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Chapter 18
Built Environment and Physical Activity

Billie Giles-Corti, Lucy Gunn, Paula Hooper, Claire Boulange, 
Belén Zapata Diomedi, Chris Pettit, and Sarah Foster

18.1  Introduction

There is a growing interest globally on how city planning affects health, particularly 
physical activity given its important role in preventing major chronic diseases 
(Giles-Corti et al. 2016). City planning can improve or harm human health through 
the opportunities created for health-promoting (or health-damaging) lifestyles.  
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The World Health Organization (WHO 2016a) reaffirmed this view in its 2016 
Shanghai Declaration, declaring that “Health is created … in the neighbourhoods 
and communities where people live, love, work, shop and play” (World Health 
Organization 2016b). WHO also recognised that a healthy city is a sustainable city, 
pronouncing that “Health is one of the most effective markers of any city’s success-
ful sustainable development …” and pledged that it would “accelerate the imple-
mentation” of the UN’s Sustainable Development Goals by investing politically and 
financially in health promotion (United Nations General Assembly 2015), including 
an emphasis on creating healthy cities (World Health Organization 2016a).

The WHO’s commitment reflects growing public, policy and scientific interest 
over the last decade in the effects of the built environment on the health and wellbe-
ing of urban dwellers and health equity (WHO and UN Habitat 2016). This has been 
fuelled by multi-sector concerns about the effects of city planning associated with 
rising levels of chronic disease and obesity, low-density car-dependent suburbs on 
the fringes of cities as well as rapid urbanisation, population growth, transport- 
related air pollution, greenhouse gas emissions and climate change (Giles-Corti 
et  al. 2016). In 2011, the UN acknowledged that multi-sector, whole-of-society 
action was required to curb chronic disease (United Nations 2011), and there is 
evidence that healthy, active lifestyles support both individual and planetary health 
(Watts et al. 2015). To this end, the UN’s Sustainable Development Goals include 
Goal 11, to create more sustainable, resilient, inclusive human settings and cities, 
and Goal 3, to create health and wellbeing for all (United Nations General  
Assembly 2015).

Scientific, community and policy concerns are based in part on a growing body 
of evidence on the effects of the built environment on physical activity (Althoff 
et al. 2017; Reis et al. 2016; Sallis et al. 2016a). A simple Web of Science search 
using the keywords “environment” AND “walk*” OR “physical activity” in human 
populations up to the year 2000 identifies only 17 relevant journal articles. However, 
changing the date range to 2001–2010, the same keywords reveal 570 articles and 
1286 article for 2011–2018. This exponential growth reflects the emergence of a 
new field of active-living research focused on the built environment, with research-
ers from many disciplines—including public health, transport, planning,  engineering 
and ecology—bringing their unique perspectives to answer related research 
questions.

With the proliferation of articles exploring the relationship between the built 
environment and physical activity, there is a genuine need to assess the state of cur-
rent active-living research and, after almost two decades of studies, to identify what 
is needed to advance the field. This chapter begins identifying which physical- 
activity behaviours are affected by different aspects of the built environment and 
then reflects on factors that might be contributing to inconsistencies in the evidence. 
It then considers the gaps in the literature, before suggesting opportunities for new 
collaborative research that might change policy and practice.
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18.2  Which Physical-Activity Behaviours Are Affected 
by Which Built-Environment Features?

Physical activity is a complex behaviour. It covers different purposes (recreational, 
transport, work-related), types (formal and informal sport, walking and cycling for 
different purposes, formal and informal exercise such as jogging and gym, domestic 
chores such as gardening) and intensity levels (moderate, vigorous, light). Activity 
occurs in different settings (home, work, neighbourhoods) and is likely to be influ-
enced by different environmental attributes. Hence, more than a decade ago, sys-
tematic reviewers began recognising that different built-environment features were 
associated with different types of behaviour, prompting calls for behaviour-specific 
environmental exposure measures to be studied and context-specific environments 
(Humpel et al. 2002; Giles-Corti et al. 2005b). As active-living built-environment 
research has evolved, two different types of physical-activity behaviours have 
attracted the most attention: walking for transport and walking for recreation— 
particularly in residential neighbourhoods.

18.2.1  Walking for Transport

In the last 5 years, numerous systematic reviews of (mainly) cross-sectional evi-
dence have confirmed earlier reviews that physical activity—principally walking 
for transport—is associated with three main built-environment features: higher resi-
dential density, mixed land use or access to local destinations required for daily 
living and connected street networks (either measured individually or combined 
into a composite “walkability” index). These associations persevere irrespective of 
how physical activity is measured (self-reported behaviour, accelerometry, steps) 
and the age of the adult population (adults or older adults) (Cerin et  al. 2017; 
Sugiyama et al. 2012; McCormack and Shiell 2011; Van Holle et al. 2012).

However, there is a complex relationship between these variables. For example, 
density alone is unlikely to encourage physical activity. Higher-density develop-
ment with few local destinations or little public transport—as is now being built in 
some cities—is simply high-rise sprawl and continues to foster motor-vehicle 
dependency and traffic congestion. Rather, the relationship between higher-density 
development and walking is apparent because density is generally a proxy for other 
environmental characteristics (including demographics; car ownership; access to 
local destinations, employment, shops and services; frequent public transport; con-
nected street networks that make destinations more proximate) that directly influ-
ence choice of transport mode and hence levels of physical activity (Boarnet and 
Crane 2001; Transportation Research Board 2005). Numerous studies report that 
when both density and accessibility are included in the same model, the effects of 
density attenuate, suggesting that the accessibility of shops, services and public 
transport is more important than density per se (Transportation Research Board 2005).

18 Built Environment and Physical Activity
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Nevertheless, increased residential density is a crucial building block in a healthy 
and liveable community that encourages active lifestyles. Recognising policy- 
makers’ need for guidance on how to create such communities, Hooper and col-
leagues explored the interacting effects of different urban design features (Hooper 
et al. 2015). As shown in Fig. 18.1, the neighbourhood’s structure and connected-
ness (for instance, street connectivity) facilitate walking, the activities and mix of 
destinations provide reasons to walk and the design details and qualities of the 
neighbourhoods make walking attractive. Higher density helps make all the other 
building blocks more efficient and effective: the denser the population, the greater 
the likelihood an area will have shops, services and accessible and frequent public 
transport. Nevertheless, more research is required on the levels of density that will 
maximise health benefits and minimise potential harm (Giles-Corti et  al. 2012, 
2014).

Although not widely explored in the health literature, the importance of environ-
mental characteristics at both trip origin and destination is studied by transport aca-
demics in North America. This suggests that higher dwelling densities at both origin 
and destination increase walking and public transport use while discouraging pri-
vate motor-vehicle use (Transportation Research Board 2005). The importance of 
the environment at both ends of the journey was highlighted in a study that found 
that using public transport was 16 times more likely when residents in a suburban 
development lived and worked within 400 m of a public transport stop, compared 
with those without transport access at either end of their journey (Badland et al. 
2014a). The importance of environmental characteristics at both origin and destina-
tion warrants further research.

