
area of action during the debate on urban redevelopment (“Stadtumbau”) at the end 
of the 1990s. Tackling brownfields became inevitable; their monitoring and new 
instruments (e.g., interim use, permanent green spaces) were established. In the 
early phase of this urban redevelopment, Leipzig started to improve the quality and 
quantity of its public spaces by setting up its “Guidelines for Urban Renewal”. These 
expressed the central objective of “more green, less density,” which, amongst other 
issues, requires a higher quantity and quality of public parks, as well as alternative 
usage of open spaces (Stadt Leipzig 2009). Such alternative uses included interim 
use with short- to medium-term afforestation of brownfields. Around the turn of the 
millennium, the city started to support the temporary use of brownfields by citizens. 
In 2005, about 14 ha of new green and open spaces could be developed that covered 
a wide spectrum (e.g., green areas, pocket parks, urban gardens; Muschak et  al. 
2009). Existing brownfield sites were initially developed, primarily to establish gar-
dens, and thus pursuing the target of improving the quality of life in the affected 
neighbourhoods. As a result, permanent green spaces were established and, addi-
tionally, a variety of green spaces with temporary uses were created. Although this 
new way of dealing with brownfields has also been applied in other cities (Burkhardt 
et al. 2008, p. 105ff), the case of Leipzig has been acknowledged as a model for this 
pattern of re-used brownfields nationwide (Rink and Arndt 2016).

In 1999, the City of Leipzig first adopted a development plan for commercial 
construction areas, with an update in the urban development concept a decade later, 
in 2009. Setting the priority on inner urban development, namely its densification 
process, and against external development which favours further building activities 
in the outskirts, has led to an upgrading of brownfields as potential spaces for rede-
velopment (Ferber et al. 2010). Therefore, the aim of managing and redeveloping 
commercial and industrial brownfields focussed on revitalising the industrial sector. 
Furthermore, a differentiated supply of space for various economic policy objectives 
was created. One of these objectives was to focus, in particular, on a demand- driven 
development of re-usable land. The minimum size of an individual commercial site 
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was defined to be at least three hectares, because this size was considered to be the 
smallest that could have an economic influence on the development of adjacent sites.

About a decade ago, the process of shrinkage in Leipzig came to a halt and, ever 
since, the city has reversed towards reurbanisation, thus making Leipzig the fastest 
growing city in Germany, at present. This trend raises new challenges for the use of 
limited space, resulting in decreasing amounts of brownfields and open spaces. Due 
to its extremely fast growth and its high expectations for sustainable environmental 
development, the City of Leipzig faces the challenge of balancing revitalisation and 
renaturation of brownfields. Both types offer various advantages for the further 
growth of the city. As mentioned above, economic reasons drive many municipalities 
to revitalise brownfields into commercial sites. Leipzig represents an example of 
where this option has been made feasible through a city development plan 
(Stadtentwicklungsplan der Stadt Leipzig – STEP [urban development plan of the 
City of Leipzig]). Because not all potential sites are suitable, information about the 
sites’ conditions is mandatory and brownfield monitoring assures its updating (Stadt 
Leipzig 2009; Corebro Project 2016). On the higher hierarchy level, this development 
plan is part of the urban development concept (the so-called Stadtentwicklungskonzept – 
SEKo), which also attributes economic aims to certain districts.

In this regard, the guidelines of Leipzig’s Urban Development Plan list a “strate-
gic area precaution”. Accordingly, commercial sites are allocated as required by 
enterprises or provided flexibly and prepared for any future use. Urban planning 
needs a quantitatively and qualitatively differentiated set of tools, in order to realize 
the greatest possible range of demands (Stadt Leipzig 2012). For economic devel-
opment it is important to gather information on the quantitative and qualitative 
structure of land reserves. Therefore, the City of Leipzig has monitored brownfields 
within its administrative boundaries since 1998 to guarantee their sustainable devel-
opment. Additionally, a project group that deals with the recording and analysis of 
“commercial and residential brownfields” (Corebro Project 2016) was established 
at the Helmholtz Centre for Environmental Research – UFZ GmbH. During the last 
field mapping in 2012, 1014 commercial sites with a total area of 6.25 km2 have 
been evaluated (Fig.  1). Of these sites 783 (5.17  km2), have been considered as 
brownfields, and 191 sites were redeveloped between 2007 and 2012. Few remained 
unknown, due to their inaccessibility during field work.

Apart from its location and degree of integration into the public infrastructure, 
the size of a brownfield is a significant factor for its subsequent use. In this respect, 
Leipzig faces a major challenge, because most sites do not meet the prerequisites of 
three hectares as a threshold for direct redevelopment. Instead, a large share (80%) 
of these sites covers an area of less than one hectare, which is simply too small for 
revitalisation, as such. Figure 2 demonstrates the large number of smaller commer-
cial brownfields in the urban area for which it has become a prerequisite, for urban 
planners, to consolidate neighbouring sites into a larger connected area before they 
can be offered for further use. Such a step initiates a sequence of procedures that 
forces planners to negotiate with the owners of adjacent sites to cooperate, to ensure 
that they fulfil all the clean-up requirements and meet the request for future develop-
ment of the newly combined area that then has the appropriate shape and size.
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Leipzig has a long history of brownfields with extensive vegetation cover; 
thereof, 78% are naturally grown open spaces with vegetation in succession, 
 especially in advanced succession stages. Half of the sites have a vegetation cover 
of at least 75%, classified as tall forb (24%) and pioneer forest (26%) (Fig. 3).

Therefore renaturation is an option to retain the existing vegetation in these suc-
cession stages as a basis for new green spaces. Fostering a green network in the city 
implies counteracting climate change issues and providing positive environmental 
well-being for citizens. Especially those sites that show advanced succession stages 
are also of high ecological value. In addition, certain linear brownfields might even 
be appropriate for traffic use by cyclists and pedestrians, which also improves the 

Fig. 2 Absolute number and size of commercial brownfields in Leipzig

Fig. 3 Composition of vegetation features in urban brownfields in Leipzig
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quality of life for citizens. To jump at the opportunity and profit from their share of 
vegetation and biodiversity, the quality of living in neighbourhoods can thus be 
enhanced (Lucius et al. 2011) and resilience against natural hazards such as summer 
flash floods or heat waves can be reinforced.

Positive aspects of brownfield renaturation are improved ecological and social 
conditions in neighbourhoods, and these are targeted in projects such as afforestation 
of an urban brownfield site (Rink and Arndt 2016). Concerning the experience with 
this project, one must keep in mind that residents might see a brownfield site as 
wasteland and, thus, problematic because of its uselessness and non-aesthetic appear-
ance, especially because advances in succession stages and afforestation take time.

4  Leeway in Decision-Making

The City of Leipzig stands for highly dynamic urban processes, previous shrinkage 
and current, intensive regrowth. Communal brownfield development strategically 
aims at a qualitative inner urban development to use these existing spatial potentials 
for integrated urban development with respect to ecological, social and economic 
aspects. “Urban development is a joint venture that is partly governed by the public 
authorities. Civic society – e.g. members of associations, private foundations, dedi-
cated individuals, entrepreneurs, property owners and their tenants – play an equally 
important role. We also work with neighbourhood management offices and civic 
forums, various study and action groups, district centres and organizers of commu-
nication platforms, all of whom are needed to complete a common task.” (Stadt 
Leipzig 2012, p. 10). Brownfields are no longer merely understood as an environ-
mental burden but rather as a valuable and non-renewable land resource. The cur-
rent pressure on land and its potential supply for such a growing city must be 
governed cautiously to preserve sustainable land use. The offset of the newly avail-
able land to be re-used thus provides rewards for the obstacles to be overcome: its 
location within the city, accessibility, public infrastructure. Densification processes 
and land recycling are considered to be solutions for a resource-efficient land man-
agement that is a prerequisite for sustainable urban development (Stadt Leipzig 
2016a; EEA 2011). In this context, the city council takes the question “how can a 
dual inner development be successful?” as a guideline for its planning strategies to 
fulfil its sustainability goals.

Revitalisation of brownfield sites has become an important instrument for inten-
sifying building activities in such neighbourhoods and to thus improve previously 
deprived locations (Stadt Leipzig 2016b; EEA 2015, p. 44). When rethinking urban 
planning strategies for a city to improve urban design, opportunities for community 
initiatives for innovative redevelopment must also be provided. Whether a brown-
field is revitalised or restored has to be decided individually at the local level, and 
this also depends on the site’s location in focal planning spaces. In this respect, 
 setting priorities to restore some derelict land produces social benefits such as rec-
reation and leisure, balancing out the various needs of citizens, and supports precau-
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tious climate and environmental policies (Stadt Leipzig 2016b). With  successful 
land-use management, newly created sites can serve to regenerate the central urban 
area and foster a resource-efficient handling of brownfields, from an urban planning 
perspective, in the face of a rapidly regrowing city that aims at diminishing land 
consumption towards sustainable urban development. Therefore, the City of Leipzig 
is exemplary for concerned and responsible strategic urban planning; other city 
councils should also keep both options in mind, if they intend to support smart and 
sustainable growth of cities.
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Part III
Quality of Life and Ecosystem Services

Outline

Sonja Knapp and Florian Koch

Sustaining the urban quality of life is basic to human wellbeing and, thus, a political 
goal. Whilst the quality of life has increased in many areas and for many social 
groups, environmental burdens remain and social inequalities also persist. Therefore, 
quality of life, from a social-environmental perspective, needs to be considered in 
urban transformations towards sustainability, because it can help to legitimate trans-
formation processes.

This part of the book focusses on the quality of life from an environmental per-
spective. Its main topics are the availability of and access to green infrastructure and 
urban ecosystem services, the connection among ecosystem services and biodiver-
sity, and inequalities in the spatial distribution of environmental burdens. Kabisch 
et al. zoom into a local residential area in the City of Leipzig, Germany. They assess 
how the citizens of a large housing estate perceive their local residential quality and 
which factors (such as protection from heat and the availability of green infrastruc-
ture) affect these perceptions. By combining data from household surveys, environ-
mental data, and simulations of micrometeorological conditions, they have 
developed a new, interdisciplinary, methodological approach for understanding the 
complex relationships of human-environmental interactions. Kindler et al. empha-
size that environmental justice is still lacking with respect to airborne outdoor expo-
sure of urban dwellers to air pollution. Across the City of Berlin, Germany, they 
show that exposure is higher in inner-urban areas with lower social status. This 
helps to prioritize actions for increasing the quality of life in a large and highly 
heterogeneous city. Similarly, Banzhaf et al. focus on the configuration of urban 
green infrastructure – and thus residential access to those ecosystem services that 
green infrastructure can provide. Their area of research is the growing Latin 
American urban area of Santiago the Chile, for which they consider targeted spatial 
analysis on multiple scales. By identifying large inequalities in the amount, distribu-
tion, and vegetation cover of green infrastructure in three extremely different 
municipalities, they emphasize the importance of public green spaces for the quality 
of life, especially for those urban dwellers with lower economic status. The spatial 
characteristics of green infrastructure are underpinned by its perceptions by various 
socio-economic groups, thus providing differentiated answers to the question of 
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what matters in planning green infrastructure towards sustainable urban transforma-
tions. In parallel, Knapp et al. argue that urban planning should target the multiple 
functions of green infrastructure and not only selected functions, when designing 
and managing green spaces. In particular, they show that various goals of sustain-
able urban transformations – the protection of biodiversity and the delivery of eco-
system services – do not always go hand-in-hand. Here, again, a “one size fits all” 
solution does not apply, and case-by-case approaches are needed.

Results from these studies should also be taken into account when aiming at an 
increased resilience and resource efficiency of urban landscapes: resilience with 
respect to, e.g., floods (Part IV in this volume) might increase safety but might, at 
the same time, affect another aspect of quality of life, such as access to rivers. 
Generally speaking, land is a restricted resource and different land-use options com-
pete for available urban areas (see also Part II in this volume).

The implementation of urban transformations through political strategies should 
reflect these results. Rather than being grounded on general assumptions about the 
relationships between ecosystem services and the quality of life, urban transforma-
tions should be based on place-specific approaches that also consider the existence 
of possible trade-offs and limiting factors.

III Quality of Life and Ecosystem Services
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1  Introduction

Local residential quality (LRQ) is one particular expression of quality of life. The 
quality of life concept reflects the extent to which important needs and values of 
individuals are satisfied under certain conditions (Steg and Gifford 2005). With our 
contribution, we specify quality of life as one of the core concepts of urban transfor-
mations (see Kabisch et  al., “Introduction: Urban Transformations – Sustainable 
Urban Development Through Resource Efficiency, Quality of Life, and Resilience”, 
in this volume, Introduction). We focus our attention on the local level by applying 
an interdisciplinary methodological approach for assessing LRQ. This innovative 
approach enriches the scientific debate about residential satisfaction (e.g., Dekker 
et al. 2011) and place attachment (e.g., Scannell and Gifford 2010). It pays particu-
lar attention to the interrelation between subjective perception and environmental 
measurements of residential characteristics as well as to simulations of the local 
environment.

LRQ is determined by both objective features of the surroundings close to the 
housing location and their subjective perception by residents. The objective features 
encompass the daily required housing conditions, infrastructure facilities, and 
 environmental conditions, as well as neighborhood networks. The subjective per-
ception includes the relationship between residential expectations and the residen-
tial conditions, manifested in, e.g., housing satisfaction, place attachment, and 
well-being. The local scale refers to the apartment, the residential building, and the 
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nearby surrounding housing, preferably at the neighborhood scale. The apartment 
provides a private space that should not be disturbed by noise, odor, or heat stress. 
The building structure and its state of repair influence well-being in the apartment, 
e.g. through insulation quality or provision of elevators and balconies. The hous-
ing’s surroundings foster LRQ in terms of availability of green spaces, fresh air, and 
quietness. This mixture of a variety of objective features and their subjective per-
ception by the residents is decisive for LRQ.

In this paper, we propose an approach for studying LRQ in relation to environ-
mental conditions that is based on our expertise in urban environmental science. We 
provide evidence that studying a vast range of features rather than single factors 
delivers a more complete understanding of LRQ.

We account for this by using results from a household survey, in combination 
with environmental data and simulations of a micrometeorological model. New 
options for climate modeling offer novel approaches to combining social and 
environmental data. We test this in order to obtain additional insights into assess-
ing LRQ. For this purpose, we selected survey results that reflect the individual 
perceptions of residents about the housing conditions in their local surroundings. 
This survey was carried out in a large housing estate, Leipzig-Grünau, which has 
approx. 42,000 inhabitants (Kabisch et  al. 2016). We combine these survey 
results with land-use data such as land-use metrics, vegetation density, building 
height, and wind intensity to simulate micrometeorological conditions and to 
explain the heat exposure of the residences. The originality of the presented 
approach lies in a synopsis of social science and natural science approaches, as 
well as modeling, to provide evidence about the diversity of factors that influence 
LRQ. This contribution sheds new light on the complex system of environmental 
features, housing conditions, and residents’ perceptions, with particular attention 
on the neighborhood scale. Specifically, we pursue the following research 
hypotheses:

 – The LRQ is influenced by a variety of factors such as building structure, social 
conditions, and environmental features.

 – There is strong interrelation between neighborhood-specific housing conditions 
and perceived residential quality or housing satisfaction.

 – A synopsis of data based on surveys, measurements, and modeling can deepen 
the understanding of the interplay of impacts on LRQ.

In the next sections, the factors that influence LRQ will be elaborated. The social 
science approach for measuring the housing satisfaction will be explained, as well 
as atmospheric conditions, human thermal comfort, and the influence of green 
space provision. Our case study area encompasses the large housing estate Leipzig- 
Grünau. At the neighborhood scale, we focus on the two districts Grünau-East and 
Grünau-North, which differ in their building density, as well as green space avail-
ability. In the last part, we reflect on the results and benefits of this interdisciplinary 
approach, as well as its limitations, and present some recommendations for further 
research.

S. Kabisch et al.
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2  Conceptual Framework for Local Residential Quality 
(LRQ)

Statistical institutes in Europe have launched a variety of initiatives to measure 
quality of life in a comprehensive way. All approaches have in common that they 
pursue a multidimensional concept that includes issues ranging from material living 
conditions to personal and social well-being, as well as environmental circum-
stances (Garcia Diez 2015, see Kindler et  al., “Socio-Spatial Distribution of 
Airborne Outdoor Exposures – An Indicator for Environmental Quality, Quality of 
Life, and Environmental Justice: The Case Study of Berlin”, in this volume). 
Therefore, subjective indicators such as the individual perception of the environ-
ment are at least equally important as more classic objective indicators such as 
poverty or crime rates (Marans 2015). Mainly two approaches are used. The first is 
through applying a set of indicators from aggregated data, using official sources of 
statistical data such as censuses. The second is related to the application of sample 
surveys that measure people’s subjective assessments.

In the recent Eurostat-report (Eurostat 2015), nine overarching sets of indicators 
are proposed, along with several relevant subtopics. The report emphasizes the com-
bination of social, economic, and environmental factors. For our understanding of 
LRQ, especially relevant indicators in this publication are: housing conditions and 
satisfaction as well as the natural and living environments. Several investigations 
also reveal the influence of environmental quality on the quality of life of humans 
(Banzhaf et al. 2014; Billota and Evans 2012). Especially against the background of 
climate change, it is therefore crucial to monitor the environment on a local scale, to 
identify the impact of climate-related stressors that can disturb the LRQ. Factors of 
major importance are acoustic noise, ambient temperature, and air quality (Rivera 
et al. 2007; Kjellstrom and McMichael 2013; Weber et al. 2014a).

However, these indicators are often designed to provide aggregate measurements 
(such as total exposures to pollutants over time) and their usefulness for assessing 
individual LRQ perception is rather limited. Hence, we need a comprehensive 
assessment of the immediate exposure of people living in a specific environment, 
e.g., neighborhoods, considering features of surrounding green areas, buildings, 
infrastructure, housing features, sociodemographic factors, and distinct environ-
mental stressors (Fig. 1). This includes, besides measurements of quantitative data, 
the qualitative self-reporting of the subjectively perceived quality of the environ-
ment by the residents (Bonnes et al. 2007; Fornara et al. 2010).

In the context of LRQ, it is important to emphasize that, subjective perception, in 
particular, is a matter of scale and place. Based on the framework of Marans (2015), 
it is suggested that satisfaction with living conditions can be evaluated on multiple 
levels of scale. Starting from the city perspective, we want to zoom into an estate 
and place our focus on two neighborhoods (districts), to look at particular 
differences.

Local Residential Quality from an Interdisciplinary Perspective: Combining…
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2.1  Social Science Perspective to Grasp the Individual 
Perception

To assess LRQ as an expression of urban quality of life, quantitative measurements 
as well as subjective evaluations based on individual perceptions are required. Many 
approaches to grasping the quality of life concept deal with income and provision 
and/or health, including mortality, to quantify the particular values (e.g., Knecht 
2010). Other experts in this field prioritize happiness (e.g., Helliwell et al. 2013) or 
satisfaction with the living conditions, and thus have a more qualitative perspective 
(e.g., Marans and Stimson 2011).

To obtain a comprehensive picture of the perceived LRQ, both perspectives need 
to be considered and integrated. At the local scale in a residential environment, 
physical, social, environmental and financial conditions influence residential qual-
ity. Statistical data are used to describe the population number and density in a given 
district. Furthermore, data concerning housing market offers, including rents and 
housing prices, social and technical infrastructure provision, green spaces and their 
uses, as well as leisure time facilities, are available. In addition to the facts repre-
sented by these socio-demographic and land-use data, the level of residential 
 satisfaction, place attachment, or well-being in a certain housing district demand 
separate data acquisition techniques, such as household surveys. In our survey, a 
restricted number of questions to assess the LRQ was used, e.g., “Do you feel com-
fortable in the estate?”; “What are the advantages of your district?”; “Do you intend 
to move out of your apartment during the next two years?”. However, these items 

Fig. 1 Factors characterizing the LRQ in an urban neighborhood (Source: Authors’ adaptation of 
Pantisano et al. (2014) and VDI (1998))

S. Kabisch et al.
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were not sufficient to reveal deeper insights into the local housing conditions and 
their appropriateness for both different residents and households with respect to the 
impact of environmental conditions.

To differentiate between expectations and perceptions, a variety of indicators, 
measurements, and statistical data are needed. A realistic approach considering 
advantages and disadvantages in detail on several scales from the perspective of dif-
ferent residential groups allows the identification of cumulative benefits and syner-
gies, as well as of obstacles, conflicts, or trade-offs. These insights enable specific 
decisions about targeted and prioritized improvements.

The LRQ, as part of the general quality of life, focusses on places where people 
live and reside, where they have their physical home embedded in a particular social 
and natural environment, and the feeling of being at home. Thus, subjective dimen-
sions have to be considered. Whereas objective dimensions can be measured in 
terms of financial values and costs, subjective dimensions reflect people’s feelings 
about objective socio-environmental conditions and people’s behaviors. Subjective 
dimensions are investigated primarily through survey research and interviews, 
together with corresponding measures of objective conditions.

The use of this research design yields evidence about the access to resources and 
the distribution of risks among the residents. It reveals and explains socio-spatial 
patterns of LRQ. Existing socio-spatial differences in cities, between districts, as 
well as between neighborhoods, can be discovered.

In our contribution, we highlight the importance of environmental issues for 
LRQ in relation to social conditions and individual perceptions of the immediate 
housing conditions. The urban environment influences human physical, social, and 
mental well-being (Lawrence 2011). For the measurement of local residential qual-
ity, indicators such as air quality, pollution, thermal comfort, distance, access to 
green spaces, recreation areas, public transport, shopping facilities, etc., are indis-
pensable (Banzhaf et al. 2014). By using survey results, micrometeorological data 
and data about urban green areas, we can identify housing conditions and individual 
perceptions in a specific residential environment.

2.2  Micrometeorological Factors Characterizing Local 
Exposure

Urban atmospheric conditions (including air quality) have a direct impact on indi-
viduals and are essential elements of the LRQ. Airborne contaminants, such as par-
ticulate matter (e.g., PM10), as well as heat and air humidity, are often associated 
with adverse health effects. For example, heat stress impairs the quality of life of 
specific population groups (Großmann et al. 2012). Moreover, even the combination 
of anthropogenic aerosols with air humidity increases the risk of respiratory symp-
toms (Leitte et al. 2009).

Local Residential Quality from an Interdisciplinary Perspective: Combining…
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For a comprehensive evaluation of urban air quality and thermal conditions, two 
specific factors have been defined (VDI 1998, 3787, Blatt 2). They are, firstly, the 
thermal factor. It comprises air temperature, air humidity, wind velocity, and short 
wave and long wave radiation, all of which have a thermo-physiological effect on 
citizens. The significance for health is associated with the close link between ther-
moregulation and circulatory regulation.

Secondly, the air quality factor involves all solid, liquid, and gaseous natural and 
anthropogenic air pollutants. Air pollution conditions depend on the emission 
sources and the transmission conditions, which are determined by atmospheric 
stratification (extreme cases: atmospheric inversion and smog formation), wind, 
precipitation, air humidity, and solar radiation.

The focus of the present study is on the thermal comfort, which is defined on the 
basis of the heat balance between the human body and the surrounding environ-
ment. Thermal comfort can be measured by the predicted mean vote (PMV) (Fanger 
1972), the physiologically equivalent temperature (PET) (Höppe 1993), or the uni-
versal thermal comfort index (UTCI) (Fiala et al. 2001). Generally, such indices are 
a mixture of several atmospheric variables and some subjective or generalized 
assumptions that quantify thermal comfort by terms such as “comfort” and “dis-
comfort”. With this differentiation, it is possible to predict human reactions to ther-
mal (weather) stress and physiological strain (Yan 2005). A mapping of the thermal 
comfort to urban regions is provided by the “Klima-Michel-Modell” (DWD 2016).

A particular urban phenomenon that occurs within large urban areas is the urban 
heat island effect (UHI) (Oke 1982). Nocturnal air temperature in downtown regions 
is elevated, in comparison to the rural surroundings of the city. In cities with a com-
plex built-up area, an archipelago of nocturnal urban heat can arise (Schwarz et al. 
2012). In the context of social disparities, it is possible to relate urban structure param-
eters, e.g., building density, with the urban heat island effect: The higher the building 
density, the higher the temperature (Romero et al. 2010). The temperature excess in 
cities depends on multiple factors but is predominantly associated with the number of 
inhabitants (Oke 1973), the extent, the land-use setting, as well as the urban structures 
(Oke 1987; Mahmood et al. 2014) and regional climate (Zhao et al. 2014).

Whilst high temperatures during the night impair the quality of sleep and recre-
ation, dissatisfaction with the thermal comfort during the day is a stressor that 
superimposes on the basic level of stress perceived by various social and demo-
graphic population groups. This affects, in particular, people at work or on their way 
to carry out fixed obligations without any opportunity to avoid heat stress (Großmann 
et al. 2012). The day-time heat stress interferes with the conduct of daily life and 
demands subjective adaptation strategies and an involvement of adaptation mea-
sures in urban planning. For example, the latter can account for the use of vegetation 
(trees, bushes) or architectural arrangements (shadowing) that provide the much- 
needed shade (Mayer et al. 2008).

Periods of excessive urban heat are already occurring more frequently (Christidis 
et al. 2015). They will bring essential modifications and contributions to the com-
plex, multifactorial personal exposure of urban inhabitants. Assessing the personal 
exposure, the mobility of individuals is the primary factor (Schlink et al. 2011). To 
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measure mobility impacts in a real-world context, persons can carry a variety of 
environmental sensors and make micro-scale measurements over a certain time 
(Schlink et al. 2014).

2.3  Influences of Urban Landscape Features 
on Environmental Stressors

The urban landscape and land-use structure have significant impacts on exposure to 
environmental stressors. Several studies reveal an influence of urban green, espe-
cially on temperature, acoustic noise, and air quality (Irga et  al. 2015; Hart and 
Sailor 2009). However, climate change and dense building structures in cities lead 
to rising temperatures, and to augmented frequencies and durations of temperature 
extremes, which adversely affect human well-being and residential quality 
(Martiello and Giacchi 2010; Franck et al. 2013). For example, in the city of Leipzig, 
the number of heat days (maximum day-time temperature at 2 m above ground level 
≥30°C) is expected to double by 2060 (PIK 2010).

Depending on the surface and building material and its ability to accumulate 
heat, orographic conditions, air exchange, and cold-air corridors, some regions may 
suffer more from urban heating than others. Urban landscapes are very heteroge-
neous in terms of density and structure. In addition, indoor temperatures depend on 
those outdoors and are influenced by the type of urban structure, characterized by 
different housing densities, building types, and urban green spaces (White-Newsome 
et al. 2012; Franck et al. 2013).

In this context, urban green space is associated with the concept of urban ecosys-
tem services as a decisive factor for LRQ. More specifically, it is possible to identify 
different vegetation patterns in residential areas by remote sensing technologies and 
geoinformatics and their impacts on ecosystem services (Banzhaf and Kollai 2015). 
For instance, Jaganmohan et al. (2015) found that the size and type of urban green 
space have an influence on the cooling effect for the adjacent surrounding.

Another approach to analyzing the influence of land-use on micrometeorological 
conditions is to use landscape metrics. Landscape metrics operationalize specific 
spatial characteristics of elements; e.g., land-cover, elevation, building types and 
heights. Numerous land-use and landscape studies have used landscape metrics to 
assess the impacts of form, patterns, and configurations of built and non-built land 
covers on ecological processes, bio-physical properties of the earth’s surface, biodi-
versity (Schindler et al. 2013), the quality of residential areas (Cushman et al. 2012), 
and land-use change (Hassett et al. 2012). Weber et al. (2014a, b) demonstrated the 
usefulness of landscape metrics for forecasting noise, particle exposure and surface 
temperature during heat waves for different urban structure types.

In the following section, we introduce a methodological design that combines 
land-cover, socio-demographic and survey data with micrometeorological factors to 
assess LRQ for our case study area.

Local Residential Quality from an Interdisciplinary Perspective: Combining…



242

3  Methodological Design

3.1  The Case Study: Leipzig and Its Large Housing Estate 
Grünau

With about 560,000 inhabitants, Leipzig currently belongs to the ten largest German 
cities. During the last 6 years, the population number grew to around 60,000 and it 
is expected to continue. The municipality undertakes intensive efforts to maintain 
the high quality of environmental conditions.

One important instrument here is the recently published City Climate Report 
(Stadtklimatische Untersuchungen, Hoffmann and Behrens 2016). The report deals, 
in particular, with the heat island effect that indicates a temperature difference of up 
to 11 °C between the city center and the fringe. Furthermore, a questionnaire survey 
was carried out among Leipzig’s population to reveal the state of knowledge about 
issues related to heat and climate change, their perception and respective adaptation 
measures (Stadt Leipzig 2014). The survey results show spatial differences of per-
ceptions within the city districts, and the need to consider different spatial scales.

For our in-depth analysis, we selected Grünau, a large housing estate at the west-
ern fringe of the city covering about 10 km2. The estate is divided into five districts. 
42,000 inhabitants are currently living there, which encompasses 8% of the entire 
population of the city. This estate was erected from 1976 till 1989 by industrial 
panel construction of blocks with 5–16 floors. This leads to a residential density in 
some inner districts of up to 12,000 residents per km2.

The estate is well equipped with public transport facilities, enabling a fast connec-
tion with the city center. Transit traffic is concentrated on two main roads; thus, 
within the estate, there is much car-free space. A large shopping center with a cin-
ema, a public indoor swimming pool, two churches, and a number of cultural offers 
for different age groups are located in the estate. In addition, 24 schools and 18 kin-
dergartens complete the facilities. Refurbishments and new construction of these 
facilities are in progress and support the improvement of the appearance of the estate.

Following a period of massive population shrinkage during the 1990s and 2000s, 
a smooth increase in population is currently occurring. Improved housing condi-
tions and the marked population growth of the city also affects the large housing 
estate. The growing attractiveness of the estate is characterized not only by 
 considerable investments in the housing stock, but also by the development of large 
open and green spaces including diverse playgrounds for children and paths that are 
very suitable for bicycling and walking in general. The proximity of larger parks 
and a lake with very high water quality is particularly important. However, a closer 
look into the estate reveals that there are differences in the amount and the type of 
green infrastructure.
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3.2  The Methods Used: Household Survey, Air Quality 
Measurements and Micrometeorological Simulations

From the social science perspective, we used the results of the recent household 
survey “Living and Housing in Grünau”, carried out in May and June 2015. (Kabisch 
et al. 2016). The questionnaire contains core questions about the housing percep-
tions and valuations of the residents over time. A questionnaire was handed over at 
945 addresses. Of these, 705 questionnaires could be recollected and analyzed, 
which corresponds to a response rate of 75%. With regard to the focus of this article 
on LRQ, we analyzed the following indicators in relation to different spatial scales 
such as the entire estate, the district and the apartment:

 1. perception and valuation of: housing satisfaction and feeling comfortable, place 
attachment, indoor heat stress, indoor disturbance due to noise, acoustic isola-
tion, comfort of living, outdoor air quality

 2. level of consent to statements: green area maintenance, urban forest as a 
benefit

 3. reference to: age groups, building heights, residential districts, apartment size

Our survey data were complemented by measured values of air quality (TEOM 
measurements of PM10) and meteorological parameters such as temperature (Pt-
100), humidity (polymer film capacity) and wind speed (mechanical anemometer) 
from the municipal monitoring stations (LfULG 2016).

Applying the ENVI-met software, we simulated thermal conditions as a function 
of the urban and environmental structure. Details about the software can be found in 
the contribution by Welz et  al., “Adapting Built-Up Areas to Climate Change: 
Assessment of Effects and Feasibility of Adaptation Measures on Heat Hazard”, in 
this volume. We selected 2 days (05–06 June 2015) during the survey period to 
compare the simulated micrometeorological data with the survey data. We utilized 
simulations from the second day at 2 p.m., taking advantage of the GFS (Global 
Forecast System) reanalysis data that confirm that this was a typical, warm day, 
without clouds. These typical summer days ensured that maximum temperature 
contrasts can occur between the two analyzed districts of Grünau-East and 
Grünau-North.

The proportion of tree cover was calculated in ArcGIS, based on a 3D–vegeta-
tion model of Leipzig (Banzhaf and Kollai 2015; EEA 2015; ATKIS 2013). 
Furthermore, the proportion of green area for each district was calculated by count-
ing the grid cells with vegetation based on the ENVI-met area input file (www.
envi-met.com).
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4  Empirical Findings and Their Synopsis

4.1  Survey Findings

4.1.1  Estate Scale: Perceptions of Local Residential Quality

A comparison of the concentrations of particulate matter registered by the urban 
monitoring network reveals that the district of Leipzig-Grünau is less exposed to air 
pollution (PM10) than other sites in the city. Although all stations are located near 
a main road (and traffic is a major emission source), the surrounding space and 
green infrastructure are assumed to influence the concentration.

To evoke a general reflection about the residential quality, we use the answers to 
the question “Do you feel comfortable living in Grünau?” (Fig. 2). About two third 
of all respondents answer with “yes”, 30% with “yes, but with restrictions”, and 
only very few answer with “no”. This is a very high value for the positive perspec-
tive of the estate expressed by its residents. The major reasons revolve around the 
accessibility of large and diverse green areas, the extensive retail and shopping 
facilities, the easily accessible traffic connections to the city center, and the calm 
housing environment. Reservations are mostly connected with features of the social 
milieu, linked with some security and cleanliness deficits.

It is obvious that the older the residents are, the higher the share of respondents 
confirming the positive perception of the estate. Younger residents note more reser-
vations. This difference is statistically significant (Chi-Quadrat-Test, p  <  0.01). 
Many of these older persons have lived in the estate for more than 20 years. It is 
their home, and their place attachment is quite strong. They experienced many 
investments in the estate over the time that brought about changes and improve-
ments. With reference to developments over the last 5 years, 51% of all respondents, 
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recognized an improvement in the estate, only 10% noticed deterioration. 39% 
observed a stable development. In terms of age groups, the elderly (55%) recog-
nized improvements more clearly than the younger ones (40%). All respondents 
strongly confirmed the statement “The older residents stick to Grünau” (x = 4.4, 1–5 
scale, 58% chose the highest category 5).

To investigate features of environmental stress, we asked the residents how 
strongly they perceive heat during summer and noise in their apartment. Both mean 
values are relatively moderate: 3.1 and 3.0, respectively (Scale 1–5). There are some 
nuances concerning the distribution of the extreme values. Whereas 30% answer 
that they more or less completely did not notice any heat stress, 40% did not feel 
disturbed by noise. The latter is an important reason for the acknowledgement of the 
appreciated quiet housing environment. Whereas all respondents feel very 
 comfortable in their apartment (68% yes, 30% yes with reservations), the satisfac-
tion with particular features of the apartment differs markedly (Fig. 3).

Here, the acoustic isolation is reported to be problematic in comparison to the 
other features (mean value of 3.6). Approx. 80 respondents mentioned, in their own 
words, noise disturbance as a major disadvantage of their apartment. Although the 
apartment is, in general, quite highly ranked at 5.5, those features describing the 
construction such as heat isolation, state of refurbishment, as well as construction 
quality as summarizing feature had lower values. Thus, feeling comfortable in the 
apartment and appreciating the calm housing environment do not exclude dissatis-
faction with particular aspects of the housing conditions.

At the estate scale, we realize a general positive perception of the residential 
quality. The beneficial characteristics prevail. In the following, we focus our atten-
tion to the district scale, to check for possible spatial differences.
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Fig. 3 Rating of selected apartment features

Local Residential Quality from an Interdisciplinary Perspective: Combining…



246

4.1.2  District Scale: Perceptions of Local Residential Quality

Looking at the more detailed district scale, we find an evaluation similar to the 
entire estate. More or less the same features concerning strengths and weaknesses 
of the districts are mentioned in general (Fig. 4). For example, of the residents who 
gave an answer to the open question of strengths and weaknesses, most of them 
consider supply opportunities as a strength, whilst only very few see this feature as 
a weakness, because of few offers in their immediate vicinity.

When moving the focus into the districts, we find differences that bring us to a 
more detailed explanation of LRQ at the neighborhood level. The two selected dis-
tricts, Grünau-East and Grünau-North, are characterized by a similar area size and 
population number. The share of residents older than 65 years differs: in Grünau- 
East, 44% of the respondents are part of this age group; in Grünau-North, 36%. 
Grünau-East covers 0.95 km2 and has 7400 residents; Grünau-North covers 1.05 km2 
and has 7400 residents. The differences between these two districts relate to the 
construction style and the green structure. Grünau-East encompasses the first con-
struction sector, from the mid of the 1970s onwards. The building height is restricted 
to five stories. The block structure has been built with consideration and preserva-
tion of, the old tree population on the location. Furthermore an old park area was 
included in the district. Thus, this district was highly appreciated from the very 
beginning.

During the mid-1980s, the construction of the Grünau-North district started. 
Because of economic weaknesses, the industrial housing construction was changed 
in favor of a block height of six stories (without elevator) and to 11 stories. 
Furthermore, a densification of blocks was undertaken, to fulfil the state targets 
concerning the number of apartments. Green areas and trees had been planted and 
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developed. After 30 years, there is a lot of green space available, but no old tree 
population providing shade. In 2013 a new, low-budget project, called “urban for-
est”, was implemented by the municipality. Following the demolition of a large 
block, an area of 0.055 km2 was planted with small trees, to enhance the proportion 
of green space. Thus, in this district, the initial conditions were more difficult, com-
pared to Grünau-East.

Nevertheless, the recent results from the survey show that the respondents from 
both districts acknowledge the availability of and the access to green spaces as a 
major strength (Fig. 5). Furthermore, in both districts, the quiet location is appreci-
ated. This result of our study distinguishes both districts from the other three dis-
tricts within the estate.

These characteristics are part of the aspects that define the residential quality. 
The results of the indicator “Do you feel comfortable in Grünau” show that 79% of 
the Grünau-East residents answered “yes”, compared to 68% of the Grünau-North 
residents. This indicates differences in the neighborhood-specific perception. 
Concerning environmental stressors such as heat, noise, and air quality, we find 
distinct differences between the two districts in Grünau. The analysis of variance 
(ANOVA) reveals the most significant (p < 0.05) and strongest differences in the 
residents’ perception of heat stress (mean difference 0.52) and noise pollution 
(mean difference 0.54) (Fig. 6).

The results of the comparison of the two districts demonstrate that residents in 
Grünau-East perceive less exposure to heat stress and noise pollution indoor and air 
pollution outdoors, compared to residents of Grünau-North. This mainly depends 
on the proportion of urban green space. Although the calculation of all green space 
in relation to the total district areas shows no marked difference, with 52% in 
Grünau-North and 55% in Grünau-East, it was found that the proportion of trees 
(over 5 meters high) is much higher in Grünau-East (34.4%) than in Grünau-North 
(20%). One reason for this is a large park area with a dense tree population and more 
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tree coverage in between the housing blocks. Our results confirm that trees can pro-
vide shadow for a cooler environment and also contribute to better air quality, as 
others studies show (Bowler et al. 2010, Gromke and Blocken 2015).

