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Introduction: Urban and transport planning have large impacts on public health, but these are generally not ex-
plicitly considered and/or quantified, partly because there are no comprehensive models, methods and tools
readily available. Air pollution, noise, temperature, green space, motor vehicle crashes and physical activity are
important pathways linking urban and transport planning and public health. For policy decision-making, it is im-
portant to understand and be able to quantify the full-chain from source through pathways to health effects and
impacts to substantiate and effectively target actions. In this paper, we aim to provide an overviewof recent stud-
ies on the health impacts related to urban and transport planning in cities, describe the need for novel participa-
tory quantitative health impact assessments (HIA) and provide recommendations.
Method: To devise our searches and narrative, we were guided by a recent conceptual framework linking urban
and transport planning, environmental exposures, behaviour and health. We searched PubMed, Web of Science,
Science Direct, and references from relevant articles in English language from January 1, 1980, to November 1,
2016, using pre-defined search terms.
Results: The number of HIA studies is increasing rapidly, but there is lack of participatory integrated and full-chain
HIA models, methods and tools. These should be based on the use of a systemic multidisciplinary/multisectorial
approach and state-of-the-art methods to address questions such aswhat are the best, most feasible and needed
urban and transport planning policy measures to improve public health in cities? Active citizen support and new
forms of communication between experts and citizens and the involvement of all major stakeholders are crucial
to find and successfully implement health promoting policy measures.
Conclusion:We provided an overview of the current state-of-the art of HIA in cities andmade recommendations
for further work. The process on how to get there is as important andwill provide answers tomany crucial ques-
tions on e.g. how different disciplines can effectively work together, how to incorporate citizen and stakeholder
opinion into quantitativeHIAmodelling for urban and transport planning, howdifferentmodelling andmeasure-
ment methods can be effectively integrated, and whether a public health approach can bring about positive
changes in urban and transport planning.

© 2017 Published by Elsevier Ltd.
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1. Introduction

Over 50% of people worldwide live in cities and this is to increase up
to 70–80% over the next 20 years (United Nations, 2014). The United
Nations projected that nearly all global population growth from 2016
to 2030 will be absorbed by cities, about 1.1 billion new urbanites
over the next 14 years. The UN Habitat New Urban Agenda (UN
Habitat, 2016) and the Sustainable Development Goals (SDG, 2015)
have provided new impetus into the urban development agenda. Cities
have long been known to be society's predominant engine of innovation
andwealth creation, yet they are also amain source of pollution, disease
and crime (Bettencourt et al., 2007). Cities provide good opportunities
for policy change as cities have direct local accountability and are
more agile to act than national governments, in terms of governance
structures. Well-designed and efficient urban planning and transport
systems are essential for cities to thrive. Cities are complex and vary
greatly in terms of design, density, diversity and distance to people's des-
tinations. Current urban and transport processes have been less than op-
timal, creating air pollution, noise exposures, heat islands, lack of green
space and sedentary behaviour, to name a few (Nieuwenhuijsen, 2016).

Within and between cities, there is considerable variation in the
levels of important environmental exposures such as air pollution,
noise, temperature and green space, and in physical activity and
motor vehicle crashes, partly due to urban and transport planning prac-
tices (Nieuwenhuijsen, 2016). Air pollution (Beelen et al., 2014; Héroux
et al., 2015), noise (Basner et al., 2014; Halonen et al., 2015) and tem-
perature (Gasparrini et al., 2015) cause adverse health effects including
increasedmorbidity and prematuremortality. Green space has predom-
inantly been associated with positive health outcomes (Hartig et al.,
2014, Gascon et al., 2016a, 2016b), but, also some negative impacts
such as urban sprawl, gentrification and spread of infectious diseases
(Cucca, 2012;Hartig et al., 2014; Lõhmus and Balbus, 2015). Physical ac-
tivity has many health benefits (Woodcock et al., 2011), Approximately
3–4 million deaths each year are attributable to ambient air pollution
and 2.1 million deaths to insufficient physical activity (Forouzanfar et
al., 2015). Motor vehicles crashes cause around 1.24 million global
deaths annually (WHO, 2015), and some 78 million injuries (Bhalla et
al., 2014). We recently showed that 20% of premature mortality in a
city like Barcelona is related to urban and transport planning related ex-
posures, including air pollution, noise, temperature, green space, and
physical activity, not meeting international exposure level guidelines
(Mueller et al., 2016).