Fig. 18.1 The building blocks of a healthy, liveable neighbourhood (source: Hooper et al. 2015)

B. Giles-Corti et al.
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18.2.2  Walking for Recreation

Evidence of associations between the built environment and recreational walking 
(walking for leisure, recreation or exercise) is less consistent than for transport 
walking (McCormack and Shiell 2011; Sugiyama et al. 2012; Saelens and Handy 
2008). In an attempt to assist policy-makers, Sugiyama and colleagues extended 
previous reviews by considering both access to destinations (such as parks,  
sports fields and playgrounds) and route attributes (sidewalks, street connectivity, 
aesthetics, traffic, safety) associated with walking, including recreational walking 
(Sugiyama et al. 2012). They confirmed that “no dominant environmental attribute” 
consistently predicted recreational walking. Nevertheless, they found some evi-
dence that recreational walking was associated with access to recreational destina-
tions such as parks and the aesthetic appeal of routes. Moreover, all studies reviewed 
that assessed the quality of recreational destinations revealed associations with rec-
reational walking. So, for volitional behaviours such as recreational walking, desti-
nation quality may be an important—albeit often ignored or under-explored—element 
of the built environment that warrants further investigation (Kaczynski et al. 2014; 
Koohsari et al. 2013b; Taylor et al. 2011; Giles-Corti et al. 2005a; Sugiyama et al. 
2010, 2015).

A review by Bancroft et  al. (2015) focussed on the proximity and density of 
parks associated with objectively measured physical activity in the United States. 
They found “no consistent pattern of results” relating park exposure to physical 
activity yet observed “stronger park–physical activity associations for analyses  
with smaller buffer sizes” (p. 280). A strength of this review was that it comprehen-
sively summarised findings from papers reviewed. This enabled our team to delve 
into the finding to better understand inconsistencies in findings. An analysis of the 
result summaries revealed a lack of agreement between exposure measures and 
standards for measuring environmental exposures that may be contributing to mea-
surement error. This may have accounted for inconsistent findings (Koohsari et al. 
2015b). Our analysis suggested that both researchers and reviewers may be neglect-
ing to apply the same level of rigour to measuring and critiquing environmental 
exposures, as they do to outcome measures such as physical activity. Some of these 
methodological issues are now considered.

18.3  Methodological Problems Contributing 
to Inconsistencies in the Literature

18.3.1  Buffer Size

A major consideration for built-environment and physical-activity studies is the 
measurement and reporting of exposure, including whether there is sufficient varia-
tion to observe an effect. Indeed, close examination of exposure measures reveals 
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why there may be inconsistencies in the literature (Bancroft et al. 2015). Bancroft’s 
review observed considerable diversity in the exposure measures used. Buffers, for 
instance, ranged in size from 1.6 km or more down to 400 or 200 m, 50 m from a 
GPS/accelerometer point or the block where a child lived. Unspecified buffer dis-
tances such as “within walking distance” were defined as 10 or 20 min or distance 
to the nearest park. Aside from some mixed findings in a study applying two buffers 
(400 m and 1.6 km), no other results were significant. In contrast, in five studies 
incorporating smaller buffers of 400–800 m (three with children, one with adults 
and one with seniors), all but the seniors’ study reported significant correlation with 
physical activity.

Bancroft and colleagues suggested that “exposure reporting bias” may explain 
the findings, “in which authors may have coded exposures in multiple ways and 
then presented only the findings most consistent with their hypotheses” (p. 27). An 
alternative explanation might be that, in this emerging field, investigators are (appro-
priately) using inductive research to explore which (if any) buffers are associated 
with outcomes of interest. Nevertheless, Bancroft and colleagues may be correct, 
and, apart from “fishing” for findings, it is also plausible that neither investigators 
nor reviewers pay sufficient attention to the buffer sizes that suit studying (in this 
case) recreational walking and, indeed, ignore the way communities are designed 
by urban designers. In other words, they are failing to consider what constitutes an 
appropriate environmental exposure for the built-environment feature or the recom-
mended or even optimal “dose” of an environmental feature that could produce an 
effect.

To explain the significance of these omissions, consider applying the same 
approach to a hypothetical systematic review of medication use. Manufacturers of 
hypertension drugs, for instance, generally specify a recommended dose of their 
drug. If medical practitioners prescribed patients a quarter or twice the dose, what 
effects would we expect to observe? Moreover, if a systematic review of hyperten-
sion treatments failed to differentiate between doctors who complied with recom-
mended doses and those who ignored them, or if the review did not consider dose at 
all, and simply reported inconsistent positive, negative and non-significant findings, 
what would we conclude? Perhaps that the review had not adequately assessed the 
quality of the evidence and that we should not trust its conclusions. We might also 
question why it got published in the first place.

The same applies to studies of environmental correlates. The importance of con-
sidering the “dose” of the intervention and the way communities are planned is 
highlighted in a study in Perth, Western Australia. It found that 99.1% of respon-
dents had a park within 1.5  km of their home and 22.2% within 400  m (see 
Table 18.1) (McCormack et al. 2008; Sallis 2008). This is because Perth’s planners 
and urban designers have guidelines ensuring that communities have accessible 
public open space. We do not know how alike or dissimilar Perth is to other cities in 
this regard. However, it is plausible that studies of recreational walking using large 
buffer sizes (1.6 km) are producing non-significant findings because there is insuf-
ficient variation in the exposure measure. Conversely, depending on the sample size, 
very small buffers (less than 200 m, or block size) may result in insufficient statistical 
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power: that is, insufficient numbers of people have parks in such close proximity. 
Moreover, if parks are too close, one might expect lower levels of physical activity, 
not only because the parks are likely to be small and may not invite physical activity 
but because very little recreational walking is done en route. Researchers need to 
think carefully about the exposure measures they are adopting. A good starting 
point might be to consider buffer sizes found in the literature to be associated with 
different types of physical activity but also to review local planning policies that are 
governing the built forms observed in different cities (Giles-Corti et al. 2015). This 
would be more useful than “fishing” for appropriate exposures and would provide a 
rationale for selecting different-sized buffers, which are likely to vary for different 
exposure measures.

18.3.2  Buffer Type

Another factor leading to measurement error is the buffer type used to capture envi-
ronmental exposure data, particularly radial buffers (as the crow flies), road network 
buffers or administrative boundaries. Radial buffers are often used due to data avail-
ability. Road network buffers are generally considered the gold standard, but if 
“cleaned” road network data are not available, significant work is required to topo-
logically prepare the data in order to perform a systematic networked buffer analysis 
across a city. Failure to prepare data adequately increases measurement error.

In areas with cul-sacs or curvilinear street networks, radial buffers may signifi-
cantly overestimate access to local destinations compared with grid or connected 
street networks. Figure 18.2 shows 800 m radial buffers in neighbourhoods with 
grid-pattern (left) and curvilinear (right) street networks, with the corresponding 

Table 18.1 Descriptive statistics for destination variables (Perth, Western Australia, 1995)

Respondents with destination 
within 400 m

Respondents with destination 
within 1500 m

Destination n % %

Beach 1394 0.4 7.5
Park 1394 22.2 99.1
River 1391 0.6 7.8
School 1391 7.7 61.3
Post box 1380 41.7 99.1
Bus stop 1284 79.3 100.0
Transit station 1391 1.5 30.8
Convenience 
store

1391 22.7 74.4

Newsagent 1391 13.2 63.8
Shopping mall 1394 8.6 82.6

Source: McCormack et al. (2008)
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road network buffers (shaded) based on travelling along the road network. While 
radial buffers are of equal size irrespective of the street pattern, the area of the road 
network buffer is considerably smaller in neighbourhoods with curvilinear street 
networks (0.6 km2) than grid pattern (1.4 km2). Radial buffers therefore overesti-
mate the environments to which residents living in areas with curvilinear street net-
works are exposed. Yet, systematic reviews rarely report study results by the types 
of buffers used or consider the buffer types used at all.