To discuss and compare the findings of the household survey in the context of the 
micrometeorological conditions, we modelled the thermal conditions on a represen-
tative summer day, which is described in the next section.

4.2  ENVI-met Model Findings

To assess local thermal conditions in the two districts, we extracted temperature 
maps representing the air temperature on 6 June 2015, 2 p.m., at 1.6 m above ground 
(Figs. 7 and 8) from ENVI-met simulations. Red and yellow (green and blue) con-
tours indicate warm (cold) areas, respectively. Warmer regions are mainly associ-
ated with streets, a high percentage of impervious soils and open places (i.e., spaces 
with reduced shadowing), such as areas with open grass fields or parking facilities.

In Grünau-North (Fig. 7), the simulation shows the hottest places on the southern 
border of the district, where a main road and the tram lines are located. A second 
hotspot is situated on the eastern border, at a large parking area. The coolest parts of 
this district are mostly in the courtyards of the buildings and next to green spaces, 
which is caused, on the one hand, by shadowing effects of buildings and trees and, 
on the other hand by evaporative cooling of the vegetation.

In Grünau-East (Fig. 8), the built-up structures result in thermal patterns similar 
to Grünau-North. The hottest places are in the center, along the train lines, and at the 
northwest border. This part is characterized by streets and open places with less 
shadowing. In contrast to Grünau-North, blue contours indicating relatively low 
temperatures are more dominant in Grünau-East. This means that all temperature 
values are lowered to the range of 26.0–28.4 °C (Grünau-North: 26.6–28.9 °C).
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Fig. 7 Simulated air temperature 1.6 m above ground in Grünau-North; black represents build-
ings, green represents vegetation, visualized by LEONARDO-2D

Fig. 8 Same as Fig. 7, but for Grünau-East
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One reason for this temperature contrast can be found in differences in the green 
space distribution between the two districts. Whilst Grünau-North possesses roughly 
the same proportion of green space as Grünau-East (see Sect. 4.1.2), the percentage 
of grassy areas is much larger, whereas the proportion of areas with trees is consid-
erably smaller. As a consequence, the evaporative cooling in Grünau- East is more 
effective than in the other district. Trees can store and evaporate more water than 
grass, which causes a stronger heat reduction effect (Bowler et al. 2010).

On the basis of the simulated air temperature, we assessed the perception of 
thermal conditions using three different indicators (see Sect. 2.2): Predicted Mean 
Vote (PMV), Physiologically Equivalent Temperature (PET), and Universal Thermal 
Climate Index (UTCI). These indicators represent the average thermal comfort. 
They depend on the air temperature, humidity, radiant temperature, air velocity, 
metabolic rates, and clothing insulation. Each individual experiences these sensa-
tions slightly differently, according to his or her physiological and mental state.

The thermal comfort indicators calculated by the BioMet module of ENVI-met 
(for a female person of age 60, weight 73 kg, body height 1.64 m, walking speed 
1.25  m/s, summer clothing  =  0.5 clo) agree with the simulated air temperatures 
(Figs. 7 and 8) and, likewise, confirm the results of the survey in the two districts 
(Table 1). Generally, Grünau-East has lower values for PMV, PET, and UTCI and, 
therefore is, on average, thermally slightly more comfortable than Grünau-North. 
This corresponds to the higher proportion of green areas in Grünau-East. Remarkably, 
this also applies to the indoor perceptions of heat, and even for noise and air pollu-
tion perception. All these indicators provide evidence that the environmental quality 
in Grünau-East is slightly superior to that in Grünau-North.

Table 1 Area-averaged thermal comfort indices and perceptions reported in the survey for 
Grünau-North and Grünau-East; higher values marked in bold

Indicator
Grünau- 
North Grünau-East

PMV [range: Very cold (−4), neutral (±0),  very hot (+8)] 3.9 3.3
PET [neutral = 20 °C] 36.0 °C 33.3 °C
UTCI [neutral = 20 °C] 34.2 °C 29.4 °C
Proportion of tree area (higher 5 m) 20.2% 34.4%
Proportion of all green space 52.0% 55.0%
Green area maintenance satisfaction [1–5] 3.6 3.8
Perception of indoor heat stress [1–5] 3.3 2.8
Perception of indoor noise pollution [1–5] 3.2 2.6
Perception of air pollution outdoor [1–5] 2.3 1.9
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4.3  Synopsis of the Results and Discussion

The combination of our household survey results, environmental data and our model 
simulations yields an improved understanding of LRQ details. We provide evidence 
about the interlinkages between built housing conditions, the quality of the state of 
repair of the blocks, the surrounding environmental conditions, and the residential 
quality perceived by the local residents. Our empirical results suggest differences 
between Grünau-East and Grünau-North according to their particular local residen-
tial conditions.

We demonstrate that our approach can identify hotspots of adverse environmen-
tal features and their perception by residents. Obviously, the individual perception 
of LRQ depends on a number of influencing factors, one of them being the micro-
meteorological factors. For the two neighborhoods, we demonstrated good 
 agreement between thermal comfort, as perceived by the residents, and model simu-
lations, based on the urban structure.

A result of this extent was not expected, because we put together independent 
research approaches to test if there are consistencies that generate additional insights 
into the interpretation of LRQ. We had to accept incompatibilities, e.g., restricted 
modeling periods and restricted data. Nevertheless, the results of our combined 
analyses confirm our methodological approach and verify our hypotheses. We found 
evidence that LRQ is influenced by a variety of factors such as building structure, 
environmental features, and subjective reflections. The different values for each dis-
trict lead to differences in LRQ within one estate. Furthermore, we showed a strong 
interrelation between objective, neighborhood-specific residential conditions and 
LRQ perceived by the residents. The synopsis of data based on surveys, measure-
ments, and modeling could provide additional details and clear proofs that confirm 
the different characteristic of LRQ in the two distinct districts.

We would like to stress that our study refers to data gathered at the same loca-
tions and during the same time-span. This is a particular advantage of the study and 
distinguishes it from many health effect studies that use only aggregated data or 
proxy variables, such as temperature or air quality measured only at more or less 
representative monitoring sites. Here, we utilized highly resolved data and assessed 
the exposure at those locations where the people are.

The entire study concept of LRQ is transferable to other geographical and cul-
tural regions. Nevertheless, there are some technical limitations, such as a maxi-
mum feasible micrometeorological modeling region of about 1  km  ×  1  km and 
restricted computational power.

5  Conclusions

In urban environmental research, interdisciplinary approaches are becoming more 
important to understand the complex relationships of human-environmental interac-
tion and their impacts on the quality of life. The study at hand, to assess LRQ, 

Local Residential Quality from an Interdisciplinary Perspective: Combining…



252

demonstrated that an appropriate synoptic consideration of a number of methodical 
components is necessary. Measurements with technical equipment provide objec-
tive data, and survey results inform about subjective perceptions, which influence 
human behavior and residential satisfaction, as well as place attachment. To obtain 
a more comprehensive result that includes the interrelatedness of individual quanti-
tative and qualitative data sets, a modeling approach is useful. Furthermore, a multi- 
scale perspective for assessing LRQ is crucial to reveal the heterogeneity within a 
given estate and at district level.

However, for a validation of the micrometeorological simulations, additional per-
sonal measurements of environmental stressors and perception surveys are indis-
pensable, to sharpen the detailed insights on the specific individual exposure. This 
includes the residents’ daily activity spaces outside but also within their apartments.

Further research on the following points is recommended:

• There is a need for the definition of a clear set of locally specific indicators to 
capture LRQ; it should take into account the dynamics of urban development, in 
particular, ongoing housing construction and surface sealing. It should also 
include specific individual factors (age, behavior priorities, health, etc.).

• We suggest the development of an LRQ index. The application of such an index 
makes it possible to compare very different environments. This index should be 
flexible in terms of ranking factors and identification of the most important ones 
according to the local context. It should include physical variables as well as 
subjective reflections and extended psychological approaches (Bonaiuto et  al. 
2003).

• Concerning the research design, an interdisciplinary approach from the very 
beginning of the research is highly recommended to specify common research 
aims and appropriate methods. If collaboration starts after the empirical phase, 
limitations related to common results are possible. Thus, our research should be 
considered as a pilot phase.

• More advanced, spatially referenced personal mobile measurements of several 
environmental stressors at one and the same time as well as the same location, 
could provide deeper insights about the multiple exposures of citizens during 
their local daily activities and the results would complement our knowledge 
about LRQ.

• With regard to ongoing and non-linear changes in the urban environment, 
repeated studies are necessary to assess the LRQ as a dynamic issue, to define 
corridors and thresholds for acceptable residential conditions, and to provide 
knowledge and instruments for urban planning.

Summarizing, urban transformations occur under the pressure of climate and 
demographic change, and inevitably impact on the urban quality of life and, in par-
ticular, on LRQ. For the development, implementation, and evaluation of appropri-
ate adaptation measures, the suggested approach is useful and transferable. In this 
sense, the concept of LRQ and its interdisciplinary methodological design specifies 
and deepens the understanding of urban human-environment relations at the level of 
urban districts or neighborhoods.
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1  Introduction

Population growth and rapid urbanization accelerate the scarcity of limited environ-
mental resources such as land, drinking water, energy, and clean air, especially in 
urban agglomerations (Kabisch and Kuhlicke 2014). Environmental pollution of air, 
water and soil, noise, and littering adversely affect the environmental quality and 
quality of life, especially of populations within cities and in their surroundings.

In view of this, essential scientific, technical, management, and governance 
efforts and advances are needed to achieve the 17 ambitious sustainable develop-
ment goals of the United Nations “2030 Agenda for Sustainable Development” (UN 
2015) (see Koch and Ahmad, “How to Measure Progress Towards an Inclusive, 
Safe, Resilient and Sustainable City? Reflections on Applying the Indicators of 
Sustainable Development Goal 11 in Germany and India”, in this volume). Amongst 
others, by 2030, the number of deaths and illnesses from hazardous chemicals and 
air, water and soil pollution and contamination should be reduced substantially, to 
ensure healthy life and promote well-being (Agenda goal 3). According to goal 11, 
cities and human settlements should be made inclusive, safe, resilient, and 
sustainable.

A. Kindler (*) 
Department of Urban and Environmental Sociology, Helmholtz Centre for Environmental 
Research-UFZ, Leipzig, Germany
e-mail: annegret.kindler@ufz.de 

H.-J. Klimeczek 
Senate Department for the Environment, Transport and Climate Protection, Berlin, Germany
e-mail: Heinz-josef.klimeczek@senuvk.de 

U. Franck 
Department of Environmental Immunology and Core Facility Studies, Helmholtz Centre for 
Environmental Research-UFZ, Leipzig, Germany
e-mail: ulrich.franck@ufz.de

mailto:annegret.kindler@ufz.de
mailto:Heinz-josef.klimeczek@senuvk.de
mailto:ulrich.franck@ufz.de


258

When aiming at sustainable urban development and at ensuring natural resources 
and a high quality of life for future generations, the efficient use of limited environ-
mental resources, including the mitigation of environmental pollution, are great 
challenges requiring new scientific approaches, technological solutions, rethinking, 
and conscious actions of society and individuals.

2  Effects of Airborne Outdoor Exposure on Human Health 
and Well-Being

Ambient air pollution is one of the most important environmental problems in urban 
areas (Schwela 2000; Pascal et al. 2013) and one of the most pressing problems in 
rapidly industrializing regions (UNEP/UNECE 2016; WBGU 2016). It strongly 
affects not only the environmental quality but, consequently, also central aspects of 
urban quality of life. Human health and well-being are both impaired by it. Outdoor 
air pollution influences the entire urban population. In contrast to waterborne and 
soil pollutions, there is no effective individual strategy for residents to avoid the 
intake of outdoor airborne pollutants. In 2012, about 3.7 million premature deaths 
were attributable to ambient air pollution worldwide, including about 480,000 deaths 
in Europe (WHO 2014). Heart disease and stroke, with about 40% each, are the most 
common reasons for premature death attributable to air pollution (WHO 2014). In 
Europe, air pollution is the single largest environmental health risk (EEA 2015a). 
Particulate matter (PM), nitrogen dioxide, and ground-level ozone are identified as 
the three pollutants that most significantly affect human health. According to the 
EEA, about 90% of city dwellers in Europe are exposed to concentrations of air pol-
lutants that are harmful to health. It was estimated that PM2.5 reduces life expectancy 
in the EU by more than 8 months (EEA 2016b). In Germany, air pollution has been 
reduced significantly since the early 1990s. Despite reduced emissions, there has not 
been a decreasing trend in air pollution caused by particulate matter, nitrogen oxide, 
and ozone since the beginning of the present decade (UBA 2016).

Epidemiological studies have consistently demonstrated that numerous adverse 
health effects can be caused or exacerbated by exposure to outdoor air pollutants 
(Chen et al. 2007; Forastiere et al. 2007; Bell et al. 2009; Brunekeef et al. 2009; 
Anderson and Thundiyil 2012; Faustini et al. 2014; Franck et al. 2015; Crouse et al. 
2015; Mills et al. 2015). Solving environmental problems that are linked to clean air 
requires holistic approaches to analysis and decision-making that also include social 
and economic aspects (Cooter et al. 2013).

Nitrogen oxides and particulate matter play an important role in many urban 
agglomerations and also in developed countries, because they are associated with 
traffic emissions. Many studies show the detrimental effects of the human exposure 
to inhalable and fine particulate matter (particles with aerodynamic diameters 
smaller than 10 μm – PM10 and 2.5 μm – PM2.5). Exposure to PM2.5 increases the 
risks for cardiovascular and respiratory short-term health impacts, as well as long- 
term effects, including cancer (Brunekreef et al. 2009; Pope et al. 2011). Short-term 
mortality is increased by 1–7% per 10 μg/m3 PM2.5 (Brunekreef et al. 2009; Franklin 
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et al. 2007; Janssen et al. 2013; Shi et al. 2016). Ambient particulate matter also 
increases human morbidity. Studies describe rising numbers of hospital admissions 
on days following days with elevated concentrations of airborne particles (Chen 
et al. 2007; Franck et al. 2014a, b; Franck et al. 2015; Lall et al. 2011; Slaughter 
et al. 2005; Vera and Cifuentes 2008) and also due to long-term exposure (Bell et al. 
2009; Hruba et al. 2001).

Previous studies also found evidence that an increase of 10 μg/m3 of the NO2 
concentration in ambient air is associated with a ~ 1–5% increase of mortality due 
to cardiovascular and respiratory diseases (Cooter et  al. 2013; Mills et  al. 2015; 
Perez et  al. 2015). The pooled effect on mortality amounts to 4% per 10 μg/m3 
(Faustini et al. 2014). Human exposure to NO2 also increases the number of emer-
gency hospital admissions (Franck et al. 2014a, b; Franck et al. 2015; Mills et al. 
2015; Perez et al. 2015). Summarizing, the European Environment Agency stated, 
“Despite considerable improvements in past decades, air pollution is still responsi-
ble for more than 400,000 premature deaths in Europe each year” (EEA 2015b).

Recent studies suggest that variation in NO2 concentrations within a city may 
more strongly influence human health effects than variation between cities (Crouse 
et al. 2015). This fact underlines the importance of spatially resolved investigations 
of the concentrations of outdoor air pollutants within cities.

Exposure to ambient air pollutants and effect strength depend on socioeconomic 
parameters that include unemployment, long-term unemployment, educational 
level, temporary employment, manual work, residential segregation, and further 
variables (Barcelo et al. 2009; Brochu et al. 2011; Forastiere et al. 2007; Rice et al. 
2014; Yap et al. 2013; Young et al. 2012). Typically, exposure concentrations are 
higher and health impacts are stronger in socially disadvantaged areas (Prochaska 
et al. 2014). Hence, from the perspective of environmental justice, more attention 
has to be paid to the interrelations between environmental quality, health, and the 
social situation of the population. The unequal distribution of environmental bur-
dens and resources could change the social and ethnic composition of individual 
neighborhoods or districts, with the possible consequence of social segregation.

3  Airborne Outdoor Exposures Studied from three 
Perspectives: Environmental Quality, Quality of Life, 
and Environmental Justice

In this study, airborne outdoor exposure concentrations were investigated from the 
following three perspectives: environmental quality, quality of life, and environ-
mental justice. Although these three perspectives are based on broad and complex 
concepts encompassing different dimensions, they are nevertheless strongly related.

Environmental quality can be understood as a set of properties and characteris-
tics of the environment, either generalized or local, as they impinge on human 
beings and other organisms. It is “a measure of the condition of an environment 
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relative to the requirements of one or more species and/or to any human need or 
purpose” (Johnson et al. 1997, p. 586). According to the European Environmental 
Agency, it is a general term that can refer to various characteristics that relate to the 
natural environment as well as to the built environment, such as air and water purity 
or pollution, noise, access to open space, and the visual effects of buildings, and the 
potential effects that such characteristics may have on physical and mental health 
(EEA 2016a). Environmental quality has a strong influence on the quality of life 
because there are direct links between primary elements of the environment, such as 
air, water, and land surface and the quality of life (Brown 2003; Pacione 2003; 
Banzhaf et al. 2014).

Good local environmental conditions are a prerequisite for human quality of life 
(WBGU 2016). There are several definitions of quality of life.

Quality of life comprises objective indicators describing the environments within 
which people live and work, and subjective indicators describing the ways in which 
people perceive and evaluate conditions around them. The World Health Organization 
defined quality of life “as individuals’ perception of their position in life in the con-
text of the culture and value systems in which they live and in relation to their goals, 
expectations, standards and concerns. It is a broad ranging concept affected in a 
complex way by the person's physical health, psychological state, level of indepen-
dence, social relationships, personal beliefs and their relationship to salient features 
of their environment” (WHO 1997, p. 1). Noll (2000) specified quality of life as 
multidimensional concept comprising tangible and intangible, objective and subjec-
tive, individual and collective components of welfare. Constanza et al. (2007) devel-
oped an integrative definition of quality of life that combines measures of human 
need with subjective well-being or happiness. "Quality of life is the extent to which 
objective human needs are fulfilled in relation to personal or group perceptions of 
subjective well-being" (Constanza et al. 2007, p. 269). According to Marans and 
Stimson (2011), the concept of quality of life is a multidimensional entity that 
includes immaterial as well as material, subjective as well as objective, individual 
as well as collective elements of welfare, satisfaction and happiness. In spite of 
great heterogeneity in the details, quality of life is consistently understood as a mul-
tidimensional concept consisting of physical, psychological, social and ecological 
aspects and which considers both subjective well-being and objective conditions 
(WBGU 2016). Eurostat, the statistical office of the European Union, generated a 
set of key and standard indicators for quality of life that, for the first time, combined 
objective indicators with subjective evaluations of individuals’ situations. Nine the-
matic dimensions were identified to measure the quality of life: material living con-
ditions; productive or main activity (covering employment); health; education; 
leisure and social interactions; economic and physical safety; governance and basic 
rights; natural and living environment; and overall life satisfaction (Garcia Diez 
2015; Eurostat 2015a). Our investigation focusses on objective aspects of quality of 
life: human exposure to air pollutants and social parameters.

Environmental quality is strongly related to environmental justice, an approach 
that focuses on interrelations between environmental quality, health, and the social 
situation of affected population. The term environmental justice is used in conjunc-
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tion with environmental campaigns, political debates, research, and policy-making 
around the world, and covers a wide diversity of environmental risks, benefits, and 
resources, from the local street level to the global scale (Walker 2012). Due to the 
different history of their origin, diverse approaches exist in the US and in Europe 
(Maschewsky 2006; Elvers et al. 2008; Elvers 2011; Hornberg et al. 2011; Laurent 
2010; Walker 2012), so that there is no general definition of environmental justice. 
The debate on environmental justice was initiated by civil rights movements, envi-
ronmental organizations and activists in the United States in the 1970s and 1980s; it 
dealt with the socially and spatially unequal distribution of environmental burdens. 
The US Environmental Protection Agency defined environmental justice as “the fair 
treatment and meaningful involvement of all people regardless of race, color, national 
origin, or income with respect to the development, implementation, and enforcement 
of environmental laws, regulations, and policies. […] It will be achieved when every-
one enjoys the same degree of protection from environmental and health hazards and 
equal access to the decision-making process to have a healthy environment in which 
to live, learn, and work” (EPA 2016). In the European context, in the UK and espe-
cially in Scotland, environmental justice was established in scientific and political 
debates in the late 1990s. Compared to the US, the British understanding of environ-
mental justice included the distribution of environmental goods such as healthy liv-
ing conditions and access to recreational opportunities (Elvers et  al. 2008). In 
accordance with the US approach, Maschewsky introduced the term environmental 
justice to Germany in 2001, for the first time, and related it to public health and the 
social city. He understood environmental justice as the social and spatial unequal 
distribution of environmental burdens, leading to unequal health risks for the affected 
population (Maschewsky 2001). Up till now, a consistent definition of environmental 
justice in Germany does not exist (UBA 2015); however, with respect to investiga-
tions in urban areas, “environmental justice is understood as a normative concept 
oriented towards the prevention and reduction of socio-spatial concentration of 
health-relevant environmental burdens, as well as ensuring socio-spatially just access 
to environmental resources” (UBA 2015, p. 29; Bolte et al. 2012).

Walker (2012) gives an overview of the different understanding and definition of 
environmental justice, analyzing academic, activist, and policy literature. In our 
study, environmental justice is understood as the social and spatial distribution of 
environmental goods (resources) and bads (harm and risk) (Maschewsky 2004; 
Köckler 2011; Walker 2012). Environmental justice can be subdivided into three 
concepts: distributive justice  – justice in terms of the distribution or sharing of 
goods and bads; procedural justice – justice in terms of the ways in which decisions 
are made, who is involved and has influence, and justice as recognition – justice in 
terms of who is given respect and who is and is not valued (Walker 2012). With 
respect to these three concepts, the socio-spatial distribution of air pollution is an 
indicator of distributive environmental justice.

Air pollution determines the air quality, which is not only one of the key environ-
mental indicators (OECD 2008; UNDP 2011), but also an indicator of quality of life 
(Eurostat 2015a, b) and environmental justice (Klimeczek 2011; UBA 2015).
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4  Aims of the Study

In comparison to the most polluted regions of the world, concentrations of air pol-
lutants in German cities are rather low. For example, the yearly means of PM10 in 
Delhi (India, 2012), Beijing (China, 2013), Berlin and Munich (Germany, 2013) 
amounted to 229 μg/m3, 108 μg/m3, 24 μg/m3 and 21 μg/m3, respectively (WHO 
2016). Despite the local decline of air pollution during the last two decades particu-
late matter (PM10, PM2.5) and nitrogen oxides still belong to the most important air 
pollutants with significant health effects in Germany, especially in urban areas char-
acterized by high concentrations of population, traffic, and industry (Minkos et al. 
2016). An essential precondition for identifying and solving environmental prob-
lems and for developing urban areas in a sustainable way is the monitoring of envi-
ronmental quality by means of various indicators, e.g., related to air quality, and 
their impact on the urban quality of life as well.

The study provides a contribution to the transformation field “Quality of Life”, 
as a part of the three fields of urban transformations – resource efficiency, quality of 
life, and resilience  – described by Kabisch et  al., “Introduction: Urban 
Transformations – Sustainable Urban Development Through Resource Efficiency, 
Quality of Life, and Resilience”, in this volume. However, in contrast to urban 
transformations, defined as radical and fundamental, multi-dimensional and non-
linear alterations in the frame of urban resource patterns, population developments, 
infrastructures, economy, metabolism, and governance regimes, as well as estab-
lished values, norms and behaviors (Kabisch and Kuhlicke 2014), investigations on 
urban air quality are assigned to urban transitions that are understood as alterations 
within an urban system. Transitions describe incremental changes within a given 
system (Foxon et al. 2009; Kabisch and Kuhlicke 2014; Kabisch et al., “Introduction: 
Urban Transformations – Sustainable Urban Development Through Resource 
Efficiency, Quality of Life, and Resilience”, in this volume).

In an urban case study, a GIS-based method should be developed to calculate the 
air pollution by PM2.5 and NO2 for specific spatial units, to find out differences in the 
spatial distribution of areas with higher or lower air quality, to calculate the number 
of exposed inhabitants according to their social status, and to identify areas that are 
both environmentally and socially disadvantaged and in which a need for action 
exists.

From the perspective of environmental quality, quality of life, and environmental 
justice, this study aimed to answer the following research questions:

• How high are the annual mean concentrations of PM2.5 and NO2 and how they are 
spatially distributed within a city?

• How many inhabitants are affected by different concentrations of these 
pollutants?
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• Is there a relationship between the social status of the inhabitants and their expo-
sure to these pollutants?

• Are there areas within the city that are doubly disadvantaged regarding the social 
status of population and the airborne outdoor exposure?

Together with the socio-spatial distribution of other environmental indicators, 
the results can be used to develop and adapt measures for mitigating environmental 
burdens, minimizing health risks, enhancing the quality of life and well-being 
towards more environmental justice and sustainable urban development.

The investigations are a part of the pilot project “Environmental Justice in Berlin” 
(Klimeczek 2011, 2012). This project aimed at determining the correlation between 
the social status of the population and the environmental quality in the planning 
areas of Berlin. In a first step, the following five key indicators were at the focus of 
investigation: traffic-related air pollution and traffic noise, as the most important 
environmental burdens, green and other open spaces as environmental resources, 
bioclimatic exposure, and social status. Furthermore, additional indicators – e. g. 
other land-use types, residential locations, and the structure of buildings – com-
pleted the indicator set. The novel methodological approach of integrated reporting 
on environment, health, social situation, and urban development allows the identifi-
cation of multiple burdened areas. Thus, focal points, comprising areas that are 
disadvantaged regarding their social and environmental situation can be determined. 
By combining environmental and social parameters, this monitoring approach pro-
vides an important basis for decision-making based on an integrated concept linking 
urban, traffic, and environmental planning including an adequate consideration of 
the social dimension.

5  Material and Methods

5.1  Study Area

The socio-spatial distribution of outdoor airborne exposure was investigated in the 
case study of Berlin, the capital of Germany. It is located in an area of low-lying, 
marshy woodlands with a mainly flat topography on an ice age glacial valley, 
34 m–115 m above sea level, and it has a humid continental climate (Franck et al. 
2014a). Berlin covers an area of 891km2. With a population of about 3.61 million 
inhabitants in 2015 (2009: 3.36 million inhabitants) (Amt für Statistik Berlin- 
Brandenburg 2016a), it is the largest city in Germany and, currently, the second 
largest in the European Union. The population density is 4067 inhabitants per km2 
(2009: 3782 inh./km2). At the beginning of 2015, about 1.369 million motor vehi-
cles (2009: 1.266 million motor vehicles) were registered in the city (Amt für 
Statistik Berlin-Brandenburg 2016a).

Administratively, Berlin is subdivided into 12 urban districts, 60 prognosis areas, 
and 138 district regions. In 2006, a new additional spatial unit was introduced, the 
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so-called planning areas (PLAs), for monitoring and planning purposes (Welsch 
et al. 2011). These planning areas are the spatial base for the analysis and assess-
ment of environmental, social, economic, infrastructural, and further characteris-
tics, including their interrelations from the perspective of environmental quality, 
quality of life, and environmental justice. The 447 planning areas are characterized 
by uniform urban structure types and local environment, main roads and traffic 
arteries, natural barriers (e.g. water bodies) and additionally, by the relatively homo-
geneous socio-economic situation of the population living there. On average, 8000 
inhabitants (2009: 7500 inhabitants) live in each PLA. The area of individual PLAs 
varies markedly, from 14  ha to 2370  ha, and it increases from the center to the 
periphery. 217 PLAs (48.5%) are smaller than 100 ha, 216 PLAs (48.3%) have a 
size between 100 ha and 500 ha, 11 PLAs (2.5%) cover an area between 1000 ha 
and 2000 ha, and 3 PLAs (0.7%) are larger than 2000 ha.

5.2  Data

For the investigations of the socio-spatial distribution of outdoor airborne expo-
sures, the Senate Department for Urban Development and the Environment of 
Berlin provided the following data for the year 2009:

• the annual mean concentrations of PM2.5 and NO2 within grid cells measuring 
500 m × 500 m and in linear form for segments of the main roads (length and 
width of about 11,200 road segments) calculated with the Gaussian multi-source 
dispersion model IMMISnet (IVU Umwelt GmbH 2011) as ArcGIS shape files

• information about the social status of the population, in the form of the status 
index for each PLA derived from the Social Urban Development Monitoring 
2010 (SenStadt 2010)

• the number of inhabitants per PLA on 31 December 2009
• the administrative boundaries of the urban districts and the PLAs (ArcGIS shape 

file)
• the boundary of the low emission zone (ArcGIS shape file)

The low emission zone was introduced on 1 January 2008 as central measure of the 
Clean Air Plan and Action Plan 2005–2010 of Berlin (SenStadt 2005) aiming at the 
reduction of traffic-related air pollution in the densely populated inner urban dis-
tricts. This zone is located in the city center and limited by the inner ring of the 
interurban train (S-Bahn). It covers an area of about 87km2 and about one million 
inhabitants live there.
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5.3  Methods to Determine PM2.5 and NO2 Concentrations 
as well as Social Status

5.3.1  Calculation of PM2.5 and NO2 Concentrations

In order to determine the annual mean concentrations of PM2.5 and NO2 for each 
PLA, as the summary of the annual mean of the concentrations derived from the 
grid cells and the expected additional emissions by traffic on the main roads, the 
following GIS-based method was applied, using the ArcGIS 10.2 GIS software:

First, the shape file with the grid cells was intersected with the boundaries of the 
PLAs. The resulting areas contain information about the annual mean concentra-
tions of the two pollutants and the PLA in which they are located. On this basis, the 
area-weighted annual mean concentrations of PM2.5 and NO2 of the local back-
ground were calculated for each PLA.

 
conc A conc APLA local background Grid i grid i PLA, , ,= ∑ ×( ) ÷

 

concPLA , local background: annual mean concentration of PM2.5 or NO2 in a 
PLA

AGrid , i:  percentage of grid cell i in a PLA
concgrid , i: annual mean concentration of PM2.5 or NO2 in grid 

cell i
APLA:  area of a PLA

In a second step, the segments of the main roads containing the length and width 
of the roads and the annual mean concentrations of PM2.5 and NO2 were intersected 
with the boundaries of the PLAs. Using the length and width of the resulting lines, 
the areas of main road segments were calculated per PLA. For each segment and 
PLA, the area-weighted annual mean concentrations of PM2.5 and NO2 resulting 
from traffic were calculated.

 
conc A concPLA traffic traffic i traffic i PLAA, , ,=∑ ×( )÷

 

concPLA , traffic: annual mean concentration of PM2.5 or NO2 resulting from traf-
fic in the main roads of a PLA

Atraffic , i:  area of a main road segment i in a PLA
conctraffic , i:  annual mean concentration of PM2.5 or NO2 in the main road 

segment i
APLA:  area of a PLA

The combination of the area-weighted annual mean concentrations derived from 
the raster cells and the main roads results in the area-weighted total annual mean of 
PM2.5 and NO2 in 2009.

 
conc conc concPLA total PLA local background PLA traffic, , ,= +

 

concPLA , total:  total annual mean concentration of PM2.5 or NO2 in a PLA
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Through the addition of the pollutant concentration emitted on the main roads, the 
air pollution in PLAs with a high share of road traffic areas can be emphasized, to 
better cope with the aim of identifying PLAs at highest risk for well-being and health.

In order to classify PM2.5 and NO2 exposures, the values were ranked within 
deciles according to pollutant concentrations. Analogous to the socio-spatial cate-
gorization by the status index (SenStadt 2010), the two lowest deciles were classi-
fied as low level exposure. The deciles with the highest and second highest pollution 
were classified as very high and high levels of exposure, respectively. All other 
deciles were merged as medium level exposure. The combined exposure of both 
pollutants in a PLA was ranked “very high” if at least one pollutant had a concentra-
tion in the 10th decile, “high” if at least one pollutant had a concentration in the 9th 
decile, “low” if both pollutants had concentrations in the lowest two deciles, and 
“medium” in other cases. These rankings aimed at optimal differentiation between 
the PLAs in Berlin but not at European limit values. The procedure pays special 
attention to the areas with the highest exposure levels in the city because, in the 
context of environmental quality, quality of life, and environmental justice, mitiga-
tion measures should improve the air quality, especially within such areas.

5.3.2  Social Status Index of the Population

To describe the socio-economic situation of the exposed population, we used the 
standardized status index from the Social Urban Development Monitoring 2010 in 
Berlin (SenStadt 2010), representing data for the year 2009. The Social Urban 
Development Monitoring provides detailed information on the socio-structural and 
socio-spatial development in the PLAs of Berlin. The status index was built on the 
basis of the following six indicators that describe the social situation of population: 
unemployment rate in the age group 15–65 years, unemployment rate in the age 
group 15 to under 25 years (youth unemployment rate), long-term unemployment 
rate in the age group 15–65 years, rate of non-unemployed basic welfare recipients, 
rate of non-unemployed basic welfare recipients under the age of 15 years, rate of 
inhabitants under the age of 18 years with a migration background. The status index 
was determined using a mathematical procedure of standardization described in 
detail in SenStadt (2007). The six equally weighted normalized single indicator 
values were summarized to the standardized status index, which allows the ranking 
of the PLAs on the basis of deciles. In this ranking, the more favorable positions are 
associated with lower numerical values and the more disadvantageous positions 
with higher numerical values. Therefore, the two deciles with the lowest values, 
indicating best values of the status index, were ranked as “high status”. 
Correspondingly, deciles with highest and second-highest values of the status index, 
indicating the worst, were ranked as “very low status” and “low status”, respec-
tively. The six deciles between the two lowest and the two highest values of the 
status index were ranked as “medium status”.

For 13 PLAs, the status index was not generated because either fewer than 200 
inhabitants lived there (8 PLAs) or these PLAs (5 PLAs) were outliers regarding 
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their single indicators, which ranged beyond the span of values of the other PLAs, 
due to special factors, e.g. large commercial areas or forest (SenStadt 2010). These 
PLAs were excluded from further analysis of the status index.

6  Empirical Findings

Table 1 gives an overview of the social status index of the 434 PLAs, their area and 
population in 2009. By definition, 60% of the PLAs have a medium status, 20% 
have a high status and 10% each have a low or very low status. With about 64%, 
most of the population lives in PLAs with a medium social status, 11% lives in 
PLAs of very low or low social status and 14% lives in PLAs of high social status. 
The different levels of the status index are spatially very heterogeneously distrib-
uted. A specific pattern is not visible. Both in the inner-urban areas, within or close 
to the low emission zone, and in peripheral PLAs (e.g. in Spandau, Reinickendorf, 
Marzahn-Hellerdorf), a mixture of all status levels exists. By contrast, Steglitz- 
Zehlendorf, Pankow and Treptow-Köpenick are urban districts in which most of 
their PLAs have a medium or high status index (see Fig. 1).

The quantitative analysis of the calculated annual mean concentrations of PM2.5 
and NO2 for all PLAs yielded the following results:

The concentrations of PM2.5 range from 15 μg/m3 to 34 μg/m3 and those of NO2 
from 11 μg/m3 to 47 μg/m3. Compared with the valid annual mean limit values of 
the Air Quality Directive 2008/50/EC of the European Council (2008), the target 
value of 25 μg/m3 (which became a limit value in 2015) for PM2.5 was exceeded in 
10 PLAs and the limit value of 40 μg/m3 for NO2 was exceeded in four PLAs. With 
respect to the WHO Air Quality Guidelines (WHO 2006a, b), the annual mean con-
centration of PM2.5 in all PLAs was higher than the guideline of 10 μg/m3. Figures 1 
and 2 show the spatially unequal distribution of the annual mean concentrations of 
PM2.5 and NO2 and the social status index in the PLAs of Berlin in 2009 Fig. 1.

The concentrations of each pollutant vary within the city and decrease from the 
inner-urban areas to the periphery. Figures 1 and 2 illustrate that the exposure was 
highest in the inner-urban areas, within or close to the low emission zone, with high-
est population and traffic densities. More peripherally located PLAs with lower 
population and traffic densities were exposed to lower concentrations. This fact 

Table 1 Social status index, area and population of the analyzed 434 PLAs of Berlin in 2009

Social status 
index

Number of 
PLAs

Percentage of 
PLAs

Percentage of 
area

Percentage of 
population

Very low 43 9.9 3.8 11.0
Low 44 10.1 5.6 10.9
Medium 260 59.9 49.7 63.5
High 87 20.1 40.9 14.5
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underlines the reasonable definition of the boundary of the low emission zone, 
which was established to protect the health of people within the areas with highest 
pollutant concentrations and high population density.

With respect to the social status index of the population and exposure to PM2.5 or 
NO2, the situation is inhomogeneous. PLAs with higher exposure concentrations 
are often of lower social status. However, there also exist PLAs with a high social 
status and higher exposure concentrations, especially in the inner-urban area within 
the low emission zone. This phenomenon could be associated with gentrification 
processes during recent years and the associated resettlement of young, high-income 
professionals who may prefer to live in the city center with its greater range of 
social and cultural facilities and many opportunities for socializing, despite its lower 
environmental quality, e.g. possible lack of green space, high traffic density, higher 
noise levels, and higher concentrations of air pollutants.

The findings of classifying the PLAs in terms of their exposure to PM2.5 and NO2 
into the four classes “low”, “medium”, “high” and “very high”, including their 

Fig. 1 Socio-spatial distribution of outdoor airborne exposure to PM2.5 in the PLAs of Berlin in 
2009
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social status index, are shown in Fig. 3. The diagram illustrates that, with increasing 
exposure, the percentage of PLAs with a high social status decreases, and the major-
ity of those with medium, low and very low status increases. Regarding the com-
bined exposure to PM2.5 and NO2 of all 447 PLAs (see Fig. 4), 52 PLAs (11.6%) are 
“very high exposed”, 57 PLAs (12.7%) are “high exposed”, 259 PLAs (58%) are 
“medium exposed”, and 79 PLAs (17.7%) are “low exposed”. Referring to the area 
of Berlin and to both pollutants, 4% are “very high exposed”, 6% are “high exposed”, 
44% are “medium exposed”, and 46% are “low exposed” Fig. 3.

The unequal socio-spatial distribution of the combined exposure to PM2.5 and 
NO2 for PLAs in Berlin in 2009 is shown in Fig. 4.