Environmental factors are highly modifiable, and environmental
interventions at the community level, such as urban and transport
planning, have been shown to be promising andmore effective than in-
terventions at the individual level (Chokshi and Farley, 2012). Further,
changes in the urban environment are long lasting and are arguably per-
manent while behavioural change campaigns and programs are rarely
maintained (Saelens et al., 2003). In order to implement interventions
for the urban environments, however, decision-makers need to have a
good understanding of the linkages between urban and transport plan-
ning, environmental exposures, behaviour and human health and their
magnitude to be able to know at which level and to what extent their
actions can be targeted effectively. Furthermore, they also need to
build an effective dialogue with the population that produces environ-
mental stressors and is impacted at the same time, ensuring in this
way public awareness and acceptance, as somemeasures can be restric-
tive in nature and therefore be politically unpopular (e.g. vehicle re-
stricted areas and congestion charging zones). Participation should
also include a variety of professionals and stakeholders that are already
acting towards improving health in cities. At the moment, in cities and
related research communities there are often silos of urban planning
and development, mobility and transport, parks and green space, envi-
ronmental departments, and (public) health departments that do not
work together well enough, while multi-sectorial and systemic ap-
proaches are needed to tackle the multi-faceted environmental and
health problems (Nieuwenhuijsen, 2016).

Various ideas andmeasures have been proposed to promote healthy
urban living including the greening of cities (Nieuwenhuijsen et al.,
2017, Khreis et al., 2016a) and moving away from car dominated cities
towards car free cities (Nieuwenhuijsen and Khreis, 2016; Khreis et
al., 2016a). However, these have been only described in qualitative
ways and no quantification has been accepted of the actual potential
health impacts.

Health Impact Assessment (HIA) has been proposed as one of themain
tools to integrate evidence in the decision-making process, and introduce
health in all policies (WHO, 1999; Ståhl et al., 2006; NAS, 2011). Multiple
international andnational organizationsproposedHIA as a tool to promote
and protect public health in multiple sectors (WHO, 1999; Ståhl et al.,
2006; NHS, 2002; IFC, 2009). But until now, in urban and transport plan-
ning, HIAs have been used either to assess qualitatively urban interven-
tions without offering more useful/powerful estimations to stakeholders
(as mortality, morbidity, life expectancy or monetary estimations)
(Shafiea et al., 2013). When quantitative assessments were implemented,
these did not entail the stakeholders and citizens' visions and necessities,
losing the opportunity of successful implementation or policy utility.

As we show in the literature review included in this paper, currently
there are no participatory, integrated full-chain HIA models to assess
the overall burden of mortality and morbidity related to urban and
transport development and planning in cities. The availability of such
participatory, integrated full-chain HIA would allow policy makers to
estimate the positive and negative health impacts of current and future
policy scenarios. Specifically, in integrated full-chain HIAmodelling, the
assessment would consider the full-chain from source, through path-
ways to health impacts, considering multiple exposures and complexi-
ties, interdependencies and uncertainties of the real world. These
models and tools, if available, should be able to answer various ques-
tions such as: what are the best, most feasible and needed urban and
transport planning policy measures to improve public health in cities?
And are these policy measures acceptable and possible to implement?

The aim of the paper is to review what is currently being done in
quantitative HIA of urban and transport planning, identifying the bar-
riers and opportunities and to make recommendations for novel partic-
ipatory, integrated full-chain quantitative HIA methods. Specific
emphasis is given to models and tools that effectively involve citizens
and other stakeholders.
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2. Methods

Todevise our searches and narrative, wewere guided by a conceptu-
al framework linking urban and transport planning, environmental ex-
posures, behaviour and health (Fig. 1 after Nieuwenhuijsen, 2016). In
this framework, urban and transport planning and design, including
land-use and the provision of specific transport infrastructure, leads to
certain behaviours including transport mode choice and certain trans-
port planning patterns. Transport mode choice is associated with a
range of environmental exposures such as air pollution and noise,
which in turn are associated with morbidity and mortality. Increases
in public and active transportation may lead to a reduction in environ-
mental exposures and increased physical activity levels, leading to re-
duced morbidity and mortality. Finally, green space provision may
lead to e.g. improved mental health and more physical activity and so-
cial contacts and therefore reduce morbidity and mortality. The health
effects of urban and transport related exposures and behaviours such
as air pollution, noise, temperature, green space, physical activity,
motor vehicle crashes have recently been extensively reviewed and
we will not discuss them any further (Nieuwenhuijsen, 2016,
Nieuwenhuijsen and Khreis, 2016, Khreis et al., 2016a).