18.3.3  Boundary Type and Size

Similarly, many studies use administrative boundaries (e.g. census tract) to  
measure their environmental exposures. The size of these artificial boundaries is 
typically based on number of households, so in higher-density neighbourhoods 
(inner city), the area of the administrative boundary will be substantially smaller 
than in lower-density (outer suburban) areas (see Fig. 18.3), further contributing to 
error when measuring exposure. An alternative approach to area-level measures was 
that adopted by Hooper (2014). Rather than using generic environmental exposure 
measures, she developed policy-relevant area-level measures for all dwellings 
within specific housing developments and found significant associations with walk-
ing. Notably, she overcame “edge” effects for study participants living on the outer 
edge of housing developments, by adding an 800-m buffer to the housing develop-
ment to capture the environments of neighbouring housing developments. This 
approach better reflects how communities are planned and developed in practice 

Fig. 18.2 Radial buffer (circle) and road network buffer (shaded) on grid-patterned street network 
(left) and curvilinear-patterned street network (right)

B. Giles-Corti et al.
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(rather than at the individual household level or over administrative boundaries) 
and, if housing development boundaries are available, may offer an alternative 
approach to using administrative boundaries.

18.3.4  Implications for Further Research and Systematic 
Reviews

Despite the maturity of the built environment and health field, many researchers and 
systematic reviewers ignore the importance of the scale, size and type of buffers 
used for different built-environment exposure measures. Although some reviews are 
now reporting whether or not administrative boundaries are used (Cerin et al. 2017), 
most fail to assess the quality or type (radial, road network, administrative bound-
ary) and/or size of the buffer, nor do they consider the appropriateness of the buffer 
size for different types of destinations (e.g. public open space compared with a 
shop). This is important, because buffer size influences the variability observed in 

Fig. 18.3 A Victorian example of a local government and SA 1 (400 dwellings) boundaries in 
high-density and low-density areas

18 Built Environment and Physical Activity
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environmental exposures. Reviewers continue to combine results—irrespective of 
the quality of the environmental exposure measure—without differentiating between 
the size and types of buffers applied. With few exceptions (Ding and Gebel 2012; 
Panter et  al. 2008), systematic reviewers simply report inconsistent or non- 
significant findings without any thoughtful consideration about why this might be 
occurring.

Similarly, as with Bancroft and colleagues’ review (Bancroft et al. 2015), review-
ers continue to combine findings from studies of different population age groups 
(adults, children, older adults), rather than reporting results separately. Environmental 
factors associated with walking by each of these groups may differ. It would be 
more instructive if results were reported separately, to make these differences appar-
ent, rather than combining and reporting mixed or inconsistent findings. Journals 
could play an important role by requesting this as part of their quality assessment 
procedures.

Finally, some reviews combine studies in ways that do not make sense conceptu-
ally. For example, walkability is generally an urban concept, but some reviews 
include studies comparing urban and rural communities and small regional cities 
(Hajna et  al. 2015). Others combine results of studies measuring perceived and 
objective built-environment features, despite now well-established mismatches 
between these different types of measures (Ball et  al. 2008; Gebel et  al. 2011; 
Koohsari et al. 2015a). While both are important for different reasons, there is little 
to be gained by combining studies with measures that measure different things.

Tighter guidelines are required for journals about the reporting of studies and 
systematic reviews that include built-environment measures. For example, future 
systematic reviews should report separately on studies using road network or radial 
buffers, and administrative boundaries of different sizes, as well as studies of differ-
ent population groups. As in any research area, understanding the variables is criti-
cal, and a comprehensive review of the existing literature and its variables is required 
by those new to the area. As research advances and technology improves, journals 
should consider not publishing studies with poorly conceived exposure measures, 
unless they are part of a methodological study comparing measures of different 
types. The latter have considerable value, as they help identify and refine better 
measures (Brown et al. 2009; Christian et al. 2011b; Learnihan et al. 2011; Chin 
et al. 2008).

Some studies may continue to incorporate exposure measures known to have 
limitations (e.g. significant measurement error associated with large administrative 
boundaries or radial rather than road network buffers). This often reflects data ineq-
uities, particularly in lower-income countries where high-quality geographic infor-
mation system (GIS) data are not readily available, or there are insufficient resources 
to clean data. However, the measurement errors and inconsistencies this is likely to 
produce (and the potential to attenuate findings) need to be considered when these 
studies are incorporated into reviews. Data providers and national statistics agencies 
therefore have a critical role to play in making GIS data more accessible and in 
improving data quality. Ideally, these organisations should work together to prepare 
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and clean data to create high-value data sets that can be used for a variety of core 
purposes but which can also be incorporated into walkability studies, to help reduce 
measurement error (Chin et al. 2008). Until high-quality data are more readily avail-
able, particularly in the developing world, research funders need to fully fund the 
expensive process of cleaning GIS data (Jenks and Malecki 2004), and data provid-
ers and researchers should explore how they can overcome licencing barriers to 
enable cleaned GIS data to be shared between groups.

18.4  Where Are the Gaps?

Interventions in the built environment that are designed to reduce chronic diseases 
and health inequity complement urban planning efforts focused on creating cities 
that are more “liveable”, compact and pedestrian-friendly, less automobile- 
dependent and more socially inclusive (Major Cities Unit 2010; Department of 
Infrastructure and Transport 2011; Western Australian Planning Commission 2007). 
Despite a rapid growth of research in this field, there is still a gap between the con-
cept and actual creation of healthy, liveable communities (Hooper et  al. 2013; 
Whitzman 2007; Curtis and Punter 2004). Transport and planning professionals 
have dismissed much public health evidence as merely “accepted wisdom”, retort-
ing: “Tell us something we don’t already know” (Allender et al. 2009). While they 
acknowledge that health evidence adds credibility to their endeavours to create bet-
ter communities, it often lacks the specificity they need to change practice—a major 
challenge to public health academics. The sections that follow reflect on gaps in the 
evidence. Further research here, if policy-relevant and codesigned with policy- 
makers and practitioners, could inform policy development and practice (Giles- 
Corti et al. 2015), perhaps providing the basis for health-promoting urban design 
and the “smart cities” of the future.

18.4.1  Beyond Measuring Associations, Towards Defining 
Thresholds

Establishing the existence and magnitude of any association between the built envi-
ronment and human health has been a crucial first step in active-living research. 
Understanding this relationship is important, partly because changing the built envi-
ronment can be costly (Cao 2010; Boarnet et al. 2008).

The next important step is to provide evidence to planners, policy-makers and 
designers about how to design walkable environments that promote healthy, active 
lifestyles. Attention has turned towards setting standards for how much of a built- 
environment feature leads to healthy behaviours (the “dose”) and identifying any 
dose–response relationships. In seeking to identify thresholds for interventions, 
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researchers must study metrics of the built environment, to inform urban design 
standards that can be used to develop built-environment interventions and to design 
communities that improve people’s health.