PLAs could be identified that are doubly disadvantaged regarding a high expo-
sure (low air quality) and a low social status of the population. 15 PLAs (3.5%) have 
a high combined exposure and a very low/low social status. 12 PLAs (2.8%) are 
characterized by a very high combined exposure and a very low/low social status. In 
contrast, only two PLAs with a high social status have a high or very high combined 

Fig. 2 Socio-spatial distribution of outdoor airborne exposure to NO2 in the PLAs of Berlin in 
2009
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exposure. Within PLAs of medium social status, 40 PLAs (8.9%) are “high exposed” 
and 34 PLAs (7.6%) are “very high exposed” to PM2.5 and NO2.

The findings of the quantitative analysis of the exposed inhabitants (combined 
exposure) are shown in Fig. 5. About 10% of the population lives in PLAs with very 
high combined exposure to PM2.5 and NO2, followed by 15% in PLAs with high 
exposure. 60% of the inhabitants live in PLAs with medium exposure and only 15% 
in PLAs with low exposure.

Our analysis demonstrates that the combined exposure to PM2.5 and NO2 is 
unequally distributed in the PLAs of Berlin. Only 46% of Berlin’s area, with 79 
PLAs and 15% of the population, are “low exposed”. In contrast 10% of the area, 
with 109 PLAs and 25% of the population, are “high” or “very high” exposed. The 
remaining 44% of the area are “medium exposed”, which corresponds to 259 PLAs 
and 60% of the population. These results show small-scale differences of the outdoor 
airborne exposure within the city. 27 PLAs are doubly disadvantaged regarding the 
low air quality (high/very high exposure) and a very low/low social status (see 
Fig. 6). These PLAs cover an area of 20.5 km2 (2.3%) in which about 228,000 inhab-
itants (6.8%) live. These doubly disadvantaged PLAs are not spatially concentrated 
only in the low emission zone. 11 of these PLAs are located within the low emission 
zone, in the districts of Friedrichshain-Kreuzberg (4 PLAs), Mitte (4 PLAs), 
Neukölln (2 PLAs) and Tempelhof-Schöneberg (1 PLA). 9 PLAs are located north 
and south of the low emission zone. Only 7 PLAs are located more peripherally, in 
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Fig. 4 Socio-spatial distribution of outdoor airborne exposure to PM2.5 and NO2 in the PLAs of 
Berlin in 2009
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Lichtenberg (2 PLAs), Marzahn-Hellerdorf (2 PLAs), and Reinickendorf (3 PLAs). 
From the perspective of environmental justice, these 27 PLAs are disadvantaged, 
compared to other PLAs of Berlin. The small-scale analysis of the exposure to PM2.5 
and NO2 demonstrates in which parts of the city an urgent need for action exists.

7  Conclusion

In the case study of Berlin, the socio-spatial distribution of airborne outdoor expo-
sure to PM2.5 and NO2 was analyzed according to the administrative division of the 
city into 447 PLAs. The PLAs are suitable spatial units to investigate the unequal 
socio-spatial distribution of airborne pollutants that adversely impact on environ-
mental quality and, hence, well-being and quality of life. Referring to environmen-
tal justice, the immediate aim was to identify those PLAs with twofold discrimination 
in terms of the airborne exposure to PM2.5 and NO2 and the social status of their 

Fig. 6 Doubly disadvantaged PLAs with respect to high/very high exposure to PM2.5 and NO2 and 
very low/low social status in Berlin in 2009
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residents. It could be demonstrated that inner-urban areas of lower social status are 
more exposed to health-relevant environmental burdens than areas of higher social 
status. The results are quantitatively represented in statistics and visualized in maps.

Our research is practice-oriented. The results were applied to an up-dating of the 
clean air plan of Berlin (SenStadt 2013) and for decision-making support in urban 
planning. The method can be used as an additional instrument for environmental, 
social, and public health decision-making. Our results can help urban planners to 
develop management strategies and to implement suitable measures for improving 
air quality by mitigating outdoor airborne exposure, mainly in the doubly disadvan-
taged PLAs, but also in the other 82 PLAs with high/very high exposure to PM2.5 
and NO2. The improvement of air quality in urban areas is a challenge and requires 
holistic solutions “that involve technological development, structural changes 
including the optimization of infrastructure and urban planning, and behavioral 
changes” (EEA 2015b, p. 7).The socio-spatial distribution of the outdoor airborne 
exposure to PM2.5 and NO2 could be an additional important indicator for the envi-
ronmental justice index developed on the basis of noise pollution and green spaces 
for the PLAs in Berlin (Lakes et al. 2014). Furthermore, this approach is suitable for 
detecting important aspects of environmental injustice because it shows that the 
environmental quality and the quality of life are associated with socio-economic 
disparity. Both the scientific concept and the developed methodology can be trans-
ferred and adapted to other urban areas, depending on the availability of data.

Our results are helpful for decision makers such as politicians, mayors of single 
urban districts, urban planners, stakeholders, and the exposed population (if the 
results are made public), because they receive a detailed overview of the unequal 
socio-spatial distribution of air pollution by PM2.5 and NO2 in the PLAs in Berlin. 
Based on our results, the following research questions can be derived: In which 
PLAs is action needed to reduce the air pollution by PM2.5 and NO2 and to improve 
the air quality? Compared to noise, do the inhabitants perceive air pollution by 
PM2.5 and NO2 and do they know the health effects? How will urban air quality 
develop during the coming years? How can an increase in air pollution be prevented 
in PLAs of higher air quality? Which measures are suitable for reducing air pollu-
tion, in view of a population growth of about 50,000 inhabitants per year (Amt für 
Statistik Berlin-Brandenburg 2016b)? In addition to the low emission zone, which 
measures should be taken to reduce traffic-related air pollution? Does air pollution 
lead to an increasing socio-spatial differentiation of the population? How can envi-
ronmental injustice be reduced within the city? How can the exposed population 
contribute to the improvement of air quality? Will it be possible to develop Berlin 
into a sustainable city with healthy living conditions, including good air quality, in 
the coming years? How does air pollution by PM2.5 and NO2 develop in cities of 
other European countries? What is the status of environmental justice in other 
European cities? Further investigations will also address the latest development in 
airborne pollution in the context of environmental justice in the city of Berlin.

Strengths and limitations of the study: The study aimed at investigating environ-
mental justice and its violation. Particulate matter (PM2.5) and nitrogen dioxide are 
the dominant air pollutants in many countries. Nevertheless, other air pollutants 
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exist whose role with respect to human health has been recognized during recent 
years. For example, ultrafine and soot particles in the air can initiate and exacerbate 
cardio-respiratory diseases. Data on spatial variations of concentrations of these 
particles were not available.

Short-term periods of high pollutant concentrations may play a role in short-term 
health effects on humans. Therefore, they may be associated with environmental 
justice in a partially different way than yearly means of pollutant concentrations. 
Due to their availability, this study used only annual mean values of particle 
 concentrations. On the other hand, tendencies of short-term changes of exposure 
concentrations may be relatively similar across the city, because they strongly 
depend on meteorological conditions. This means that differences between daily 
averages of pollutant concentrations in PLAs will typically show similar tendencies 
as yearly averages. Hence, it can be assumed that this study took the most important 
aspects of air quality associated with environmental quality and environmental jus-
tice into account.

This study is based on unique, space-resolved data on social parameters and 
mean ambient exposure concentrations of airborne pollutants, calculated for well- 
defined spatial units, the PLAs. This approach resulted in new insights into the 
interdependencies of social status and environmental exposure within a city with 
relatively clean air in a developed country. Air pollution and the availability of clean 
air are prominent indicators of environmental quality, quality of life, and environ-
mental justice. All over the world, clean air, together with the access to clean drink-
ing water, is particularly important for the protection of human health.

References

Amt für Statistik Berlin-Brandenburg (2016a) Einwohnerinnen und Einwohner im Land Berlin 
am 31. Dezember 2015. Statistischer Bericht A I5 – hj 2 / 15. https://www.statistik-berlin bran-
denburg.de/publikationen/stat_berichte/2016/SB_A01-05-00_2015h02_BE.pdf. Accessed 24 
May 2016

Amt für Statistik Berlin-Brandenburg (2016b) Bevölkerungsstand Berlin 2011 bis 2015 jew-
eils zum 31.12. https://www.statistik-berlin-brandenburg.de/BasisZeitreiheGrafik/Zeit- 
Bevoelkerungsstand.asp?Ptyp=400&Sageb=12015&creg=BBB&anzwer=6. Accessed 3 Aug 
2016

Anderson JO, Thundiyil JG (2012) Clearing the air: a review of the effects of particulate matter air 
pollution on human health. J Med Toxicol 8(2):166–175

Banzhaf E, de la Barrera F, Kindler A, Reyes-Paecke S, Schlink U, Welz J, Kabisch S (2014) A 
conceptual framework for integrated analysis of environmental quality and quality of life. Ecol 
Indic 45:664–668. doi:10.1016/j.ecolind.2014.06.002

Barcelo MA, Saez M, Saurina C (2009) Spatial variability in mortality inequalities, socioeconomic 
deprivation, and air pollution in small areas of the Barcelona Urban Region, Spain. Sci Total 
Environ 407(21):5501–5523

Bell ML, Ebisu K, Peng RD, Samet JM, Dominici F (2009) Hospital admissions and chemical 
composition of fine particle air pollution. Am J Respir Crit Care Med 179(12):1115–1120

A. Kindler et al.

https://www.statistik-berlin-brandenburg.de/BasisZeitreiheGrafik/Zeit-Bevoelkerungsstand.asp?Ptyp=400&Sageb=12015&creg=BBB&anzwer=6
https://www.statistik-berlin-brandenburg.de/BasisZeitreiheGrafik/Zeit-Bevoelkerungsstand.asp?Ptyp=400&Sageb=12015&creg=BBB&anzwer=6
https://doi.org/10.1016/j.ecolind.2014.06.002


275

Bolte G, Bunge C, Hornberg C, Köckler H, Mielck A (eds) (2012) Umweltgerechtigkeit. 
Chancengleichheit bei Umwelt und Gesundheit: Konzepte, Datenlage und 
Handlungsperspektiven. Huber, Bern

Brochu PJ, Yanosky JD, Paciorek CJ, Schwartz J, Chen JT, Herrick RF, Suh HH (2011) Particulate 
air pollution and socioeconomic position in rural and urban areas of the Northeastern United 
States. Am J Public Health 101(Suppl 1):S224–S230. doi:10.2105/AJPH.2011.300232

Brown AL (2003) Increasing the utility of urban environmental quality information. Landsc Urban 
Plan 65(1–2):85–93

Brunekreef B, Beelen R, Hoek G, Schouten L, Bausch-Goldbohm S, Fischer P, van den Brandt P 
(2009) Effects of long-term exposure to traffic-related air pollution on respiratory and cardio-
vascular mortality in the Netherlands: the NLCS-AIR study. Research Report Health Effects 
Institute 139. http://www.n65.nl/NCLS-AIR-Study-2009.pdf. Accessed 3 Aug 2016

Chen L, Mengersen K, Tong S (2007) Spatiotemporal relationship between particle air pollu-
tion and respiratory emergency hospital admissions in Brisbane, Australia. Sci Total Environ 
373(1):57–67

Constanza R, Fisher B, Ali S, Beer C, Bond L, Roelof B et al (2007) Quality of life: An approach 
integrating opportuniteis, human need, and subjective well-being. Ecol Econ 61(2–3):267–276

Cooter EJ, Rea A, Bruins R, Schwede D, Dennis R (2013) The role of the atmosphere in the provision 
of ecosystem services. Sci Total Environ 448:197–208. doi:10.1016/j.scitotenv.2012.07.077

Crouse DL, Peters PA, Villeneuve PJ, Proux MO, Shin HH, Goldberg MS, Burnett RT (2015) 
Within- and between-city contrasts in nitrogen dioxide and mortality in 10 Canadian cities; 
a subset of the Canadian Census Health and Environment Cohort (CanCHEC). J  Expo Sci 
Environ Epidemiol 25(5):482–489

Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 On ambi-
ent air quality and cleaner air for Europe. Official Journal of the European Union L152/1 
11.6.2008. http://eur-lex.europa.eu/eli/dir/2008/50/oj. Accessed 24 May 2016

EEA – European Environmental Agency (2015a) Air quality in Europe – 2015 report. EEA Report 
No. 5/2015. Luxembourg. http://www.eea.europa.eu/publications/air-quality-in-europe-2015. 
Accessed 3 Aug 2016

EEA – European Environmental Agency (2015b) SOER European briefings 2015, Air pollution. 
http://www.eea.europa.eu/soer-2015/europe/air. Accessed 5 May 2016

EEA  – European Environment Agency (2016a) Environmental quality (definition). Glossary. 
Environmental Terminology and Discovery Service. http://glossary.eea.europa.eu/terminol-
ogy/concept_html?term=environmental%20quality. Accessed 5 May 2016

EEA – European Environmental Agency (2016b) Air pollution http://www.eea.europa.eu/themes/
air/intro. Accessed 10 Aug 2016

Elvers H-D (2011) Umweltgerechtigkeit. In: Groß M (ed) Handbuch der Soziologie. VS Verlag, 
Wiesbaden, pp 464–484

Elvers H-D, Gross M, Heinrichs H (2008) The diversity of environmental justice. Towards a 
European Approach. Eur Soc 10(5):835–856

EPA – US Environmental Protection Agency. (2016). Environmental justice. https://www.epa.gov/
environmentaljustice. Accessed 17 May 2016

Eurostat (2015a) Quality of life Facts and views. Statistical books. Luxembourg. http://ec.europa.
eu/eurostat/documents/3217494/6856423/KS-05-14-073-EN-N/742aee45-4085-4dac-9e2e-
9ed7e9501f23. Accessed 24 May 2016

Eurostat (2015b) Eurostat Statistics Explained. Quality of life indicators – measuring quality of 
life. http://ec.europa.eu/eurostat/statistics-explained/index.php/Quality_of_life_indicators_-
 _measuring_quality_of_life. Accessed 24 May 2016

Faustini A, Rapp R, Forastiere F (2014) Nitrogen dioxide and mortality: review and meta-analysis 
of long-term studies. Eur Respir J 44(3):744–753

Forastiere F, Stafoggia M, Tasco C, Picciotto S, Agabiti N, Cesaroni G, Perucci CA (2007) 
Socioeconomic status, particulate air pollution, and daily mortality: differential exposure or 
differential susceptibility. Am J Ind Med 50(3):208–216

Socio-Spatial Distribution of Airborne Outdoor Exposures – An Indicator…

https://doi.org/10.2105/AJPH.2011.300232
http://www.n65.nl/NCLS-AIR-Study-2009.pdf
https://doi.org/10.1016/j.scitotenv.2012.07.077
http://eur-lex.europa.eu/eli/dir/2008/50/oj
http://www.eea.europa.eu/publications/air-quality-in-europe-2015
http://www.eea.europa.eu/soer-2015/europe/air
http://glossary.eea.europa.eu/terminology/concept_html?term=environmental quality
http://glossary.eea.europa.eu/terminology/concept_html?term=environmental quality
http://www.eea.europa.eu/themes/air/intro
http://www.eea.europa.eu/themes/air/intro
https://www.epa.gov/environmentaljustice
https://www.epa.gov/environmentaljustice
http://ec.europa.eu/eurostat/documents/3217494/6856423/KS-05-14-073-EN-N/742aee45-4085-4dac-9e2e-9ed7e9501f23
http://ec.europa.eu/eurostat/documents/3217494/6856423/KS-05-14-073-EN-N/742aee45-4085-4dac-9e2e-9ed7e9501f23
http://ec.europa.eu/eurostat/documents/3217494/6856423/KS-05-14-073-EN-N/742aee45-4085-4dac-9e2e-9ed7e9501f23
http://ec.europa.eu/eurostat/statistics-explained/index.php/Quality_of_life_indicators_-_measuring_quality_of_life
http://ec.europa.eu/eurostat/statistics-explained/index.php/Quality_of_life_indicators_-_measuring_quality_of_life


276

Foxon TJ, Reed MS, Springer LC (2009) Governing long-term socio-ecological change: what 
can the adaptive management and transition management approaches learn from each other? 
Environ Policy Gov 19(1):3–20

Franck U, Klimeczek H-J, Kindler A (2014a) Social indicators are predictors of airborne outdoor 
exposures in Berlin. Ecol Indic 36:582–593. doi:10.1016/j.ecolind.2013.08.023

Franck, U., Leitte, A. M., & Suppan, P. (2014b). Multiple exposures to airborne pollutants and 
hospital admissions due to diseases of the circulatory system in Santiago de Chile. Sci Total 
Environ, 468–469, 746–756 . doi:dx.doi.org/10.1016/j.scitotenv.2013.08.088.

Franck, U., Leitte, A. M., & Suppan, P. (2015). Multifactorial airborne exposures and respiratory 
hospital admissions — The example of Santiago de Chile. Sci Total Environ, 502, 114–121 . 
doi:dx.doi.org/10.1016/j.scitotenv.2014.08.093.

Franklin M, Zeka A, Schwartz J (2007) Association between PM2.5 and all-cause and specific- 
cause mortality in 27 US communities. J Expo Sci Environ Epidemiol 17(3):279–287

Garcia Diez S (2015) Indikatoren zur Lebensqualität. Vorschläge der europäischen Expertengruppe 
und ausgewählte nationale Initiativen. WISTA, 6. https://www.destatis.de/DE/Publikationen/
WirtschaftStatistik/2015/06/IndikatorenLebensqualitaet_062015.pdf?__blob=publicationFile. 
Accessed 17 May 2016

Hornberg C, Bunge C, Pauli A (2011). Strategien für mehr Umweltgerechtigkeit. Handlungsfelder 
für Forschung, Politik und Praxis. Arbeitsgruppe 7 – Umwelt und Gesundheit, Fakultät für 
Gesundheitswissenschaften. Bielefeld: Universität Bielefeld

Hruba F, Fabianova E, Koppova K, Vandenberg JJ (2001) Childhood respiratory symptoms, hos-
pital admissions, and long-term exposure to airborne particulate matter. J Expo Analysis and 
Environ Epidemiol 11(1):33–40

Janssen NA, Fischer P, Marra M, Ameling C, Cassee FR (2013) Short-term effects of PM2.5, 
PM10 and PM2.5–10 on daily mortality in the Netherlands. Sci Total Environ 463–464:20–26. 
doi:10.1016/j.scitotenv.2013.05.062

Johnson DL, Ambrose SH, Bassett TJ, Bowen ML, Crummey DE, Isaacson JS et  al (1997) 
Meanings of environmental terms. J Environ Qual 26(3):581–589

Kabisch S, Kuhlicke C (2014) Urban Transformations and the Idea of Resource Efficiency, Quality 
of Life and Resilience. Built Environ 40(4):497–507

Klimeczek H-J (2011) Environmental justice in the Federal State of Berlin – development and 
implementation of a new a cross-cutting strategy. In C. Bunge, & K. Gebuhr (Ed.), Special 
Issue II.  Environmental Justice, UMID: Umwelt und Mensch  – Informationsdienst, No. 
2/2011 (pp. 18–19). Federal Office for Radiation Protection (BfS), Federal Institute for Risk 
Assessment (BfR), Robert Koch Institute (RKI), Federal Environmental Agency (UBA)

Klimeczek H-J (2012) Umweltgerechtigkeit durch Chancengleichheit bei Umwelt und Gesundheit – 
Strategien auf Landesebene. In: Bolte G, Bunge C, Hornberg C, Köckler H, Mielck A (eds) 
Umweltgerechtigkeit. Chancengleichheit bei Umwelt und Gesundheit: Konzepte, Datenlage 
und Handlungsperspektiven. Huber, Bern, pp 205–218

Köckler H (2011) Ein Modell zur Analyse umweltbezogener Verfahrensgerechtigkeit. 
Umweltpsychologie 15(2):93–113

Lakes T, Brückner M, Krämer A (2014) Development of an environmental justice index to deter-
mine socio-economic disparities of noise pollution and green space in residential areas in 
Berlin. J Environ Plan Manag 57(4):538–556

Lall R, Ito K, Thurston GD (2011) Distributed lag analyses of daily hospital admissions and 
source-apportioned fine particle air pollution. Environ Health Perspect 119(4):455–460

Laurent E (2010) Environmental justice and environmental inequalities: a European perspective. 
Document de travail, No 2010–05. Observatoire Francais des Conjunctures Économiques, 
Paris. http://www.ofce.sciences-po.fr/pdf/dtravail/WP2010-05.pdf. Accessed 24 May 2016

Marans RW, Stimson RJ (eds) (2011) Investigating quality of urban life. Theory, methods, and 
empirical research, Social indicators research series, vol 45. Springer, Dordrecht

Maschewsky W (2001) Umweltgerechtigkeit, Public Health und soziale Stadt. Frankfurt a. M. VAS

A. Kindler et al.

https://doi.org/10.1016/j.ecolind.2013.08.023
http://doi.org/10.1016/j.scitotenv.2013.08.088
http://doi.org/10.1016/j.scitotenv.2014.08.093
https://www.destatis.de/DE/Publikationen/WirtschaftStatistik/2015/06/IndikatorenLebensqualitaet_062015.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/WirtschaftStatistik/2015/06/IndikatorenLebensqualitaet_062015.pdf?__blob=publicationFile
https://doi.org/10.1016/j.scitotenv.2013.05.062
http://www.ofce.sciences-po.fr/pdf/dtravail/WP2010-05.pdf


277

Maschewsky W (2004) Umweltgrechtigkeit  – Gesundheitsrelevanz und empirische Erfassung. 
Veröffentlichungsreihe der Arbeitsgruppe Public Health. Forschungsschwerpunkt Arbeit. 
Sozialstruktur und Sozialstaat. Wissenschaftszentrum Berlin für Sozialforschung (WZB). 
https://bibliothek.wzb.eu/pdf/2004/i04-301.pdf. Accessed 9 May 2016

Maschewsky W (2006) “Healthy public policy” – am Beispiel der Politik zu Umweltgerechtigkeit 
in Schottland. In: Veröffentlichungen der Forschungsgruppe Public Health. Sozialforschung 
(WZB), Wissenschaftszentrum Berlin für. https://bibliothek.wzb.eu/pdf/2006/i06-304.pdf. 
Accessed 24 May 2016

Mills IC, Atkinson RW, Kang S, Walton H, Anderson HR (2015) Quantitative systematic review 
of the associations between short-term exposure to nitrogen dioxide and mortality and hospital 
admissions. BMJ Open 5(5):e006946. doi:10.1136/bmjopen-2014-006946

Minkos A, Dauert U, Schütze G, Feigenspan S, Himpel T, Kessinger S (2016). Luftqualität 2015. 
Vorläufige Auswertung. https://www.umweltbundesamt.de/sites/default/files/medien/376/pub-
likationen/luftqualitaet_2015_vorlaeufige_auswertung.pdf. Accessed 24 May 2016

Noll H-H (2000) Konzepte der Wohlfahrtsentwicklung: Lebensqualität und “neue” 
Wohlfahrtskonzepte. WZB Discussion Paper, No. P 00–505. Wissenschaftszentrum Berlin. 
https://www.econstor.eu/dspace/bitstream/10419/50283/1/311841732.pdf. Accessed 9 May 
2016

OECD  – Organisation for Economic Co-operation and Development (2008) OECD Key 
Environmental Indicators. OECD Environment Directorate Paris, France. https://www.oecd.
org/env/indicators-modelling-outlooks/37551205.pdf. Accessed 24 May 2016

Pacione M (2003) Introduction on urban environmental quality and human well-being. Landsc 
Urban Plan 65(1–2):1–3

Pascal M, Corso M, Chanel O, Declercq C, Badaloni C, Cesaroni G et al (2013) Assessing the pub-
lic health impacts of urban air pollution in 25 European cities: Results of the Aphekom project. 
Sci Total Environ 449:390–400. doi:10.1016/j.scitotenv.2013.01.077

Perez L, Grize L, Infanger D, Kunzli N, Sommer H, Alt GM, Schindler C (2015) Associations 
of daily levels of PM10 and NO2 with emergency hospital admissions and mortality in 
Switzerland: Trends and missed prevention potential over the last decade. Environ Res 
140:554–561. doi:10.1016/j.envres.2015.05.005

Pope CA 3rd, Burnett RT, Turner MC, Cohen A, Krewski D, Jerrett M, Thun MJ (2011) Lung cancer 
and cardiovascular disease mortality associated with ambient air pollution and cigarette smoke: 
shape of the exposure-response relationships. Environ Health Perspect 119(11):1616–1621

Prochaska JD, Nolen AB, Kelley H, Sexton K, Linder SH, Sullivan J (2014) Social determinants 
of health in environmental justice communities: examining cumulative risk in terms of envi-
ronmental exposures and social determinants of health. Hum Ecol Risk Assess 20(4):980–994

Rice LJ, Jiang C, Wilson SM, Burwell-Naney K, Samantapudi A, Zhang H (2014) Use of segre-
gation indices, townsend index, and air toxics data to assess lifetime cancer risk disparities in 
urban Charleston, South Carolina, USA. Int J Environ Res Public Health 11(5):5510–5526

Schwela D (2000) Air pollution and health in urban areas. Rev Environ Health 15(1–2):13–42
SenStadt (2005) Luftreinhalteplan und Aktionsplan für Berlin 2005–2010. Senatsverwaltung für 

Stadtentwicklung Berlin.
SenStadt (2007) Monitoring Soziale Stadtentwicklung Berlin 2007. Fortschreibung für den 

Zeitraum 2005–2006. Senatsverwaltung für Stadtentwicklung Berlin. http://www.stadtentwick-
lung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2007/Endbericht- 
Monitoring2007.pdf. Accessed 24 May 2016

SenStadt (2010) Monitoring Soziale Stadtentwicklung 2010. Fortschreibung für den Zeitraum 
2008–2009. Senatsverwaltung für Stadtentwicklung Berlin. http://www.stadtentwicklung.ber-
lin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2010/monitoring_soziale_
stadtentwicklung_endbericht_2010.pdf. Accessed 24 May 2016

SenStadt (2013) Luftreinhalteplan 2011 bis 2017 für Berlin. Senatsverwaltung für Stadtentwicklung 
und Umwelt Berlin. http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftrein-
halteplan/. Accessed 3 Aug 2016

Socio-Spatial Distribution of Airborne Outdoor Exposures – An Indicator…

https://bibliothek.wzb.eu/pdf/2004/i04-301.pdf
https://bibliothek.wzb.eu/pdf/2006/i06-304.pdf
https://doi.org/10.1136/bmjopen-2014-006946
https://www.umweltbundesamt.de/sites/default/files/medien/376/publikationen/luftqualitaet_2015_vorlaeufige_auswertung.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/376/publikationen/luftqualitaet_2015_vorlaeufige_auswertung.pdf
https://www.econstor.eu/dspace/bitstream/10419/50283/1/311841732.pdf
https://www.oecd.org/env/indicators-modelling-outlooks/37551205.pdf
https://www.oecd.org/env/indicators-modelling-outlooks/37551205.pdf
https://doi.org/10.1016/j.scitotenv.2013.01.077
https://doi.org/10.1016/j.envres.2015.05.005
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2007/Endbericht-Monitoring2007.pdf
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2007/Endbericht-Monitoring2007.pdf
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2007/Endbericht-Monitoring2007.pdf
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2010/monitoring_soziale_stadtentwicklung_endbericht_2010.pdf
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2010/monitoring_soziale_stadtentwicklung_endbericht_2010.pdf
http://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/download/2010/monitoring_soziale_stadtentwicklung_endbericht_2010.pdf
http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftreinhalteplan
http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftreinhalteplan


278

Shi L, Zanobetti A, Kloog I, Coull BA, Koutrakis P, Melly SJ, Schwartz JD (2016) Low- 
Concentration PM2.5 and Mortality: Estimating Acute and Chronic Effects in a Population- 
Based Study. Environ Health Perspect 124(1):46–52

Slaughter JC, Kim E, Sheppard L, Sullivan JH, Larson TV, Claiborn C (2005) Association between 
particulate matter and emergency room visits, hospital admissions and mortality in Spokane, 
Washington. J Expo Anal Environ Epidemiol 15(2):153–159

UBA  – Umweltbundesamt (2015) Umweltgerechtigkeit im städtischen Raum  – Entwicklung 
von praxistauglichen Strategien und Maßnahmen zur Minderung sozial ungleich verteilter 
Umweltbelastungen. Umwelt & Gesundheit 01/2015. Dessau-Roßlau: Umweltbundesamt

UBA – Umweltbundesamt (2016) Entwicklung der Luftqualität. https://www.umweltbundesamt.
de/themen/luft/daten-karten/entwicklung-der-luftqualitaet. Accessed 3 Aug 2016

IVU Umwelt GmbH (2011) Fortschreibung des Berliner Luftreinhalteplans (LRP) 2009–2020. 
Endbericht. http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftreinhalteplan/
download/lrp_fortschreibung.pdf. Accessed 17 May 2016

UN – United Nations (2015). Transforming our world. The 2030 agenda for sustainable develop-
ment. https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20
for%20Sustainable%20Development%20web.pdf. Accessed 3 Aug 2016

UNDP  – United Nations Development Programme (2011) Human Development Report 2011. 
Sustainablity and Equity: A better Future for All. United Nations Development Programme 
(UNDP), 2011. http://hdr.undp.org/sites/default/files/reports/271/hdr_2011_en_complete.pdf. 
Accessed 3 Aug 2016

UNEP/UNECE – United Nations Environment Programme/United Nations Economic Commission 
for Europe. (2016). GEO-6 Assessment for the pan-European region. United Nations 
Environment Programme, Nairobi, Kenya. http://www.unep.org/roe/Portals/139/documents/
GEO-6%20Assessment%20for%20the%20pan-European%20region%20EN.pdf. Accessed 3 
Aug 2016

Vera J, Cifuentes L (2008) Association of Hospital Admissions for Cardiovascular Causes and Air 
Pollution (PM10, PM25 and O3) in Santiago, Chile. Epidemiology 19(6):S368. doi:10.1097/01.
ede.0000340464.17551.d4

Walker G (2012) Environmental Justice: Concepts, Evidence and Politics. Routledge, London
WBGU – German Advisory Council on Global Change (2016) Humanity on the move: Unlocking 

the transformative power of cities. Berlin, WBGU. http://www.wbgu.de/fileadmin/user_upload/
wbgu.de/templates/dateien/veroeffentlichungen/hauptgutachten/hg2016/hg2016_en.pdf. 
Accessed 4 Aug 2016

Welsch J, Bömermann H, Nagel H (2011) Data sources of Berlin pilot project: the Berlin 
Environmental Atlas and Social Urban Development Monitoring. In C. Bunge, & K. Gebuhr 
(Ed.), Special Issue II. Environmental Justice, UMID: Umwelt und Mensch – Informationsdienst, 
No. 2/2011 (pp. 20–24). Federal Office for Radiation Protection (BfS), Federal Institute for 
Risk Assessment (BfR), Robert Koch Institute (RKI), Federal Environmental Agency (UBA). 
https://www.umweltbundesamt.de/sites/default/files/medien/pdfs/umid0211-e.pdf. Accessed 
24 May 2016

WHO – World Health Organisation (1997) WHOQOL Measuring Quality of Life. Programme 
on Mental Health and Prevention of Substance Abuse. http://www.who.int/mental_health/
media/68.pdf. Accessed 9 May 2016

WHO – World Health Organisation (2006a) WHO Air quality guidelines for particulate matter, 
ozone, nitrogen dioxide and sulfur dioxide. Global update 2005. Summary of risk assessment. 
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf. 
Accessed 24 May 2016

WHO – World Health Organisation (2006b) Air quality guidelines. Global update 2005. Particulate 
matter, ozone, nitrogen dioxide and sulfur dioxide. http://www.euro.who.int/__data/assets/
pdf_file/0005/78638/E90038.pdf. Accessed 24 May 2016

A. Kindler et al.

https://www.umweltbundesamt.de/themen/luft/daten-karten/entwicklung-der-luftqualitaet
https://www.umweltbundesamt.de/themen/luft/daten-karten/entwicklung-der-luftqualitaet
http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftreinhalteplan/download/lrp_fortschreibung.pdf
http://www.stadtentwicklung.berlin.de/umwelt/luftqualitaet/de/luftreinhalteplan/download/lrp_fortschreibung.pdf
https://sustainabledevelopment.un.org/content/documents/21252030 Agenda for Sustainable Development web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030 Agenda for Sustainable Development web.pdf
http://hdr.undp.org/sites/default/files/reports/271/hdr_2011_en_complete.pdf
http://www.unep.org/roe/Portals/139/documents/GEO-6 Assessment for the pan-European region EN.pdf
http://www.unep.org/roe/Portals/139/documents/GEO-6 Assessment for the pan-European region EN.pdf
https://doi.org/10.1097/01.ede.0000340464.17551.d4
https://doi.org/10.1097/01.ede.0000340464.17551.d4
http://www.wbgu.de/fileadmin/user_upload/wbgu.de/templates/dateien/veroeffentlichungen/hauptgutachten/hg2016/hg2016_en.pdf
http://www.wbgu.de/fileadmin/user_upload/wbgu.de/templates/dateien/veroeffentlichungen/hauptgutachten/hg2016/hg2016_en.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/pdfs/umid0211-e.pdf
http://www.who.int/mental_health/media/68.pdf
http://www.who.int/mental_health/media/68.pdf
http://apps.who.int/iris/bitstream/10665/69477/1/WHO_SDE_PHE_OEH_06.02_eng.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/78638/E90038.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/78638/E90038.pdf


279

WHO  – World Health Organisation (2014) Burden of disease from Ambient Air pollution for 
2012. Summary of results. http://www.who.int/phe/health_topics/outdoorair/databases/AAP_
BoD_results_March2014.pdf. Accessed 3 Aug 2016

WHO – World Health Organisation (2016) Ambient Air Pollution Database, May 2016. http://www.
who.int/entity/phe/health_topics/outdoorair/databases/WHO_AAP_database_May2016_
v3web.xlsx. Accessed 3 Aug 2016

Yap PS, Gilbreath S, Garcia C, Jareen N, Goodrich B (2013) The influence of socioeconomic 
markers on the association between fine particulate matter and hospital admissions for respira-
tory conditions among children. Am J Public Health 103(4):695–702

Young GS, Fox MA, Trush M, Kanarek N, Glass TA, Curriero FC (2012) Differential exposure to 
hazardous air pollution in the United States: a multilevel analysis of urbanization and neighbor-
hood socioeconomic deprivation. Int J Environ Res Public Health 9(6):2204–2225

Socio-Spatial Distribution of Airborne Outdoor Exposures – An Indicator…

http://www.who.int/phe/health_topics/outdoorair/databases/AAP_BoD_results_March2014.pdf
http://www.who.int/phe/health_topics/outdoorair/databases/AAP_BoD_results_March2014.pdf
http://www.who.int/entity/phe/health_topics/outdoorair/databases/WHO_AAP_database_May2016_v3web.xlsx
http://www.who.int/entity/phe/health_topics/outdoorair/databases/WHO_AAP_database_May2016_v3web.xlsx
http://www.who.int/entity/phe/health_topics/outdoorair/databases/WHO_AAP_database_May2016_v3web.xlsx


281© Springer International Publishing AG 2018 
S. Kabisch et al. (eds.), Urban Transformations, Future City 10, 
DOI 10.1007/978-3-319-59324-1_15

What Really Matters in Green Infrastructure 
for the Urban Quality of Life? Santiago de 
Chile as a Showcase City

Ellen Banzhaf, Sonia M. Reyes-Paecke, and Francisco de la Barrera

1  Introduction

The built, green and social environment express the situation of a city and, to a large 
extent, indicate the development of the urban area. These components of the urban 
environment have a strong impact on the quality of life of citizens. Along with the 
concepts of resource efficiency and resilience in cities, the quality of life forms one 
of the three pillars on which our research on urban transformations is grounded. We 
approach the concept of quality of life from the environmental perspective and 
understand the human well-being as an integral part of the broader concept of qual-
ity of life. In this study we focus on green infrastructure (GI) as an indication for 
quality of life research. Here, we measure the extent to which people can access GI 
as a service and profit from this infrastructure for health-related and social dimen-
sions (Scottish Executive 2005; Bognar 2005). Rapid urbanisation processes accel-
erate land-use changes that mostly go along with extensive urban land consumption 
and involve population developments. Such multi-dimensional changes in urban 
land use and land-consumption patterns are very dynamic and widely ramified. 
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They can evoke unsustainable structures that entangle social-spatial differentiations 
which are discussed in the context of urban growth and shrinkage processes (see 
Haase et al., “From Shrinkage to Regrowth: The Nexus Between Urban Dynamics, 
Land Use Change and Ecosystem Service Provision”, in this volume, dealing with 
urban dynamics, Seto et al. 2011; Kabisch and Kuhlicke 2014). As land is a limited 
and contested resource, it demands for infrastructural provision and, particularly 
with respect to urban quality of life and a sustainable urban development, for the 
provision of green infrastructure.

Urbanisation affects the development of land use in different ways and with 
varying consequences for different social strata even within the same urban area. 
Hence, land-use changes must be geared in a resource-efficient and resilient manner 
(UN 2016) to secure the environmental quality for all residents regardless their 
social strata. In this sense, urban land-use structure pictures environmental aspects 
of the quality of life, and relates to social-spatial disparities (see Kindler et  al., 
“Socio-spatial Distribution of Airborne Outdoor Exposures  – An Indicator for 
Environmental Quality, Quality of Life, and Environmental Justice: The Case Study 
of Berlin”, in this volume). Regarding social-environmental aspects, land-use 
dynamics are the trigger to accelerate or decelerate urban transformations towards a 
sustainable urban development at various scales (Banzhaf et al. 2017).

A variety of commitments for a sustainable land use have been elaborated at both 
international and national level, e.g., the Rio 20 outcomes call for a neutral world 
without land degradation to solve the problem of land consumption (UN 2012). In 
this respect the EU has an objective of ‘no net land take’ by 2050 (EEA 2015), but 
Latin America is still far from adopting this type of political agreements because in 
many cities, major housing and infrastructure deficits persist and also steer further 
urban expansion (UNEP 2010). Beyond the high share of European and US citizens 
(82%, UN 2011; UN 2012), more than 90% of Latin Americans live in cities, thus 
making this continent to be the most urbanised on earth (UN 2012; World Bank 
2014). Especially in Latin American countries such as Chile which have a strong 
socio-spatial differentiation environmental dimensions of quality of life, also 
depend on the social strata of the population. To illustrate these dimensions we 
exemplify our study on Santiago de Chile.

2  Tackling Questions of Green Infrastructure as a Major 
Component of Urban Land Use

Green infrastructure (GI) is defined as the interconnected network of natural and 
semi-natural areas with other environmental features to secure urban ecosystem ser-
vices. Therefore it supports plant and animal species, maintains natural ecological 
processes in rural and urban areas, and contributes to the health and quality of life 
for human beings (CMP 2013; The Conservation Fund 2016; McDonald et al. 2005).