Following an initial rapid review of the literature of the topic area
and the authors´ knowledge, we searched PubMed,Web of Science, Sci-
ence Direct, and references from relevant articles in English language
from Jan 1, 1980, to November 1, 2016, using the search terms: “city”,
“urban”, in combination with “traffic”, “air pollution”, “noise”, “temper-
ature”, “green space”, “heat island”, “physical activity”, “sedentary be-
haviour”, “carbon emissions”, “built environment”, “walkability”,
“cycling” and/or “mortality”, “respiratory disease”, “cardiovascular dis-
ease”, “hypertension”, “blood pressure”, “annoyance”, “cognitive func-
tion”, “reproductive outcomes”, “health impact assessment”, “risk
assessment” “participatory approaches” “citizen participation” “em-
powerment”. We do not systematically report the results, but focus on
studies, systematic reviews, and meta-analyses published in the past
five years (i.e. 2012 to 2016); to provide the latest and most up to
date information. We use older articles if they represent seminal re-
search or are necessary to understandmore recent findings.We further-
more searched Google for any other material related to “health impact
assessment” and “urban and transport planning”. We focus our
Fig. 1. Conceptual framework of links between urban and transport planning, enviro
following reporting on 3 areas in particular; HIA, exposure assessment,
and citizen and stakeholder participation.

3. Results

3.1. Quantitative health impact assessment

HIA is a combination of procedures, methods and tools by which a
policy, programme or project may be judged as to its potential impacts
on the health of a population, and the distribution of those impacts
within the population. The most common HIAs are qualitative, aiming
only to identify the range of the health determinants associated with a
policy, intervention or scenario, and the direction of its impacts (risk
or benefit). HIAs can also include a quantitative assessment following
a comparative risk assessment approach estimating first the burden of
disease (e.g. cases of disease, injuries, deaths, or disability adjusted life
years [DALY]), and then comparing this burden of disease (BOD) with
the health impacts of a future change associated with a proposed inter-
vention or policy (Briggs, 2008; WHO, 2015) (Fig. 2). The aim is to pro-
vide a quantitative estimate of the expected health impact and the
distribution thereof for the exposed population that is attributable to
an environmental exposure and/or policy. Quantitative assessments in-
clude a number of steps (Table 1), and a range of potential scenarios
could be evaluated (Table 2). As it stands, the use of quantitative HIA
is generally limited to research and academic purposes and the scenar-
ios used in thesemodels are usually judged to be plausible but are opti-
mistic and often not under consideration by local authorities or policy
makers. This, in part, is perhaps a reflection of a communication gap be-
tween the sectors where non-academic stakeholders lack the tools,
knowledge and interest to carry out a quantitative HIA while aca-
demics/researchers lack the expertise and understandings as to what
extent scenarios are plausible, realizable and acceptable to local author-
ities or policy makers.

Estimates of the Global Burden of Disease (GBD), the largest BOD
study to date, have been produced at national or regional levels
(Forouzanfar et al., 2015). In these estimates, physical inactivity and
ambient air pollution were estimated to cause more than five million
global premature deaths each year, ranking them among the leading
risk factors in the global burden of disease study (Forouzanfar et al.,
nmental exposures, physical activity and health (after Nieuwenhuijsen, 2016).



Fig. 2. Connection between parts of the work in a Health Impact Assessment framework.
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2015). In another exercise, Lelieveld et al. (2015), estimated that land
traffic emissions, on a country level, may be responsible for about one-
fifth of themortality attributable to ambient PM2.5 and O3 in Germany,
the UK and the USA, while they globally account for about 5% of the 3.3
million annual premature deaths due to outdoor air pollution. Hanninen
et al., 2014 estimated in an environmental BOD assessment the DALYs
attributable to the environmental stressors of benzene, dioxins, sec-
ond-hand smoke, formaldehyde, lead, traffic noise, ozone, particulate
matter (PM2.5), and radon, in six European countries and found that
about 3–7% of the annual BOD in the six countries is associated with
the considered environmental stressors. A study for sparsely populated
New Zealand, estimated 25,000 DALYs attributable to traffic incidents,
air pollution and noise (Briggs et al., 2016), while a study for the region
of Flanders, Belgium found that 11% of the population were severely
Table 1
Steps in a HIA and added value in the participatory integrated full-chain (PIF) HIA approach.

HIA steps HIA task

1. Screening Selecting proposals.

2. Scoping Identifying health effects and the population groups affe
Describes research questions, data sources, the analytic
how gaps will be addressed.

3. Appraisal Collecting and analyzing quantitative and qualitative da
in various population groups.

4. Recommendations Identifies alternatives to proposal or actions that could be u
minimize, or mitigate adverse effects and to optimize bene
Proposes a health management plan to identify stakeho
implement recommendations, indicators for monitoring
verification.