18.4.2  Non-linear Methods

Models exploring these relationships need to consider non-linear forms that allow 
for a threshold to be established. Non-linear forms can be introduced in regression 
models via variable definitions such as polynomials, but the preferred method to 
date has relied on using smoothing or cubic splines in the Generalized Additive 
Mixed Model (GAMM) (Wood 2009). This allows for flexible, non-linear forms 
that are useful for uncovering dose–response, linear, non-linear and threshold rela-
tionships. To date, research using these methods has primarily been conducted by 
researchers in the International Physical Activity and the Environment Network 
(IPEN), combining comparable data from several countries.

IPEN’s early studies have examined non-linear relationships between perceived 
built-environment measures derived from the Neighbourhood Environment 
Walkability Scale (NEWS) and a variety of health measures (Kerr et al. 2013). For 
example, a three-country study found that minutes spent in motorised transport 
started to decline when the perceived number of destinations exceeded 10, or the 
destination was perceived to be no further than 20 mins’ walk away (Van Dyck et al. 
2012). Other IPEN papers have found that higher levels of perceived aesthetics led 
to increased leisure-time walking and that higher levels of perceived walking and 
cycling infrastructure led to increases in moderate to vigorous leisure-time activity 
(Van Dyck et al. 2013, 2014). Similarly, there were non-linear relationships between 
various neighbourhood perceptions and walking and cycling for transport (Kerr 
et al. 2016). Specifically, transport walking increased for higher perceived residen-
tial density, before plateauing, yet the results for transport cycling suggested a nega-
tive overall relationship with perceived residential density. Similarly, an IPEN paper 
found a curvilinear relationship between objectively measured accelerometer data 
of daily minutes of moderate to vigorous activity, and a measure of the perceived 
land-use mix access, whereby only higher scores perceiving greater quantities of 
places and transit stops within walking distance of home led to an increase in daily 
minutes of moderate to vigorous activity (Cerin et al. 2014).

These IPEN papers are important, because they have tested new statistical meth-
ods and found evidence of non-linear dose–response relationships with perceived 
built-environment measures. However, studies of perceptions are of limited practi-
cal use to planners, policy-makers and designers. The case for designing healthy 
cities and for developing evidence to inform standards for built-environment inter-
ventions must incorporate objective measures. For example, using a series of indica-
tor variables, Eom and Cho explored dose–response relationships between land-use 
mix, population and street densities and walking and private-vehicle trips (Eom and 
Cho 2015). They found that, in Seoul, walking increased once population densities 
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reached between 9132 and 16,101 persons per km2, but beyond this level of density 
walking decreased. Such evidence is clearly important, suggesting that once cities 
become too densely populated, they may discourage walking. Such “diminishing 
returns” also have implications for planning and investment: they suggest an opti-
mal point for certain built-environment features for supporting healthy and active 
behaviours, beyond which there is limited benefit.

To this end, potentially important IPEN data from 14 cities around the world was 
recently published in The Lancet. Using GAMMs, Sallis and colleagues explored 
non-linear relationships between accelerometry physical-activity data and objective 
measures of the built environment (Sallis et al. 2016b). No dose–response or thresh-
old relationships were found between objectively measured accelerometry data and 
residential, street, park or public transport density. However, another IPEN study—
using similar built-environment measures and studying self-reported transport 
walking—found curvilinear relationships with objectively measured residential 
density, street connectivity and park density exposures: the residential density 
threshold for any transport walking was 12,000 dwellings per km2, for street con-
nectivity 200–250 intersections per km2, and participants with up to 10 parks within 
1 km of their home were between 2.5 and 3.5 times more likely to do any self- 
reported walking. In this study, only linear relationships were observed for residen-
tial density, street connectivity and land-use mix exposures for self-reported 
transport cycling suggesting that there are no specific threshold quantities for these 
exposures (Christiansen et al. 2016).

18.4.3  Lack of Specificity

One reason why the IPEN paper could not identify thresholds using objective mea-
sures of total physical activity and transport cycling is the lack of specificity between 
environmental exposures and behaviour. For example, total physical activity 
includes many types of activity, but the objective measures of the built environment 
studied are relevant only to transport walking. As discussed above, behaviour-spe-
cific and environment-specific models are needed (Giles-Corti et al. 2005b). Such 
approaches should also be applied to threshold analyses, with exposure type chosen 
according to the outcome variable being investigated. By way of example, Kerr 
et al. (2016) found that “walkable environments” did not appear to be associated 
with cycling. However, a person can cycle further than they can walk in a given 
time, so different thresholds may exist for cycling compared with walking. For 
instance, while many transport walking studies use buffer sizes of up to 1.6 km, a 
much larger buffer (such as 3.2 km) may be more relevant for cycling. Also, cycling 
is generally under-studied and requires further investigation.

As research in active living evolves, it remains to be seen what advice research-
ers will offer to policy-makers, should several different or conflicting thresholds be 
found for different health behaviours or health benefits, or indeed what should be 
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done if none are found at all. For example, what will our advice be if linear relation-
ships suggest increasing improvements in physical activity for any improvement in 
the built environment (Sallis et al. 2016b). We would argue that urban design should 
aim to maximise the number of residents able to achieve (at the very least) the rec-
ommended levels of physical activity in their local communities.

18.4.4  Comprehensive Ecological Models Incorporating 
Individual, Social and Environmental Factors

Examining multiple levels of influence reflects an ecological approach to research 
and interventions (McLeroy et al. 1988), yet the adoption of ecological models is 
relatively new in active-living research. Despite these models’ potential usefulness 
in conceptualising research, Ball et al. (2006) have argued that many studies lack 
strong and well-conceptualised theoretical models for testing the interactions and 
pathways among personal, social and environmental factors.

Hence, in the last two decades, social-ecological frameworks (Barton and 
Tsouros 2000; Sallis et al. 2006a) have been proposed, developed and used to exam-
ine the effects of the built environment on physical activity (Giles-Corti and 
Donovan 2002). These models have mapped the interrelationships between indi-
vidual, social, physical and policy determinants and have identified a range of urban 
design attributes related to physical activity—primarily for recreation and transpor-
tation purposes (Sallis et al. 2012).

Nevertheless, a major gap in the literature is studies that simultaneously incorpo-
rate multiple levels of influence: individual, social environment and built environ-
ment (Brownson et  al. 2009; Lee and Moudon 2004; Panter and Jones 2010; 
McCormack and Shiell 2011; Mokhtarian and Cao 2008). This is becoming a par-
ticular challenge for secondary analyses of existing studies, as few studies have 
sought to simultaneously examine the relative influence on behaviour of these three 
factors (Giles-Corti and Donovan 2002, 2003). This is a prime opportunity for 
future research to inform comprehensive interventions.