As mentioned above, Latin America lacks from taking on appropriate political 
conventions, and cities like Santiago de Chile are exposed to further acceleration 
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of urban processes such as urban land use change accompanied by shortcomings 
in environmental quality. In contrast, in Europe, the policy of GI has been elabo-
rated under the EEA guise of ‘Science for Environment Policy’ (EEA 2011).  
The European Commission (EC 2013) emphasizes that GI policy has the capability 
to offer win-win, or ‘no-regret’ solutions (see Knapp et al., “Do Urban Biodiversity 
and Urban Ecosystem Services Go Hand in Hand, or Do We Just Hope It Is That 
Easy?”, in this volume) and could promote integrated spatial planning by identify-
ing multi-functional zones and by incorporating habitat restoration measures into 
land use plans and management strategies (EEA 2011). Hence, we want to shed 
light to the relation between urban quality of life and GI in the Latin American 
context.

In our view, it is important to analyse the various characteristics of GI for the 
cornerstones of urban transformations, foremost its role for a resource-efficient han-
dling of urban land and a resilient and well-adapted vegetation cover to secure a 
sustainable quality of life in cities. Therefore we want to tackle the following ques-
tion on different spatial scales to understand prospective land-use options related to 
GI: How can green infrastructure contribute to residents’ well-being and thus main-
tain or even enhance urban quality of life in changing urban environments? In this 
sense it is important to evaluate the multiple contributions of GI for ecosystem ser-
vices, against different socioeconomic conditions, and in different urban and subur-
ban settings by using a refined set of indicators. Comprehending the facets of GI’s 
regional and local specifications we will shed light to their effects at each particular 
scale for Santiago de Chile as case study which is characterised by a very fast urban 
growth and an extreme social-spatial differentiation.

GI covers all kinds of vegetated urban spaces, with diverse forms and structures 
with contributing multiple functions (Jim et al. 2015) and is one of the major sup-
pliers of urban ecosystem services. Typically, GI refers to an interconnected net-
work of such multifunctional green spaces, gardens, street aligned trees which is 
strategically planned and managed to supply a range of such services (Benedict and 
McMahon 2006; Wright 2011). Its development has been driven by changes in local 
demand and urban form over time, but in the past decade it has attracted burgeoning 
interest, including notably its potential as a climate change intervention (Hansen 
et al. 2016; Naumann et al. 2011a). It corresponds to the spatial structure of areas 
covered by vegetation may it be natural or semi-natural, adjacent to water bodies or 
to buildings and public infrastructure. Therefore GI is the basis for the provision and 
regulation of urban ecosystems to serve as multiple benefits for citizens (EC 2016). 
The high level of return over time gained from healthy GI supplies a higher environ-
mental quality of life and is complementary to the so-called grey infrastructure. 
Depending on its size, form, location, internal facilities and configuration, the ema-
nating GI can be of advantage for human well-being on the local and regional level 
of cities.

Citizens have strong needs for GI and related ecosystem services and, at the 
same time, they produce far-reaching environmental implications. Urban GI is a 
specific type of goods that supplies services by natural structures designed or con-
served (Naumann et al. 2011b), and needs to be constantly maintained in cities. As 
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land consumption is a critical issue regarding urban sustainability, the maintenance, 
connectivity and distribution of GI are essential parameters to secure resource- 
efficient urban land use. Beyond its capacity to amplify resilience of cities  
(e.g., micro-climate regulation, capture of pollutants, flood regulation) GI can also 
improve the urban quality of life by ensuring cultural services (e.g., recreation, 
aesthetics), especially in densely populated cities. Urban ecosystem services are 
generally understood as the direct and indirect contributions of ecosystems to human 
well-being (TEEB 2010, p. 33) for which GI in cities accounts for environmental 
health (De Groot et al. 2010; Haines-Young and Potschin 2010). Being recognized 
and promoted differently by people and local governments according their priority 
needs and values, urban GI offers a great diversity of tangible and intangible bene-
fits for citizens.

3  Methodological Considerations

3.1  GI from Different Spatial Perspectives

As GI delivers essential ecosystem services in a multi-faceted way our goal is to 
understand its regional and local characteristics and their impact better at the respec-
tive scale. In a multi-scale approach we assess the quantity and quality of different 
kinds of GI to get findings on its sensitivity to environmental pressures related to 
dynamic urban processes (see Fig. 1). Hence, we give spatially explicit evidence on 
urban GI as a supplier for ecosystem services to preserve or enhance the environ-
mental quality of life. Keeping multifunctional aspects of GI in mind, we refer to the 
urban quality of life from environmentally driven considerations on human well- 
being in urban areas.

To comprehend the role of GI as a proxy for environmentally induced quality of 
life we elaborate a differentiated picture on multiple scales. Key aspects are the 
urban structure which may result in (un)evenly distributed GI, and potential social 
inequalities in relation to this structure. Thus, the various facets of GI may be a 
superior indicator for different urban contexts with different environmental goods 
expressing different levels of quality of life in the entire urban area of Santiago de 
Chile. For a differentiated comprehension of its significance, we perform a down- 
scaling from the urban central municipalities to suburban development, from one 
municipality to another, and even from one neighbourhood to the adjacent one.

Figure 1 depicts our scale-dependent concept starting from the entire urban area 
on the regional scale, continuing with comparisons of different municipalities on 
the intermediate local scale and finally focussing on one suburban municipal neigh-
bourhood. Dependent on the respective scale we evaluate the GI to first illustrate 
different urban and suburban configurations (urban scale), then discuss green spaces 
in socio-spatially differentiated urban environments and their corresponding role 
for ecosystem services, and finally shed light on neatly differentiated vegetation in 
a newly developed suburban neighbourhood to explain the plant-soil complex. 
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Distinctions between GI, green spaces and vegetation cover need to be pointed out. 
As defined above, GI refers to the performance of green components as functional 
elements, implies connections and thus establishes a network. Public green spaces 
are one of the most important components of GI, they are considered as public 
goods which allow free access to all citizens and represent pockets of nature for all 
residents, but their coverage of vegetation can strongly differ. Vegetation cover, 
however, is a broad concept with a diverse structural pattern. It comprises root pen-
etration, ramification, foliation, and adheres to different types of grass, flowers, 
shrublands, and trees (De la Barrera et al. 2016a, b; Lehmann et al. 2014).

3.2  Santiago de Chile as a Showcase City

Many growing cities are characterised by their high heterogeneity and assemble a 
vast number of large residential and commercial developments reaching from core 
areas far into the urban fringe, sometimes with much environmentally and economi-
cally degraded space in-between (Loibl and Toetzer 2003; Wu 2010). As a complex 
phenomenon, suburbanisation is thus emerging as intertwined trajectories with 
locally pronounced developments. The sprawl into suburban areas is not a single 

Regional

Local

Green infrastructure

Plant, soil and air as a complex

Evaluating ecosystem services by 
differentiating the urban structure regarding

population and green infrastructure

Evaluating ecosystem services for 
green spaces regarding socio-spatial 

differentiation 

Scale-dependent evaluation of urban ecosystem services as proxy for quality of life

Evaluating 
specific contributions 

of urban elements to supply 
ecosystem services

Fig. 1 Scale-dependent evaluation of green infrastructure (GI) as main constituent for urban qual-
ity of life
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urban feature and does not steadily proceed outwards from a single centre. Urban 
and suburban dynamics entail multifarious problems, which include various combi-
nations of environmental implications such as superimposed soil sealing, inade-
quate configuration with GI, and socio-spatial inequalities amongst others.

Like so many other (emerging) megacities, Santiago de Chile has high urban 
growth, a tremendous increase in population, suburbs and leap-frog development 
which transforms land use. Such unrestricted urban expansion evolves a high pres-
sure on the urban region, converts open spaces into urbanised land-use types and 
produces unbalanced distribution and quality of GI due to increasing demand on 
housing and public infrastructure. There are many reasons to investigate GI in this 
city. Amongst others our showcase city is located in a valley framed by the Andes 
and the Pacific Coastal Range with a lack of air ventilation and subsequent episodes 
of severe air pollution during winter. Santiago is a city with a Mediterranean climate 
implying long periods of drought in hot summers producing intense urban heat 
island effects, and short heavy winter rainfalls with flood hazards. The urban land-
scape comprises a heterogeneous pattern of urbanisation, from densely built to dis-
perse urban areas with a high structural diversity, being surrounded by agricultural 
land and native vegetation remnants. As such, it is a prime example for a city that 
can enhance the environmental quality of life for its citizens by establishing a sus-
tainable GI and, consequently, providing and regulating ecosystem services (e.g., 
cooling effects; Inostroza et al. 2016). Like the strong socio-spatial differentiation 
in so many soaring cities, Santiago de Chile can be characterised by high urban 
diversity in terms of (1) population and housing densities, with its highly dynamic 
processes of urbanisation by encroaching upon the surrounding landscapes; and (2) 
GI and its extremely different expression in the residential areas. From urban to 
municipal to neighbourhood scale the different components of GI need to be inves-
tigated twofold: in terms of their composition and structure, and their distribution 
and accessibility (Reyes-Paecke and Figueroa 2010).

3.3  Elaborated Methods

In our approach we carry out an enhanced multiple scale analysis by means of remote 
sensing techniques, spatial analysis, population statistics, field mapping and social 
survey. This mixed method approach allows us to comprehend the significance of GI 
for urban quality of life at various scales and for selected municipalities and neigh-
bourhoods. For the entire urban area of Santiago de Chile and their respective 34 
municipalities we quantify land-use and population dynamics in space and time as 
well as their share in green spaces. To do so, we need to know the amount, distribu-
tion, share, and configuration of GI which we gain on the basis of the following 
performance and sustainability indicators: fraction of population density for the 
entire administrative units compared to the fraction for the particular built-up areas, 
densities of built-up areas regarding their degree of imperviousness, as well as public 
green spaces, their dynamics, and their ratio per capita. To gain all these pieces of 
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information we combine remote sensing techniques with GIS exploiting satellite 
data, census data and additional population statistics. Based on that knowledge we 
then cluster the urban area into urban and suburban municipalities for which we get 
findings about their dichotomy and similarities regarding structural characteristics of 
their environmental quality. Based on this detailed spatial analysis we extract three 
socioeconomically contrasting municipalities for a further and much more refined 
picture of the urban and suburban situation regarding their green spaces’ quality, 
quantity, spatial distribution and accessibility. For the latter we evaluate these 
municipalities through social survey techniques. By in-situ observation of people’s 
use of green spaces on a random sample size and further interviews with various 
users of public green spaces, we gain a deeper understanding about such qualitative 
aspects as their attitude, perception of safety, social interactions and appreciation. 
Finally, a special attention is exemplarily paid to a newly constructed suburban area 
and its respective neighbourhoods, to derive a sophisticated knowledge on its impli-
cation for urban ecosystem services within and beyond such a neighbourhood. Here, 
its vegetation composition is recorded by field mapping, with added value from 
remotely sensed data to map the dynamics of vegetation cover from the time before 
the development took place and in the presence of the newly developed suburbs.

4  Results: GI Analysis at Multiple Scales

4.1  Mirroring Urban with Suburban Municipalities Auditing 
Dichotomy and Similarities

To understand the impact of land-use changes and population dynamics on the 
urban quality of life we investigate the urban area of Santiago de Chile in the juxta-
position of urban and suburban municipalities. Location and built-up densities form 
the criteria for this subdivision at municipal level on which we analyse changes in 
population densities, development of the built-up areas, and of GI. As major drivers 
of land-use changes we identify population, population density of urban and subur-
ban municipalities and for the particular built-up area to understand local and 
regional environmental pressures on land. Areas of lower and higher supply by GI 
are gained from public green spaces, especially their amount, distribution and 
dynamics, to gather a sophisticated insight into their multifunctionality and their 
configuration regarding the socio-spatial differentiation of Santiago de Chile. These 
indicators help to measure and compare the urban and suburban patterns and their 
impact on the urban quality (Briggs 2003; OECD 1997; UNEP 2010). The size and 
shape of the green areas, as well as the density and diversity of vegetation present 
therein are key factors to the ability to provide ecosystem services. The larger green 
areas allow for greater plant diversity, they contribute more effectively to the micro-
climatic regulation and to reduce stormwater runoff. Therefore the structural attri-
butes are good proxies for estimating ecosystem services provision (Cilliers et al. 
2013; Inostroza et al. 2016; Lehmann et al. 2014).
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According to its urban structure, we divided the city into 21 urban and 13 subur-
ban municipalities covering an area of 2274 km2. In 2009, Santiago was home to 
approximately 6.2 million inhabitants, which is equivalent to a population density 
of 2734 inh./km2 (Encuesta CASEN 2009). Romero et al. (2012, p. 81) point to the 
high urbanisation process. They show that the built-up area almost doubled between 
1975 and 2009 from approximately 341 km2 to about 616 km2. In this respect urban 
sprawl has developed in an uneven suburban pattern over space and time being 
home to low and middle class population in dense settlements and offering space for 
disperse high-class areas.

Despite a generally very positive population growth, the 21 urban municipalities 
are characterised by a residential decline of −6.5% (1992–2002) and −10% (2002–
2009). Here, approximately 90% of the space is built-up, leaving little area for GI to 
supply the citizens with ecosystem services. The dynamics of public green spaces is 
not well pictured by statistics only. Although they increased by 1.5% in the urban 
municipalities between 2001 and 2006, their spatial distribution varies greatly. In 
the urban area, parks were created for low-income families and scarce green spaces 
due to a program of the Ministry of Housing (called Urban Parks Program). In con-
trast, the 13 suburban municipalities have gained tremendously in the number of 
residents by 40% and 37% in the respective intervals. Although, in average, suburbs 
have less than 50% of their surface sealed by building activities, the tendency for 
further densification is observed if the natural setting (on foothills or along valleys) 
allow for. Here, public green spaces gain 0.4% in the same period, documenting that 
in suburban municipalities the values are lower while the built-up areas grow faster 
(Banzhaf et al. 2013). Differences in municipal policies are reflected in individual 
positive or negative changes, since some municipalities allocated resources to 
increase green spaces, other municipalities did not set the same priority. In some 
suburban municipalities least public green spaces occur where private green spaces 
are biggest, mirroring the high-income sectors. In these few suburban municipali-
ties private green spaces and the related ecosystems are well supplied and the qual-
ity of life secured without much public space needed.

Predominantly though, the spatial analysis shows the necessity to improve envi-
ronmental quality in GI twofold: in the urban core area most space is being built-up, 
and most green spaces refer to historical parks. Hence, the environmental quality of 
life could be improved by more vegetation cover (e.g., street trees, green façades 
and roofs), so that different types of GI provide benefits for residents. Suburban 
municipalities of lower to middle classes are densely built-up whereas other munici-
palities in the outskirts with higher socio-economic classes signify low-density resi-
dential areas. Therefore GI varies more in the suburban municipalities and generally 
provides very little green spaces. Less affluent municipalities offer smaller patches 
of land to residents with less open areas and have less financial resources to irrigate 
green spaces. The municipal effort to increase the number of green spaces is a posi-
tive planning aspect where urban areas still have a scarce amount of green spaces. 
Likewise do more affluent municipalities establish few public green spaces, but 
their local dwellers own large private gardens and have less need for GI on public 
grounds. They can provide irrigation for public and private spaces for which the 
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supply with ecosystem services is ensured at local level. Such diverse socio-spatial 
structures have different physical settings, some of them do not meet the greater 
needs for GI.  For a regional comparison of large agglomerations as exemplified 
here, the amount of public green spaces per capita serves well to give evidence on 
socio- ecological priority and deficit areas. Applying this indicator (minimum of 
9–11 m2 of green spaces per inhabitant to contribute to an adequate quality of life) 
we can estimate the capacity of public green spaces as ecosystem service supplier 
that serves as a standard quality of life measure (UNEP 2010, p. 157). During the 
last decade (2001–2006), most of Santiago de Chile showed an increase, but the 
amplitude differs: in the urban municipalities GI rises from 5.7 to 7.9  m2/inh. 
(+38%) and from 4.0 to 5.7 m2/inh. in the suburbs (+44%). The differences could 
continue to lessen if this trend goes on. Individual distinctions are not related to 
urban or suburban conditions, since municipalities with very low values (less than 
5 m2/inh.) exist in both areas. Only seven municipalities exceed 10 m2/inh. in 2006, 
five of which are urban and two are suburban. In urban municipalities the increase 
is due to two simultaneous processes: the creation of new public green spaces, and 
the decrease in residents (for further details of this study see Banzhaf et al. 2013).

Other suburban areas of Santiago fulfil the commonly significant and negative 
relationship between built-up areas and vegetation cover (Banzhaf et  al. 2013). 
From the perspective of GI as supplier for ecosystem services, most of these sub-
urbs are densely built-up, offer little space for vegetation and therefore experience a 
shortage in regulating, providing and cultural ecosystem services. Although having 
increased their public green spaces after 2000, the overall vegetation cover has 
remained little in the built-up area of these municipalities (Banzhaf et  al. 2013, 
p.  188). Only those newly developed suburbs along the Andean piedmont differ 
substantially for which we discuss their value in a subsequent section (see Sect. 4.4 
in this chapter).

4.2  Inter-Municipal Inequalities in the Supply of Green 
Spaces

For the socio-ecological situation complementary indicators must still be consid-
ered to get a more comprehensive view when testing the relationship between envi-
ronmental and socio-spatial inequalities. While GI are suppliers for ecosystem 
services and especially trees are relevant at the regional and even global level for 
carbon sequestration, other services are also important at less aggregated levels, 
where GI provides microclimate regulation, flood and landslide mitigation and cul-
tural services such as recreation and beautification of the urban landscape. The 
municipal level is defined here as spatial units smaller than the urban area, accord-
ing the administrative organization of each city.

Inequalities in the spatial distribution of GI generate uneven ecosystem services 
(in quantity and quality) throughout the urban area. The magnitude of these inequalities 
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in Santiago de Chile have been analysed by applying a set of spatially explicit 
indicators for measuring green spaces’ quality, quantity, spatial distribution and 
accessibility (De la Barrera et al. 2016a). The study results by Banzhaf et al. (2013) 
provides the prerequisite to select three socioeconomically differentiated munici-
palities (see Fig. 2) for which the elaborated indicators are applied. The municipal-
ity with the lowest income level (Cerro Navia) has the least area of green spaces per 
inhabitant (2.6  m2/inh.) although these spaces occupy a larger proportion to the 
built-up area (4.3%) compared to the municipalities with middle-income population 
(2.8 m2/inh. and 3.1% of built-up area) and high income population (7.7 m2/inh. and 
3% of the built-up area). These seemingly contradictory values are due to the 
marked difference in population density whose highest value is 166 inh./ha in the 
poorest municipality and reaches only 37 inh./ha in the municipality (Vitacura) with 
highest incomes. The differences for GI are magnified on the municipal surface in 
municipalities of low (15%), medium (25%) and high income (41%) respectively. 
As family income increases, the share of private spaces also increases and with it the 
amount of GI and thus ecosystem services supply, while in low-income municipali-
ties public green spaces are the major suppliers (for further details see De la Barrera 
et al. 2016a). The comprehensive results are depicted in Table 1. They show strong 
differences associated with the different income levels of the population.

In Table 1 the quantity, quality and spatial distribution of public green spaces 
refers to the respective municipality. In Santiago de Chile, public green spaces are 
publicly assigned areas belonging to the respective municipality. It is of greatest 
relevance that their furnishing with plants and their maintenance underlies the 
municipal budget which must settle the score of high water prices. Significantly, 
vegetation cover of the poorer municipality Cerro Navia is mainly found on public 
green spaces, which allows for the conclusion that there is hardly any vegetation 
outside public green spaces, but these spaces are not well covered by vegetation 
either. Coincidently, the urban structure limits the available private space for vegeta-
tion to small gardens. In relation to the high number of inhabitants there are obvi-
ously disproportionately few public green spaces in this representative municipality. 
Therefore the share of population supplied by green spaces reaches 70% in general, 
but this share decreases to 41% if we define the size of a green space to be larger 
than 0.5 ha. Vitacura, in contrast, has rather few inhabitants but large public green 
spaces, which are well covered with vegetation. Hence, the share of population sup-
plied by green spaces reaches almost 82%, and even if the size of a green space is 
larger than 0.5 ha the supply for inhabitants still reaches 67%. For the latter it can 
be observed that vegetation cover of this municipality is mainly on private grounds, 
explaining for the share of public green spaces per entire vegetation cover being 
comparatively low (De la Barrera et al. 2016a, Table 3).

Regulating and supporting ecosystem services can be supplied by public and 
private spaces, e.g., tree cover helps to mitigate the urban heat island and provides a 
suitable habitat for wildlife (Soule 1991). Further references support the findings of 
this study in which neighbourhoods with highest incomes show higher vegetation 
cover in general, thus lower temperatures in summer situations and even increased 
presence of native birds than lower-income ones (Díaz and Armesto 2003; Romero 
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et  al. 2012). Most cultural services require direct contact of citizens with nature 
through recreation, nature trails, socialising amongst others. As a consequence, pri-
vate spaces (residential gardens, private parks) supply these services solely or 
mainly to their owners or to those with access to such places. For this reason public 
green spaces are relevant for supplying cultural services even if there are private 
green spaces in the vicinity. Hence, public green spaces are even more important in 
densely urbanised areas where many houses have no gardens. Shortages of a munic-
ipality in (public and private) GI cannot be compensated by some vegetation cover 
on green spaces only, because the urban structure limits any available space to be 
converted into new green spaces. Central urban municipalities, being poorer or 
richer, are mainly built-up, although some of them possess large historical parks or 
some vacant land. Generally speaking, they are much less flexible when it comes to 
developing new GI. Therefore we made our selection of contrasting municipalities 
along the eastern suburban fringe and in the urbanised central west.

Beyond, specific GI such as tree canopies on public land has a significant role for 
social, aesthetic and environmental benefits for residents (Troy et al. 2012; Salmond 
et al. 2016). Due to the need to build housing and infrastructure, growing cities such 
as the study area face a constant pressure on land. The combination of population 
and economic growth (which facilitates real-estate investment) and high density of 
urbanisation restricts the presence of environmental amenities (Livert Aquino and 
Gainza 2014) which include GI, and even threatens existing green spaces.

Fig. 2 Location of the urban area of Santiago de Chile (grey feature is the built-up area). For the 
study of inter-municipal inequalities three contrasting municipalities are selected: Cerro Navia 
(low incomes), La Florida (middle incomes), and Vitacura (high incomes) – highlighted in bold 
lines (Source: Own sources, De la Barrera et al. (2016a))
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The positive correlation between the household incomes and the abundance of 
vegetation has been demonstrated in other cities, e.g., city of Tampa, Florida, USA 
(Landry and Chakraborty 2009) and Montreal, Canada (Pham et  al. 2012). In 
Santiago de Chile, poorer and richer municipalities invest a similar share (4.1–4.7%) 
of their budget to tree management on green spaces (Escobedo et al. 2006) achiev-
ing different results, not only because their municipal budgets are quite different. 
This study shows how a high income municipality keeps an abundant vegetation 
cover in private gardens and on green spaces of public use that would not survive 
unattendedly in such a semi-arid environment where urban vegetation is dominated 
by exotic species requiring irrigation and maintenance. In cities located in arid and 
semiarid regions the correlation between income level and vegetation cover is rather 
evident (Jenerette et  al. 2007; Halper et  al. 2012). In these municipalities the 
low- income population faces a double constraint in regards to the maintenance of 
vegetation. Those contrasts are land and water scarcity. The lowest income groups 
live in smaller properties which again reduce the area that could be planted, and 
cannot devote a lot of water to irrigate the plants, due to the cost of drinking water. 
It also emphasizes the demand of lavishly planted public green spaces for poorer 
municipalities to balance out the deficiency of vegetation cover on private spaces. 
The mentioned evidences also suggested that the higher the household incomes, 

Table 1 Set of indicators for public green spaces (GS) evaluated in three contrasting urban 
settings

E. Banzhaf et al.



293

the richer the structural diversity (e.g., tree, shrub and herbs) (Reyes-Paecke and 
Meza 2011).

Generally speaking, the supply of multiple ecosystem services depends on the 
amount and diversity of GI and especially tree cover (Dobbs et al. 2011). As men-
tioned before, many cultural services such as recreation, contact with nature, rest 
and social interactions depend on the actual use of green spaces by people. The use 
of green spaces ensures that these services are actually delivered, but it is greatly 
influenced by structural attributes such as size, quantity and quality of equipment 
and vegetation, lighting and cleanliness, accessibility and proximity to the popula-
tion (Giles-Corti et al. 2005; Lapham et al. 2016). In addition, it also depends on 
residential characteristics such as age, gender, physical limitations (disability), and 
their perception regarding the safety of these spaces (Parra et  al. 2010; Lapham 
et al. 2016).

4.3  The Benefits of Green Spaces for Different 
Neighbourhoods

It is important to evaluate the use of green spaces in neighbourhoods of different 
socioeconomic status in order to know which factors are more decisive or better 
explain their use in different urban contexts. If these factors are known, they could 
contribute to better planning and maintenance of green spaces, which is a very 
important issue for local governments. For several reasons, Santiago is a representa-
tive for complex cultural perceptions occurring in many big and diverse cities. First, 
despite the differences between the three analysed neighbourhoods described above, 
in all cases the people that effectively use green spaces positively value their exis-
tence and their environmental and social role. Most of them consider them to be 
especially important for children, and also as spaces to be in contact with nature, for 
sports and leisure. Regarding the physical characteristics of green spaces, users con-
sider the spaces with more trees and grass more attractive, with playgrounds, 
benches and lighting and those where they feel safe. To conclude, residents benefit 
from green spaces as cultural ecosystem services in cities.

4.3.1  The Perception of Safety

The sense of security appears to be linked to the knowledge residents have of other 
users, i.e., they are not perceived as strangers, but as part of the community. 
Insecurity seems to correspond to certain types of activities of other external users, 
factors such as the use of alcohol and drugs, and the absence of people during 
extended periods of time (De la Barrera et al. 2016c). In high income neighbour-
hoods the presence of security guards is frequent. According with studies conducted 
in other Latin-American cities (Bogotá, Colombia and Santa Cruz, Bolivia) the per-
ception of safety is also influenced by cleanliness, lighting, the presence of guards 
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and other visitors (Parra et  al. 2010; Wright-Wendel et  al. 2012). Meanwhile 
Lapham et al. (2016) analyse the interactions between parks equipment and per-
ceived safety in four urban areas of the U.S. They find that parks with several differ-
ent facilities – as playgrounds, tennis courts, basketball courts - were perceived as 
rather safe and report less incivilities which give evidence about perceived quality 
and safety as key factors for the quality of green spaces.

4.3.2  Socially Explicit Usage Categories

Santiago shows interesting differences in the intensity of the use of public green 
spaces between different neighbourhoods. In the lowest income neighbourhoods 
different types of users and uses are observed simultaneously. In these spaces a 
mixed age structure with children, youth, adults and seniors performing different 
planned and spontaneous activities coexist even if green spaces are smaller than 
1000 m2. In contrast, in higher income neighbourhoods the users are almost exclu-
sively children accompanied by caring adults (parents or nannies), with little pres-
ence of youth, adults and seniors, not accompanying children (De la Barrera et al. 
2016c). Consequently, the use of green spaces contrasts between planned meetings 
or chance encounters of neighbours in low income neighbourhoods and very low 
interaction in green spaces among residents of high income neighbourhoods.

4.3.3  Perception of Ecosystem Services by Residents

Despite that citizens are not explicitly aware of the concept of ecosystem services, 
they clearly perceive social and environmental benefits provided by green spaces, 
most prominently the contact with nature, physical activity, leisure, socialising with 
friends or neighbours, and the aesthetic value it brings to the neighbourhood. 
Furthermore, regulating services such as pollution abatement and temperature miti-
gation are appreciated by those interviewees regularly using the analysed green 
spaces and even by residents infrequently visiting the respective sites. Both, air pol-
lution and high temperatures are serious environmental problems affecting Santiago 
at different times of the year with a rising awareness of its residents.

4.4  The Importance of GI in Neighbourhoods of Newly 
Constructed Suburban Areas

The suburban landscape changes fast in expanding cities like Santiago where the 
new urban settings have different forms, densities and landscaping depending on the 
concept of their development. In suburbs, population and built-up densities vary 
more than in central parts thus affecting the urban ecosystem services supplied by 
the newly planted and designed GI. In such newly built suburban neighbourhoods 
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design options could take advantage of the GI concept to bring ecological and social 
systems closer together leaving soils unsealed to offer more available spaces for 
conservation of remnants of vegetation (Margules and Pressey 2000). Options exist 
to select adaptive species and to design the spatial pattern of built and green infra-
structures in a more sustainable way.

The suburban area of Santiago has experienced a replacement of vegetated areas 
with natural and semi-natural vegetation or crops by residential uses (Romero and 
Vásquez 2005; Romero 2007; Pavez et al. 2010). Fuentes et al. (1984) and Holmgren 
(2002) also describe the replacement of native dense vegetation by a low dense open 
savannah of thorny vegetation. The latter represents natural but degraded vegeta-
tion, typical of agricultural abandoned lands or landscapes after fires. It used to have 
annual exotic grasses which increase the risks because such grasses are easy to 
ignite. In addition, the open savannahs facilitate the presence of exotics herbivores. 
All these factors obstruct the establishment and conservation of native vegetation 
less resistant to fires and herbivory. In addition, it can provide much less ecosystem 
services because of its lower biomass (Holmgren 2002; De la Barrera et al. 2016b). 
Thus, all these land-use changes suggest a critical loss in the composition and qual-
ity of GI, if they assume urbanisation being just sealing of soils and newly devel-
oped real estates.

Exemplified in this study is a suburban area located in the Andean piedmont 
where the current built-up area was a mosaic of active and abandoned agricultural 
lands about 60 years ago with only 68.4 ha of urbanised area, having been trans-
formed into 1916.6  ha of suburban area by 2010 (De la Barrera et  al. 2016b). 
Meanwhile local population increased from 13,092 to 106,187 inhabitants between 
1970 and 2016 according to official data. In 2009 its population density was only 
60  inh./ha in the urbanised part of the municipality thus evincing a much lower 
figure than the average of suburban and urban municipalities of Santiago (97 and 
100 inh./ha respectively; Banzhaf et al. 2013).

These fast land-use changes brought an increase in an index referred to healthy 
vegetation and quantity not only at the extension of the new suburban area but also 
in the entire mostly rural watershed. In general, the trend shows that more urbanisa-
tion renders more vegetation cover. This trend is explained by the sustained increase 
of vegetation cover by replacing bare soils by a structural diversity of GI, such as 
street trees, green spaces and private gardens. Those changes result in an increase of 
three ecosystem services. First, the service of maintaining or improving air quality 
is reinforced because there is more biomass to capture pollutants. Secondly, rainwa-
ter infiltrates better because areas with low vegetation cover are replaced by densely 
vegetated areas, offsetting the increase in sealed soils. Thus, the hazard of landslides 
decreases in this hilly area making the area more resilient against such a natural 
hazard. Finally, microclimate regulation is favoured by newly planted trees provid-
ing shade. These types of GI supply the currently new suburban developed area 
along the foothills in a higher quantity compared to the previous historical suburban 
situation. Beyond, accumulated anthropogenic disturbances in rural conditions 
 produce poor vegetation cover with less abundant biomass such as firewood, char-
coal production, agricultural activities, pasture (De la Barrera et al. 2016b).
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As a consequence, only those low density new suburban areas developed along 
the Andean piedmont mostly coincide with a high GI coverage which is configu-
rated by trees and other native plants to secure high benefits of ecosystem services. 
These affluent neighbourhoods have more available private spaces to maintain veg-
etation and their socio-economic situation allows keeping their gardens lush. On the 
one side this observation confirms the simple suggestion that some specific types of 
urbanisations constituting of affluent residents are well supplied with provisioning 
of ecosystem services. On the other hand the privately established GI serves as a 
regulating ecosystem service reducing flooding, preventing landslides or diminishes 
transmitting of pollution, waste or exotic species from urban to rural settings beyond 
their own privileged neighbourhoods with a positive effect on the piedmont region. 
In particular, suburban areas can serve as a buffer between the rural surroundings 
and the urban core helping to mitigate these adverse effects.

5  Conclusions

Our multi-scale investigation gives empirical evidence on the differentiated evalua-
tion of GI for the urban quality of life, exemplified by one of the fastest growing 
cities in Latin America. In Santiago de Chile, different urban environments can 
sustain the high value that GI provides for the supply of ecosystem services like 
increasing the cooling effects, maintaining or enhancing cultural and aesthetical 
values, decreasing inundations and landslides to name the most important. But these 
services can only be secured at neighbourhood and municipal level. Besides, GI can 
enhance resilience, ensuring the human well-being, and thus securing the urban 
quality of life at neighbourhood scale.

As a showcase city, Santiago de Chile reveals that GI can greatly contribute to 
the urban quality of life valued in neighbourhoods. Restrictions refer to decisions on 
GI that depend on the authorities at different levels of governance and the municipal 
budget. When we sum up our answers to the question “What really matters in green 
infrastructure for the urban quality of life?” we can state the following points of 
view: The most obvious implication is that the creation and conservation of public 
green spaces really matters, because these places are one of the most important and 
equitable contributors of GI and, additionally, they are highly appreciated by users. 
Secondly, the urban structure (i.e. patterns of spatial heterogeneity and land use) 
and the dynamics in urbanisation are significant factors when creating or maintain-
ing GI as it requires available space. Finally, the structure of GI really matters, and 
as land is limited, this vegetation composition must ensure the quality and supply of 
ecosystem services in a resource-efficient way, for instance by including native 
plants with low water requirements. In this regard, there is a strong recommendation 
to other cities to consider vegetation species that are naturally adapted to the local 
climate which has strong advantages. Only urban planning that takes a well-adapted 
GI into account provides a more resilient environment to citizens and cares for a 
more sustainable urban development.
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Cities like Santiago de Chile are facing multiple challenges: they must sort out 
the deficit in social infrastructures, improve their urban governance and also incor-
porate the scientific knowledge advances into decision making and, in parallel, they 
must adapt to a changing climate scenario. Regarding GI, these challenges can be 
solved only with a greater integration of scientific research and citizen participation 
in decision-making. Changes are required in current maintenance practices in order 
to ensure the ecosystem services provision without increasing unsustainable levels 
such as by high irrigation water consumption. Governance constraints become obvi-
ous as changes must be supported by the municipalities for their successful imple-
mentation. For example, in urban landscaping sustainable GI involves an important 
change that must be accepted by the community, understanding that this is an 
imperative measure for sustainability of both green spaces and the entire urban 
environment.

In the developing world, urban transformations have some particular complexi-
ties. What is striking in Santiago de Chile like in so many other large agglomera-
tions (e.g., Mexico City, Buenos Aires, Pearl River Delta, Calcutta, etc.), it either 
does not have a central authority or the administrative boundaries do not include the 
urban area. The lack of this level of management makes a normative approach dif-
ficult, as a central authority could design an integrated land-use planning. Impeding 
is the individual land-use planning of each municipality, and the lack of strategic 
land-use planning for the entire urban area. This situation causes larger differences 
between municipalities, since each of them defines its environmental and land-use 
policies independently. Although there are some regional institutions (Regional 
Secretariat of Housing and Urbanism, Regional Government) that try to regulate 
regional policies (in an indicative, not in a normative way, and only by suggestions), 
they are not always mandatory for municipalities; one reason for the heterogeneity 
found in several of the studied dimensions. Therefore the role of the urban area as a 
political decision actor would be important for territorial choices and a sustainable 
development to safeguard the current and future urban quality of life.

The numerous civil society initiatives seeking to improve GI and public policies 
going in the same direction allow setting up the basis to design a more liveable 
environment and thus a consistent or even better quality of life. It must be based on 
the recognition that today we are building the GI that people will need throughout 
the next century.

References

Banzhaf E, Reyes-Paecke S, Müller A, Kindler A (2013) Do demographic and land-use changes 
contrast urban and suburban dynamics? A sophisticated reflection on Santiago de Chile. 
Habitat Int 39:179–191

Banzhaf E, Kabisch S, Knapp S, Rink D, Wolff M (2017) Integrated research on land-use changes 
in the face of urban transformations – an analytic framework for further studies. Land Use 
Policy 60:403–407

What Really Matters in Green Infrastructure for the Urban Quality…



298

Benedict MA, McMahon ET (2006) Green infrastructure: linking landscapes and communities. 
Island Press, Washington, DC

Bognar G (2005) The concept of quality of life. Soc Theory Pract 321(4):561–580
Briggs D (2003) Making a difference: indicators to improve children’s environmental health. 