5. Reporting and dissemination Writing an HIA report based on the results.
Disseminating the report.

6. Monitoring and evaluation Evaluating the process
Evaluating the outcome (or results)
Evaluating the impact (effectiveness)
annoyed and 7% were highly sleep disturbed from environmental
noise (Stassen et al., 2008). Finally, Ling-Yun and Lu-Yi, 2016 estimated
the effect of reducing the kilometres travelled by Chinese residents by
5% and 10% via increasing cycling, and suggested this would lead to
around 1.56% and 3.11% decrease in annual average concentrations of
SO2, and 1.40% and 2.80%, 3.09% and 6.18%, 2.93% and 5.86% decrease
in NO2, PM2.5 and PM10, respectively. The number of associated pre-
ventable deaths from air pollution-related disease per year were esti-
mated to range from 568.96 thousand to 4515.95 thousand
(depending on the scenario being tested), and these health improve-
ments were estimated to save 3433.25 to 27,337.1027 billion Yuan.

GBD estimates or existing national and regional BOD estimates are
less useful for city governments and local authorities whomust take de-
cisions at the local scale. This draws attention to the need to address and
estimate the health impacts of urban life on the local scale. Currently,
BOD studies for cities are sparse. Tobías et al., 2014 estimated that 470
deaths were attributable to a theoretic traffic noise exposure decrease
by solely 1 dB(A) in Madrid. A recent study for Warsaw estimated
more than 40,000 DALYs attributable to air pollution, noise and traffic
injuries, with traffic noise contributing the largest (Tainio, 2015). In Bar-
celona, Mueller et al. (2016) estimated that almost 3000 deaths, making
up almost 20%of annualmortality in Barcelona, could beprevented if in-
ternational recommendations for performance of physical activity, ex-
posure to air pollution, noise, heat, and access to green space were
complied with.

Other studies have evaluated specific transport policy measures in
cities.Woodcock et al. (2009) estimated the health effects of alternative
urban land transport scenarios for two settings-London, UK, and Delhi,
India and found that a combination of active travel and lower-emission
motor vehicles would give the largest benefits (7439 DALYs in London,
12,995 in Delhi). Creutzig et al. (2012) provided scenarios of increasing-
ly ambitious policy packages, reducing greenhouse gas emissions from
urban transport by up to 80% from 2010 to 2040. Based on stakeholder
interviews and data analysis, the main target was a modal shift from
motorized individual transport to public transit and non-motorized in-
dividual transport (walking and cycling) in four European cities (Barce-
lona, Malmö, Sofia and Freiburg). The authors reported significant
concurrent co-benefits of better air quality, reduced noise, less traffic-
related injuries and deaths, increased physical activity, alongside less
Added value in the PIF-HIA approach

Proposals selection using stakeholders and citizen participation
approaches.

cted.
plan, data gaps, and

Identification of relevant health effects and populations
affected including stakeholders and citizen perspectives.
Introduce integrated, full-chain and complex system approach
in the analytic plan.

ta on health effects Introduce integrated, full-chain and complex system approach.
Stakeholders and citizens are informed of the preliminary
results and their feedback is integrated at this stage too.

ndertaken to avoid,
ficial ones.
lders who could
, and systems for

Introduce integrated, full-chain and complex system vision in
the alternatives to proposal or actions.
Include citizens and stakeholder perspectives to prioritize and
implement recommendations, to increase their social
acceptation and impact.
Propose citizen science approaches to complement monitoring
and evaluation processes.
Introduce novel channels of communications through citizens
and stakeholder participation.
Introduce the stakeholder and citizen perspective in the
evaluation of the process, based on an iterative process to
strength the citizens and stakeholder capacities.
Perform outcome evaluation at the citizen's level, through
citizen's science approaches, with an integrated, full-chain and
complex system vision.
Include an evaluation with an integrated, full-chain and
complex system vision.



Table 2
General description of examples of Urban and Transport Policies/Interventions/Scenarios that could be modelled using health impact assessment.

Policy area Description Types Examples

Land-use planning Land-use systems that increase density, diversity of
uses and connectivity

Density Compact cities
Diversity Increase horizontal land-use

Increase vertical land-use
Built environment All of the physical parts of where we live and work

(e.g., homes, buildings, streets, open spaces, and
infrastructure).

Design Improve connectivity
Maintenance Control temperature and humidity
Availability Increase accessibility

Green spaces Vegetation in the streets (trees, grass, etc.), squares
and parks.

Infrastructure Increase and improve green spaces
Management Improve access and quality of green spaces
Promotion Promote use of green spaces

Blues paces Surface water in urban public spaces (fountains, lakes,
rivers, sea front, etc.).