18.4.5  Natural Experiments and Longitudinal Studies

A major criticism of built-environment research is its reliance on cross-sectional 
studies, which limit our ability to determine cause and effect. The main question is 
self-selection: does neighbourhood design change residents’ behaviour, or do resi-
dents who prefer more active lifestyles simply choose to live in neighbourhoods 
where it is easier or more pleasant to walk? In other words, the relationship between 
the built environment and walking behaviour is confounded by walking preference 
(Cao 2010).
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Nevertheless, from a public health perspective, self-selection may be a moot 
point. In most cities, most people—irrespective of their preferences—do not live in 
walkable neighbourhoods. Indeed, at least in Australia, there is evidence that more 
than 60% of residents of low-walkable neighbourhoods (Bull et al. 2015) or non- 
transit- oriented developments (Kamruzzaman et al. 2016) would prefer to live in a 
more walkable neighbourhood or in a transit-oriented development, while fewer 
residents (just over 30%) of walkable neighbourhoods or transit-oriented develop-
ments would prefer to live elsewhere.

Cao’s hypothesis on the effects of self-selection and misestimating the effects of 
neighbourhoods on walking illustrates this point (Cao 2010). Figure 18.4 shows the 
hypothesised mean walking levels of people based on their preference to live in non- 
walkable or walkable neighbourhoods: if people could be randomised to live in 
varying types of neighbourhoods, those who prefer non-walkable neighbourhoods 
are hypothesised to walk less than those who prefer walkable neighbourhoods. If, 
on the other hand, people could live in their preferred type of neighbourhood, then 
those preferring a non-walkable neighbourhood would walk less, and those prefer-
ring a walkable neighbourhood would walk more. Conversely, if people were mis-
matched (those who preferred a non-walkable neighbourhood were allocated to live 
in a walkable neighbourhood, and vice versa), Cao hypothesises that those who 
prefer a non-walkable neighbourhood but who live in a walkable area would walk 
more than they would have done if left to their own preference, and those who prefer 
a walkable one would walk less than they would otherwise. This is important from 
a public health perspective. It suggests that if more walkable communities became 
the norm, rather than the exception—as is currently the case in most cities—then 
everyone would walk more: those who prefer to walk and even those who don’t, 
particularly if walkable communities implemented strategies to discourage driving. 
Given the current lack of physical activity among a large proportion of the popula-
tion, the health benefits of even a modest increase in the numbers of people who are 
moderately physically active could be large, producing significant annual cost sav-
ings to health systems (Stephenson and Bauman 2000).

Random

All matched to preference

All mismatched to preference

Non-walkable Walkable

µ1 are observed mean walking behaviours of people who prefer living in a non-walkable neighbourhood
µ2 are observed mean walking behaviours of people who prefer living in a walkable neighbourhood

Type of neighbourhood preferred

µ1

µ1 µ2

µ2

µ2µ1

Fig. 18.4 The relationship between self-selection and misestimation (Modified from: Cao 2010)
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Nevertheless, systematic reviewers repeatedly call for more natural experiments 
and longitudinal studies as an alternative to randomised controlled trials (Merom 
et al. 2003; Ogilvie et al. 2007; Petticrew et al. 2005; Kaczynski and Henderson 
2007; Kerr et al. 2012; McCormack and Shiell 2011; Sugiyama et al. 2012; Pearce 
and Maddison 2011; Lee and Moudon 2004; Panter and Jones 2010; Mokhtarian 
and Cao 2008; Van Cauwenberg et al. 2011; Ding and Gebel 2012; Durand et al. 
2011; Saelens and Handy 2008; Cao et al. 2009; Renalds et al. 2010; Ewing et al. 
2003), since—with limited exceptions (Wells and Yang 2008)—it is not feasible to 
randomise study participants to live in certain homes or environments. The aim of 
these studies is to satisfy causal inference concerns (Mokhtarian and Cao 2008), and 
they include panel studies that comprise participants who relocate (“movers”).

Other longitudinal studies have monitored health changes over time in partici-
pants living in high- or low-walkable neighbourhoods. For example, based on eco-
logical data, living in higher-walkable neighbourhoods appeared to protect people’s 
health and was associated with decreased prevalence of overweight, obesity and 
diabetes between 2001 and 2012 (Creatore et al. 2016). At each time point, living in 
highly walkable areas was associated with significantly higher walking, cycling and 
public transit use, and lower car use, than living in the least-walkable areas. 
However, there was little change in daily walking and cycling frequencies; these 
“increased only modestly” over time in highly walkable areas. But perhaps more 
importantly (although not considered by the authors), as participants aged, active 
behaviours did not decline in those living in higher-walkable areas.

“Movers” studies include those that follow participants in longitudinal or panel 
studies who relocate to new neighbourhoods (Krizek 2003; Hirsch et al. 2014a, b, 
c). These have shown varying results, mainly because people who relocate often 
move to neighbourhoods with similar characteristics (Krizek 2003). Hence, although 
people relocate, environmental exposures that encourage more walking may not 
have changed. To overcome this problem, Hirsch and colleagues studied movers 
who relocated to neighbourhoods with a 10-point higher “walk score”. This was 
associated with 16 min more weekly walking, an 11% higher chance of meeting 
goals for transport walking and a modest reduction in body mass index. However—
not surprisingly given the study’s exposure measure—there was no association with 
recreational walking (Hirsch et al. 2014a).

Other types of studies that are informative for built-environment and health 
research are natural experiment studies of the effects of policy changes on physical 
activity. These might involve significant changes to the built environment following 
transport interventions, such as congestion charging or new infrastructure for public 
transport or cycling (Goodman et al. 2013, 2014; Sahlqvist et al. 2013; Ogilvie et al. 
2011, 2012; Panter et al. 2016, b; Heinen et al. 2015a; Martin et al. 2015; Sahlqvist 
et al. 2015; Merom et al. 2003 #921; Cohen et al. 2008), implementation of new 
urban design policies (Egan et al. 2003, 2007; Sallis 2009; Story et al. 2009) or 
upgrades to public open space (Veitch et al. 2014, 2017; Cohen et al. 2009a, b). In 
many cases, the built environment is changed around study participants; the question 
is whether the “dose” of the intervention is sufficient to change behaviour or whether 
people substitute one behaviour for another. In other cases, natural experiments 
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involve monitoring people who relocate to new types of housing (Wells and Yang 
2008) or to new suburbs designed according to new subdivision design codes (Giles-
Corti et al. 2008). In the latter case, a unique, large-scale study conducted by our 
team in Perth, Western Australia, is described in Sect. 18.5.

18.4.6  Policy-Relevant and Practice-Relevant Natural 
Experiments

Academic research—including active-living research—is often criticised for being 
irrelevant or poorly linked to policy and practice (Oliver et al. 2014), even though 
influencing urban planning policy and practice is often a stated goal of built- 
environment and active-living research (Goldstein 2009). This shortcoming has led 
to calls for research to be better aligned with current and future policy environments 
and planning practices (Orton et al. 2011).

Notably, Allender and colleagues found that much of the built-environment and 
health evidence lacks the specificity needed by government planners to inform plan-
ning policy (Allender et  al. 2009). Evidence-based active-living or public health 
recommendations are often provided to planners and policy-makers without any 
obvious links to existing policies or legislation or guidance on how to achieve 
change.