World Health Organization, Geneva
Cilliers S, Cilliers J, Lubbe R, Siebert S (2013) Ecosystem services of urban green spaces in 

African countries – perspectives and challenges. Urban Ecosyst 16(4):681–702
De Groot RS, Alkemade R, Braat L, Hein L, Willemen L (2010) Challenges in integrating the 

concept of ecosystem services and values in landscape planning, management and decision 
making. Ecol Complex 7:260–272

De la Barrera F, Reyes-Paecke S, Banzhaf E (2016a) Indicators for green spaces in contrasting 
urban settings. Ecol Indic 62:212–219

De la Barrera F, Rubio P, Banzhaf E (2016b) The value of vegetation cover for ecosystem services 
in the suburban context. Urban Forestry & Urban Greening 16:110–122

De la Barrera F, Reyes-Paecke S, Harris J, Bascuñán D, Farías JM (2016c) People’s perception 
influences on the use of green spaces in socio-economically differentiated neighborhoods. 
Urban Forestry & Urban Greening 20:254–264

Díaz IA, Armesto JJ (2003) La conservación de aves silvestres en ambientes urbanos de Santiago 
(wild birds conservation in urban environments of Santiago). Ambiente y Desarrollo (Chile) 
XIX:31–38

Dobbs C, Escobedo FJ, Zipperer WC (2011) A framework for developing urban forest ecosystem 
services and goods indicators. Landsc Urban Plan 99:196–206

EC – European Commission (2013) Green infrastructure (GI)—enhancing Europe’s natural capi-
tal. European Commission, Brussels

EC  – European Commission (2016) Environment, nature & biodiversity. Green infrastructure. 
European Commission, Brussels. http://ec.europa.eu/environment/nature/ecosystems/index_
en.htm. Accessed Sept 2016

EEA  – European Environmental Agency (2011) Green infrastructure and territorial cohesion. 
The concept of green infrastructure and its integration into policies using monitoring systems. 
Technical report 18. European Environment Agency, Copenhagen, Denmark.[online] URL: 
http://www.eea.europa.eu/publications/green-infrastructure-and-territorial-cohesion. Accessed 
Sept 2016

EEA – European Environmental Agency (2015) SOER 2015 – The European environment – state 
and outlook 2015. A comprehensive assessment of the European environment’s state, trends 
and prospects, in a global context. European Environmental Agency, Copenhagen. http://www.
eea.europa.eu/soer. Accessed Sept 2016

Encuesta CASEN (2009) National socio-economic characterization survey. Ministry of Planning, 
Government of Chile (MIDEPLAN), Santiago de Chile

Escobedo FJ, Nowak DJ, Wagner JE, De la Maza CL, Rodríguez M, Crane DE et al (2006) The 
socioeconomics and management of Santiago de Chile’s public urban forests. Urban Forestry 
& Urban Greening 4(3):105–114

Fuentes E, Espinoza G, Fuenzalida I (1984) Cambios vegetacionales recientes y percepción ambi-
ental: El caso de Santiago de Chile. Revista de Geografía Norte Grande 11:45–53

Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K et al (2005) Increasing walking: 
how important is distance to, attractiveness, and size of public open space? Am J Prev Med 
28(2S2):169–176

Haines-Young RH, Potschin M (2010) The links between biodiversity, ecosystem services and 
human well-being. In: Raffaelli D, Frid C (eds) Ecosystem ecology: a new synthesis, BES 
ecological reviews series. Cambridge University Press, Cambridge

Halper EB, Scott CA, Yool SR (2012) Correlating vegetation, water use, and surface temperature 
in a semiarid city: a multiscale analysis of the impacts of irrigation by single-family residences. 
Geogr Anal 44(3):235–257

E. Banzhaf et al.

http://ec.europa.eu/environment/nature/ecosystems/index_en.htm
http://ec.europa.eu/environment/nature/ecosystems/index_en.htm
http://www.eea.europa.eu/publications/green-infrastructure-and-territorial-cohesion
http://www.eea.europa.eu/soer
http://www.eea.europa.eu/soer


299

Hansen R, Werner R, Santos A, Luz AC, Száraz L, Tosics I et al. (2016) Advanced urban green 
infrastructure planning and implementation  – innovative approaches and strategies from 
European cities. Technical report, April 2016, p 205. doi: 10.13140/RG.2.1.3948.9680

Holmgren M (2002) Exotic herbivores as drivers of plant invasion and switch to ecosystem alterna-
tive states. Biol Invasions 4:25–33

Inostroza L, Palme M, De la Barrera F (2016) A heat vulnerability index: spatial patterns of 
exposure, sensitivity and adaptive capacity for Santiago de Chile. PLoS One 11(9):e0162464. 
doi:10.1371/journal.pone.0162464

Jenerette GD, Harlan SL, Brazel A, Jones N, Larsen L, Stefanov WL (2007) Regional relation-
ships between surface temperature, vegetation, and human settlement in a rapidly urbanizing 
ecosystem. Landsc Ecol 22(3):353–365

Jim CY, Lo AY, Byrne JA (2015) Charting the green and climate-adaptive city. Landsc Urban Plan 
138:51–53

Kabisch S, Kuhlicke C (2014) Urban transformations and the idea of resource-efficiency, quality 
of life and resilience: first conceptual considerations for an interdisciplinary research program. 
Built Environ 40(4):497–507

Landry S, Chakraborty J (2009) Street trees and equity: evaluating the spatial distribution of an 
urban amenity. Environ Plann A 41:2651–2670

Lapham SC, Cohen DA, Han B, Williamson S, Evenson KR, McKenzie TL et  al (2016) How 
important is the perception of safety to park use? A four city survey. Urban Stud 53(12):2624–
2636. doi:10.1177/0042098015592822

Lehmann I, Matheya J, Rößler S, Bräuer A, Goldberg V (2014) Urban vegetation structure types 
as a methodological approach for identifying ecosystem services – application to the analysis 
of micro-climatic effects. Ecol Indic 42:58–72

Livert Aquino F, Gainza X (2014) Understanding density in an Uneven City, Santiago de Chile: 
implications for social and environmental sustainability. Sustainability 6(9):5876–5897

Loibl W, Toetzer T (2003) Modeling growth and densification processes in suburban regions – 
simulation of landscape transition with spatial agents. Environ Model Softw 18(6):553–563

Margules CR, Pressey RL (2000) Systematic conservation planning. Nature 405:243–253
McDonald L, Allen W, Benedict M, O’Connor K (2005) Green infrastructure plan evaluation 

frameworks. J Conserv Plann 1:12–43
Naumann S, Anzaldua G, Gerdes H, Frelih-Larsen A, Davis M, Berry P et al (2011a) Assessment 

of the potential of ecosystem-based approaches to climate change adaptation and mitigation in 
Europe. Final report to the European Commission, DG Environment, Brussels

Naumann S, Davis M, Kaphengst T, Pieterse M, Rayment M (2011b) Design, implementation and 
cost elements of green infrastructure projects, Final report. European Commission, Brussels, 
p 138

OECD – Organisation for Economic Co-Operation and Development (1997) Better understand-
ing our cities. The role of urban indicators. Organisation for Economic Co-Operation and 
Development, Paris, Report, 94 pp

Parra DC, Gomez LF, Fleischer NL, Pinzon JD (2010) Built environment characteristics and per-
ceived active park use among older adults: results from a multilevel study in Bogotá. Health 
Place 16:1174–1181

Pavez E, Lobos G, Jaksic F (2010) Cambios de largo plazo en el paisaje y los ensambles de micro-
mamíferos y rapaces en Chile central. Rev Chil Hist Nat 83:99–111

Pham T, Apparicio P, Séguin A, Landry S, Gagnon M (2012) Spatial distribution of vegetation in 
montreal: an uneven distribution or environmental inequity? Landsc Urban Plan 107(3):214–224

Reyes-Paecke S, Figueroa I (2010) Distribución, superficie y accesibilidad de las áreas verdes 
urbanas en Santiago de Chile. EURE 36(109):89–110

Reyes-Paecke S, Meza L (2011) Jardines residenciales en Santiago de Chile: extensión, distribu-
ción y cobertura vegetal (Residential gardens in Santiago de Chile: extent, distribution and 
vegetation cover). Rev Chil Hist Nat 84:581–592

What Really Matters in Green Infrastructure for the Urban Quality…

https://doi.org/10.13140/RG.2.1.3948.9680
https://doi.org/10.1371/journal.pone.0162464
https://doi.org/10.1177/0042098015592822


300

Romero H (2007) Cambio climático y crecimiento urbano de las metrópolis chilenas. Mesa 
redonda sobre aspectos urbanos. Sao Paulo: III conferencia regional sobre cambios globales en 
América del Sur. 06 de Noviembre de 2007

Romero H, Vásquez A (2005) Evaluación ambiental del proceso de urbanización de las cuencas del 
piedemonte andino de Santiago de Chile. Revista EURE 94:97–18

Romero H, Vásquez A, Fuentes C, Salgado M, Schmidt A, Banzhaf E (2012) Assessing urban envi-
ronmental segregation (UES): the case of Santiago de Chile. Ecol Indic 23:76–87

Salmond JA, Tadaki M, Vardoulakis S et al (2016) Health and climate related ecosystem services 
provided by street trees in the urban environment. Environ Health 15(Suppl 1):36. doi:10.1186/
s12940-016-0103-6

Scottish Executive (2005) Quality of life and well-being: measuring the benefits of culture and 
sport: a literature review and thinkpiece. Scottish Executive Social Research, Edinburgh. http://
www.scotland.gov.uk/socialresearch. Accessed Nov 2016

Seto KC, Fragkias M, Günerralp B, Reilly MK (2011) A meta-analysis of global urban land expan-
sion. PLoS One 6(8):1–9

Soule ME (1991) Land use planning and wildlife maintenance: guidelines for conserving wildlife 
in an urban landscape. J Am Plan Assoc 57:313–323

TEEB (2010) The economics of ecosystems and biodiversity: mainstreaming the economics of 
nature: a synthesis of the approach, conclusions and recommendations of TEEB. http://www.
teebweb.org

The Conservation Fund (2016) Strategic conservation planning. Green Infrastructure. http://www.
conservationfund.org/what-we-do/strategic-conservation-planning. Accessed Sept 2016

The Conservation Measures Partnership – CMP (2013) Open standards for the practice of conser-
vation. Version30 / April 2013. http://www.iai.int/wp-content/uploads/2015/08/CMP_Open_
Standards_Version_3.0_April_2013.pdf. Accessed Sept 2016

Troy A, Grove JM, O’Neil-Dunne J (2012) The relationship between tree canopy and crime rates 
across an urban-rural gradient in the greater Baltimore region. Landsc Urban Plan 106:262–270

UN – United Nations (2011) World population prospects: the revision 2010. United Nations pub-
lications ST/ESA/SER.A/313 and ST/ESA/SER.A/317. http://www.un.org/en/development/
desa/population/publications/pdf/urbanization/WUP2011_Report.pdf. Accessed Sept 2016

UN  – United Nations (2012) World urbanization prospects the 2011 revision. United Nations, 
Department of Economic and Social Affairs (DESA), Population Division, Population 
Estimates and Projections Section, New York

UN  – United Nations (2016) Global sustainable development report 2016. United Nations, 
Department of Economic and Social Affairs, New York

UNEP – United Nations Environment Programme (2010) Global environmental outlook: Latin 
America and the Caribbean (GEO LAC 3) http://www.unep.org/pdf/GEOLAC_3_English.pdf. 
Accessed 20 Apr 2016

World Bank (2014) The World Bank annual report 2014. © World Bank, Washington, DC. https://
openknowledge.worldbank.org/handle/10986/20093 License: CC BY-NC-ND 3.0 IGO

Wright H (2011) Understanding green infrastructure: the development of a contested concept in 
England. Local Environ 16(10):1003–1019

Wright-Wendel H, Zarger RK, Mihelcic JR (2012) Accessibility and usability: green space prefer-
ences, perceptions, and barriers in a rapidly urbanizing city in Latin America. Landsc Urban 
Plan 107:272–282

Wu F (2010) Gated and packaged suburbia: packaging and branding Chinese suburban residential 
development. Cities 27(5):385–396

E. Banzhaf et al.

https://doi.org/10.1186/s12940-016-0103-6
https://doi.org/10.1186/s12940-016-0103-6
http://www.scotland.gov.uk/socialresearch
http://www.scotland.gov.uk/socialresearch
http://www.teebweb.org
http://www.teebweb.org
http://www.conservationfund.org/what-we-do/strategic-conservation-planning
http://www.conservationfund.org/what-we-do/strategic-conservation-planning
http://www.iai.int/wp-content/uploads/2015/08/CMP_Open_Standards_Version_3.0_April_2013.pdf
http://www.iai.int/wp-content/uploads/2015/08/CMP_Open_Standards_Version_3.0_April_2013.pdf
http://www.un.org/en/development/desa/population/publications/pdf/urbanization/WUP2011_Report.pdf
http://www.un.org/en/development/desa/population/publications/pdf/urbanization/WUP2011_Report.pdf
http://www.unep.org/pdf/GEOLAC_3_English.pdf
https://openknowledge.worldbank.org/handle/10986/20093
https://openknowledge.worldbank.org/handle/10986/20093


301© Springer International Publishing AG 2018 
S. Kabisch et al. (eds.), Urban Transformations, Future City 10, 
DOI 10.1007/978-3-319-59324-1_16

Do Urban Biodiversity and Urban Ecosystem 
Services Go Hand in Hand, or Do We Just 
Hope It Is That Easy?

Sonja Knapp, Dagmar Haase, Stefan Klotz, and Nina Schwarz

1  Introduction

Interest in urban ecosystem services has grown steadily over recent years (Haase 
et al. 2014), with policies promoting the enhancement of ecosystem service provi-
sion in urban areas (e.g. DG Environment 2012). Indeed, the increasing share of 
humans living in urban areas worldwide and environmental threats such as climate 
change urge us to consider ways to maintain and improve the well-being of urban 
dwellers. In this context, ecosystem services, which are the benefits humans receive 
from ecosystems (Millennium Ecosystem Assessment 2005b), are a promising sup-
plement to technical solutions.

Urbanization often takes place in areas that are characterized by high levels of 
biodiversity, thus threatening global biodiversity (Kühn et  al. 2004; Seto et  al. 
2012). At the same time, urban biodiversity is highly relevant to urban dwellers 
because, first, the majority of people worldwide lives in cities and urban biodiver-
sity is thus that part of global biodiversity they can experience every day. Second, 

S. Knapp (*) • S. Klotz 
Department Community Ecology, Helmholtz Centre for Environmental Research-UFZ,  
Halle (Saale), Germany
e-mail: sonja.knapp@ufz.de; stefan.klotz@ufz.de 

D. Haase 
Geography Department, Humboldt-Universität zu Berlin, Berlin, Germany
e-mail: dagmar.haase@geo.hu-berlin.de

N. Schwarz 
Department of Computational Landscape Ecology, Helmholtz Centre for Environmental 
Research-UFZ, Leipzig, Germany
e-mail: nina.schwarz@ufz.de

mailto:sonja.knapp@ufz.de
mailto:stefan.klotz@ufz.de
mailto:dagmar.haase@geo.hu-berlin.de
mailto:nina.schwarz@ufz.de


302

urban biodiversity has an important value for education because it connects people 
who live in highly artificial systems to nature and consequently creates sufficient 
reasons for actions in biodiversity conservation (Haase et al. 2014). Third, diverse 
ecosystems are assumed to be more stable and resilient, compared to monotonous 
sites, to environmental and man-made hazards such as storms, pests, or climate 
warming, and thus could contribute positively to well-being in urban areas (Elmqvist 
et al. 2013). Fourth, biodiversity has an intrinsic value that makes it worth protect-
ing. As a consequence, several initiatives and strategies currently target biodiversity 
conservation within urban areas (e.g., the Berlin Strategy for Biodiversity; 
Senatsverwaltung für Stadtentwicklung und Umwelt 2012).

Urban biodiversity is often considered fundamental to the generation of urban 
ecosystem services (UES) and enhancing UES is considered beneficial for protect-
ing biodiversity (Mace et al. 2012). The Millennium Ecosystem Assessment (2005b, 
p. vi), for example, depicts biodiversity as the basis of all ecosystem services – a 
representation referred to by many publications in science and policy-making. The 
European Commission, in its report on “The Multifunctionality of Green 
Infrastructure”, emphasizes that the role of green infrastructure “in protecting biodi-
versity is highly dependent on its role in promoting ecosystem services and vice 
versa.” (DG Environment 2012, p. 2). If these assumptions were true, there would be 
win-win situations facilitating urban transformations towards sustainable develop-
ment. Current research, however, reveals that there are also trade-offs among biodi-
versity and UES. As Haase et al. (2014, p. 414) stated, “ecosystems do not necessarily 
provide more or better UESs when the level of biodiversity is changed”. Similarly, 
the Millennium Ecosystem Assessment acknowledges that ecosystem service deliv-
ery can improve, even when biodiversity declines (Millennium Ecosystem 
Assessment 2005b). The recent attempts to enhance the provision of ecosystem ser-
vices in urban areas might thus conflict with urban biodiversity conservation.

Here, we present and discuss the state of knowledge on the relationships between 
biodiversity and UES. Because ‘biodiversity’ is often erroneously used as synonym 
for ‘nature’ (Jax and Heink 2015), we first define the term ‘biodiversity’. For the 
term ‘ecosystem services’, we refer to the definition provided by Kabisch et al., 
“Introduction: Urban Transformations – Sustainable Urban Development Through 
Resource Efficiency, Quality of Life, and Resilience”, in this volume. Second, we 
briefly outline how urbanization affects biodiversity. Third, we discuss the assump-
tion that biodiversity is fundamental to the generation of ecosystem services. This is 
followed by a survey of current knowledge about relationships between biodiversity 
and ecosystem services in urban areas. Finally, we conclude with recommendations 
related to urban transformations.
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2  Biodiversity

Biodiversity is the diversity of genes, populations, species, communities, and eco-
systems (Millennium Ecosystem Assessment 2005a; United Nations 1992). It can 
be quantified using measures of (1) richness (e.g., the number of ecosystems in a 
landscape or the number of species in an ecosystem); (2) abundance (e.g., the fre-
quency of species within an ecosystem) or (3) evenness (e.g., uniformity in the 
distribution of ecosystems in a landscape or of species in an ecosystem). One of the 
simplest and most popular measures of biodiversity is species richness. Just count-
ing species, however, does not distinguish between different types of species such 
as trees, shrubs, and herbs or herbivorous, omnivorous and carnivorous mammals. 
Such differences in the anatomical, behavioral, biochemical, morphological, pheno-
logical, physiological, or structural characteristics of species are called functional 
differences and the characteristics themselves are called traits. Traits represent the 
adaptation of species to their environment; they thus affect an organism’s growth, 
reproduction, and survival (Violle et al. 2007). The flying seeds of dandelion, for 
example, are an adaptation to dispersal by wind, and therefore, support spread and 
reproduction. Moreover, traits affect ecosystem functioning (Lavorel and Garnier 
2002). An example is the lignin content of leaves, which affects the degradability of 
leaves and, therefore, soil formation.

Consequently, ‘biodiversity’ is neither synonymous with ‘nature’ nor with the 
presence of a green space per se, such as the presence of a park within an urban area. 
Rather, always more than one element (ecosystem, species, trait, etc.) is required to 
create diversity. The wealth and differing meanings of biodiversity measures show 
that, when investigating the relevance of biodiversity for the provision of ecosystem 
services, it is insufficient to restrict biodiversity to species richness. We need to 
consider genetic, species, and ecosystem diversity, as well as traits and functional 
diversity to fully understand how biodiversity is related to ecosystem services.

3  Effects of Urbanization on Biodiversity

Urbanization is currently increasing faster than ever, supporting global biodiversity 
loss (CBD 2012; Seto et al. 2012). Thus, a key question with respect to urban trans-
formations is whether we can design and manage urban areas in a biodiversity- 
friendly way. To answer this question, we briefly outline how biodiversity responds 
to urbanization.

Urbanization, on the one hand, can drive native species to extinction and, on the 
other hand, promote an increasing number of non-native (potentially invasive) as 
well as native generalist species (Hahs et al. 2009; Lososová et al. 2012; Sukopp 
2004). In total, urban areas often harbor more species (both native and non-native) 
than rural areas (Kühn et al. 2004). This high species richness results from (1) the 
non-random distribution of urban areas across the world, within or close to areas of 
high biodiversity (Seto et al. 2012) and (2) geologically heterogeneous landscapes 
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(Kühn et al. 2004), as well as (3) the internal heterogeneity of urban areas (which 
usually comprise a range of different ecosystems, especially when compared to 
intensively used homogeneous agricultural landscapes; Niemelä 1999), and (4) the 
high number of non-native species.

Urban areas can even harbor rare species (Ives et al. 2016) but such rare species, 
especially those specialized to a narrow range of environmental conditions or on 
few interaction partners (e.g., pollinators), are often the ones that are eradicated first 
(Duncan et al. 2011). One example is the green-veined orchid, Orchis morio L., a 
plant species dependent on insect pollinators, which has become rare in central 
Europe but which may occur in remnants of nutrient-poor grasslands, e.g., at the 
urban fringe (Stolle and Klotz 2004). Moreover, species populations within urban 
areas are not necessarily self-sustaining: Urban bird populations, for example rely 
on the migration of individuals from the rural surroundings into the urban land-
scape, as shown for the city of Dunedin, New Zealand by van Heezik and Ludwig 
(2012)  – if birds did not migrate into the city, urban bird populations could not 
persist, because predation by cats alone exceeds their regeneration rate.

Whether single species respond to urbanization with increasing or decreasing 
abundance depends on their traits. Species that thrive in urban areas usually share 
traits that represent adaptations to typical urban environmental conditions, such as 
dry to mesic, nutrient rich and alkaline soils, high degrees of isolation, high distur-
bance intensities, high temperatures and a wealth of anthropogenic food resources 
(Bateman and Fleming 2012; Kuttler 2008; Williams et al. 2015). Urban plant com-
munities are often characterized by species with, e.g., small seeds and by short-lived 
species, dispersed by humans, that are highly competitive when nutrient loads are 
high (Knapp et al. 2008; Williams et al. 2015). Animals that can exploit urban envi-
ronments are often omnivores (Bateman and Fleming 2012), indoor breeders 
(Møller 2010), or able to adapt their communication strategy to urban noise (Nemeth 
et al. 2013; Parris et al. 2009). Although not all trait responses to urbanization have 
been identified, yet (Williams et al. 2015), it is clear that “urbanization causes shifts 
in species’ trait state frequencies” (Knapp et al. 2008, p. 375) – with likely conse-
quences for ecosystem functions and services.

From the facts presented so far, we can conclude that urban landscape heteroge-
neity may promote both species richness and functional diversity (because varying 
environmental conditions can support species characterized by different functional 
traits) but also that urbanization usually goes along with favoring a particular set of 
trait values. A second crucial point arises from the species-area relationship. This 
basic ecological rule states that large areas will host more species than small ones. 
The species-area relationship applies to ecosystems worldwide, including urban 
ecosystems. Designing and managing urban areas in a way that is beneficial to bio-
diversity therefore requires large and diverse green spaces with intact vegetation 
within and close to urban areas (Aronson et al. 2014; Beninde et al. 2015).
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4  Biodiversity and Ecosystem Services

Biodiversity is regarded as a regulator of ecosystem processes (such as nutrient 
cycling or primary production) and it has been classified as an ecosystem service 
itself (Mace et al. 2012). As a consequence, biodiversity is usually considered fun-
damental to the generation of ecosystem services and human well-being, regardless 
of the rarity of empirical evidence for such statements (cf. Haase et al. 2014; Ziter 
2016). The positivistic point of view – that ecosystem services and biodiversity in 
cities go hand in hand (e.g. DG Environment 2012) – tends to neglect four argu-
ments: (1) that nature has an intrinsic value beside its utility for humans; (2) that 
nature can also produce disservices (Lyytimäki and Sipilä 2009), such as allergies; 
(3) that ecosystem service provision might be independent of the actual level of 
biodiversity; and (4) that there is ample evidence for the fact that the promotion of 
a particular ecosystem service within an ecosystem may actually harm biodiversity 
(as does the promotion of high agricultural yields; Meyer et  al. 2013). All these 
considerations lead to a general conclusion that demonstrates the limited and 
anthropocentric character of the ecosystem service concept: Nature does not exist 
for our benefit and therefore, we cannot expect that everything in nature is arranged 
for our comfort or meets our interests.

In addition, several methodological gaps in ecosystem service research remain: 
Studies comparing services and disservices are still rare (Dunn 2010; but see 
Sladonja et al. 2015), but we have to consider both the costs and benefits provided 
by ecosystems. Monitoring schemes for ecosystem services are rare and not well 
developed: The International Long Term Ecological Research network (ILTER), for 
example, showed that only scattered monitoring data are available (Vihervaara et al. 
2013). In addition, Rasmussen et  al. (2016), focusing on provisioning services, 
emphasized that a combination of methods (e.g., plot monitoring, collection diaries, 
interviews, and participant observation) is necessary to compare the availability and 
use of ecosystem services (see Hansjürgens et al., “The TEEB Approach Towards 
Sustainable Urban Transformations: Demonstrating and Capturing Ecosystem 
Service Values”, in this volume for methods to monitor and evaluate ecosystem 
services).

Irrespective of these gaps, biodiversity and ecosystem services are often dis-
cussed together, also with respect to urban areas: Urban green spaces and their 
plant, bird, or mammal species are supposed to contribute significantly to the live-
ability of cities by providing cultural, provisioning, and regulating ecosystem ser-
vices such as physical health, food, or local climate regulation (e.g. Elmqvist et al. 
2013; Keniger et al. 2013), although they often differ in terms of structural diversity 
and species richness (Shanahan et al. 2014; Strohbach et al. 2009).

In total, surprisingly little empirical evidence is available about biodiversity- 
ecosystem service (BES) relationships in urban systems (Gómez-Baggethun et al. 
2013; Kowarik 2011; Ziter 2016). Instead, empirical evidence mostly stems from 
rural contexts (e.g. Cardinale et al. 2012; Verheyen et al. 2016); however, it cannot 
be easily extrapolated to urban areas for a number of reasons. Whilst the focus in 
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rural areas is mainly on provisioning services (especially food production), cultural 
and regulating services play a major role in urban areas (Haase et  al. 2014). 
Moreover, urban areas differ from rural contexts in terms of habitat structure and 
abiotic conditions (Kowarik 2011); for example, higher temperatures and artificial 
lighting in the former (Russ et al. 2015). Urban green spaces are also largely planned 
and consist of artificial assemblages of species, for instance in parks or gardens. 
These differences result, amongst other aspects, in changes of biodiversity along 
gradients of urbanization, as summarized above. It follows that, if the assumption 
that the provision of ecosystem services is correlated to biodiversity is true, this 
provision should change with changes in species richness and functional composi-
tion along urbanization gradients. Thus, empirical results are needed to clarify 
whether biodiversity indicators (e.g., the number of ecosystems or species or traits, 
etc.) are positively (equalling synergies among biodiversity and UES), negatively 
(equalling trade-offs among biodiversity and UES) or not at all related to cultural, 
provisioning, and regulating ecosystem services in urban areas (Fig. 1).

5  The Relationship Between Biodiversity and Ecosystem 
Services in Urban Areas

A review by Ziter (2016) for BES relationships in urban areas showed that the 
majority of studies analysed biodiversity at the species level. A review of urban BES 
studies, which the authors contributed to (Schwarz et al. 2017), assessed various 
categories of biodiversity indicators (based on a systematic review of publications 

Urban Ecosystem Services

Cultural

Provisioning

Regulating

Diversity, 
Composition

Abundance, 
Dominance

Identity, 
Presence

Habitats

Species

Traits

Urban Biodiversity

+ / - / no?

Fig. 1 Conceptual framework illustrating the question of how various biodiversity indicators (e.g., 
the number of habitats or species or traits) are related to cultural, provisioning, and regulating 
ecosystem services in urban areas. Relationships might be positive (+), indicating synergies among 
the protection of biodiversity and the enhancement of ecosystem service delivery. They might also 
be negative (−), indicating trade-offs among biodiversity and UES, or even non-significant (“no”). 
Figure adpated from Schwarz et al. 2017
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listed in the ISI Web of Science that covered studies from cities across the globe). 
They found that most BES links (within 35 publications that did not only suggest 
but really tested such links) were assessed using taxonomic diversity, followed by 
metrics of abundance or biomass and metrics quantifying the presence of green, 
mean traits (i.e., the mean value of a trait within a species assemblage, such as the 
mean number of seeds produced by all species in a grassland system), and metrics 
of species composition (Fig. 2). The majority of BES links was tested for regulating 
services (115 cases), whilst there were 87 cases for cultural services, 18 cases for 
provisioning services, and eight cases in which ecosystem services were not further 
distinguished.

Within these 228 tested cases, far more BES relationships were positive (52%) 
rather than negative (11%). However, 28% of all tested cases did not reveal evidence 
for a BES link. Thus, in total, roughly half of all tested cases demonstrated a syn-
ergy between biodiversity and UES but the other half did not. To date, claims for 
specific BES links are often not reliable, because most were either not tested, tested 
only once, or studies showed inconsistent results. For example, taxonomic diversity 
was shown to positively affect human health, recreation and wellbeing in eight cases 
but negatively in two cases. Another eight cases showed no relationship at all.

To sum up, the scientific literature shows that the idea of biodiversity enhancing 
UES holds in a number of cases – but far from always. Some links among biodiver-
sity and UES are even negative. Pollinator efficiency, for example, was lower in 
urban than in natural areas in California, probably as a result of the high number of 
introduced plant species in urban areas (Leong et al. 2014). Similarly, models for an 
English city showed that short-rotation coppice plantings composed of the tree 
 species Eucalyptus gunnii Hook F. and Populus tremula L. sequester 12 times more 
carbon than the current, more diverse urban tree stock does (McHugh et al. 2015) – 
which, at the same time, means that enhancing carbon sequestration might come at 
the cost of restricting tree diversity.

What is more, the relationship between biodiversity and urban ecosystem dis-
services (Lyytimäki and Sipilä 2009) is largely unexplored. Such disservices some-
times are linked to the presence of urban green per se (e.g., perceived safety in dense 

Fig. 2 Biodiversity 
categories and the number 
of cases in which a link 
among these categories and 
ecosystem services was 
tested (data from Schwarz 
et al. 2017). “Biodiversity 
s.l.” stands for biodiversity 
sensu latu, and refers to 
studies that did not 
categorize biodiversity any 
further
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urban forests). In other cases, a possible relationship to biodiversity needs to be 
further explored. For example, allergy potential is, on the one hand, clearly linked to 
the presence or absence of certain species that emit allergenic pollen (and therefore 
to species’ traits). However, higher biodiversity has a positive effect on the human 
immune system, leading to lower overall allergic dispositions (Hanski et al. 2012). 
Consequently, there is no general synergy among UES and biodiversity that implies 
that more biodiversity always means more services and greater human well-being.

In addition, access to biodiversity and ecosystem services is often not distributed 
uniformly across a city, thus reducing environmental justice (Fuller et  al. 2007; 
Stigsdotter and Grahn 2011; also see Kindler et al., “Socio-Spatial Distribution of 
Airborne Outdoor Exposures – An Indicator for Environmental Quality, Quality of 
Life, and Environmental Justice: The Case Study of Berlin”, in this volume). Even 
if urban green spaces are available and accessible to everyone, only part of the urban 
population regularly uses these spaces. Visitation frequency is strongly shaped by 
gender, age, green space properties, the cultural background of urban dwellers, pref-
erences, and socio-economics, to name the most important relevant variables (Lin 
et al. 2014; Shan 2014; Shanahan et al. 2015). Up until now, no studies consider the 
question of which level (or scale) of biodiversity, from whole ecosystems to genes, 
including the taxonomic, structural and trait aspects of biodiversity, benefits which 
socio-cultural groups, because we assume that human-species relationships are 
more specific and not universal across the variety (age, gender, size, niche, appear-
ance, rareness) of both groups: humans and non-human (flora/fauna) organisms. For 
example, evidence suggests that the perception of biodiversity and its elements dif-
fers between human cultures. Some species, for example, are seen as pests in one 
country but are used as sources of pharmaceuticals and other raw materials in other 
countries – such as the tree of heaven, Ailanthus altissima (Mill.) Swingle, which 
originated in China and has now invaded temperate urban areas in Europe (Sladonja 
et al. 2015).

6  Conclusions: Developing Biodiversity and Ecosystem 
Services in the Face of Urban Transformations

Cities can be seen as a cultural and biological “rendezvous” that provide many situ-
ations for associations between urban dwellers and biodiversity (Aronson et  al. 
2014; Elmqvist et al. 2013). A range of studies has been undertaken to assess the 
importance of biodiversity conservation in urban areas (e.g. Godefroid and Koedam 
2003; Kowarik 2011) and of all the benefits people receive from ecosystems, such 
as climate regulation, fresh air, food, spiritual enrichment, cognitive development, 
or recreation (Millennium Ecosystem Assessment 2005b). Urban biodiversity and 
urban ecosystem services, however, do not always go hand in hand. Consequently, 
there is no “one-size-fits-all” solution to enhance both biodiversity and UES that 
can be applied in cities worldwide and across different ecosystem services. 

S. Knapp et al.



309

Moreover, it should not be forgotten that nature can also produce disservices (Dunn 
2010). Consequently, biodiversity conservation, services, and disservices have to be 
balanced when designing and managing urban green infrastructure. Karl et  al. 
(2009), for example, provide a list of European tree species and their species- 
specific potential to emit biogenic volatile organic compounds that increase the con-
centration of ozone in the atmosphere – a disservice with implications for human 
health. Similarly, databases for the selection of trees with respect to their suitability 
for urban areas and for withstanding climate warming have been created recently 
(e.g. Gillner et al. 2016). Such overviews can support decisions about species selec-
tion and related UES and disservices.

Generally, cities should provide space for the provision of ecosystem services, 
space for biodiversity and – as space is a limited resource – especially multifunc-
tional space. Lundholm (2015), for example, showed that green roofs provide mul-
tiple ecosystem services – and that multifunctional service provision improves with 
increasing species diversity of roof planting mixes. Furthermore, urban planning 
should not only consider the prevailing forms of biodiversity conservation, but also 
man-made habitats and their biodiversity (e.g., urban parks, urban gardens, and 
brownfields; see Banzhaf et al., “Potentials of Urban Brownfields for Improving the 
Quality of Urban Space”, in this volume, dealing with potentials of urban brown-
fields). This should include green architecture, e.g., green roofs and green walls in 
which plants not only serve ornamental purposes but also assist in microclimate 
management, maintain suitable habitats for bird and insect species, and capture pol-
lutants, thus supporting human health (Lee and Maheswaran 2011). The spatial lay-
out of cities has the potential to positively influence both biodiversity and ecosystem 
services – even in cases where the two are independent of each other: Urban biodi-
versity increases with the size of available green spaces (Beninde et al. 2015), as 
does the provision of several ecosystem services (e.g. microclimate regulation; 
Jaganmohan et al. 2016; or groundwater retention).

Consequently, urban planning has to be case-specific, depending on (1) the main 
aim of biodiversity conservation, (2) the ecosystem services in focus, and (3) the 
socio-cultural groups that will supposedly benefit from UES.
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Part IV
Urban Risks and Resilience

Outline

Kerstin Krellenberg and Christian Kuhlicke

The discourse on urban risks stemming from natural hazards and disasters has been 
adopted not only by researchers from various disciplines, but has also been employed 
in municipal programs, plans, and strategies. Given the increase in extreme events 
related to climate change and unbroken urbanization processes on the global scale, 
both a better understanding of the underlying drivers of urban risks as well as how 
to respond to the anticipated negative consequences have become vital questions for 
many cities and regions around the world. This section of the book therefore pres-
ents a variety of perspectives on how urban areas respond to urban risks, in terms of 
adaptation, resilience, and transformation.

In the light of urban transformations, the contributions of this section are both con-
ceptual and empirical, and linked by the overall objective of enhancing, building, or 
developing capacities in organizations, communities, and entire urban systems in order 
to better anticipate, cope with, and recover from the impacts of climate change. The 
paper of Kuhlicke et al. introduces the concepts of resilience, adaptation, and transfor-
mation to discuss, using two case studies from Germany and Chile, how they help to 
understand different management trajectories for flooding in urban areas. Staying in 
the Latin-American region, Welz et al. present empirical research from Santiago de 
Chile and discuss the potential of adapting built- up areas to heat hazard as an urban 
response to the resilience and quality of life dimensions of urban transformations. The 
results, which stem from modelling and household surveys, support the combination 
of green and white interventions. The contribution of Reese explores how climate 
proofing can be fostered within the legal framework of urban development in Germany, 
focusing on environmental impact and risk assessment procedures and adaptation 
planning instruments. He presents a set of general key requirements for steering urban 
development towards climatic resilience. Meyer discusses the suitability of decision 
heuristics in flood management to support decision makers when reaching decisions 
under conditions of high uncertainty and complexity.

The contributions within this section evolve along both conceptual as well as 
empirical considerations. What becomes apparent is that urban transformations 
towards more resilience in cities must consider a combination of strategies, in order 
to achieve fundamental changes. Small-scale interventions such as, for example, 
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planting trees along streets and open spaces, whitening roofs, or applying decision 
heuristics approaches in flood risk management should become part of an overall 
picture or strategy. Accordingly, Reese’s contribution complements the chapter of 
Kuhlicke et al., by giving additional insights into legal instruments of risk assess-
ment and how they should be further enhanced in order to better manage anticipated 
risks in urban areas.

IV Urban Risks and Resilience
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1  Introduction

This chapter engages with three different concepts shaping current attempts to deal 
with the anticipated negative consequences of climate change, namely resilience, 
adaptation, and transformation. These concepts are not only the basis for many 
policy- initiatives; they are also constitutive for more specific plans of actions and 
strategies, defining the future development of cities across the globe.

A closer look, however, reveals that the individual concepts represent a great 
plurality of meanings; meanings that overlap in some cases and, in others, contradict 
each other. The Intergovernmental Panel on Climate Change (IPCC), for instance, 
defines resilience in its 5th assessment report as “[t]he capacity of a social-ecolog-
ical system to cope with a hazardous event or disturbance, responding or reorganiz-
ing in ways that maintain its essential function, identity, and structure, while also 
maintaining the capacity for adaptation, learning, and transformation” (IPCC 
2014, p. 3). Obviously, this definition not only includes a reference to the concept of 
adaptation and transformation, it also implies an antagonism between a rather con-
servative interpretation of change, as suggested by terms such as “reorganizing” and 
“maintaining”. This echoes classical, engineering-based definitions of resilience as 
the capacity of a system to bounce back (e.g., Pimm 1984). It also includes more 
progressive and fundamental notions of change, as suggested by the reference to 
“learning” and “transformation” (e.g., Pelling 2010). As a practical implication, the 
IPCC definition suggests, paradoxically, that cities, in order to become resilient, 
should be able to both bounce back effectively and maintain or restore the status quo 
ante after a crisis while, at the same time, they should be able to change, learn, and 
transform, and hence radically alter their structures and functions.
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This contribution therefore, first, argues for greater conceptual clarity and thus 
distinguishes between the concepts of resilience, adaptation, and transformation 
more precisely. Second, it introduces two case studies, in order to unravel how dif-
ferent urban actors respond to the anticipated challenges of future climate-related 
risks and how these can be understood through the conceptual lenses of resilience, 
adaptation, and transformation. By placing a specific focus on cities and flood haz-
ards, this chapter pleads for a more thorough, empirically grounded examination of 
underlying similarities and differences buried in the three concepts this chapter 
addressed and calls for a more careful interpretation.

In Sect. 2, the concepts are introduced and defined in more detail and thereafter, 
two empirical case studies, one from Germany and one from Chile, are presented to 
explore different, empirically grounded pathways for managing past and potential 
future flood events. The case study from Germany sketches out that resilience and 
transformation are the dominant framing concepts for responding to a recent flood 
event and for anticipating possible future flood events; the case study from Chile is 
more focused on incremental changes and, hence, is framed as adaptation. The final 
section then links both case studies back to the context of urban transformations.

2  Resilience, Adaptation, 
and Transformation – A Clarification

In a first approximation, we understand resilience, adaptation, and transformation as 
both future-oriented concepts that engage with the question of how to respond to 
more or less uncertain anticipated future developments and, at the same time, as con-
cepts that shape current practices and decision-making processes (Anderson 2010). 
However, although they share a forward-looking orientation, they differ profoundly 
with regard to their openness toward change, as we describe in more detail below (for 
a more comprehensive overview see O’Brien 2012; Pelling 2010; Pelling et al. 2015).

Although a broad range of definitions and understandings of resilience exist 
(Alexander 2013, Weichselgartner and Kelman 2014), we agree with Brand and Jax 
(2007, p. 1) that “both conceptual clarity and practical relevance of the concept of 
resilience” is at risk, because it is overloaded with too many meanings. The term 
resilience has undergone a considerable reframing, from a rather descriptive con-
cept in ecology to a rather messy and vague interpretation of resilience in various 
other scientific disciplines. Although “increased conceptual vagueness” (ibid.) can 
have quite positive implications, because it allows communication across disciplin-
ary boundaries, it also has its downsides: the concept is quite often overloaded with 
normative meanings that tend to describe how things should be instead of looking at 
empirical phenomena in a more descriptive and analytical sense.