Infrastructure Increase and improve blue spaces
Management Improve access and quality of blue spaces
Promotion Promote use of blue spaces

Public transport Investment in and provision of transport network
space for rapid transit/public transport infrastructure

Infrastructure Improvement and increase of public transport infrastructure
Management Improve public transport service

Reduce public transport costs
Promotion Public transport promotion

Active transport
(walking and cycling)

Investment in and provision of transport network
space for pedestrian and cycle infrastructure

Infrastructure Improvement and increase of active transport infrastructure
Management Improve active transport service
Promotion Active transport promotion

Traffic regulation Reduce car use Infrastructure Reduce public space for cars (car lanes and parking)
Management Road use an parking pricing
Promotion Promote alternative modes of transport

Vehicles & fuels Invest in new technologies and fuels Infrastructure Create city grid for electric vehicles
Management Technology and fuels pricing
Promotion Promote technological transitions (e.g. electric car or autonomous cars)

Traffic safety Engineering and speed reduction measures to
moderate the leading hazards of road transport

Infrastructure Built environment changes to reduce speed
Management Speed regulations
Promotion Traffic safety campaigns
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congestion andmonetary fuel savings. Perez et al. (2015)modelled var-
ious scenarios in Basel including particle emissions standards for diesel
cars, increase in active travel and electric vehicle introduction and esti-
mated that the first measure would result in a reduction of premature
mortality by 3%, the second one would have little effect and the third
onewould have the largest effect, as the electricitywould come from re-
newable resources. Ji et al. (2012) compared emissions (CO2, PM2.5,
NOX, HC) and environmental health impacts (primary PM2.5) from
the use of conventional vehicles (CVs), electric vehicles (EVs) and elec-
tric bikes (E-bikes) in 34major cities in China. E-bikes yielded lower en-
vironmental health impacts per passenger-km than gasoline cars (2×),
diesel cars (10×), and diesel buses (5×). McKinley et al. (2005) quanti-
fied cost and health benefits from a subset of air pollution control mea-
sures (taxi fleet renovation, metro expansion and use of new hybrid
buses replacing diesel buses) in Mexico City and found that the mea-
sures reduced air pollution by approximately 1% for PM10 and 3% for
O3. The associated health benefits were substantial and their sum over
the three measures was greater than the measures' investment costs
(benefit to cost ratio was 3.3 for the taxi renovation measure; 0.7 for
the metro expansion measure and 1.3 for the new hybrid buses mea-
sure). Xia et al. (2015) estimated that the shifting of 40% of vehicle
kilometres travelled to alternative transport in Adelaide, South Austra-
lia, would reduce annual average PM2.5 by a small margin of 0.4 μg/m3;
preventing 13 deaths a year and 118DALYS. A range of HIA studies eval-
uatingmortality and other health effects of increases in active transport
were recently reviewed and estimated considerable reductions in
premature deaths and other negative health outcomes with most
benefits attributable to increases in physical activity and low risks of
motor vehicles crashes and air pollution for thosewho switched to public
and active transport (Mueller et al., 2015; Tainio et al., 2016).

Furthermore, just recently, studies started evaluating the health im-
pacts of urban planning policy measures in cities. Reisi et al. (2016)
evaluated 3 urban planning scenarios in Melbourne for 2030: base
case scenario based on governmental plans, fringe focus scenario
based on expansive urban development patterns and activity centres
scenario based on compact urban development patterns and estimated
that the latter resulted in the least greenhouse and other emissions, as
well as a reduction of mortality when compared to the other scenarios.
Stevenson et al. (2016) estimated the population health effects arising
from alternative land-use and transport policy initiatives in six cities.
Land-use changes were modelled to reflect a compact city in which
land-use density and diversity were increased and distances to public
transport were reduced with the objective to reduce private motorized
transport and promote a modal shift to walking, cycling, and public
transport use. The modelled compact city scenario resulted in health
gains for all cities.

Most models have been static (e.g. no feedback loops) and thus in-
sensitive to feedback loops and time delays. Few exceptions emerge in
the literature, such as thework ofMacmillan et al. (2014). These authors
used participatory system dynamics modelling (SDM) to compare the
impacts of realistic policies, incorporating feedback effects, nonlinear
relationships, and time delays between variables in a study on cycling
and societal costs including those related to health impacts. Participato-
ry SDM involves citizen, academic, and policy stakeholders in a process
that explores the dynamic effects of realistic policies (Richardson,
2011).

BOD assessments and HIAs encounter many challenges in terms of
data availability and assumptions that need to bemade and are sensitive
to the contextual setting and underlying population parameters. Some
of the main problems conducting quantitative HIAs on a city level are
the lack of availability of baseline data for some of the exposures and
health outcomes, the implied need to make assumptions of these pa-
rameters and how to deal with uncertainty.