Planning professionals and policy-makers have said that to help translate health 
research into planning policy and practice, more research is required that assesses 
the effectiveness of planning regulations and policies in changing public health 
behaviours, through the evaluation and documentation of innovative communities 
and environmental or planning policies, programmes or codes that promote active 
living (Allender et al. 2009; Koohsari et al. 2013a; Durand et al. 2011; Talen 1996). 
Planning academics have even criticised their own field for neglecting to determine 
the degree to which plans (e.g. planning policies or guides for future urban develop-
ment) have been implemented and adhered to, with few studies quantitatively 
assessing the implementation processes and success (Talen 1996).

While few studies have rigorously examined the role of specific urban planning 
policies in producing built environments that contribute to healthy and liveable 
neighbourhoods, cities are increasingly being viewed as “urban laboratories”. This 
reflects growing recognition of the valuable knowledge that can be created concur-
rently with urban development, when new ideas are implemented and their effects 
measured (Karvonen and Van Heur 2014).

This is also important given the rise in popularity of planning movements, such 
as New Urbanism and Smart Growth, that have emerged in an attempt to counter 
planning codes thought to be responsible for suburban sprawl. Proponents of these 
codes focus on recalibrating and reconfiguring the design of suburbs, based on tra-
ditional neighbourhood designs that create places for living, working and recreation 
(Audirac 1999) and incorporating higher-density, mixed-use, pedestrian-oriented, 
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walkable communities (CNU 1997; Duany et al. 2000; Calthorpe 1993; Kim 2000). 
As more cities adopt the rhetoric of (and often explicitly refer to) these codes in 
their planning work, there has been interest in assessing their claims and how well 
they improve health and wellbeing. While a growing number of case studies and 
research papers measure built-environment concepts that can be linked to New 
Urbanism or Smart Growth principles (such as walkability and land-use mix), an 
explicit connection between these principles and better health has not yet been dem-
onstrated (Durand et al. 2011). Although the principles of New Urbanism or Smart 
Growth make theoretical sense for creating healthier communities, there is virtually 
no empirical work directly assessing and linking the implementation of specific 
planning policies based on these principles to actual health (Talen 1996). This is a 
serious gap in the literature: as more communities implement planning policies 
based on these principles, there is a need for greater certainty about whether, and 
under what conditions, policy change might improve overall community health and 
wellbeing (Durand et al. 2011).

As new or modified planning policies, codes and movements are adopted, tested 
or implemented, opportunities emerge for natural experiments to monitor the effects 
of these interventions on active-living and health behaviours and to provide more 
rigorous evidence than is contained in the cross-sectional studies that dominate the 
literature. Evaluations of urban planning policies and codes that promote active liv-
ing are important, both for providing prescriptive and policy-specific evidence to 
inform urban policy and practice and for strengthening academic evidence (Allender 
et al. 2009; Durand et al. 2011; Koohsari et al. 2013a; Taylor et al. 2011; Brownson 
et al. 2009). In case studies or natural experiment evaluations of planning policies 
and practices, results that are directly relatable to the policy and its implementation 
are essential. We need this type of evidence in order to know which aspects of the 
policy are (or are not) being implemented and to identify those that may (or may 
not) improve people’s health (Hooper et al. n.d.; Brownson et al. 2009).

18.5  A Western Australian Example

A unique opportunity to evaluate the health benefits of urban policy in situ arose in 
1998, when the Western Australian government tested its “Liveable Neighbourhoods 
Community Design Guidelines” (LN): a new planning policy aiming to create more 
sustainable, liveable and healthy communities (Western Australian Planning 
Commission 1997). Based on a local interpretation of New Urbanism (CNU 1997), 
the trial of LN, which commenced in 1997, was designed to eventually replace con-
ventional development controls and design codes that had led to car dependence and 
suburban sprawl with an alternative approach to suburban neighbourhood design. 
LN aimed to create “more compact, pedestrian-friendly neighbourhoods, with good 
links to public transport services” (Western Australian Planning Commission 2000). 
Important aims were to reduce dependence on private motor vehicles, encourage 
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more active forms of transport (walking, cycling and public transport) and foster a 
sense of community.

The RESIDE study was designed as a natural experiment in 74 new greenfield 
developments (19 liveable, 11 hybrid and 44 conventional) under construction 
across the Perth metropolitan region in 2003 (Giles-Corti et al. 2008). All people 
who purchased house-and-land packages in these developments (n = 10,193) were 
invited to participate in the study by the state water authority, which is notified of 
new owners after land title is transferred. Eligible participants were those currently 
building a home in the selected development, who intended to relocate to that home, 
and who were willing to complete three surveys and wear a pedometer for 1 week 
(on three occasions) over a 5-year period. (In 2010, additional funding was secured 
to conduct a fourth follow-up.) Participants completed questionnaires on four occa-
sions: Time 1, baseline, 2003–2005, during construction of their new home and 
before relocation (n = 1813; 33.4% response rate); Time 2, 2004–2006, ≈1 year 
after relocation to their new home (n = 1465); Time 3, 2006–2008, ≈3 years after 
relocating (n = 1229); and Time 4, 2011–2012, ≈6–9 years after relocating (n = 565). 
Using a GIS, objective built-environment measures were generated for all partici-
pants at each time point, to provide a set of consistent and comparable (i.e., longitu-
dinal) measures across the study period. These measures quantified the 
built-environment characteristics of participants’ neighbourhoods (defined as the 
area accessible along the street network within 1600  m of participants’ homes), 
including access to different types of public open space, shops and public transport; 
provision of footpaths, street connectivity, land-use mix, residential density and 
(standardised) neighbourhood walkability measures.

The intention of RESIDE was to undertake policy-relevant research and, in par-
ticular, to evaluate current state government urban design policy. Hence, findings 
were published not only in the academic literature (Hooper et al. n.d.) but also in a 
user-friendly summary for policy-makers (Bull et al. 2015). Briefly, RESIDE’s lon-
gitudinal findings supported cross-sectional evidence that neighbourhood walkabil-
ity (especially land-use mix and street connectivity), local access to public transport 
and access to a mix of different types of local destinations are important  determinants 
of transport walking (Knuiman et al. 2014), but not of body mass index (Christian 
et al. 2011a). Moreover (after full adjustment for individual, social- environment and 
built environment factors and neighbourhood preference), RESIDE found that, fol-
lowing relocation, among those people who now had greater access to transport-
related destinations, transport walking increased by 5.8 min per week for each type 
of destination gained and recreational walking by 17.6 min per week for each type 
of recreational destination gained (Giles-Corti et al. 2013).

However, the LN policy itself did not appear to be effective. We found no signifi-
cant differences in the transport or recreational behaviours of those who relocated 
to neighbourhoods designed according to the LN policy, compared with others. 
While the policy helped to create more supportive environments, the dose of these 
interventions was insufficient to encourage more walking (Christian et al. 2013). 
We proposed a longer-term follow-up, but our findings also raised the question of 
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whether there had been a policy failure or a failure to implement the policy as 
intended (Hooper et al. 2014).