We therefore argue that resilience is a concept that refers to action, decisions, and 
processes that aim at withstanding or effectively recovering from the negative con-
sequences of environmental risks.

C. Kuhlicke et al.
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The term adaptation refers, according to our understanding and in line with 
Pelling et al. (2015, p. 116), to “incremental adjustments that preserve systems integ-
rity when conditions change”. This includes processes, actions, or measures that aim 
at coping with, or adjusting to, changing conditions, external stresses, dangers, risks, 
and even opportunities (Smit and Wandel 2006). Usually, adaptation is framed as a 
response either to changes in the physical environment or to internal stimuli, such as 
economic, demographic, or socio-political changes. However, a closer look reveals 
that it is less an actual change in the environment that triggers adaptation but rather, 
in many cases, an anticipated and expected potential change that may lead to some 
kind of adaptive process. Usually, adaptation also requires an understanding of 
underlying vulnerabilities of societies and ecosystems to the impacts of change and 
whether established capacities are sufficient to respond to these changes and also 
whether the socio-economic cost of adaptation are bearable (Klein et al. 2007).

The term transformation is understood here as actions, or measures for strategies 
that are associated with more fundamental changes, in order to be better able to cope 
with and respond to anticipated future risks (Pelling et al. 2015, p. 116). This repre-
sents a narrowed down definition of the general transformation definition given in 
the introduction of this book. If a system, for instance, has already moved into an 
undesirable regime in which adaptation to the negative consequences of an antici-
pate threat is no longer feasible, a system transformation might become a vital 
option. In this sense, transformation differs from adaptation because the latter pre-
dominantly refers to incremental changes that aim at increasing the effectiveness or 
efficiency of an existing management or planning system, whilst transformative 
activities engage with more fundamental changes. Transformation describes a way 
of overcoming symptoms of crisis and entails relatively profound alterations of a 
given system that can cross system borders and deal with multiple as well as uncer-
tain development options and aim at changing the very structures and functions of a 
system (McCormick et al. 2013). We therefore understand transformation as pro-
cesses that aim at “altering fundamental attributes of a system (including value sys-
tems; regulatory, legislative, or bureaucratic regimes; financial institutions; and 
technological or biological systems)” (IPCC 2012, p. 564).

In the following chapter, we lay out in more detail how the individual concepts 
build on each other and how, through associated policy choices, they also block 
alternative choices and pathways.

3  Two Empirical Examples

Empirical evidences from different case studies in Europe and South America are 
given to underpin the previous conceptual specifications on adaptation, resilience, 
and transformation. While the case-studies originate from very different starting 
points regarding frequency and intensity of experienced flood events, they help to 
understand the different trajectories urban settings can take in order to prepare for 
and cope with future hydro-climatic extreme events and how they are shaped by the 
different concepts of resilience, adaptation and transformation.

Resilience, Adaptation and Transformation: Conceptual and Empirical Insights…
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3.1  Resilience, Transformation and the Experience 
of Repeated Flood Events in Germany

Since, in 1997, the Odra inundated parts of Poland and Germany, Central Europe 
has undergone a series of devastating flood events. In Germany, the flood of 2002 
went down in German history as the most costly flood event to date, with damages 
summing up to 11.5 billion € (DKKV 2015, pp.  32  +  44). The 2002 flood was 
unprecedented in most people’s memory and caused enormous damage, but it was 
then followed by a series of smaller flood events such as the 2006 flood in the upper 
parts of the Elbe River, the 2010 flood of the Neiße River, and finally, by the 2013 
flood, resulting again in approx. 6 billion € of financial damage in Germany (ibid.).

What are the consequence of experiencing repeated flood events in a relatively 
short time-span? Do people and organisations simply bounce back to where they were 
before the flood (resilience), do they initiate smaller adaptive steps to prevent future 
flood losses (adaptation), or do they start questioning the very place they are located 
in and where they face repeated flood events by starting thinking about moving out of 
harm’s way by relocating to less flood-prone areas (transformation)? This chapter 
sheds some light on the consequences of repetitive flood events for affected house-
holds and communities. It is based on an empirical study (Kuhlicke et al. 2015) that 
includes a series of interviews conducted between 2004 and 2013, as well as the 
results of a large-scale household survey conducted in the aftermath of the 2013 flood.

3.1.1  The Phase from 2002 to 2013: Bouncing Back and Adapting 
to Future Flood Risks

Generally, the 2002 flood represents a turning point in flood risk management, both 
in Saxony as well as in Germany, because, as a consequence, new laws were estab-
lished, the organisational capacity to respond to and manage flood events was 
enhanced, and a large-scale information campaign was initiated (DKKV 2015).

Furthermore, for the majority of people, the 2002 flood is still remembered as a 
complete surprise that caught municipalities and citizens unprepared and demon-
strated their vulnerability. In order to restore people’s relationship with their imme-
diate environment and particularly with the rivers inundating people’s property to 
an unknown extent, most residents placed great hope on the restoration and improve-
ment of the technical flood protection system. Technical flood protection systems 
were a dominant topic that was addressed in most of the interviews we conducted. 
Their presence is furthermore difficult to ignore, visibly, when one walks through 
many communities along larger rivers such as the Elbe or the Mulde. People placed 
great hope, in the aftermath of the 2002 flood, on the levees and walls built and 
rebuilt in their community and hoped they would restore their feeling of security. 
Carsten Felgentreff’s subtitle of a case study on the Odra Flood of 1997 captures 
this perspective pointedly: “The Dyke Broke, but People’s Trust in Technical 
Solutions Remained Unbroken” (2000).

C. Kuhlicke et al.
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In this sense, there was a great desire to restore the status quo before the flood by 
improving the technical protection systems along the rivers, which resulted in many 
adaptive actions in the aftermath of 2002. Most prominently, huge investments and 
improvements were undertaken with regard to flood protection measures and warn-
ing systems. Between December 2002 and April 2005, a total of 47 flood protection 
concepts, including 1600 individual measures, were developed in Saxony and 
ranked through a risk-based priorisation scheme. This required financial invest-
ments of about 2 billion € (SMUL 2005, p. 10) and resulted in the new construction 
of hundreds of kilometres of new dikes and dams as well as detention reservoirs. For 
example, in the City of Eilenburg, situated on the Mulde River, a total of 13 km of 
flood protection walls and dikes have been constructed, at a total cost of about 
35 million € (LTV 2008).

Many disaster management units have also been established on the local level 
and so-called dike guards have been introduced – trained personnel who watch the 
dikes and dams 24 h a day during a flood event. Some cities now use SMS-warning 
systems. Others have technically improved their siren systems. And most cities now 
use the internet for information purposes, for example, to inform residents about 
water levels and actions to be taken. In addition, the planning system on the urban 
level was reinforced with regard to flood prevention. Future flood risks are, mean-
while, considered as an important criterion within local planning processes. This 
criterion has been acknowledged to be of greater relevance, after 2002, than it was 
in the past. Development and land-use plans have been changed or adapted to local 
flood risk; some have been even annulled. The promotion and implementation of 
flood-adapted construction designs also became part of urban planners’ work.

Adaptation took place not only on the organisational or the municipality level; it 
also played a more prominent role on the level of single households than before the 
2002 flood. According to the empirical study by Kuhlicke et al. (2015) about half of 
the respondents have implemented some kind of adaptive measure after the 2002 
flood (n = 941). Figure 1 demonstrates that most of the private actions that have 
been taken occurred after a flood event.

The types of measures used most often are behavioural measures (e.g., moving 
furniture and valuables to higher floors in the building, using sandbags and other 
methods to seal doors and windows, organizing a generator and pump, and moving 
vehicles to higher ground). These actions are usually taken shortly before a flood 
event. Less often, households tend to take more costly technical measures to make 
building more flood-resilient. With regard to insurance, 65.7% of respondents 
(n = 883) reported having an insurance policy that covers natural hazards. Those 
who reported not being insured believe that such insurance is too expensive (11%). 
Some respondents also reported not being able to receive insurance for natural haz-
ards or that their policy was cancelled by the insurance provider (9.6%). Other 
respondents reported not being satisfied or wanting to be insured (6.7%). Some also 
reported having taken other private measures, instead (3.1%).

Resilience, Adaptation and Transformation: Conceptual and Empirical Insights…
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3.1.2  After the 2013 Flood: Initiation of Transformative Processes?

The 2013 flood, which had, in some localities, an extent similar to the 2002 flood, 
was, to a certain extent, a test for the adaptive measures that had been implemented 
after the 2002 flood. Many interviewees of the empirical study (Kuhlicke et  al. 
2015) were generally quite positive with regard to the effectiveness of the measures. 
Basically, most case study sites have had consistently positive experiences during 
the 2013 event, with regard to the adaptive steps taken, at least on the operational 
level. Local actors felt much more independent and could intervene and respond 
faster and better to the needs of the residents, for example, during the evacuation 
process, as the following quotes from interviews with local practicioners demon-
strate: “We still have to practice a bit, but as I see it, you learn from every disaster. 
And, in any case, the performance was much better organized than in 2002, defi-
nitely”. Additionally, the cooperation between the different responsible administra-
tive and operational bodies “has worked well, has worked better than in 2002”. 
However, the improved effectiveness of adaptive steps was clearly related to the 
operational and technical procedures within existing institutional structures and 
hence, based on  incremental changes.

After the 2013 flood, more fundamental changes in existing structures, values, 
and norms were also observable than after 2002. In general, the perception of the 
threat potential of flood risk has changed considerably as a consequence of the 2013 
event. Whilst, after 2002, the focus was on improving existing flood management 
systems (e.g., new and better dikes, improved warning systems, improved emer-
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gency management), the 2013 flood substantially shattered the idea that increased 
effectiveness will reduce the risk of flooding, at least on the local level. Many com-
munities, quite openly, admit that the risk of flooding is not reducible to zero through 
improving the established approach, as this quote underlines: “It is not preventable 
that there will be future damage caused by flooding. […] An absolute protection is 
not possible”. On the contrary, flood events such as those in 2002 or 2013 can hap-
pen on a regular basis: “There will be more floods in the future, for sure”.

In this sense, the reflection and learning processes in the aftermath of the 2013 
flood are more fundamental than after the 2002 flood event. This is clearly indicated 
not only by the questioning of the ‘safety promise’ of technical measures, but also 
by discussions about more self-responsibility of exposed residents and businesses to 
take appropriate actions in individual flood protection, such as obtaining insurance 
against natural hazards or taking private mitigation measures in buildings and on 
sites, as one local decision-maker argues: “In any case, it makes sense to protect 
themselves. In any case! Even if you get a central flood protection.”

Moreover, there are on-going debates about the relocation of residents at risk.
Many communities would support citizens willing to move, but the financial 

assistance for recovery promotes and regulates the rehabilitation and reconstruction 
of buildings only at the original location, as underlines by this quote: “There have 
been areas in the city that were flooded three, four times since 2002. And of course 
there was a request from affected citizens to resettle. […] But what is offered, as 
support, is far from sufficient to make a resettlement economically feasible. […] 
And so we hoped that the State of Saxony shows more commitment. But the Flood 
Aid reconstruction fund considers only one-to-one compensation”.

The German case studies emphasize how resilience and adaptation-based strate-
gies are increasingly questioned as a result of the 2013 flood and, therefore, more 
wide-ranging transformative processes were observable in the case study.

3.2  Adaptation to Flood Hazard in the Urban Area of Santiago 
de Chile

In the Urban Area of Santiago de Chile (MAS), urban and river flooding is an annual 
winter phenomenon. Here, flood occurrence is heavily influenced by the combination 
of recent urbanization patterns, the growing demand for land, and climate change 
(Krellenberg et al. 2013). Urban expansion has led to the conversion of important 
amounts of green space and agricultural land to built-up areas, generating loss of 
important infiltration and retention areas and, therefore, aggravating the precondi-
tions for flood hazard generation. In some parts of the urban area, flooding tends to 
inundate streets and ground floors of dwellings (Müller and Höfer 2014). Thus the 
construction of water collectors in the city over the last decades has significantly 
contributed to diminishing the overall damage of flood events. Nevertheless, certain 
areas of the city are still exposed to and affected by annual flooding.

Resilience, Adaptation and Transformation: Conceptual and Empirical Insights…
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In a city like MAS, with its profound patterns of social inequality and on-going 
processes of socio-spatial differentiation, it is particularly interesting to know who 
suffers from the annual flooding, why and how well individuals can respond, and 
whether institutions intervene or not. Empirical evidence, to be presented in the fol-
lowing, was gathered between 2010 and 2015, derived from workshops, expert 
interviews, household surveys, and field mapping, and contributed to in-depth vul-
nerability assessments and recommendations for adaptation measures in response. 
The data came from a variety of international research projects that aimed at devel-
oping, collaboratively and at the interface of science, policy and practice, decisive 
adaptation measures (Krellenberg and Barth 2014). Prior to these projects, the topic 
of climate change and, in particular, attempts to react through adaptation were not 
yet on the political agenda (Barton et al. 2015). Resilience, on the other hand, has 
not yet been discussed.

Although one could assume, for a segregated city, that residents of the lower 
socio-economic strata are those most exposed to flood hazard, the picture in MAS 
is more sophisticated: the better-off are more prone to floods, often as the result of 
deliberate choice, for panorama or prestige purposes (Welz et  al. 2014). 
Notwithstanding, a large number of households from the middle and lower socio- 
economic strata were also found to be exposed to flood hazards (see Fig. 2).

In this context, results from household surveys show that socio-structural dimen-
sions of the household conditions (e.g., employment status, age structure of house-
holds, etc.) are eased by the likelihood of being affected by flood hazard. Individuals’ 
flood hazard coping capacities are, in general, very low in the case study areas under 
review, and highly influenced by homogeneous social networks that are activated, or 
not, in case of an emergency, as well as perception, preparedness, and awareness of 
the hazardous incident (Krellenberg and Welz 2016). However, empirical findings 
reveal that experience with a flood event in the past clearly influences the perception 
of preparedness, although affected residents have, so far, only rarely implemented 
adaptation measures in response. This might be related to the fact that information 
regarding the implementation of prevention measures is still only rarely available.

Fig. 2 Residents exposed to annual flood events in Santiago de Chile according to their socio- 
economic status (Source: Welz and Krellenberg 2016)
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Overall, the findings from the vulnerability assessment show that institutional 
adaptation is needed, because the individual coping capacities of flood-exposed 
households are not sufficient to reduce their vulnerability. Here, an analysis of the 
institutional adaptive capacity (assessed through expert interviews and by the 
Adaptive Capacity Wheal of Grupta et al. 2010) provides insights into strengths and 
weaknesses of the institutional structure of selected municipalities of the MAS, 
which to date, rarely promotes adaptation activities. The general organisational struc-
ture of the municipalities, legal restrictions, and the lack of knowledge about adapta-
tion options hamper the response to flood events. The legal framework determines, 
by and large, the way institutions function. It goes without saying that this reduces 
spontaneity and makes responses to newly emerging challenges, such as climate 
change and associated hazards, difficult. On the other hand, a certain propensity to 
respond to the needs of the people exists; this is one reason why priority is often 
given to visible problems and in such a way that short-term improvement is achieved.

In general, human resources play a key role, in terms of factors that limit the 
adaptive capacity of institutions, which relates to knowledge gaps and personal 
experience, as well as the capacity to create and build social capital. Without build-
ing capacity and leadership among municipality staff, it cannot be expected that 
advanced transformative action in response to flooding will occur.

3.2.1  From Adaptation to Transformation?

Current activities to adapt to climate change in MAS can be interpreted as starting 
points for more fundamental transformations. The activities can be described as 
incremental changes that aim at increasing the effectiveness or efficiency of the 
existing management or planning system. Nevertheless, they are important, because 
it was observed that there is an increasing awareness of the linkages between spe-
cific flood events and more general conditions of climate change over the past years 
and there is hope that this might become the starting point for more fundamental 
transformations. A national adaptation plan has recently been established and sev-
eral sectoral adaptation plans have been initiated. At the urban level, an adaptation 
plan for the Urban Region of Santiago de Chile was developed (Krellenberg and 
Hansjürgens 2014) that influenced the decision to also elaborate sectoral adaptation 
plans for cities at the national level. Nevertheless, regional and local planning 
instruments currently at the disposal of the Urban Region of Santiago de Chile have 
not yet considered climate change specifically. Only during the last 5  years has 
more detailed information emerged on the potential impacts and vulnerabilities of 
climate change (e.g., Krellenberg and Hansjürgens 2014; Cortés et al. 2012; Romero 
et al. 2010). Hence the general debate on climate change response, notably on adap-
tation, is a comparatively recent phenomenon in Chile. Furthermore, as stated 
above, institutional capacities at the local, municipal level are still limited and it 
cannot be expected that in the short-run, transformations will occur in response to, 
e.g., flood events.
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In view of the current trend to urbanize hazard-exposed locations, MAS is likely 
to experience an increase in the exposure of its population to hazardous events in the 
future. However, this will depend on climate change adaptation policies and on 
whether urban development does, in fact, strengthen capacities to protect the hazard- 
exposed population, diminish its vulnerability and, importantly, prevent a surge of 
new exposures. Adaptation, thus, must be seen as a social process and how transfor-
mative action is addressed and launched is key factor in this scenario. The Chilean 
case, therefore, confirms that adaptation can be seen as an important starting point 
for more fundamental changes in terms of urban transformations.

4  Discussion and Conclusion

This chapter argued for greater conceptual and terminological clarity in recent dis-
cussion on urban attempts to prepare for the anticipated consequences of future 
climate-induced changes. Whilst resilience refers to actions, decisions, and pro-
cesses that aim at withstanding or effectively recovering from the negative conse-
quences of environmental risks, adaptation is a concept that describes incremental 
changes and measures aiming at mitigating the anticipated consequences of climate 
change; transformation comprises more fundamental changes that go beyond adap-
tation or resilience.

With the aid of two empirical examples, it was shown that strategies and actions 
based on the concept of resilience and adaptation are prevailing, at least in the case 
studies this contribution focuses upon. In the German case study, a series of repeated 
flood events since 2002 had devastating consequences for many communities. 
However, it was only the most recent flood that initiated more fundamental changes 
aimed at addressing the underlying root causes of communities’ exposure to flood 
risk. Previously, the dominant way of preparing for future flood risks was a mixture of 
restoring the status quo ante after flood events and increasing the performance of flood 
risk management, in order to mitigate future damages. Similarly, the case study of the 
urban area of Santiago de Chile indicates that “adaptation” is the dominant way of 
managing future flood risks, because measures have been proposed and, to some 
extent, already implemented, that are based on relatively incremental changes that can 
lead, but have not led yet, to fundamental transformations. The reasons therefore are 
grounded, above all, in the established institutional and organisational framework as 
well as in the lack of human capital; these undermine a more comprehensive approach 
for managing the anticipated consequences of future flood risks.

Whether strategies that are predominantly based on the idea of resilience and 
adaptation are sufficient to tackle the long-term consequences of climate change is 
a matter of speculation; however, better understanding of the societal tipping points 
at which the limits of established practices become apparent, and fundamental 
changes more acceptable, should be a matter of further research, in order to better 
understand the underlying causes for urban transformations with regard to mitiga-
tion of the consequences of climate change.
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1  Introduction

Looking at future trends in urbanization, with more than two thirds of the world’s 
population living in cities by the 2050s (UN 2014), and at global trends of climate 
change, heat waves are expected to become more frequent and more intense in cities 
(Perkins et al. 2012). This calls particularly for local adaptation strategies to antici-
pate the consequences in urban areas.

In general, adaptation to climate change in cities has received considerable atten-
tion within the political and academic discourse in recent years (Measham et al. 
2011; Eriksen et al. 2011). In this context, adaptation refers to processes, actions, or 
outcomes from individual households up to regions and countries that allow coping 
with, managing, or adjusting to changing conditions, external stresses, dangers, 
risks, and even opportunities (Smit and Wandel 2006). Many different ways of deal-
ing with climate change can be conceived that cover a broad range of forms. Urban 
transformations towards climate adapted cities are coming to the fore when funda-
mental changes are addressed in an adequate way. Far-reaching changes in the urban 
context refer to energy, transportation, water use, land use, ecosystems, and associ-
ated growth patterns, consumption, and lifestyles.

Adapting built-up areas to heat hazard, as an urban response to the resilience and 
quality of life dimensions of urban transformations (see Kabisch et  al., “Local 
Residential Quality from an Interdisciplinary Perspective: Combining Individual 
Perception and Micrometeorological Factors”, in this volume) will be investigated 
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in this chapter by discussing empirical findings stemming from research in the 
Urban Area of Santiago de Chile (MAS).

In the future, the MAS will have to deal with increasing median temperatures 
(Mc Phee et al. 2014), and consequently, heat stress will become a serious problem 
(Müller and Höfer 2014). With a specific focus on heat hazard, we use micro-scale 
modelling of urban climate to identify feasible adaptation measures at the neighbor-
hood level. We employ an interdisciplinary methodological approach that combines 
climate modelling with household survey data in order to assess the effects of dif-
ferent adaptation interventions, such as greening and reflective materials, on tem-
perature distribution. Based on the empirical findings, we discuss how these 
interventions can contribute to fundamental urban transformations regarding the 
increase of resilience and quality of life.

2  Green and White Adaptation – Urban Responses 
to Climate Change in the Light of Urban Transformations?

Adaptation in the face of climate change is conceived as a dynamic phenomenon 
and there are many ways of characterizing adaptation. In general, adaptation is 
about confronting the societal context in which climate change occurs rather than 
simply accommodating its impacts (O’Brien et  al. 2015). According to Pelling 
(2011), adaptation includes changes in the scope and range of values, institutions, 
behavior, and assets, with transformation being the deepest form of adaptation. This 
kind of adaptation implies systemic changes in over-arching political/economy 
regimes and the associated cultural discourses on development, security, and risk 
(O’Brien 2012). In the literature on adaptation to climate change, two different 
ways to approach transformation are discussed:

 (i)  A transformational adaptation that directly responds to the impacts of climate 
change and involves actions or interventions altering the nature, composition, 
and/or location of systems on a larger scale, with greater intensity and over 
longer time-periods (Kates et al. 2012).

 (ii) A transformational adaptation that is concerned with the wider and less visible 
roots of vulnerability and that alters the risks for global development and human 
security posed by climate change (Pelling 2011; O’Brien 2012).

Both approaches highlight the idea that transformation of developmental path-
ways towards a more resilient and livable society stands out as one of the most 
important aims of adaptation to climate change.

Turning to urban transformations, urban planning and urban design have a criti-
cal role to play. Modifying the existing form and layout of buildings and urban 
neighborhoods can support cooling and ventilation, which, in turn, can contribute to 
reducing energy demand and allowing citizens to cope with higher temperatures. 
Therefore, we argue that applying adaptation measures in response to heat hazard 
in  cities can push processes of urban transformations, because physical factors 
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(e.g., radiation, elevation, wind) and land use interact with urban structures such as 
housing orientation, construction materials, ventilation, and other heat protection 
measures (Fernandez and Creutzig 2015; Coseo and Larsen 2014) and result in dif-
ferences in the local climate (Klok et al. 2012).

In general, great importance is attached to the potential of green infrastructure 
and reflective materials, in particular for minimizing the impacts of heat hazard on 
people, directly and indirectly (Demuzere et al. 2014). Green urban infrastructure is 
related to urban forests, wetlands, parks, green roofs and walls, bioswales, innova-
tive ‘green street’ techniques, permeable pavements, or rain gardens (Santamouris 
2014; Li et al. 2013; Kraus and Spafford 2013, see also Banzhaf et al. in this volume 
dealing with green infrastructure). Depending on the shape, quality, size or type of 
the green infrastructure, its cooling effects may differ. It depends on evapotranspira-
tion, shade, absorption of short wave solar radiation, and emitted thermal radiation 
(Bowler et al. 2010; Mentens et al. 2006; Stovin 2009). Effective management and 
maintenance can help to avoid excessive absorption of daytime solar energy and 
night time longwave radiation, as well as extensive watering, i.e., irrigation. In par-
ticular, in cities where water scarcity is a central issue, irrigation can be demanding 
and should be carefully considered because its side effects may frustrate the overall 
benefits that green infrastructures involve.

Another way of adapting built-up areas to heat hazard involves reflective materials 
(e.g., cool or white roofs) (Georgescu et al. 2014). By minimizing solar absorption 
through higher albedo, the warming of roofs and surrounded air can be reduced. 
However, the overall positive impacts of cool roofs on regional climate are still 
debated and are uncertain. In general, the adoption of cool roofs is seen as an effective 
tool for reducing building energy use in hot climates, for reducing urban heat islands, 
and for lowering regional air temperatures (Zhang et al. 2016). The need for cooling 
energy in buildings decreases (Akbari and Matthews 2012) as the flow of heat from 
the roof into the building decreases (Levinson and Akbari 2010). White roofing costs 
are comparable to those of conventional roofs, thus the energy that can be saved 
results in saving money, which makes such roofs appropriate for  residential areas.

A precondition for the successful implementation of both adaptation strategies in 
built-up areas – greening and reflective materials – is the understanding of the local 
context, the urban structure of built-up areas, and the population affected by heat 
hazard.

3  The Urban Area of Santiago de Chile

The urban area of Santiago de Chile (MAS) currently consists of about 6.6 million 
inhabitants (INE 2002). According to projections, the population will exceed eight 
million people by 2030 (MINVU 2008). The MAS is located between the central 
Andean and coastal cordilleras; the climate is Mediterranean (Csb, according to the 
Köppen classification) with dry summers. Recent decades have shown an increase in 
median temperatures, a decline in average precipitation rates, a greater number of 

Adapting Built-Up Areas to Climate Change: Assessment of Effects and Feasibility…



330

days with air temperatures above 30 °C, and a concentration of rainfall in extreme 
events. For the future, results from regional models predict higher median tempera-
tures and less precipitation as a consequence of climate change (Mc Phee et al. 2014). 
Ongoing changes in land use and land cover are leading to a significant loss of envi-
ronmental services such as storm water infiltration, heat mitigation, and biodiversity 
conservation in certain areas of the city (Ebert et al. 2010; Müller and Höfer 2014).

Already today, changing land-use and climate conditions in the MAS are rein-
forcing heat hazards, and are likely to amplify the intensity of potential hazardous 
events, leading to exposure patterns that vary by location, physical housing condi-
tions, and standards. According to Welz et al. (2014), dwellings with deficient or 
precarious housing conditions, which indicate a very high likelihood of heat expo-
sure, are of particular interest.

The case study area Villa Peru is located in the municipality of La Florida, in the 
south-east of the MAS (Fig. 1). The selected neighborhood is predominantly resi-
dential, with medium population density, and was developed at the beginning of the 
1970s. The residents of Villa Peru are mainly elderly and belong to the lower socio-
economic strata. The residential structure is organized in a modular way and was 
built by the Public Housing Corporation (CORVI). Villa Peru shows a mixed struc-
ture of housing conditions, mostly characterized by detached houses of concrete and 
masonry with metal plates used for roof material. Thus, the indoor thermal behavior 
of these dwellings is not optimal because they readily accumulate heat.

The neighborhood contains only a very small amount of green infrastructure. 
Although the available green spaces (small squares and street greening) regularly 

Fig. 1 Study region “Villa Peru” (La Florida municipality)
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maintained, their cooling behavior is poor (Krellenberg et al. 2017). Consequently, 
the degree of imperviousness is high and, thus, favors the accumulation of heat in 
the urban environment. This calls for context-specific measures for diminishing 
heat hazard. In order to evaluate if either green or reflective surfaces have the poten-
tial to bring forth the necessary cooling effects, or if a combination of both produces 
them, modelling and survey approaches have been applied in the case study area.

4  Methodological Approach to Assess Green and White 
Adaptation

In order to analyze or simulate possible effects of adaptation measures for the cool-
ing of urban areas, ENVI-met (version 4), a micrometeorological model, has been 
applied (http://www.envi-met.de). ENVI-met is designed for micro-scale analysis 
and allows the investigation of small-scale interactions between the building struc-
ture, surfaces, green infrastructure, and the urban atmospheric boundary layer. The 
model is therefore increasingly used to assess the effectiveness of urban planning 
measures (e.g., adaptation measures) for the local microclimate (Emmanuel and 
Loconsole 2015; Bruse and Fleer 1998). ENVI-met is a three-dimensional non- 
hydrostatic model consisting of a vegetation model, an atmosphere model including 
a radiative transfer model, and a one-dimensional soil model (Bruse and Fleer 1998).

For the analysis of the case study area, surface characteristics, buildings, and 
vegetation structure are mapped on a grid of 60× 65 pixels (each pixel representing 
4 m×4 m). Meteorological boundary conditions (such as temperature and relative 
humidity) are retrieved from a weather station in La Florida (geo coordinates: UTM 
352504 E 6290304 N) operated by the Environmental Ministry of Chile (Sistema de 
Información Nacional de Calidad del Aire – SINCA: www.sinca.mma.gob.cl). With 
the aim of analysing heat hazard, a hot weather situation in summer was simulated, 
based on temperature records from the SINCA weather station on 22 January 2014. 
In addition, model input parameters, such as specific humidity at 2.500 m height 
(derived from radio sounding), wind speed, and wind direction at 10 m height (both 
from the weather station in La Florida), cloud coverage (default value 0 according 
to the weather data on the simulated day), albedo of roofs and walls (values for typi-
cal materials, based on the literature, and different scenarios in the study area), are 
specified for the total simulation area.

The current situation in Villa Peru presents a roof albedo of 0.5; from the overall 
grid (3900 pixels), 79 pixels represent hedges, and 289 pixels represent trees 
(Fig. 2). In order to assess the efficiency of green infrastructures and reflective mate-
rials in the case study area, five different scenarios are simulated by:

 1. Positioning of 60 additional trees,
 2. Siting 150 additional trees,
 3. Increasing the roof albedo to 0.9,
 4. Increasing the roof albedo to 0.8, and
 5. Combining scenario 1 and 3.
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Each scenario is compared with the modelled temperature field of the current 
situation of the study area. This allows the assessment of the effects of green and 
reflective interventions on the surrounding temperature and the evaluation of the 
most appropriate adaptation strategy for the neighborhood in La Florida.

Furthermore, the ENVI-met simulations are combined with residents’ perception 
of heat hazard. This makes it possible to depict real-world conditions in terms of 
residents’ perception and helps to underpin the most pressing action needed, in 
terms of heat hazard in the case study area. Data from a household survey, con-
ducted in April 2014, were used to gain information on how the hot summer situa-
tion was perceived by the residents. Considering a confidence level of 95%, a 
sample of 347 from the 3548 target households in the study area was selected. In 
total, 129 households had completed the survey questionnaire that corresponds to a 
response rate of 37%.

5  Current Climate Situation and Residents’ Perception 
of Heat Hazard in the Study Area

According to data from the SINCA weather station in La Florida, the average 
weather situation during the summer season 2013/2014 revealed temperatures 
between 13.5 °C (at night) and 31.5 °C (at midday) with relative humidity between 

Fig. 2 Air temperature in 1.5 m height above ground and urban structure of Villa Peru; current 
state
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75% (at night) and 24% (at midday). The modelled microscale temperature field 
characterizes a representative, average weather situation of this summer season. 
High temperatures occur in the central square of the area that is only very sparsely 
covered by trees (see Fig. 2). The shadow provided by the loose vegetation is low, 
causing heating of the ground that can lead to temperatures above 40 °C. Similar to 
the central square, the surrounding bituminized streets are hotspots of heat accumu-
lation, which is transferred to the ground level air. The verge of the buildings has 
well-shadowed areas, with temperatures varying between 27 and 29 °C at midday, 
whereas roof temperatures exceed all others.

The results of the household survey underpin the ENVI-met simulations. Heat per-
ception is highly influenced by the building structure (dense structure of detached 
houses) and the roof material, because almost all houses have galvanized corrugated 
roofs. Households that feel most affected by extreme heat generally belong to lower 
socioeconomic status groups and display very poor living conditions. Moreover, these 
households are poorly prepared for heat hazard, and knowledge about protection mea-
sures is scant. When a heat hazard occurred, two-thirds of all respondents opened the 
windows to ventilate their dwellings (72%) and almost half of them turned on an elec-
tric fan (49%). The first measure, in particular, contributes to an increase of indoor 
temperature. Moreover, the majority of the respondents suffered transpiration and 
needed to take a shower several times a day (70%) and also drank more water than 
usual (68%). Only 15% of all respondents use green urban infrastructure for cooling 
effects. In general, although they have been affected by heat, residents have not changed 
their lifestyles or their residential environment after the last hot spell, to be better pre-
pared in the future (Krellenberg et al. 2017). Against this backdrop, the following sec-
tion will shed light on the question of whether green infrastructure and/or white roofs 
present feasible adaptation strategies to reduce air/surface temperature within the study 
area and thereby minimize heat hazard and its impacts for the inhabitants.

6  Effects of Green and White Adaptation in Built-Up Areas 
on Heat Hazard

Depending on the applied adaptation scenario, different levels of temperature reduc-
tion can be achieved (Table  1). Calculating, for air temperature at 1.5  m above 
ground, the absolute differences between the adapted scenario and the current 

Table 1 Reduction of air temperature at 2 p.m., compared to the current state (see Fig. 2)

Scenario Description
Max. temp. change at 
1.5 m height [K]

Range of temp. change at 
all heights [K]

1 60 additional trees −1.37 0.14 to −1.45
2 150 additional trees −1.35 0.14 to −1.44
3 Increased roof albedo (0.9) −1.45 −0.14 to −1.62
4 Increased roof albedo (0.8) −1.45 −0.14 to −1.62
5 Combination of scenario 1 

and 3
−2.35 −0.19 to −2.49
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situation can be identified, leading to conclusions about locations that benefit most 
from the adaptation measures.

According to the ENVI-met simulations of scenarios 1 and 2, where the amount 
of vegetation cover in the central square as well as the principal street in the south of 
the residential area was enhanced, we observe that the resulting temperature reduc-
tion is not necessarily proportional to the number of additional trees in the study area 
(Table 1). This supports other studies in which it was found that not only the amount 
of urban green is important for the regulation of the local climate, but also the type, 
form, arrangement, and irrigation of the plants (Emmanuel and Loconsole 2015). 
Furthermore, green infrastructure does not result in temperature reduction in all 
simulated locations of the study area. What is more, whereas temperature reductions 
of up to 1.45 Kelvin are achieved at some locations, other sites show an increase of 
the air temperature by up to 0.14 Kelvin (Table 1, rightmost column).

In contrast, simulation of reflective materials (scenarios 3 and 4) shows a much 
more rigorous cooling effect than green adaptation; temperature reduction occurs at 
all locations of the study area with a greater magnitude (see Table 1). Temperature 
reduction by 1.45 Kelvin is much stronger than the reduction by 1.37 Kelvin result-
ing from green adaptation in scenario 1.

The concerted application of both green and white adaptation measures in sce-
nario 5 (Fig.  3) results in an overall temperature reduction of 0.45–2.35 Kelvin, 
which is the highest of all scenarios (Table 1). In terms of spatial distribution, stron-
gest cooling effects occur in the central square (Fig. 4), where several trees were 

Fig. 3 Urban structure of Villa Peru after greening (60 additional trees in the central square and 
main roads) and white adaptation (increased roof albedo up to 0.9, illustrated by light gray 
buildings)
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Fig. 4 Temperature reduction at noon and at midnight, due to green and white adaptation
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simulated for shadowing effects. This demonstrates that a combination of green and 
white adaptation measures can promote an overall local cooling effect within the 
neighborhood of up to 1.1 K.

7  Conclusion

With the urban area of Santiago de Chile (MAS), an area was selected that suffers 
from the impacts of climate change and increased urbanization in terms of heat 
hazard. This paper aimed at presenting empirical findings that could support possi-
ble interventions, in terms of adaptation measures, as a step towards urban transfor-
mation. Our findings are twofold: methodological and content-related.

In terms of methodology, we strengthen the usefulness of micrometeorological 
simulations as a detailed database for the evaluation of various adaptation measures. 
Notwithstanding, the ENVI-met technique is limited because it only refers to one 
particular day and does not represent climatic averages, for example, of the prevail-
ing wind, temperature, etc., situation. This means that simulations can only be 
undertaken for a single situation and not for long-term heat burdens over the year. 
The latter would require the integration of information on changing weather condi-
tions according to the geographic location of the considered region.

Following this up, and in terms of content-related conclusions, the simulations 
for the heat-adapted neighborhood of Villa Peru in the MAS indicate that the most 
effective interventions comprise the combined application of green infrastructures 
and reflective (white) materials. Thereby, we highlight that the extent of green infra-
structure and reflective materials plays a significant role in adapting urban neighbor-
hoods to extreme heat. Green infrastructure was identified as a vital component in 
lowering the heat effect as well as the albedo of the urban structure (Gill et al. 2007). 
In contrast, white adaptation measures are most effective during the summer time 
and can also result in visual discomfort and glare, and as such, their application is 
limited to specific urban areas (e.g., not in the vicinity of airfields or air lanes) 
(Al-Obaidi et al. 2014).

What remains open is the question of who, in practice, and under real-world 
conditions, will take the responsibility for implementing the proposed interventions. 
Here, we see a clear role that municipalities have to play. However, research on the 
adaptive capacity of the municipalities in MAS shows that, in general, they do not 
yet have the necessary conditions for adapting to climate change, because the insti-
tutional structure itself does not promote transformational adaptation. In particular, 
the legal framework appears as an obstacle because it reduces spontaneity of the 
system and makes it very difficult to respond to new challenges imposed by climate 
change. Additional obstacles are related to human resources, knowledge, and expe-
rience in the face of adaptation to climate change. Thus, the simulation data on the 
micro-scale also point to interventions that could, to a certain extent, also be under-
taken by the inhabitants themselves: painting their roofs white or planting trees in 
their front or backyards (Krellenberg et al. 2017).
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According to our empirical findings, we argue that the transformation towards 
more resilience and quality of life in cities must consider a combination of strategies 
in order to achieve fundamental changes. Small-scale interventions, such as plant-
ing trees along streets and in open spaces, as well as roof whitening, should be part 
of the overall picture. This follows a transformational adaptation in cities as under-
stood by Pelling (2011) that starts from local and small-scale interventions and 
relates to the wider and less visible roots of vulnerability.
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Climate Proofing of Urban Development: 
Regulatory Challenges and Approaches 
in Europe, Germany, and Beyond

Moritz Reese

1  Introduction

Climate change will increasingly give rise to environmental risks for urban agglom-
erations in many of the world’s regions (IPPC 2014, p. 550). Riverine floods, flash 
floods from extreme rainfall, heat waves, aridity, landslides, and environmental deg-
radation are natural hazards that will probably become more frequent in the wake of 
global warming (IPPC 2014, p. 552; for Europe: IPCC 2014, p. 1279; EEA 2016). 
Cities around the world need to be aware of these potential climate impacts, to thor-
oughly assess local risks and to adapt their development with a view to strengthen-
ing resilience  – a challenge that is often referred to as “climate proofing” (CP) 
(Romero Lankao and Qin 2011; Birkmann and Fleischauer 2009). In its 5th 
Assessment Report, the IPCC has – again – analysed the multiple dimensions of this 
urban governance challenge, including aspects of awareness-raising, knowledge 
production, policy mainstreaming, stakeholder involvement, capacity building and 
financing, and, in line with recent literature (e.g., Lowe et al. 2009, Kehew et al. 
2013, Sanchez-Rodriguez 2009; also Reese 2015 and Reese et  al. 2010a, b) the 
Panel has particularly highlighted the key role of urban land-use and infrastructure 
planning, as well as the importance of the legal framework that regulates urban 
planning and development, respectively (IPPC 2014, p.  576 with many more 
references).