Finally, there is a general lack of integrated full-chain HIAmodels. In
integrated full-chain HIA modelling for urban and transport planning,
the work considers the full-chain from exposure source, through path-
ways to health endpoints, consideringmultiple exposures and complex-
ities, interdependencies and uncertainties of the real world and
examining multiple scenarios generally. Moreover, the clear majority
of HIAs do not involve any form of citizen and stakeholder participation
or consultation, despite that these have been recommended in the liter-
ature as necessary for public acceptability of proposed interventions
and to deal with increasing complexity of the urban realm. Both issues
will be addressed in the next sections.
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3.2. Full-chain exposure assessment

Exposure assessment, which provides input into HIA is often consid-
ered as the weakest part in the HIA chain, particularly if it does not fully
incorporate the full characteristics of the exposure, including its sources,
pathways and variations. These characteristics are important as the
source and pathways of the exposure informs effective mitigation poli-
cies. There is considerable variation in exposure levels of urban and
transport planning related exposures such as air pollution, noise, tem-
perature and green space. To a large extent, exposure variations depend
on urban and transport related indicators. For example, traffic indicators
such as distance to roads, surrounding road length, traffic density, and
urban indicators such as household density, industry and natural out-
door environments including green space explain a large proportion of
the variability of air pollution levels within urban areas (Eeftens et al.,
2012a; Beelen et al., 2013). Levels of air pollutants are generally higher
at street locations compared to urban background locations (Eeftens et
al., 2012b). Also, the levels of ambient noise are associated with e.g.
building density, road network, traffic flow, speed and volume, junc-
tions, acoustics and meteorological conditions in cities (Foraster et al.,
2011, Bell and Galatioto, 2013, Zuo et al., 2014). Noise levels are signif-
icantly higher on high traffic roads compared to acoustic shadows in
residential tertiary streets (Bell and Galatioto, 2013). Urban heat islands
form where open, wooded or green areas are replaced by concrete and
asphalt. They depend e.g. on human activity, population density, green
vegetation, urban design and albedo effects (Zhang et al., 2013; Gago
et al., 2013; Petralli et al., 2014). Finally, the amount of green space
varies considerably between and within cities with green space cover-
age ranging from 1.9% to 46% (Fuller and Gaston, 2009).

The contribution of different sources to the overall environmental
exposures is often unclear and is highly variable depending on source
and context. For example, car traffic contributes to a significant propor-
tion of ambient air pollution in cities, but the extent varies dependingon
Fig. 3. Participatory full-chain health impact as
factors such as car density, car fleet make-up, traffic conditions, street
design, city design and dispersion factors (e.g. wind speed and direction
and cloud cover). Traffic contribution to urban PM10 and PM2.5 levels
in Europe are on average 39% (range 9–53%) and 43% (range 9–66%), re-
spectively, and are up to over 80% for NO2 (Sundvor et al., 2012).

To improve understanding and target the right sources with the
right mitigation policies, it is important to understand the full-chain of
events from sources, through pathways to health, but very few, if any
studies have done so. For example, in the case of air pollution exposures,
the common lack of full-chain assessment limits disentangling the
health impacts of traffic-related air pollution (TRAP) from the health
impacts of other emission sources, and vice versa (Khreis et al.,
2016b). It also limits the comprehensibility of, and confidence in
recommending fleet specific and traffic planning or management spe-
cific interventions which would be valuable and desirable for policy
makers.

Full-chain assessments could be obtained by coupling existing
models of source activity, source emissions, and pathways of exposure,
to predict final human exposures and associated health impacts. Again,
in the case of TRAP, as an example, this can be done by integrating
existing models of traffic activity, traffic emissions, and air dispersion
to predict air quality and people's exposure and subsequently estimate
associated health impacts (Fig. 3). Data on traffic counts, origin and des-
tination zones and fleet composition can be used to construct traffic ac-
tivity models for cities (Van Vliet, 1982; Saturn Manual, 2015). The
outputs from traffic activity models, most importantly the traffic flows
and average traffic speeds, are then linked with vehicle emissions
models such as the European leading emissionmodel known as COPERT
(Gkatzoflias et al., 2007). Vehicle emission inventories are calculated
from this data and are then entered into air dispersion models such as
ADMS-Urban (McHugh et al., 1997), which uses this data alongside ter-
rain, meteorological and boundary layer data, to estimate seasonal and/
or annual air pollution concentrations in cities.
sessment with an example for air quality.
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Studies which undertake this full-chain assessment, however, are
very few (e.g. Namdeo et al., 2002; Hatzopoulou and Miller, 2010;
Wang et al., 2016). Often, such assessments can be problematic as the
referred to models are data and labor intensive and require expertise
from different scientific disciplines. These models are also not easy to
obtain or run due to their high commercial prices, their complex set-
ups and the occasional need for specific arrangements e.g. dedicated
UNIXworkstation. Furthermore, there are challenges regarding the per-
formance and accuracy of the multiple models used in the exposure as-
sessment chains. Traffic activitymodels such as SATURNwhich are used
to provide input data for emission models, tend to underestimate con-
gestion and over predict the average traffic speeds over the road net-
work lending inaccuracy to the final emission estimates which are
generally higher at the lower average speeds. Vehicle emission models,
especially at lower average speeds which incorporate significant pro-
portions of high emitting, fuel consuming, stop-start driving, are uncer-
tain (Health Effects Institute, 2010; Khreis, 2016), and tend to
underestimate TRAP emissions. Air dispersion models can over or
under predict air pollution levels, in part due to inaccurate traffic and
emission inputs, but also due to inherent limitations in these models
(Williams et al., 2011) and the incompletion and/or inaccuracy of
input data. This causes a propagation of uncertainties and inaccuracies
through a complex chain of models involved and is a problem whose
implications are not fully understood and is not yet addressed in prac-
tice and policy.