Hence, a unique aspect of RESIDE was the quantification of the actual imple-
mentation of the policy on the ground, to better understand whether the observed 
behaviours were products of under-delivery of the policy or of fundamental short-
comings in the policy itself (Hooper et al. 2014). Using spatial measures tailored to 
the urban design features required by the policy, the evaluation identified which, and 
how much, of the design features had been implemented. None of the developments 
(including those classified as LN developments by the Department of Planning) had 
implemented the full suite of requirements as intended by the policy. Indeed, overall 
across all new developments, the LN policy was only around 50% implemented. 
Nevertheless, for every 10% increase in levels of overall policy compliance, the 
odds of participants walking for transport in the neighbourhood increased by 53% 
(Hooper et al. 2014), the odds of sense of community increased by 22%, the odds of 
good mental health increased by 8% (Hooper et al. 2014) and the odds of being a 
victim of crime decreased by 40% (Foster et al. 2015). These process evaluation 
findings were of considerable interest to the Department of Planning and led to the 
RESIDE findings being translated into a recent policy review. The process evalua-
tion was also able to show which, if any, aspects of the policy were producing the 
desired physical-activity increases and health benefits. Moreover, it allowed the 
study team to communicate to the Department of Planning that the policy levers 
were effective but that there needed to be greater focus on achieving higher levels  
of implementation. RESIDE revealed the need to measure and assess actual imple-
mentation of planning policies. Without such evidence, natural experiments are sim-
ply academic, offering policy-makers no new information that they “don’t already 
know” (Allender et al. 2009).

18.6  Where to Next?

Despite the wealth of knowledge garnered in the last two decades about the influ-
ence of the built environment on physical activity, there is still much to be done. 
First, most of the evidence to date is from developed countries, with research in 
developing countries only beginning to emerge very recently (Giles-Corti et  al. 
2016). While some correlates appear to be universal (Sallis et al. 2016b), there is 
still much to learn about the extent, type and quantity of interventions needed in 
different countries, and the conditions under which supportive built environments 
will be effective (Giles-Corti et al. 2016). For example, do the same interventions 
work (and for whom) in very hot climates or in cities that are actually, or are per-
ceived to be, unsafe?

But even in developed countries, important questions remain about the interplay 
between urban design attributes at the local level and the contribution of regional 
planning to the overall system and whether there is an economic argument for  
building walkable neighbourhoods that produce co-benefits across multiple 
sectors.
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18.6.1  Complex Systems Modelling

As discussed earlier, social-ecological models (Barton and Tsouros 2000; Sallis 
et al. 2006b) consider multiple levels of influence on behaviour and have been used 
to map the interrelationships between individuals and social, physical and policy 
determinants, enabling the identification of a range of local urban design attributes 
related to physical activity, primarily for recreation and transportation purposes 
(Sallis et al. 2012).

However, in the recent Urban Design, Transport, and Health series published in 
The Lancet (Giles-Corti et al. 2016), we argued that opportunities for active living 
arise out of synergies between the “Eight Ds”: five local urban design and transport 
factors (density, design, distance to transit, destinations and desirability) and three 
regional factors (destination accessibility, distribution of employment and demand 
management). It is now clear that simply designing local neighbourhoods that 
encourage walking and cycling is not enough; communities need metropolitan 
regional planning interventions that ensure public transport access to jobs that are 
(typically) inequitably distributed across metropolitan regions. Furthermore, with-
out demand management strategies to reduce the attractiveness of driving (e.g.  
congestion charging, manipulating the amount and cost of parking), it is unlikely 
that higher use of active transport will ever be achieved.

The question of how to plan and design cities that encourage active living and 
physical activity is multifaceted and complex. In established areas, the general con-
ditions that support active living evolve and transform over time as the local urban 
fabric changes (e.g. when land undergoes zoning changes or local destinations are 
replaced with other types). At the same time, broader metropolitan infrastructure 
projects (new suburbs, road expansions, public transport upgrades, relocation of 
government agencies) affect established areas also. Assessing the effects of all these 
changes requires a complex systems approach.

In complex systems, analysis focuses on the behaviour of the system, which 
emerges from the interactions between the components (Von Bertalanffy 1969). 
This mode of thinking involves the use of either analytical deterministic models, 
where the model output is dependent on the parameter values and the initial condi-
tions, or stochastic probabilistic models, where the model allows for random varia-
tion in one or more inputs over time (Ross 2014). Complex systems can be analysed 
using causal loop diagrams and can be operationalised using digital planning tools 
that support urban planning and policy-making (Boulange et al. 2017). Digital tools 
and planning support systems also enable end users to understand, explore and 
interact with these models via easy-to-use visual interfaces. Digital planning tools 
enable planners to simulate possible interventions before they finalise their plans 
and to explore myriad connected factors via an interactive mapping interface made 
available through a desktop GIS (Pelzer et al. 2013; Arciniegas and Janssen 2012; 
Boulange et al. 2017).

Research into the relationship between the built environment and physical activ-
ity could benefit in several ways from complex system modelling:
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18.6.1.1  Bringing Together Researchers, Planners, Policy-Makers 
and Practitioners

Planning support systems based on complex systems help planners and decision- 
makers understand—from a variety of perspectives—how planning will affect the 
design and functioning of the city, depending on the outcomes of interest (e.g.  
health or transport). One example is the Walkability Planning Support System 
(Boulange et  al. 2015, 2017), built in Community Viz, a now well-established 
ArcGIS extension (Walker and Daniels 2011). Ideally, planning support system 
models are designed collaboratively with a range of participants (including planners 
and policy-makers), to stimulate communication about how a complex system 
works. By participating in the design, all parties can develop a shared understanding 
of the main relationships and dynamics of the system and identify vulnerabilities 
and leverage points for changing the system structure. They can also provide valu-
able feedback on the outputs of the model as it is being built and refined (Newell and 
Proust 2009; Newell et al. 2008). Techniques such as face validity and collaborative 
modelling are important to build into the complex model workflow, to ensure that 
the end users trust the structure and behaviour of the model.

Planning support systems and interactive mapping tools such as the Australian 
Urban Research Infrastructure Network portal (AURIN) offer datasets from custo-
dians such as health, housing and transport departments, to model the city as a 
complex system revealing previously unexplored spatio-temporal relationships 
(Delaney and Pettit 2014; Pettit et al. 2015). Such analysis helps us understand the 
various dimensions of a city, further supported by urban “big data” such as spatio- 
temporal housing data at the property level (Pettit et al. 2017), or effects on physical 
activity measured using smartphones with built-in accelerometry (Althoff et  al. 
2017).

Collaborative processes aimed at mapping the complex relationship between the 
built environment and physical activity are a novel way to communicate built 
 environment research and increase awareness among policy-makers of the interdis-
ciplinary nature of urban planning and research. Furthermore, the potential of urban 
big data becomes evident when using new, interactive mapping environments such 
as CityViz, which allows bicycle and other data to be used in city planning and 
decision-making (Goodspeed et al. in press).

For example, Fig. 18.5 shows rider travel movements in Melbourne derived from 
the Bicycle Network’s Riderlog smartphone application. These data can be used by 
city planners to understand cycling patterns and behaviour across the city, such as 
the proportion of female versus male cyclists and their different cycling patterns. 
They can also be mapped and analysed to determine hot spots of increased infra-
structure demand or danger for cyclists (and therefore where to invest in upgrades). 
Understanding patterns and demographics in cycling behaviour is important in rap-
idly urbanising cities (like Melbourne), particularly cities promoting more sustain-
able, healthy and safe transport modes.
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18.6.1.2  Validating Urban Health Indicators

CityViz and Community Viz (the Walkability Planning Support System) demon-
strate that, with appropriate data, complex systems models can be built to explore 
how multifaceted associations between urban design features and transport systems 
result in health risks among population groups (Badham 2010). However, some 
complex systems allow for dynamic modelling; this in turn allows researchers to 
explore causal relationships that help us understand how cities affect people’s phys-
ical and mental health (Gatzweiler et al. 2017).