Taking this up, this paper aims at further exploring how CP can be fostered 
within the legal framework of urban development. After an overview of the impacts 
of climate change and respective adaptation requirements in Sect. 2, a set of general 
key requirements for steering urban development towards climate resilience will be 
presented (Sect. 3). Then, some general conceptual questions about how these 
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 governance requirements can best be implemented in the legal framework will be 
discussed (Sect. 4) before taking, by way of example, a closer look at whether and 
how this is done in European and German law (Sect. 5). Environmental impact and 
risk assessment procedures, which play a key role in this regard, are analysed in 
terms of how they might best be geared towards climate proofing (Sect. 6), and 
finally, the options and possible function of a separate climate adaptation planning 
instrument will be briefly considered (Sect. 7). Ahead of all this, a brief review of 
the relevant climate impacts and needs for adaptation sets the scene (Sect. 2, below).

2  Climate Change Impacts in the Urban Context

The most significant impacts of climate change in the urban context, related to land- 
use, are expected to arise from an increase in extreme weather conditions and events, 
and can be summed up by the categories storms and flooding, and heat and aridity 
(EEA 2016, p.  18; EU Commission 2009). Changes in the natural environment 
brought on by global warming will have an impact on forestry and agriculture first 
and foremost, but may also play a role in settled areas. Current climate research tells 
us that all these impacts can be expected to occur in many parts of the world and that 
they constitute a gradual worsening of land-use problems that already exist (EEA 
2016; IPPC 2014); at the same time, considerable uncertainty exists regarding the 
extent and speed of these climate change impacts, and, within a relatively short 
period of time, they will not be clearly distinguishable from other causes. A brief 
survey of the main impacts of climate change is provided in the following.

2.1  Floods: An Increased Risk of Flooding, Rising Sea Levels, 
and Heavy Rainfall

Many large cities are located close to major rivers, and it is likely that they will have 
to cope with an increasing frequency and severity of river floods as a consequence 
of climate change (see Kuhlicke et al., “Resilience, Adaptation and Transformation: 
Conceptual and Empirical Insights from Two Case Studies in Germany and Chile”, 
in this volume). An increase in annual rainfall and a shift from the summer to the 
winter months has been a measurable feature in Central Europe for some time now, 
and it is predicted that this trend will continue (IPCC 2014, p.  1276; EEA/JRC 
2008, p. 94). Increasing amounts of rainfall during the winter period, glacial melting 
due to global warming, less storage as snow and earlier snowmelt will probably lead 
to a further increase in the frequency and severity of river floods and flood-related 
damage in many riverine areas (IPCC 2014, p. 1280), as already clearly observed 
during the periods 1960–1980 and 1980–2000, when maximum levels doubled 
(EEA/JRC 2008, p. 96). This increase in flood risk is, however, not due, in the first 
instance, to climate change, but rather to housing developments and dikes 
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encroaching on rivers, to the loss of retention areas, and to large-scale drainage of 
the landscape for agriculture, urban construction, and road building (EEA 2015a, 
p. 33; IPPC 2014, p. 1280; Wheather and Evans 2009; LAWA 1995). In this sense, 
climate change “merely” reinforces an existing need for action, one that has been 
demonstrated dramatically by the recent century floods. This need for action con-
sists specifically in effectively containing flood risks by a combination of technical 
mitigation measures, on the one hand (higher dikes, polders, property protection), 
and prevention of causes (more space for rivers, increased water retention on plains), 
on the other.

A potential increase in heavy rainfall events also brings with it a greater risk of 
pluvial flooding in housing areas, partly due to overflowing drainage systems. There 
have been many examples of such flooding after heavy rainfall in the past; thus, in 
this respect, previous events cannot be attributed at all conclusively to climate 
change (DKKV and D.K.f.K. 2015, DKKV 2003). The main cause lies, instead, in 
a type of urban and infrastructure development that has neglected the demands of 
effective urban drainage. What is needed here is, on the one hand, to design more 
efficient systems of drainage in residential areas and, on the other, to ease the bur-
den on them by creating retention, infiltration, and catchment areas, as well as 
decentralized rainwater usage. Well-planned drainage systems and a “water- 
sensitive” form of urban planning that combines land-related and infrastructural 
flood protection will be crucial for this (Moss 2011).

2.2  Aridity

Many regions around the world are likely to be increasingly affected by (summer-
time) aridity and drought, meaning that problems with water supply may occur 
more frequently and increase in degree, especially for large agglomerations with 
high water demand. In places where this trend can be expected, water supply sys-
tems and water consumption should be prepared for future shortages (see Klassert 
et  al., “Sustainable Transformation of Urban Water Infrastructure in Amman, 
Jordan – Meeting Residential Water Demand in the Face of Deficient Public Supply 
and Alternative Private Water Markets”, in this volume). This includes making pro-
visions for remote supply, building up storage capacity, and promoting water saving 
technologies along with a water management cycle that converts wastewater into 
usable water by means of treatment.

2.3  Summer Heat

Throughout Europe, the summer months can be expected to bring more heat waves 
and an increase in daytime temperatures above 30 °C. Particularly in urban areas, 
this will have adverse impacts on human health, working conditions, and people’s 
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quality of life (IPCC 2014, p. 18). The extreme heat waves that occurred in the sum-
mer of 2003 in central European regions brought into sharp relief just how stressful 
heat can be, especially for older people and children, as well as in working environ-
ments. According to estimates, the heat wave of 2003 caused 70,000 excess deaths 
in 12 European countries (EEA 2015b, p. 17). By 2050, heat waves are projected to 
cause 150,000 excess deaths per year in the European Union alone (EEA 2015b, 
p. 17). As a result, many countries have implemented improved heat warning sys-
tems (IPCC 2007, No. 12.5.11) but much more can be done, especially in cities. 
There are a number of ways in which urban heat stress can be mitigated, including 
town planning measures, such as improving air flows and providing more green 
spaces and shady areas, along with architectural adaptations (see, for example, Gill 
et al. 2007, see Welz et al., “Adapting Built-Up Areas to Climate Change: Assessment 
of Effects and Feasibility of Adaptation Measures on Heat Hazard”, in this volume). 
This is obviously a key challenge for urban planning.

2.4  Changes in Nature and Loss of Biodiversity

The general warming of air, water, and soil, changes in precipitation regimes, in the 
water cycle, and in the availability of nutrients in water and soil, will have a direct 
impact on species and habitats. This will partly manifest itself in the migration of 
many species and habitats to “cooler” regions and to higher locations, and we can 
also expect considerable changes to occur in biozonotic relations between habitats 
(IPCC 2014, p. 14). In particular, those habitats located in more southerly regions 
and affected by aridity will come under increasing pressure of migration, while spe-
cies diversity could initially increase in northern European regions. The main type 
of action that needs to be taken in relation to spatial planning includes, for example, 
adapting existing nature reserve strategies to observed and predicted changes and 
establishing suitable migration corridors (for a detailed account, see Schumacher 
et al. 2013, Gies and Albrecht 2013). These challenges relate predominantly to rural 
areas, but they may also become relevant for the urban natural environment and, in 
particular, for the areas immediately surrounding cities and towns, and for any fur-
ther expansion of housing developments.

3  Climate Proofing as an Administrative and Regulatory 
Challenge

The overview given in Sect. 2 of the main spatial impacts of climate change and 
possible adaptation requirements, despite its brevity, makes it clear that the term 
climate change adaptation encompasses a heterogeneous set of problems. These 
problems affect diverse sectors and regions; the main factor linking them together 
as a focus for adaptation action is their shared cause – climate change (Reese 2010, 
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p. 14) – and their overlap with many other drivers shaping future urban risks and 
vulnerabilities. However, despite the many different problems, it is abundantly clear 
that the task of adaptation has also involves overarching challenges, particularly in 
relation to urban development (Reese 2015, p. 18; Reese 2010 p. 12, 2012, p. 400). 
The key challenges arise from the following factors:

• the extent of people’s awareness and knowledge of climate risks is still relatively 
modest;

• there is still considerable uncertainty about the precise impacts of climate change 
(IPCC 2014, p. 176; EU Commission 2013, p. 19);

• environmental conditions are changing under the influence of climate change 
with an unprecedented dynamic (IPCC 2013, p. 4);

• in the long term, profound changes may occur in regional environmental and 
human settlement conditions, necessitating anticipatory adaptation, especially 
with regard to long-lasting developments and infrastructures (EEA 2016, p. 8).

With regard to the governance of urban development and, in particular, the 
responsible planning and permitting administrations, the above mentioned chal-
lenges imply the need for:

• clear responsibility: Actors must be aware of the potential risks arising from 
climate change impacts and they must perceive CP as a part of their development 
responsibility.

• thorough assessment: The relevant risks and adaptation options must be assessed 
as thoroughly as possible in order to acquire the best possible knowledge basis 
for climate sensitive land-use decisions (IPCC 2014, p. 579; Craig 2010, p. 40).

• long term orientation: Planning and investment decisions that will have struc-
tural, long-term impacts require an anticipatory orientation towards long-term 
climate impacts (Craig 2010, p. 53). Moreover, when it is likely that certain land 
uses cannot be upheld, due to climate impacts in the long run, it is advisable that 
this is anticipated and land users are granted an adequate transition period.

• regular review: To ensure that ongoing adaptation is possible with respect to 
unforeseen developments and newly recognized needs for action, a dynamic ori-
entation is also required, in the sense of regular monitoring – and, where neces-
sary, adjustment  – of the risk assessment and of land-use decisions (see, for 
example, Swart et al. 2009, p. 145; Reese 2012, pp. 216, 402)

The key task of ensuring that these “CP requirements” will be effectively ful-
filled falls to the laws regulating urban development and facility approval (EEA 
2016, p. 8). These laws regularly determine the tasks, competences, aims, standards, 
and procedures of urban planning, zoning, and permitting.

It is self-evident that fulfilment of the abovementioned CP requirements depends 
strongly on whether these requirements are accounted for and expressly regulated, 
as a part of the tasks and competences of the planning authorities (Hirokawa and 
Rosenbloom 2013, p. 325). Climate proofing – as outlined above – implies consid-
erable effort and cost, and it may raise additional issues of conflict. Therefore, it 
cannot be expected that thorough assessment, long-term orientation, and regular 
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review will be effectively conducted on a voluntary basis. Hence, a legal framework 
that is equal to the task of adaptation will have to respond to the above-mentioned 
challenges by means of, in particular, the following steering approaches:

• Urban planning responsibility for adaptation ought to be underlined by explicitly 
elevating climate adaptation to a management objective and a planning concern. 
In addition, there can and should be clear guidelines regarding the extent to 
which the precautionary principle is to be applied in the context of adaptation.

• To encourage a thorough assessment of significant climate impacts, risks, and 
adaptation options (climate risk assessment), a number of relevant legal obliga-
tions can be put in place. The standard of this assessment can be calibrated by 
including requirements related to breadth, depth, time horizon (long-term orien-
tation), and the inclusion of specialist expertise, and it can be adjusted with par-
ticular regard to staffing and financial capabilities. Another important aspect to 
consider when establishing governmental tasks for assessing climate risks is that 
knowledge about flood, drought, weather, and landslide risks may be needed not 
only to enable appropriate urban planning but possibly also to enable private sec-
tor actors to adapt their individual land-use decisions to the local risk situation, 
in the context of a minimum level of precaution guaranteed by zoning (construc-
tion planning) law. Risk assessment thus acquires a synergetic dual function: it 
enables a risk-appropriate framework to be put in place by means of binding 
development planning while simultaneously enabling users to fully exploit this 
legal framework in a risk-appropriate way, by providing them with the necessary 
risk knowledge. It is clearly a public sector, governmental task to provide such 
“risk knowledge”, given that it is a public good and that individual users cannot 
feasibly undertake the necessary assessments (observations, model simulations, 
scenarios) themselves.

• With regard to long-lasting structural dispositions, adequate long-term orienta-
tion should be ensured for both assessment and land-use decisions. The latter can 
be facilitated by legal entitlements to devise terminable usage rights and to fade 
out existing usage rights in the long run and without compensation, e.g., in areas 
prone to increasing flood risks.

• Monitoring and reviewing the relevant developments and existing land-use deci-
sions can also be enforced by law. In particular, obligations to monitor and review 
can be linked to formal development plans and also to relevant permit decisions. 
In order to minimize the effort, it seems important to implement a graduated 
approach and to require substantial review only where the necessity is indicated 
by a preliminary screening.

In the following section, we analyse in more detail how planning laws and related 
land-use regulations can implement the above-mentioned essentials of CP by look-
ing, in particular, at the example of German and European law. However, before 
focussing on this example, it is explained, in more general terms, how urban devel-
opment is usually framed by planning and zoning regimes – in most jurisdictions of 
the world  – and which general conceptual questions arise when addressing the 
essential requirements of CP.
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4  General Challenges of Including Climate Proofing 
in Urban Development Law

An effective system of public land-use planning is an indispensable foundation for 
sound urban development. Accordingly, the large majority of countries and regions 
in the world have more or less distinctive urban planning laws that make it possible 
for public – often local authority – planners to make stipulations regarding the use 
of land in order to guarantee a properly functioning and well-balanced structure of 
use (Nolon and Salkin 2006, p. 57). Although planning systems may differ consid-
erably as to design and effectiveness, very similar strategic issues and options arise 
when it comes to anchoring the main features of CP. These include:

• Division of tasks between overall planning and sectoral protection regimes: 
Public urban development planning often amounts to overall planning. In other 
words, it arranges and orders urban settlement areas comprehensively with 
regard to all relevant issues of concern. The public authorities responsible are 
thus tasked with assessing all these issues and finding balanced solutions within 
an integrative deliberation process. Because there are limits to specialization in 
terms of individual issues in this kind of overall planning, it may be expedient to 
submit relevant sectoral aspects of urban development to special plans and to 
allocate these to a specialized authority. Such sectoral regulations for land use, 
which are also relevant for the urban context, are provided for – as we show 
below – in the EU Floods Directive and in German nature conservation law. In 
strategic planning terms, the question that arises for any legal system is whether 
or not the above-mentioned environmental risks in urban development should be 
placed within the remit of a special assessment and planning regime and, if this 
is done, how to integrate this into the overall planning. The analysis below dem-
onstrates that the challenge of CP is basically calling for a (further) development 
of risk-specific sectoral planning instruments, in order to provide specialist 
assessments and concepts as a solid basis for integrated, climate-proof urban 
development (Birkmann et al. 2010).

• Requirements for the assessment and representation of climate impacts and 
risks: In principle, an assessment of climate impacts should be required – implic-
itly – as a matter of course in overall urban planning, whenever these impacts 
may adversely affect the planned uses and impede the intended development. 
Wherever climate adaptation has become a legal planning objective – such as in 
Germany (§ 1 subpara. 5, 2nd sentence, Federal Building Code – BauGB) – this 
underlines the administrative requirement to conduct an assessment. However, 
assessment obligations that are merely implicit and abstract cannot be expected 
to generate much impetus for a thorough climate impact assessment. Only speci-
fied minimum requirements regarding the extent, depth, and form of assessments, 
and the way they are represented, will be capable of ensuring that adequate fund-
ing is provided for such a thorough climate impact assessment and that “incon-
venient” truths are not deliberately concealed. Furthermore, only uniform legal 
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standards of assessment will be capable of improving the comparability of data, 
their transparency, and public availability, as well as the knowledge base as a 
whole (Kment 2010). Depending on the type of risk, the indicators concerned, 
the level of ambition regarding precautionary action, and available capacity, the 
following measures may become part of such a catalogue of requirements:

 – evaluate the best available climate models and regional development 
scenarios,

 – where necessary, produce climate models with a certain minimum resolution 
in keeping with the latest scientific standards,

 – commission expert reports on relevant climate impacts/parameters,
 – for certain climate impact risks, determine risk zones according to uniform 

benchmarks and create risk maps,
 – name relevant uncertainties,
 – consider and provide information on assessment results and risk analyses 

from other planning procedures,
 – determine adaptation needs and options for the sectors affected,
 – publish the results of the above assessments in a transparent form,
 – ensure public participation,
 – monitor the results of the assessments at regular intervals,
 – observe and document trends in climate-sensitive environmental parameters 

according to uniform benchmarks.

• Potential of Environmental Impact Assessment (EIA) schemes and/or their 
anchoring in a special assessment/planning procedure: The above-mentioned 
requirements can be part of a formalized CP module, as a part of the obligatory 
urban planning exercise. However, if a plan-related EIA is already provided for, 
within urban planning, the question arises whether this plan-related EIA can be 
used and rendered fit for the purpose of a CP and, if so, how. Besides, it certainly 
makes sense to provide regional climate projections on a more central level and 
independent of local spatial planning.

In the following, we see what answers are offered by European and German law 
to these issues of designing regulations for climate proofing urban development, 
and which further-reaching developments are under discussion. This example will 
also be of interest to the non-German and non-European reader, because European 
and German law can be said to be at a comparatively advanced stage of develop-
ment; as such, it also illustrates, relatively precisely, the regulatory issues and 
options that need to be considered by legislators around the world seeking to develop 
urban planning regulations that are based on risk and adequate for the task of 
adaptation.
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5  Climate Proofing of Urban Development in German 
and European Law

The presentation of the German and European legal framework begins with a brief 
analysis of the German urban planning regime and of how it accounts for the key 
requirements of effective CP, in general (5.1). Subsequently, we look more specifi-
cally at how each of the relevant risks is addressed by planning law and – where 
relevant – by special sector regulations (5.2–5.6).

5.1  Integrated Urban Development: Urban Planning Law

Germany has a well-developed urban planning regime that is regulated on federal 
level by the Federal Building Code (BauGB) and basically composed of two types 
of municipal spatial plans:

• Municipal land-use plan: Every municipality is obliged to draw up a land-use 
plan that covers the whole territory of the municipality. This plan determines, on 
a medium scale, the main lines and locations of important public infrastructure 
and coarsely assigns municipal land for settlement, industry, agriculture, horti-
culture, open space, or nature protection.

• Zoning plans: The municipalities are also requested to draw up zoning plans on 
a local scale, as far as this appears necessary for ensuring sound spatial develop-
ment. Zoning plans determine the admissible land uses on every plot in the plan-
ning areas. For this purpose, a large variety of possible land-use determinations 
are provided as planning instruments in the BauGB.

Both plans have to follow the general objectives and principles of sound urban 
development, as set out in Sec. 1 and 1a of the Federal Building code. These plan-
ning objectives include “sustainable development” and “a healthy urban environ-
ment.” Adaptation to climate change is expressly mentioned as a planning objective 
in Sec. 1(5) and 1a(5) BauGB, as are the “requirements of flood protection” (Sec. 
1(6) No. 12) and the targets of nature and species conservation (Sec. 1(6) No. 7a). 
Moreover, it is stipulated that sector plans based on nature conservation, water, and 
waste law must be taken into account.

With regard to the key requirements of CP, a positive statement is that climate 
adaptation is expressly determined as a planning objective and that the planning 
objectives cover – more or less explicitly – all relevant impacts and risks. Thus, the 
“responsibility requirement “is apparently satisfied.

As to the “assessment” requirement, the diagnosis conforms to what has been 
mentioned in Sect. 4 as a general regulatory precondition of effective CP: Making 
climate adaptation a general planning objective does not ensure that climate-related 
risks and adaptation options are thoroughly assessed. Instead, concrete minimum 
requirements regarding the scope, depth, and form of the assessment are needed, as 
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specified above. The Federal Building Act does not contain specific requirements on 
climate risk assessment. However, it obliges the planning authorities to conduct a 
strategic environmental impacts assessment (SEIA), and this directs us to the ques-
tion of whether the referenced regulations on SEIA are suitable for ensuring a com-
plete and thorough CP assessment. This question will be dealt with below, once 
more risk-specific contributions of relevant sector regulations such as, most notably, 
flood protection law, have been considered.

As to urban planning law, it remains to be noted that no obligation to monitor the 
performance of existing plans and to formally review them within certain time 
frames exists in the Federal Building Code. Reviewing and updating of land-use and 
zoning plans is widely left to the discretion of the municipalities and, in practice, 
zoning plans are quite often out-dated and “outrun” by factual development. 
Monitoring of the environmental performance is, however, demanded as part of the 
obligatory SEIA procedure (Sec. 14 m of the Federal Act on Environmental Impact 
Assessment – UVPG) and, again, this raises the question of whether the current 
shape of the SEIA is sufficient to also enforce complete CP assessment and 
monitoring.

5.2  Riverine Floods: The EU Floods Directive (FD) 
and the Federal Water Act (WHG)

As pointed out above, the increasing risk of riverine floods is one, or the most rele-
vant, impact of climate change, particularly also in the urban context. However, 
flood protection has always been an important issue for urban development and has 
also long been subject to regulatory efforts in Germany and, more recently, also in 
the EU. Special provisions for protection from and precautionary measures against 
the flooding of rivers and coastal regions are contained in §§ 73 ff. of Germany’s 
Federal Water Act, along with additional regional state laws. These regulations rep-
resent the current status of a highly dynamic development of laws on flooding in the 
past 10 years, influenced crucially by European legislation, namely, by the stipula-
tions of the EU Floods Directive 2007/60/EG.1 Currently applicable laws on flood-
ing now constitute a synthesis of, mainly, the following EU and national legal 
instruments:

• Risk assessment and identification of flood risk areas: According to Articles 4 
and 5 FD and Sect. 73 WHG, the relevant authorities were obliged to conduct a 
preliminary flood risk assessment by the end of 2011 and, on that basis, to iden-
tify those areas that are prone to “significant floods”. This flood risk assessment 
and identification of flood risk areas is to be revised in 2018 and then every 
6 years thereafter.

1 Directive of 23.10.2007 on the assessment and management of flood risks, OJEU of 6.11.2007, 
p. 27 ff.
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• Flood hazard and flood risk maps: State authorities are also obliged to prepare 
flood hazard and flood risk maps for all flood-risk areas (Article 6 FD, p. 6 Sec. 
74 WHG). Flood hazard maps should display the geographical areas that could 
become flooded due to (a) floods with a low probability (extreme event scenar-
ios), (b) floods with a medium probability (likely return period of ≥100 years), 
and (c) floods with a high probability, where appropriate (Article 6.3 FD, Sec. 
74.2 WHG). In addition, flood risk maps should show the potential adverse con-
sequences associated with these flood scenarios, in accordance with more spe-
cific criteria provided by Article 6.5 of the Floods Directive. These hazard and 
risk maps were to be completed by December 2013 and are to be revised every 
6 years thereafter (Article 14.2 FD, Sec. 74.6 WHG).

• Flood risk management plans: On the basis of the maps mentioned above, flood 
risk management plans must be established and duly coordinated at the level of 
river basin district (Art. 7 FD, Sec. 75 WHG). Appropriate objectives for the 
management of floods must be established in these plans, which should also 
stipulate appropriate measures for achieving the objectives. According to Sec. 75 
WHG, the primary aim of the flood risk management plan is to mitigate the nega-
tive consequences of a flood with medium probability alongside rivers, whilst in 
coastal areas, extreme events should also be taken into account. The planned 
measures should address all aspects of flood risk management, focusing on pre-
vention, protection, and preparedness, including flood forecasts and early warn-
ing systems. The flood risk management plans were to be finalized by 22.12.2015 
and are to be revised every 6 years thereafter (Sec. 75.6 WHG).

• Flood risk prevention areas: In addition to the above-mentioned European instru-
ments, Sec. 76(2) No. 1 WHG stipulates that risk areas likely to be flooded in a 
flood event with medium probability (statistically: 100 years return period) must 
be designated by administrative ordinance as flood risk prevention areas. Here, 
planning and construction of new buildings is subject to wide-ranging restric-
tions (set out in Sec. 78 WHG) aimed at preventing the creation of new or 
increased flood risks and ensuring unhindered run-off.

• Flood retention conservation areas: Areas used for flood retention purposes are 
to be formally designated as flood retention conservation areas (Sec. 76(2) No. 2 
WHG). In these areas, construction activities are basically prohibited, and only 
very limited exemptions are admissible in accordance with § 78 WHG. In addi-
tion, a general obligation to protect and maintain retention areas and to provide 
compensation for the taking of such areas is stipulated in Sec. 77 WHG.

• Climate change adaptation as a legal objective: Sec. 6(1) No. 5 imposes the gen-
eral obligation on pubic water and flood-risk managers to prevent “possible neg-
ative impacts from climate change”. This stipulation makes it clear that all the 
instruments mentioned above are to be implemented with a view to preventing 
additional flood risks arising from climate change. Moreover, by stating that 
merely “possible” effects should be prevented, the formulation of the CP prin-
ciple clearly indicates a precautionary approach, where the mere possibility of 
negative climate impacts may legitimize and also necessitate preventative 
measures.
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In view of these instruments and principles, European and German flooding laws 
today can be seen, overall, as constituting a progressive programme of regulation 
that, at any rate, addresses – and largely appears to fulfil – the key requirements for 
adaptive land-use management and effective CP, as outlined in Sects. 3 and 4 (for 
further details, Reese 2011, p. 19; Jablonski 2014, p. 424). CP is expressly declared 
to be task for the relevant authorities and it is clearly stipulated that a precautionary 
approach shall be applied in the pursuit of this task. The obligation to identify risk 
regions, the detailed stipulations for doing so, and the obligation to map flood risks 
and potential for damage constitute a new kind of legal instrument of risk assess-
ment that does justice to the demands of an anticipatory risk assessment process and 
to risk awareness building. This instrument of flood risk management planning 
additionally guarantees that measures can be developed and mutually adjusted dur-
ing the planning process. Risk assessment and flood risk planning should be revised 
at 6-year intervals, so that the condition of dynamic orientation is also given, in 
potential terms.

The key problem of flood protection, however, traditionally lies in its implemen-
tation: all too often, in the conflict between flood risk precaution and economic 
interests linked to land use, the latter are given priority. This is essentially the reason 
why the instrument of a “flooding zone” (Überschwemmungsgebiet as defined in §§ 
76, 78 WHG) has been introduced; it consists of a series of legal restrictions on 
building that are exempt from all land-use planning considerations. This definitely 
applies to the flooding zones defined in § 76 Section 2 No. 1 WHG, which serve to 
avoid any further potential for damage in the settlement area. These flooding zones 
should be strictly separated according to the statistical 100-year flood. The associ-
ated planning and building restrictions thus apply in all settlement areas that would 
be affected by a 100-year flood. Exceptions to the building restrictions are possible, 
but only under conditions that guarantee that the potential for damage does not 
increase.

5.3  Extreme Rainfall and Urban Flash Floods: Water Law 
and Urban Planning Law

With regard to pluvial flood risks that may result from increasingly heavy rainfall 
events, it also appears sensible, in principle, to conduct a risk analysis and to map 
the risks. For residential areas, a risk analysis would need to establish the amounts 
of precipitation with which the land, as well as the drains and sewers, can cope and 
where (and to what extent) there is a threat of flooding. The instruments of flood 
risk assessment and risk mapping described above, however, relate to riverine 
flooding only. Flooding from drain overflows is expressly exempted (see Article 
2.1 EU Flood Directive 2007/60 and Sec. 72, second sentence, of Germany’s 
Federal Water Act). Thus, a thorough, public risk assessment is not guaranteed in 
any binding way.

M. Reese



351

The prerequisite for avoiding flooding due to heavy rainfall events in settlement 
areas is – as mentioned above – a coordinated combination of efficient wastewater 
infrastructure and “water-sensitive” urban planning. Whereas the development of 
retention and runoff areas, as well as regulated surface run-off, are essentially the 
responsibility of land-use and urban planning, the development of wastewater infra-
structures, in the narrower sense is, first and foremost, the task of wastewater laws 
at Federal (national) and federal state levels. Federal law delegates responsibility for 
wastewater disposal, including rainwater management, to the institutions provided 
for within federal state law (§ 56 WHG). These are tasked with developing and 
maintaining wastewater systems for managing graywater and rainwater. According 
to § 55 subsection 2 WHG, the principle that “precipitation water (…) should seep 
or drip into the ground locally or be channelled directly via a drain or sewer into a 
body of water without becoming mixed with graywater, as far as this does not con-
tradict water regulations or other public legal regulations or water management con-
cerns” applies.

The development of coordinated wastewater infrastructure systems, as well as 
seepage, retention, and catchment areas, presupposes coordinated planning, and 
this, in turn, can only succeed on the basis of a correspondingly integrated wastewa-
ter infrastructure planning that incorporates the urban planning components of rain-
water management. This infrastructure planning needs a specific sectoral planning 
regime and must be assigned to the competent sectoral administrations. It can by no 
means be adequately covered as just one aspect of comprehensive spatial planning 
and zoning. There is no special provision for this kind of water infrastructure plan-
ning, however, in German laws. Although most water laws of the federal states 
contain the obligation to draw up local wastewater disposal strategies, there is no 
parallel obligation to systematically determine the urban planning requirements for 
sustainable, climate-proofed rainwater management and to articulate them transpar-
ently in urban plans (Wickel 2015); consequently, it has rarely been done in practice 
to date. In the area of urban drainage, then, there is a gap in steering provisions 
based on planning law in Germany, which also makes it very difficult to take effec-
tive overall planning responsibility for water-sensitive urban development, to ensure 
a meaningful assessment of climate change impacts and adaptation options, as well 
as to continuously monitor and review the climate compatibility of the water infra-
structure development (Reese 2010, p. 173; Wickel 2015).

5.4  Heat Waves – Urban Planning and Nature Conservation 
Law

Hazards from summer heat are not subject to any specific legal risk assessment 
standards and sectoral planning obligations. It remains, thus, a part of the general 
responsibility of overall urban planning and permitting to ensure sufficient shade, 
air circulation, and cooling green/blue infrastructure. In this respect, the legal 
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framework does not go beyond the general objectives and instruments of urban 
spatial planning and zoning presented above (5.1). As mentioned, these objectives 
include the aim of ensuring “a healthy urban environment” and “adaptation to cli-
mate change”, and this certainly also applies to urban summer heat. However, with-
out specific assessment and planning standards – like those established with regard 
to flood-risk – the key requirements of effective CP are not effectively enforced in 
terms of urban heat stress.

Another instrument that can play a proactive role in this regard is the so-called 
“landscape and green space planning”, as provided in the Federal Nature 
Conservation Act (BNatSchG – sec. 9). By means of landscape planning, nature 
conservation authorities may determine “conservation targets, requirements, and 
measures”, in order to implement the general objectives of nature conservation and 
landscape development within the local context. The objectives of nature conserva-
tion and landscape development include “improvement of air-quality and climate” 
and “conservation of green spaces in residential areas”. Landscape plans are to be 
monitored as to their effectiveness and revised as soon as this is necessary, due to 
factual developments (Sec. 9(4)). Mitigating summer heat is not explicitly men-
tioned as an aim of the landscape plans but this can easily by subsumed as a sub- 
purpose of the above-mentioned more general aims. Thus, this sectoral planning 
instrument can be used by the relevant authorities to proactively assess the heat 
risks, also with view to climate warming effects, and to develop corresponding 
green-infrastructure concepts. However, a landscape plan has no direct external 
effect and must be approved and implemented by spatial planning and zoning or 
designation of protected areas.

In view of the key requirements of effective CP, it is clear that none of the above- 
mentioned instruments specifically aims at or is geared towards managing heat risk 
related to climate change. There are no specific standards for the assessment, map-
ping, monitoring, and management of climate change-related heat risk. Hence, this 
field is, currently, generally the responsibility of the relevant local administrations. 
This is probably due to the fact that increasing heat stress is still not perceived as a 
very serious climate change impact – this may change in the future.

5.5  Aridity and Water Shortage: Water Law and Urban 
Planning Law

Securing urban water supply in times of drought is an issue of technical infrastruc-
ture and water saving but, to a considerable degree, also a matter of urban land use 
and planning. The most relevant land-use related challenge is the protection and 
replenishment of local groundwater resources. To this end, the water administra-
tions are empowered by the water law to designate special water protected areas and 
to restrict any type of land use that could negatively affect the quality or quantity of 
the protected water body (Sec. 51 of the Federal Water Act). Beyond this, it is clear 
that safe water supply for large agglomerations must rely on a coherent and resilient 
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system of sources and reservoirs, as well as measures for rainwater management 
and re-use. Much of this relates directly to urban land use and, in particular, to green 
and blue infrastructure, and it is also obvious that complex risk assessment and 
planning is needed to integrate all relevant factors for safe water supply into a func-
tioning and drought-proof system and to also develop clear requirements about 
urban space and infrastructure.

However, German water law does not provide a formal instrument or specific 
standards for the assessment and planning of (climate proof) infrastructure (Wickel 
2015). Hence, this planning task and the associated responsibility of making the 
water supply climate proof is basically left up to the relevant administrations and 
water service providers. As a consequence, spatial demands of secure water supply 
are not systematically established and formally articulated in terms of overall urban 
planning and zoning. In the absence of a formal urban water supply plan, there is also 
no basis for regulated monitoring and review. In Germany, all this is certainly due to 
the fact that there is simply no serious water scarcity problem in the region. In the 
future, however, this might change and make it necessary to underpin the key require-
ments for climate proofing with adequate planning and assessment standards.

5.6  Urban Nature and Ecosystem Changes: Nature 
Conservation Law and Landscape Planning

The spatial adaptation requirements of nature conservation are addressed, in the first 
instance, by nature conservation law. Nature conservation law provides a set of 
instruments for designation and protection of particularly valuable sites and, beyond 
this, for ubiquitous management of nature and landscape. Both approaches can be 
used for the purpose of climate proofing urban nature as follows:

With respect to area-wide management, the first and most important instrument 
is the special nature offset regime, set out in Sec. 14–18 BNatSchG and Sec. 1a(3) 
BauGB. According to these, provision of adequate, real offset must be provided for 
any taking of open space and nature. This nature offset prevents, to a certain degree, 
a net loss in green infrastructure, and, according to the circumstances, this can also 
help to strengthen climate resilience and to mitigate adverse effects of climate 
change. However, there is no legal obligation to gear nature offset towards CP, and 
whether this is done is decided on by the responsible authorities.

The instrument of “landscape planning”, described above in Sect. 5.3, does offer 
a means of steering conservation efforts – including those derived from the offset 
regime – towards CP. Landscape planning constitutes a regulatory basis for a spe-
cialist assessment of climate change impacts on (urban) nature and for devising 
adequate development concepts and measures. However, as shown in the previous 
section, such a proactive use of this sectoral planning instrument for the purpose of 
CP is not sufficiently anchored in the existing legal framework.

Site protection instruments are regularly designed to protect particularly  valuable 
habitats and landscape elements. As a rule, site protection includes both restrictions 
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regarding adverse developments and also proactive obligations to maintain and sup-
port the protected ecological elements. These site- related instruments can well be 
used as a basis to adapt the location, range, and design of conservation areas and to 
set the required land-use limitations, so that the conservation areas and biotope 
networks can be prepared for climate change and land uses that run counter to adap-
tation can be prohibited (Köck and Möckel 2009, p.  318). A particularly strong 
conservation status is provided by the European Habitats Directive 92/34/EEC for 
so-called “Natura 2000” areas, designated according to Article 4 of the Directive. 
New developments that might have negative impacts on the conservation status of 
such sites have to undergo a thorough impact assessment in which cumulative 
effects, including pressures from climate change, should, in principle, also be 
assessed, if there is any indication that such effects may occur.

In sum, nature conservation law offers a range of instruments for effective pro-
tection of “green urban assets”, also against adverse effects from climate change. 
The instrument of nature and landscape planning provides a legal basis and legiti-
mation for in-depth specialist assessments of such climate effects and also for the 
development of adaptation measures – not only for the sake of nature, as such, but 
also with a view to improving urban environment and liveability. Mirrored against 
the key requirements of CP, however, the performance of these conservation law 
instruments still appears to be relatively weak: Unlike the Federal Building Code 
and the Federal Water Act, the Nature Conservation Act does not even provide an 
explicit obligation or objective to mitigate the effects of climate change. Assessment 
of climate change related impacts, risks, and adaptation options are not explicitly 
prescribed, and the obligation to revise landscape plans is not timed: instead, it 
vaguely depends on whether revision is “necessary as a consequence of factual 
developments”. Moreover, there is not even an effective obligation for urban plan-
ners to react immediately to nature conservation planning and to revise the corre-
sponding spatial and zoning plans accordingly.

5.7  Interim Conclusions

The examination of the relevant legal framework reveals that the key requirements 
for effective CP are reflected with differing intensity, depending on the type of risk 
addressed. We have seen, in particular, that:

• The laws on integrated urban planning and zoning explicitly mention climate 
change adaptation as a primary objective of the planning exercise and that they 
provide sufficient empowerments to the authorities for determining the neces-
sary land-use restrictions and conditions. However, there are no specific CP 
assessment standards that could ensure that climate change impacts and risks, as 
well as adaptation requirements and options, are thoroughly assessed, transpar-
ently presented to the public, and adequately considered in planning decisions. A 
timed review obligation that ensures a regular revision of the planned land-use 
arrangements is also lacking.
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• With regard to riverine flood risk, the CP requirements are widely accounted for 
by special flood protection laws. There is, today, a well-developed body of law 
on risk assessment and management, ensuring thorough assessment of future 
flood risk, risk and hazard mapping, and specialist planning of prevention mea-
sures. All this is also subject to obligatory cyclic review, and, moreover, German 
water law imposes direct land-use and planning restrictions in settlement areas 
prone to a 100-year risk of flooding.

• Urban floods from heavy rainfall and sewage overflow are not included in the 
above flood-risk regime. Legal obligations and standards for the assessment and 
communication of these risks are missing and there are insufficient requirements 
for integrated planning of public rainwater management that could serve as a 
basis for adequate long-term orientation of long-lasting infrastructure develop-
ments, for the integration of such concepts in overall urban planning, and for 
continuous monitoring and regular revision.