Similar approaches as for air pollution could be used for example
noise using deterministic models such as the Traffic Noise Exposure
model (TRANEX) (Gulliver et al., 2015) or the Common Noise Assess-
ment method in Europe (CNOSSOS-EU) (Morley et al., 2015). For tem-
perature, more empirical models have been used (Zhang et al., 2013;
Petralli et al., 2014), while the assessment of green space has relied on
remote sensing data and land-use maps (Nieuwenhuijsen et al., 2014).

Finally, there are important issues with the exposure assignment, as
people do not simply stay at home but move around the city, which
could cause considerable variation in personal exposures. Further
work is needed to incorporate the mobility of people and related expo-
sures to obtain better exposure estimates and reduce uncertainty, as for
example air pollution exposures during commuting may be much
higher than when at home (Nieuwenhuijsen et al., 2015). These pat-
terns of exposure may be hard to model, and to some extent we may
have to rely on measurements which are generally more difficult and
costly to obtain.

3.3. Citizen and other stakeholder involvement

Changes in city urban and transport planning are difficult to achieve
and sustain without direct support of politicians, decision makers, and
citizens. There is a considerable body of literature that stresses the im-
portance of citizens' participation in improving planning and decision
making in a number of aspects and today participation is recognised
to be a fundamental requirement for sustainable development and en-
vironmental decision-making (Banister, 2008; Linzalone et al., 2016).

Firstly, involving stakeholders into a decision-making process allows
more view-point to contribute to the interpretation of complex issues
(Mumpower, 2001). Participation allows planners and decision makers
to gain a deeper amore detailed knowledge on stakeholders behaviours,
desires, necessities and preferences, becoming an invaluable tool to
backup evaluation and assessment procedures such asHIA and allowing
better informed decisions (Lowndes et al., 2001; Innes and Booher,
2004; Palerm, 2000). Secondly, participation allows to increase public
acceptability of decisions and to build stronger consensus, reduce con-
flicts and produce shared projects and visions (van de Kerkhof, 2006;
Innes and Booher, 2004). As such it can be used to support public deci-
sions. Thirdly, participation can be used as a process to inform and em-
power citizens developing healthier democratic practices andmore fair
and just solutions (Palerm, 2000; Bailey and Grossardt, 2010; Bailey et
al., 2012; Innes and Booher, 2004; Renn andWebler, 1995). Finally, par-
ticipation can generate in itself spaces of information diffusion, knowl-
edge exchange and creation, becoming a space in which practices and
behaviours can be transformed and social learning built (Sagaris,
2014; Kesby, 2005; Palerm, 2000; Reed, 2006).

With these benefits, participation can assume a variety of formats
and forms of engagement that span from surveys, interviews, online in-
teraction, to more dialogic spaces such as focus groups, citizen juries,
and community planning events (Lowndes et al., 2001, Arnstein, 1969
Pretty, 1995, Farrington, 1998, Goetz and Gaventa, 2001, Lawrence,
2006, Souza, 2001).