These types of analyses are also useful when developing and validating indica-
tors of the condition of the urban health system and of the built environment itself, 
offering a convenient way to store information from scenarios tested in the complex 
system model (Badland et al. 2017a; Murphy et al. 2017). Indicators can support 
good urban management and urban policy (Badland et al. 2014b; Lowe et al. 2015). 
In particular, they can help decision-makers measure and monitor cities’ perfor-
mance against population health or environmental protection standards and trigger 
alerts when unwanted results occur.

18.6.1.3  Simulating Urban Future Scenarios

Complex models could be built to examine the interplay of urban design attributes 
at the local level while accounting for the effect of regional planning on people’s 
physical activity. This would allow researchers to work with policy-makers and 
practitioners to determine optimum levels of density, street connectivity and 

Fig. 18.5 Urban big data: rider travel movements in Melbourne, from the Bicycle Network’s 
Riderlog smartphone application
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destination access to increase physical activity. At the same time, one could model 
commuting patterns that are active transport-friendly, for example; after a model 
has been validated, projection and “what if?” analyses can be undertaken. By vary-
ing input parameters, analysts can simulate interventions and estimate the reper-
cussions of changing one or more areas of the system. Although model simulations 
cannot be relied upon to give accurate predictions of what will happen following 
interventions, they are a useful tool to describe the likely results and identify poten-
tial unintended consequences (such as harm to health) (Urban et  al. 2011; Lich 
et al. 2013).

Simulation may be particularly useful when estimating the likely effect of urban 
planning policies or urban design requirements on levels of physical activity over 
time. Simulations could be run using agent-based modelling (ABMs), which model 
synthetic populations and the ways in which agents (e.g. residents in a local 
 neighbourhood) might respond to changes in the built environment under various 
hypothetical changes to the transport network (Badland et al. 2017b).

In modelling urban futures and health, we need to understand the likely effects 
on our cities of disruptive technologies. Uber and Airbnb are two notable examples 
that are already challenging planners and policy-makers, and they have the potential 
to fundamentally change the way our cities function. Dockless bike-sharing schemes 
are also being implemented in many cities; these, along with other disruptive tech-
nologies and the data they can provide, need to be considered when understanding 
and modelling the ever-evolving complexity of the city. Finally, autonomous vehi-
cles are being trialled in some cities, with dissemination on the horizon: what 
changes will they bring, especially to the physical-activity patterns of urban dwell-
ers? Measuring and monitoring to create early warning systems of the effects of 
these major changes on cities and on the health and wellbeing of residents is a prior-
ity for future research.

18.6.2  Economic Evaluations

Low levels of physical activity worldwide represent a health and economic burden 
for individuals and societies (Ding et al. 2016; Kyu et al. 2016). But the health ben-
efits of physical activity are rarely considered in economic evaluations of environ-
mental interventions and policies (Mulley et  al. 2013). One reason may be that 
studies examining the economic merit of environmental initiatives are in their 
infancy, with no agreement on appropriate methods (Brown et al. 2016). Lack of 
full consideration of the health benefits of environmental initiatives that foster phys-
ical activity may underestimate their value to society. This might lead to the mis- 
allocation of resources towards car-oriented infrastructure.

Three recent systematic reviews that include economic evaluations of active- 
transport initiatives (walking and cycling) indicate significant heterogeneity in 
approaches for the inclusion of physical-activity-related health benefits (Brown 
et al. 2016; Doorley et al. 2015; Mueller et al. 2015). Methods to estimate demands 
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on infrastructure or the effectiveness of interventions are diverse and focused on 
transport walking and cycling, without offsetting the substitution effect from other 
forms of physical activity such as recreational walking and cycling (Brown et al. 
2016). Likewise, quasi-experiments suggest that new transport infrastructure may 
not influence total physical activity (Panter et al. 2016), due to a substitution effect: 
people who use this infrastructure may substitute this activity for participation in 
other forms of physical activity, with no overall gain. This may lead economic eval-
uations to overestimate the health benefits.

Most evaluations to date have used a cost–benefit analysis (CBA) framework 
(Brown et al. 2016; Doorley et al. 2015; Mueller et al. 2015), which is consistent 
with methods used when appraising government initiatives (Mulley et al. 2013). But 
CBAs present a problem, as a monetary value needs to be placed on goods without 
a market value, such as health (Drummond et al. 2005). Nevertheless, in the trans-
port field, agreed methods have been developed to evaluate non-market goods: for 
example, travel-time savings are now included in routine evaluations of transport 
projects, despite initial controversy (Mulley et al. 2013).

The World Health Organization has developed the Health Economic Assessment 
Tool (HEAT) as a homogeneous framework to evaluate the health benefits of inter-
ventions that promote walking and cycling (Kahlmeier et  al. 2014). Although a 
promising effort, it quantifies the effect of walking and cycling on premature mor-
tality only, ignoring any improvement to quality of life. Users of the tool still need 
to produce demand estimates from the proposed initiative, which, as highlighted, 
has been generally weak. In addition, HEAT (like most of the literature to date) has 
focused on the transport sector. The built environment is broader than this and 
includes the planning of cities (for instance, based on the Eight Ds). We need stan-
dardised, transparent methods for quantifying the health benefits of physical activ-
ity. This could be achieved through collaborative research between urban and 
transport planners and health economists. Tools such as the Walking Planning 
Support System model, in combination with established methods used in health 
economics that incorporate mortality and quality-of-life measures (Vos et al. 2010), 
may help us evaluate the economic merit of building neighbourhoods that promote 
active living. However, public health researchers also need to improve their under-
standing of the policy-making process, if they hope to generate health-improving 
change in non-health sectors such as transport and planning (Carey and Crammond 
2015).

18.7  Conclusion

Research on the built environment and physical activity is maturing, and it is impor-
tant that we learn from past lessons. While many built-environment features appear 
to influence walking for transport or recreation, there are many inconsistencies in 
the literature, which could in part be due to the way exposure measures are concep-
tualised and measured. Assumptions that researchers have access to high-quality 
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data across cities are unfounded, particularly in many developing countries. There 
is a critical need to create and provide access to clean, reliable and rich data for 
statistical analysis and data modelling. In developed countries, researchers have 
access to many good urban datasets, but there are significant gaps (e.g. footpath 
data), and quality and availability vary between cities. Higher-quality, more acces-
sible data will strengthen our understanding of the built environment and physical 
activity.

A number of promising areas of research might also support the translation of 
findings into policy and practice: identifying thresholds for built-environment inter-
ventions; assessing the relative influence of individual, social and built-environment 
features; using complex system modelling to simulate interventions; and evaluating 
the economics of built-environment interventions. To avoid simply confirming con-
ventional wisdom in the planning and transport professions, researchers are encour-
aged to codesign research with policy-makers, practitioners and disciplines outside 
health. Through interdisciplinary multi-sector research, there is potential to help 
shape the cities in which future generations will live, work and play.
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