• Urban heat stress is not covered by special regulations at all. It is clear that miti-
gating urban heat is an implicit part of the legal objective to plan towards a 
“healthy urban environment” and to adapt planning to the expected effects of 
climate change, as laid down in Sec. 1(5) and (6) and 1a(5) BauGB. However, 
without any specific standards for risk assessment, communication, and manage-
ment and, because heat is not mentioned expressly as an issue of climate-resilient 
urban development, the key requirements of effective CP are only weakly 
enforced.

All together it has become evident how risk-specific specialist assessments and 
planning are informing and facilitating climate-proof urban planning. Moreover, the 
instruments of flood prevention areas and nature conservation sites determine a 
fixed minimum level of prevention that urban planning can well exceed but must not 
fall below. However, in many regards, specific risk assessment, communication and 
planning standards do not exist and, in so far, the responsibility of ensuring CP 
remains entirely in the area of overall urban planning and zoning.

In this respect, it has been noted that the CP requirement of regular review is not 
reflected in urban spatial planning and zoning law. As to the requirement for thor-
ough assessment, however, it still remains to be examined whether adequate assess-
ment standards are provided within the instrument of plan-related “strategic 
environmental assessment” (SEA), as prescribed by the EU Directive 2001/42 and 
transposed into German law by the Law on Environmental Impact Assessment 
(Gesetz über die Umweltverträglichkeitsprüfung – UVPG).

6  Strategic Environmental Assessment (SEA) – An Effective 
Climate Proofing Instrument for Urban Planning?

In the debate about legal approaches to climate adaptation, various proposals have 
been made to use the project-related EIA and the plan-related SEA for climate 
change impact assessment and to tighten up the corresponding legal framework 
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accordingly (see especially EU Commission 2013; Kment 2010, 67 suggesting a 
strategic adaptation assessment; also Reese et al. 2010a p. 345; Fischer 2013, p. 194; 
Meyer 2014, p. 222). There are a number of indications that the binding elements of 
environmental reporting, assessment of options, public participation and ongoing 
monitoring might easily be extended to such a planning-related impact assessment 
and, in this sense, might guarantee a thorough and transparent assessment of impacts 
and adaptation options (Reese et al. 2010a, b, p. 375; Reese 2012 p. 409). If these 
instruments are to be rendered fruitful for a fully effective climate change impact 
assessment, SEA law will need to be complemented and systematically expanded, 
not least in terms of the basic assessment environment → humans. The specialist 
literature speaks, in this regard, of the need for a “reverse environmental impact 
assessment” (Parejo Navaras 2015).

According to existing law, the SEA serves exclusively to assess the effects of 
planned uses on the environment. In urban climate adaptation, however, what is also 
at stake, above all, is the impact of climate-related environmental trends on land use. 
This applies to the risks of flooding, heavy rainfall, storms, heat and aridity. These 
environmental risks are not included directly as objects of assessment within the 
SEA, to date (Fischer 2013, p. 197). However, it would be judicious to add them, 
because the “environmental robustness” of anthropogenic land uses is frequently 
influenced by the same general conditions as their environmental impact, so that 
considerable synergies can be expected on this basis (Birkmann and Fleischauer 
2009). For the project-related EIA, which is regulated in a legally binding way 
throughout Europe by the EIA Directive, such an expansion has already occurred by 
way of the most recent update of the Directive,2 albeit tentatively and in a somewhat 
obscure location: according to Annex IV No. 5 f) of the Directive, the environmental 
report must, in the future, also describe the “vulnerability of the project to climate 
change”. With regard to the SEA, such an addition has not yet been made. It may 
also be appropriate to demand that not only the vulnerability of plans to climate 
change impacts but also – as a part, as it were, of an alternative assessment in line 
with Article 5 Para. 1 SEA Directive 2001/42/EC or § 14 g Subsect. 1 EIA Directive – 
sensible adaptation options should be assessed and depicted.

The question also arises as to whether the standard of impact assessment associ-
ated with existing environmental assessment law is sufficient, throughout, for 
assessing climate change impacts. The German Federal Administrative Court has, at 
all times, sought to restrict the scope of the assessment and has limited it to provid-
ing information on the basis of available knowledge (methods, empirical evidence, 
predictive knowledge) about effects for humans and the environment (Reese et al. 
2010a, b, p.  348). The Court has decided, with regard to environmental impact 
assessment, that it is “not conceived as a search procedure that serves the purpose of 
revealing environmental impacts that elude conventional means of knowledge 
acquisition.”3 The environmental assessment, it states, is, above all, not an instrument 

2 Directive 2014/52/EU of the European Parliament and European Council of 16.4.2014.
3 Official Journal of the German Administrative Court (BVerwGE) 100, 238, 248.
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for further developing the state-of-the-art of science.4 Accordingly, then, demands 
cannot be made, in the context of the SEA, to commission, for example, regional 
climate models or scientific studies on the local impacts of climate change.

It does, at least, seem worth considering whether it would make sense for the 
SEA to include more detailed assessments of climate change impacts. What should 
also be considered, fundamentally, is how to appropriately distribute the assessment 
and research needs prompted by the effects of climate change between the public 
and the private sector and how public assessment tasks should be distributed effi-
ciently between administrative departments and levels. With regard to overall spa-
tial planning, attention should be given to not burdening it with assessment and 
evaluation tasks that can be undertaken more efficiently by sectoral assessments or 
by research and assessment services unrelated to planning. Within the jurisdiction 
of EU law, it should be recalled that the most significant areas of spatial climate 
change adaptation have already been largely addressed de lege lata by legal instru-
ments of assessment and communication and that there is, therefore, relatively little 
pressure on overall planning in this respect – including with regard to the SEA. The 
main issue that will need to be addressed in those areas where there are, as yet, no 
appropriate assessment and planning instruments is whether the relevant laws also 
need to be tightened up. The important example of the – lack of - wastewater man-
agement planning - has already been presented above (see Sect. 5.3).

7  Special “Climate Adaptation Plans” as a Regulatory 
Option

Finally, with regard to effectively tackling assessment and research tasks related to 
climate adaptation, consideration should be given to whether it may be expedient to 
institutionalize basic assessments of regional climatic changes and their impacts as 
part of an overarching climate adaptation planning and to distribute them – on an 
appropriate scale – between central, regional, and local administrative levels (Reese 
et al. 2010b, p. 395; Reese 2010, p. 410; Fischer 2013, pp. 304 ff.; Mayer 2014 
p. 222). The idea of establishing an independent “adaptation planning” instrument 
is advocated by some authors (e.g. Meyer 2014, pp. 211 ff.), whilst others are skep-
tical particularly with regard to potential duplications of existing plans and admin-
istrative procedures (Fischer 2013, p.  306). Of course, any kind of independent 
adaptation planning would have to be clearly distinct from the urban and sectoral 
planning instruments described above.

Over recent years, in Germany, a wide variety of climate adaptation strategies 
have been devised voluntarily at all levels and, very recently, the federal state of 
North Rhine-Westphalia has even, for the first time, placed its state government 
under legal obligation to produce an adaptation strategy as part of a climate protection 

4 Official Journal of the German Administrative Court (BVerwGE) 100, 238, 248; 100, 370, 377.
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plan.5 If, therefore, a legally constituted climate adaptation plan does appear to be 
attainable politically, it is worth considering combining this plan with an assess-
ment, that can be used – not least as a foundation for regional and urban planning – 
to promote research on and modelling of regional climatic changes.

8  Conclusion

The above analysis leads to the following observations and theses, which require 
further consideration and debate:

• To ensure that urban development incorporates adaptation to climate change, 
land-use regulation and planning regimes need to be oriented towards modern 
approaches to risk regulation. Specifically, this means that binding standards and 
procedures should be included to ensure that thorough risk assessments or pro-
jections are considered, that monitoring occurs, and that spatial and infrastruc-
ture planning is subject to regular review.

• It appears reasonable to assign the assessment and management of particularly 
relevant risks (flood, nature, water) to specialized administrations and sectoral 
planning instruments, in order to ensure that expert evaluations feed into ade-
quate sectoral concepts as preparatory instruments for climate proof urban plan-
ning and zoning.

• EU and German laws provide examples of highly advanced regulation in the 
field of river flood risk management including, in particular, obligations and 
standards for risk assessment, risk mapping, and management planning. Nature 
conservation provides a special planning instrument (nature and landscape plan-
ning) that can well be used to assess climate impacts and develop adaptation 
concepts and measures for urban nature. However, proactive use, for the purpose 
of CP, is not expressly demanded by the law. With regard to the other climate 
change related impacts, special assessment and planning standards are not pro-
vided in existing law, and the task of effective CP lies mainly within overall 
urban planning and zoning. In so far, the questions arises as to whether and to 
what extent a thorough assessment of climate risks and adaptation options can be 
ensured by the general instrument of (strategic) environmental impact 
assessment.

• Environmental impact assessment procedures are regularly applied in many 
countries across the globe and, often, also in the context of urban spatial plan-
ning and zoning. EIA schemes can, in principle, be used and up-graded to include 
not only the impacts of human land use on the environment but also  – vice 
versa – the risks to which human land use is exposed and which may increase due 

5 See § 6 Sect. 4 No. 6 Climate Protection Act of North-Rhine Westphalia: This Act obliges the 
Government of North-Rhine-Westphalia to draw up, by 2013, and revise every 5 years, a Climate 
Protection Plan. This plan must also contain sector-specific strategies and measures aimed at miti-
gating and adapting to the adverse impacts of climate change.
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to climate change. This applies, at least, to the plan-related strategic environmen-
tal assessment as regulated by EU-Directive 2001/42 and an appropriate amend-
ment to this directive is suggested.

• Thorough climate impact assessment often requires a sound knowledge of global, 
regional, and local climate developments and impacts – knowledge that cannot 
reasonably be acquired by local actors and municipalities in the context of an 
individual project or planning process. Such global assessments and research 
tasks can, however, be assigned by law to higher, supra-regional levels of govern-
ment, e.g., as part of a regional or national climate change programme.

• Monitoring and regular reviewing of plans and developments is another crucial 
element of risk-oriented governance that can be readily enforced by adaptation- 
based environmental and planning laws. In German law, this is the case with 
riverine flood protection but there are no obligatory review schemes for overall 
spatial planning. In this regard, further discussion about how to make spatial 
planning more sensitive and adaptive to an increasingly dynamic environment is 
required.
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Decision Support on Flood Management 
in Complex Urban Settings. Is Risk 
Assessment the Right Approach  
or Do We Need Decision Heuristics?

Volker Meyer

1  Managing Flood Hazards in Urban Areas – from Hazard 
Protection to Risk Management

Natural hazards, such as floods, droughts, heat waves, avalanches, etc., have severe 
societal impacts. This is not only, but in particular, the case in cities, where people 
and assets concentrate, and hence, the values at risk and potential damages accumu-
late (Rink et al. 2015). As a consequence of urban growth and climate change, these 
risks are likely to increase in many cities in the future, confronting urban decision 
makers with the question of whether their current portfolio of risk management 
options is sufficient or if more radical urban transformations are necessary to miti-
gate the societal impacts of natural hazards.

For flood risk mitigation, decision makers can choose from a range of potential 
options, from structural, hazard-oriented measures, such as dikes or reservoirs, to 
more vulnerability- or exposure-oriented measures, such as warning systems or 
even land-use regulations or restrictions. The main question is how to choose among 
all these options (including variants and combinations) in order to come to an opti-
mal or, at least, a satisficing solution, considering all of the measures’ positive and 
negative effects, including the costs of the various options, their positive effects in 
terms of risk reduction and also the residual, remaining risks. Considering all these 
aspects in the decision-making process poses a great challenge to decision makers, 
in particular in an urban environment that is not static, but under transformation and, 
hence, highly dynamic and shaped by uncertainty (Kabisch and Kuhlicke 2014).

A variety of approaches and decision rules can provide (and have provided in the 
past) support for decision makers. However, different decision rules may lead to 
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different recommendations. Therefore, the question is which decision rule is best 
suited to support flood management in urban areas.

In recent decades, risk assessment and management has become the dominating 
scientific paradigm in flood management (Merz and Thieken 2004; Tung 2005; 
Schanze 2006). Additionally, in practice, it often replaced – at least in part – the 
earlier concept of hazard protection (Klijn et al. 2008).

Hazard protection aims mainly at mitigating the consequences of floods by con-
trolling the hazard. For example, flood protection aims at limiting and controlling 
flood hazards by providing a pre-defined safety-standard by means of dikes, barri-
ers, dams, etc. The first part of the decision process typically consists of identifying 
flood mitigation measures that provide this pre-defined safety standard (e.g., for 
river floods, protection against floods up to a 100-year event, i.e., a flood that occurs, 
statistically, once in 100 years). From an economic point of view, the decision rule 
for this flood protection approach is provided by cost-effectiveness analysis: The 
flood mitigation measure that achieves this safety-standard target at lowest costs is 
selected.

However, this decision rule and its underlying concept obviously have some 
drawbacks (Meyer et al. 2012). Firstly, the safety-standard approach only indirectly 
addresses the main target, i.e., the reduction of damage. For example, for one and 
the same safety level, damage would be reduced to a greater extent in urban areas, 
where people and values at risk accumulate, than in rural areas. Hence, it would be 
more efficient to provide higher safety standards for cities than for rural areas, but 
this is not considered by the safety-standard approach. Secondly, the safety- standard 
approach favours hazard-related measures. In the case of flood protection, the safety 
standard is a hydraulic target, which can be achieved mainly with structural mea-
sures, such as dikes, dams, barriers, etc. Such measures may be characterized by 
certain drawbacks; for example, they may create an illusion of complete safety or 
could have considerable negative environmental impacts. Exposure- or vulnerability- 
related measures, such as land-use regulations or warning systems, which are less 
inclined to cause these effects, do not (or only indirectly) address the hydraulic 
target and are therefore discriminated by this decision rule. Such measures may 
reduce damage in a more efficient way, but it is difficult for them to achieve the 
hydraulic safety target. Consequently, the hazard protection decision rule may lead 
to sub-optimal decisions, with 1) insufficient protection of urban areas and 2) an 
insufficient share of non-structural measures.

The risk management approach tries to address these shortcomings. In combina-
tion with cost-benefit analyses, the approach primarily aims at efficiency, minimis-
ing the societal costs of natural hazards, including the damage costs, as well as the 
costs of risk mitigation measures themselves (Plate 2000; Meyer et  al. 2013; 
Kreibich et al. 2014; Kabisch and Kuhlicke 2014). In order to estimate the damage 
costs, it is necessary to assess the risk, i.e., the expected annual damage due to 
flooding.

According to the definition of Knight (1921), risk is a function of probability and 
consequences. The economic risk due to flooding can be expressed in terms of 
annual average damage, i.e., the product of flood probabilities and estimated flood 
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damage for the entire range of possible events (Merz and Thieken 2004; Samuels 
et al. 2009; Meyer et al. 2009; Hallegatte 2014).

Damage itself is a function of hazard intensity, exposure, and vulnerability (IPCC 
2012; Fuchs et al. 2011). Hazard intensity refers to characteristics of the hazardous 
phenomenon itself (e.g., flood, earthquake, drought), exposure refers to the location 
and number of people or economic assets in hazard-prone areas, and vulnerability 
refers to their susceptibility to suffer damage and loss, for example due to unsafe 
housing and living conditions or merely due to the physical susceptibility of build-
ings, in terms of flood depth/damage relationships (IPCC 2012; Fuchs et al. 2011). All 
three elements can be altered by adaptation (i.e., explicit risk reduction measures).

By combining these definitions, risk can be expressed as:

Risk = f (hazard probability, hazard intensity, exposure, vulnerability, adaptation)

hazard

damage  

The risk-reduction effect (the annual average damage avoided), as the main ben-
efit of risk management options, is then compared to the costs of these measures, in 
order to identify efficient measures by means of cost-benefit analyses (CBA).

In the context of CBA, efficiency is measured by using the net present value 
(NPV) as the major output criterion. The NPV is defined as the sum of discounted 
benefits minus the sum of discounted costs over the lifetime of an option or project 
(Hanley and Spash 1993):
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A NPV > 0 indicates a positive impact of the option on social welfare.
Ideally, the NPV should be maximized in order to meet the Pareto optimum. 

Pareto optimality (or economic efficiency) is defined as an allocation of resources 
such that no further reallocation is possible that would create gains in production or 
consumption for some persons without simultaneously imposing losses to others 
(Young 2005). Generally, it is assumed that, with an increasing level of investments 
in risk reduction, benefits increase with a decreasing rate, while costs increase with 
an increasing rate (Young 2005; Weck-Hannemann and Thöni 2006; see Fig. 1).1 If 
this is the case, the Pareto optimal level of risk reduction (R*) would be where mar-
ginal benefits equal marginal costs (ibid.).

1 Admittedly, empirical evidence from the UK has shown that, at the national level, costs of flood 
protection could also increase with an even higher declining rate than the benefits (Pearce and 
Smale 2005). In this case, the NPV of flood protection projects increases as investments increase.
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This risk assessment/CBA approach currently predominates in the scientific lit-
erature on natural hazards management (e.g., Schanze 2006; Meyer et al. 2013; de 
Moel et al. 2015) and is, furthermore, reflected in practice in many countries (e.g., 
MAFF 1999; FOE 2010; Klijn et al. 2008) as well as in European legislation (the 
“Floods Directive”, European Parliament and the Council 2007). However, in prac-
tice, hybrid approaches between hazard protection and risk management are often 
adopted. For instance, in the federal State of Saxony, Germany, flood-safety stan-
dards are still prescribed, but combined with efficiency-oriented considerations: 
Firstly, the safety standards are differentiated with regard to land-use classes, in 
order to reflect that high protections standards tend to be efficient only if protected 
values accumulate (i.e., in particular in cities and villages), whereas, for agricultural 
land, only lower protection standards are likely to be efficient (LTV 2003). Secondly, 
measures are prioritized (among other criteria) by their efficiency. In other words, 
efficiency considerations play a prominent role, but not regarding the question 
whether a measure is implemented but when it is conducted (SMUL 2005).

2  Drawbacks of the Risk-Management Approach

However, the risk assessment and management approach also has its drawbacks. 
According to Knight (1921), risk assessment and management requires a quantifica-
tion of probabilities and consequences. In contrast, the term uncertainty defines 
decision situations in which potential outcomes might be known but probabilities 
cannot be quantified (ibid.). Mousavi and Gigerenzer (2014) add the category of 
fundamental uncertainty, in which some of the alternatives and outcomes, in addi-
tion to probabilities, are unknown (also referred to as deep uncertainty; see Groves 
and Lempert 2007).

For flood hazards, it has to be acknowledged that the input information used for 
risk assessments often contains very substantial uncertainties (Grelot et al. 2008; 
Meyer et al. 2013; Saint-Geours et al. 2015). For example, in flood risk assessment, 
all input components may be quantified, i.e., hazard probabilities and  characteristics, 

Fig. 1 The Pareto 
optimum of risk reduction 
(Source: Based on Young 
2005; Weck-Hannemann 
and Thöni 2006)
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exposure in terms of number, location, and value of assets at risk, as well as suscep-
tibility/vulnerability in terms of depth-damage functions. But these quantifications 
are associated with substantial uncertainty bounds, leading to an overall risk esti-
mate that is also highly uncertain (Handmer 2003; Merz and Thieken 2005).

In addition, indirect damage, i.e., costs induced by the direct impacts, e.g., by 
interruption of business and traffic networks, as well as intangible, non-market dam-
ages, such as environmental and health effects, are often not considered in these 
assessments (Meyer et  al. 2009, 2013). There are methods available to quantify 
these types of damages (Przyluski and Hallegatte 2011; Markantonis et al. 2012 for 
an overview), but their assessment is associated with even higher uncertainties than 
for direct damages (Meyer et al. 2013). Furthermore, the future development of risk 
is highly uncertain due to a) climate change, leading to changes in the hazard prob-
abilities and b) socio-economic developments, leading to changes in the exposed 
elements at risk (Bouwer 2013; Hallegatte 2014). With regard to the challenges of 
climate change, Groves and Lempert (2007) state that “there is widespread agree-
ment that this traditional optimum expected utility approach [i.e. the risk assess-
ment/CBA approach, comment by the author], at least in its most basic form, is 
insufficient to address decision challenges with the characteristics of climate 
change”. This is even more the case if we consider decisions in urban areas, in 
which predictions on future developments are even more uncertain, due to their 
complexity and highly dynamic nature (Kabisch and Kuhlicke 2014).

3  Decision Support Approaches that Consider Uncertainties

Several approaches have emerged that try to tackle the problem of uncertainties 
within the framework of risk assessment, such as Robust Decision Making (Lempert 
et al. 2003; Groves and Lempert 2007), Real Option Analysis (e.g., Woodward et al. 
2014) and Dynamic Adaptation Pathways (Haasnoot et al. 2013).

Robust Decision Making (RDM) aims at considering uncertainties in all input 
components. RDM uses computer simulation models to create large ensembles of 
plausible future states that are used to identify candidate robust strategies and sys-
tematically assess their performance (Groves and Lempert 2007). By conducting 
multiple model runs (e.g., of the risk assessment CBA), this approach is able to map 
and identify options that are relatively robust, i.e., perform well under all possible 
future scenarios. Hence, the approach does not aim at identifying optimal but, 
rather, robust decisions.

Real Option Analysis also starts from the basis of risk assessment CBA, but it 
adds flexibility, i.e., the option to postpone the decision and to wait for more cer-
tainty (e.g., for the effects of climate change on flood probabilities, Woodward et al. 
2014).

The Dynamic Adaptation Pathway approach is more related to a safety-standard 
approach, but it adds even more flexibility: If a predefined target (e.g., a protection 
target) will no longer be met in the future (e.g., due to climate change), it adds the 
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possibility of switching to another adaptation measure (Haasnoot et al. 2013). In 
addition, the most cost-effective pathway can be identified, but the target itself is not 
defined by efficiency, as in the risk assessment/CBA approach described above.

However, the question remains whether risk-based decision approaches are best 
suited to tackle flood management, considering the related uncertainties, which 
could be classified as “fundamental” (Mousavi and Gigerenzer 2014) or “deep” 
uncertainties (Groves and Lempert 2007).

In this sense, the Heuristic Decision Making approach (Gigerenzer and Brighton 
2009; Gigerenzer and Gaissmaier 2011; Mousavi and Gigerenzer 2014) seems to be 
a promising alternative to risk assessment and management for decision support 
under uncertainty. Heuristics are simple decision rules that ignore part of the infor-
mation, with the goal of making decisions not only more quickly and frugally, but, 
under some conditions, also more accurately than more complex methods 
(Gigerenzer and Gaissmaier 2011).

Typical examples for such heuristics are, e.g., Tallying and Take-the-Best. 
Tallying means ignoring weights and weighting all cues (or decision criteria) 
equally. It entails simply counting the number of cues favouring one alternative, in 
comparison to others. Take-the-Best, on the other hand, ignores some of the cues. 
The decision rule here is to (a) search through cues in order of validity, (b) stop 
searching as soon as a cue is discriminated, and (c) choose the alternative this cue 
favours (see Gigerenzer and Brighton 2009 for a description of various heuristics).

Research on heuristics originated in cognitive science, trying to find out how 
human minds make decisions (Tversky and Kahneman 1974). As Gigerenzer and 
Brighton (2009) point out, the traditional view on heuristics was that many human 
decisions are based on such heuristics; however, they were often seen as second- 
best and partly irrational: People use heuristics only because of the cognitive limita-
tions of human minds. Simon (1955, 1979) stated that people “satisfice”, i.e., search 
for “good-enough” solutions to meet their aspiration level, rather than maximize 
their utility and search for optimal solutions.

This point of view is based on the so-called accuracy-effort trade-off: “Information 
and computation cost time and effort; therefore, minds rely on simple heuristics that 
are less accurate than strategies that use more information and computation” 
(Gigerenzer and Brighton 2009). From this point of view, the use of a simple deci-
sion rule would only make sense if its benefits, i.e., the reduced costs of finding a 
decision (e.g., avoiding the costs of a detailed flood risk assessment) would out-
weigh its costs, i.e., the marginal social costs of a sub-optimal decision, compared 
to the optimal solution (e.g., the unavoided flood damage in the case of a sub- 
optimal flood management option).

However, and this is the main point raised by Gigerenzer and Brighton (2009), 
heuristics are not always second best. They provide empirical evidence for so-called 
less-is-more effects, which means that more information or computation can 
decrease accuracy (ibid.). For instance, in a study on 20 datasets from psychologi-
cal, biological, sociological, and economic inference tasks, a traditional multiple 
regression model was compared to the Tallying and Take-the-Best heuristic. Of 
course, multiple regression performed better in fitting the sample, but both the 
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Tallying and Take-the-Best heuristic performed better in terms of predictive accu-
racy, e.g., predicting the rest of the population in cross-validation (ibid.).

According to Gigerenzer and Brighton (2009, Gigerenzer and Gaissmaier 2011), 
such less-is-more effects can be explained by the bias-variance dilemma: When 
models are made more complex, the bias of the model is reduced but, in turn, the 
variance of the model can increase, due to sampling error, leading to lower overall 
predictive accuracy. Gigerenzer and Brighton (2009) also clearly state that this is, of 
course, not always the case, but depends on the decision environment. Heuristics 
perform well, in particular, when decisions have to be made 1) based on small sam-
ple sizes and/or 2) under conditions of high uncertainty. Therefore, the main ques-
tion is not whether heuristics perform better than more complex decision rules, but 
what would be the best decision rule for a certain decision environment, i.e., which 
decision rule is “ecologically rational”.

4  Are Heuristics Ecologically Rational for Flood 
Management Decisions? Hypotheses and Research Outline

Coming back to the problems flood risk assessment and management are facing, 
and relating them to the approach of decision heuristics outlined above, the author 
offers two hypotheses:

Firstly, regarding the high uncertainties in flood risk management, it is very 
likely that such less-is-more effects occur, i.e., that simple decision rules lead to the 
same or even better results (in terms of predictive accuracy) than complex risk 
assessment/cost-benefit models.

The rationale for this first hypothesis is the following: As outlined above, assess-
ments – in particular in urban areas – have to deal with substantial uncertainties in 
most parts of the flood risk assessment model chain; these range from natural uncer-
tainties of extreme values statistics, through model uncertainties in hydrological and 
economic models, to the uncertainties related to climate and socio-economic change 
scenarios, of which the last-mentioned, in particular, are high in urban environ-
ments. Furthermore, models often have to rely on small samples, such as, e.g., flood 
depth/damage functions, which are often based on few observations or little expert 
knowledge. In addition, it is likely that there are some basic input components of 
flood CBA (or cues, in the terminology of decision heuristics) which 1) can be 
assessed with a relatively high level of certainty and 2) explain a substantial part of 
the CBA outcome (e.g., investment costs, number of buildings saved from flood-
ing). In such a decision environment, it is likely that less-is-more effects occur and 
that that heuristics may perform as well as, or even better, than complex risk assess-
ment/CBA models – but this has not been tested, to date.

But how can the predictive accuracy of different decision rules in flood manage-
ment be measured? One option would be to review past decisions on flood manage-
ment measures, to check whether different decision rules would have led to different 
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decision outcomes, and to test how the alternative solutions would have performed 
for past events. However, due to the infrequent nature of flood events, this perfor-
mance test would be based on only very few events and would therefore have a rela-
tively random outcome. A second option would be to test the outcome of different 
decision rules against a larger set of random, simulated events. However, these ran-
dom events would also follow assumed probability distributions of events, and their 
impacts would need to be estimated by means of existing damage-evaluation mod-
els. Therefore, the outcome would probably be more or less the same as that esti-
mated with the risk assessment model chain. This leads to a third option: Existing 
flood risk/CBA data could be used, but with uncertainty bounds in all the input 
components (Grelot et al. 2008; Saint-Geours et al. 2015). A ranking based on the 
full set of information would be assumed to be the benchmark (the best possible 
estimate). To simulate real world uncertainty, only a sample of all the input compo-
nents would then be used to test different decision rules, i.e., the traditional risk 
assessment/CBA approach against various other decision rules (including different 
decision heuristics, such as Tallying and Take-the-Best). By varying sample sizes, 
number of input components, and uncertainty bounds, which decision rule performs 
best under which conditions could be analysed. On this basis, at least an impression 
about the performance of different decision rules in real world decision-making 
situations for flood management could be achieved.

The second hypothesis is that decision heuristics are closer to real world deci-
sion- making practice than complex risk assessment/CBA models. Whilst flood risk 
assessment/CBA constitutes the core of the formal decision rules in flood manage-
ment practice in many countries, it is often embedded in a wider decision frame-
work. For example, in England and Wales (MAFF 1999), in France (CGDD 2014) 
and in Saxony, Germany (SMUL 2005), the CBA is embedded in a multi-criteria 
framework. This allows decision makers to consider also social and environmental 
criteria that have not be included in the CBA framework, because their monetiza-
tion – or even quantification – is difficult (Meyer et al. 2013). This means that, in 
practice, the strict logic of expected utility optimization is already complemented 
with other formal decision rules, often also taking into account equity-based 
 considerations (Johnson et al. 2007; see Gawel and Kuhlicke, “Efficiency-Equity-
Trade-Off as a Challenge for Shaping Urban Transformations”, in this volume). 
Furthermore, theoretical considerations from Public Choice theory (Gawel et  al. 
2016) and interviews with decision makers (Meyer et al. 2012) suggest that informal 
decision criteria often play an important role in the decision-making process, e.g., 
regional balance of measures, pressure or resistance from various interest groups, 
media and voters, budget considerations, etc.

In addition to the normative evaluation of decision heuristics, i.e., the compari-
son of different decision rules with regard to their predictive accuracy, a descriptive 
assessment should also be conducted (Mushavi and Gigerenzer 2014). Whereas the 
normative evaluation outlined above searches for the best decision rule in a given 
decision environment, the descriptive evaluation seeks to understand how people 
actually make decisions in given situations and to describe their underlying decision 
heuristics.
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From the author’s point of view, it would be very interesting to combine both 
perspectives on decision heuristics in flood management, in order to:

 1. analyse which explicit and implicit decision rules are actually applied in flood 
management and to find out how decision rules should be designed to match the 
normative objectives and practical needs of decision makers;

 2. investigate which decision rules perform best in terms of predictive accuracy in 
which decision environment; and

 3. combine both in order to identify decision heuristics that perform well in terms 
of both perspectives, i.e., are practically viable and sufficiently accurate.

The results of such an analysis could also have important practical implications 
for decision support in urban areas, for flood management, but potentially also for 
other decision problems related to urban transformation. If the first hypothesis were 
to be confirmed, good or even better decisions in flood management could be made 
with less time and effort. This would be particularly relevant for decision support at 
the urban level, where reliable quantitative estimates of future risks are almost 
impossible, due to the complexity and dynamics of urban transformations. But it 
would also create an added value for regions where decision makers do not have the 
resources to conduct detailed risk assessments, e.g., in developing countries. Finally, 
decision rules that are more transparent and comprehensible for decision makers 
and even for laypersons could be formulated. In this sense, the decision heuristics 
approach seems to be very promising for decision support in flood management in 
urban areas, but this will require further research.
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 Reflections

According to the expectations and targets that we formulated in the introduction of 
this volume, this final chapter represents a critical reflection of the acchivements. We 
want to sketch out the lessons we learned within the procedure of producing the 
volume, and formulate some “take-home messages” that might be helpful for other 
scholars and practitioners working on the issue of urban transformations towards 
sustainable urban development that call for appropriate research perspectives in par-
ticular regarding interdisciplinarity.

One starting point of our research documented in this volume was the observation 
that the debate on the pathways and fates of urban development has been always 
confronted with the challenge of how to organize and provide living conditions that 
enable a dignified life for all people. Cities crystallize into societal hotspots, incor-
porating a broad spectrum of challenges that became visible and perceptible for the 
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local population. Thus, the urban realm is considered as an ideal research environ-
ment to discuss and investigate conditions and requirements of transformations, and 
to elaborate and test practice-oriented knowledge that may have major impacts on 
the improvement of human living conditions. We define urban transformations as 
fundamental, multi-dimensional, non-linear alterations of resource use, population 
developments, and governance modes; we also established values and behaviors as 
baselines for further conceptual discussions. Coming from a socio-environmental 
background, we focus on resource-efficiency, quality of life, and resilience as major 
dimensions of our perspective on urban transformations, acknowledging, especially, 
the interlinkages and interdependencies between these dimensions.

Under the following five headlines, we summarize our general results and insights.

The Acknowledgement of a Variety of Urban Transformation 
Approaches

The debate about transformation covers a number of origins and understandings and 
always depends on the respective thematic genesis. Facing a terminological imbro-
glio in the scientific literature, we provided, in our introductory chapter, one basic 
definition of our understanding of urban transformations. Most of the contributions 
in this volume are in line with this definition. Some contributions critically evaluate 
and further adapte their conceptual approach, according to the respective research 
question, e.g., through the use of a transition approach. We consider our initial 
understanding as contours of a conceptual and methodological framework that 
allows further supplements to achieve a robust and consistent definition for mean-
ingful dialogues. This will enrich the debate and provide evidence for the dynamics 
of the object of research.

Thus, urban transformations can differ markedly in terms of form, character, and 
process; these differences can be described according to their locations on spectra 
that range from incremental to radical changes, from top-down to bottom-up initia-
tives, from fast to slow implementations, and from steered to uncontrolled 
developments.

We do not identify any endpoint for urban transformations; instead, from our 
scientific point of view, we specify urban transformations as a research mandate.

 The Concept of Urban Transformations as an Umbrella Term

The concept of urban transformations has proved to be a key concept that enables 
an intensive exchange between a variety of disciplinary approaches and back-
grounds. As an umbrella term, it provides enough openness to facilitate exchanges 
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between experts from different disciplines dedicated to the solution of selected 
scientific problems. It helps to analyze complex natural and/or societal changes 
that can be poorly understood by one or a few disciplines only. Therefore, the con-
cept needs to include the theories and methods of a variety of disciplines. This 
stimulates new insights for dealing with conceptual approaches and methodologi-
cal design. Based on a common understanding concerning the urban transforma-
tions challenges, we identified, shared, and tailored research targets. To elaborate 
appropriate comprehensive solutions and recommendations for policy and practice, 
excellent in-depth studies have to be part of the research design. The key concept 
of urban transformations interlinks these studies to obtain additional knowledge 
and solutions. Substantial disciplinary and interdisciplinary knowledge and exper-
tise are the decisive prerequisites for tackling challenging, often complex questions 
of high societal relevance, such as the United Nations Sustainable Development 
Goals.

 The Inter- and Transdisciplinary Benefits

The collaboration of scientists from different disciplines and backgrounds under the 
roof of a common umbrella term, such as urban transformations, allows for interdis-
ciplinary studies of different shape, scope, and depth. It fosters an intensive stimula-
tion of new ideas by avoiding sectoral silo thinking. New interactions among 
disciplines concerning the discussion and development of concepts, subjects, and 
methodologies are encouraged to fertilize each other. Thus, it focuses on thematic 
priorities and identifies new research questions. These interrelations can create 
more efficient problem solutions and raise the level of understanding of urban com-
plexity. Successful interdisciplinary work has to build on disciplinary expertise. 
Interdisciplinary exchange enriches the thematic debate, opens new scientific per-
spectives and strategic dialogues, and provides new proposals for project 
constellations.

Research dedicated to local challenges that require urgent solutions delivers 
highly acknowledged results if representatives of the respective local institution are 
part of the research team from the very beginning of the project. This is understood 
as transdisciplinary research, which can be seen as crucial for ensuring impact and 
relevance. While the plea for more inter- and transdisciplinarity is not new and has 
been continuously repeated by different urban and environmental scholars, it needs 
to be acknowledged that inter- and transdisciplinarity remains challenging: Adequate 
resources to realize this kind of research, the willingness to leave the beaten track of 
disciplinary research, as well as the need to provide suitable knowledge and solu-
tions according to academic evaluations standards are all essential. According to our 
research experiences, the concept of urban transformations has proven to offer an 
adequate environment for inter- and transdisciplinary research.
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 The Special Feature of Our Urban Transformation Approach

The normative perspective of our urban transformations concept towards sustain-
ability, as an overarching direction of change along the three dimensions – resource 
efficiency, resilience, and quality of life – distinguishes our concept from others. 
The “translation” of the term transformation by the three dimensions allows for a 
more precise and manageable relationship between conceptual thinking and con-
crete empirical analyses. The major question about how to achieve sustainable 
urban development through resource efficiency, resilience, and quality of life 
acknowledges different ways, according to the particular context. It includes syner-
gies in development strategies, trade-offs and conflicts between diverging plans, big 
steps forward as well as regressions in terms of non-linearity. This refers to the local 
requirements without neglecting the general context.

 The Merits of Our Approach

The merits of our approach can be specified as content-related, methodology- 
related, and governance-related.

The content of our research program encompasses a socio-environmental 
approach towards sustainable urban development, executed by a variety of transfor-
mation pathways. We have elaborated the three major dimensions of resource effi-
ciency, quality of life, and resilience and their interrelatedness with respect to both 
the general sustainability goal and a number of selected challenges that characterize 
urban diversity.

In terms of methodology, we have demonstrated the benefits of well-established 
research designs that combine theoretical framings with empirical case study 
approaches and consider different temporal and spatial scales. In addition, the new 
combination of different disciplinary measurements and surveys yielded evidence 
for deeper and more convincing insights into complex issues. Thus, the analytical 
dimension focuses on understanding how change or stagnation is occurring, inter-
preted, framed, shaped, negotiated, and implemented.

We stress the importance of governance in bringing socio-technical and socio- 
environmental innovations into practice. This transdisciplinary research-practice 
interface pays attention to the decision-making processes and the stakeholder involve-
ment, as well as the gaps between political statements and discussions on the ground. 
We shed light on the institutional framings that hinder the application of socio-tech-
nical solutions. And we place new technological solutions in a societal context, illu-
minating limits and obstacles to implementing theses novelties. Driver constellation, 
political power, financial interests as well as legal framings are addressed.
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 A Final Note

This volume demonstrates the results of a 3-year research process on urban trans-
formations. Being based on the exchange and the collaboration between a plurality 
of natural, social and technical scientists, this type of research process can be con-
sidered itself as a living lab in academic collaboration. It demonstrates what multi- 
and interdisciplinary research, understood broadly and including a large number of 
very different disciplinary backgrounds, could achieve in terms of novelty, mutual 
understanding, and cross-fertilization, but it also reveals both the potentials and the 
limitations of this ambitious approach. During the research and publication process, 
the many contributors had the opportunity, but also faced the challenge, to repeat-
edly reflect on their own research background by constantly exchanging with 
researchers from other disciplines and generating new knowledge and research 
approaches in an inter- and transdisciplinary circle. Even though not all questions 
could be answered and many new questions have emerged, the volume provides 
novel insights into how urban transformations can be thought about, conceptual-
ized, and investigated.
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