In the specific content of (qualitative) HIA, participation has been
considered fundamental under the assumption that that health must
be generated within people and monitored by them (Cave and Curtis,
2001; Chadderton et al., 2017; Kearney, 2004). In 1999, the Gothenburg
Consensus paper (ECHP, 1999) considered bounding together HIA and
participatory approaches central to HIA democracy, equity and ethical
use of evidence. Later, participation was recommended by the Mersey-
side Guidelines as needed thought-all the HIA process (Scott-Samuel et
al., 1998). Specifically, authors such as Chadderton et al. (2017),
Linzalone et al. (2016) have indicated how participation within HIA
can contribute to the development of a democratic society; empower
communities, build a sense of responsibility and ownership that are in
themselves health benefits; and integrate citizens' knowledge and
values with specific attention to disadvantaged groups. These other
forms of knowledge can support the evidence built with quantitative
measurements with nuanced qualitative inputs and local knowledge
on political and social circumstances (Linzalone et al., 2016) and to for-
mulating more sustainable recommendations contributing to raised
awareness of health impacts, increasing effectiveness and applicability
of the outcomes.

However, the overall implementation of participatory approaches
within HIA is not widespread, particularly not in quantitative HIA. The
literature reports only a few studies in which stakeholders have been
consulted during HIA (e.g. Kearney, 2004, Greig et al. 2004, Creutzig et
al., 2012, Macmillan et al., 2014, Linzalone et al., 2016); among which
only very few used participatory methodologies in combination with
quantitative assessments. For example, Linzalone et al., 2016 integrated
a quantitative HIA based on epidemiological study of plausible causes of
mortality andmorbidity with the Agenda21methodology for participa-
tion, based on focus groups andmeetingswith community stakeholders
all along the process. With this methodology, the authors prepared the
terrain for new forms of HIA to overcome the barriers between various
forms of technical knowledge and these local knowledges. Following
this, it is clear that there is a need for citizens and stakeholder participa-
tion in HIA, especially those parties with vested interest that may be af-
fected by the proposed or investigated scenarios. We advocate for it,
being however aware that participation can have its shortcoming and
can be not as effective as expected especially when lacking adequate
time resources or when not specifically addressing power unbalances
and communication issues (Elvy, 2014).

In HIA, citizens and stakeholder participation should occur in the se-
lection of the scenarios, identification of health effects and vulnerable
populations, selection and periodization of recommendations; identify-
ing the best channels of dissemination and monitoring and evaluation
(Table 1). Particularly important is to include more vulnerable groups
such as those with low socio economic status, children, pregnant
women and the elderly who all have their specific needs. More and
more often, new kind of citizen participation, as citizen's science, have
begun to offer new tools to assess and include the citizens' perspective
in the public health arena.

New models of HIA need to take advantage of these innovative citi-
zens' participation approaches to improve the utility, social acceptance
and impact of their results. As such they can build a dialogue among dif-
ferent sectors and actors, avoiding to reproduce a pattern in which the
use of quantitative HIA is limited to academia. Incorporating other
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views can indeed enhance the understanding of how plausible, realiz-
able and acceptable scenarios developed by HIA practitioners are and
whether authorities would ever consider them for implementation.

4. Discussion and research needs

4.1. In summary

The number of HIA studies related to urban and transport planning is
increasing rapidly, but there is a need for novel participatory integrated
full-chain HIA models, methods and tools that assess the full-chain of
events from initial planning decisions and scenarios linking sources,
emissions, exposures and health impacts, and considering multiple ex-
posures and complexities, interdependencies and uncertainties of the
realworld. There is a need to develop thesemodels and tools specifically
for application in citieswhich have now come to the forefront of provid-
ing solutions for environmental and health issues. Decision-makers
need to have a good understanding of the linkages between urban and
transport planning, environmental exposures, behaviour and human
health and their magnitude through the different pathways to be able
to know at which level and to what extent their actions can be targeted
effectively. They also need to build this in dialogue with the public and
other stakeholders, creating an environment of collaboration and feed-
back and guaranteeing public acceptance of proposed policy measures.
Participatory HIA can increase the public's level of awareness of pre-
ventable health hazards in cities. The lack of public awareness has
been previously suggested to reinforce the lack of political commitment
and initiative to address these problems (Khreis et al., 2016a). A full-
chain approach also allows decisionmakers to target their actions at dif-
ferent stages in the chain so they can make cost effective decisions at
each stage.

This approach could answer various pressing questions such as:
what are the best andmost feasible urban and transport planning policy
measures to improve public health in cities? (Table 2) The process on
how to get there is as important as the actual output of the project, as
the process may provide answers to important questions as to how dif-
ferent disciplines/sectors can effectively work together and develop a
common language, how to best incorporate citizen and stakeholder
into quantitative HIAmodelling, how different modelling andmeasure-
ment methods can be effectively integrated, and whether a public
health approach could make changes in urban and transport planning.

4.2. Quantitative and qualitative approaches

Currently there is no overarching HIA model for cities that can deal
with multiple exposures and complexities, data limitations, location-
specific effects, errors etc., andwemustworkwith separate quantitative
and qualitative models/modules which from one perspective may be
considered as an advantage to reduce the complexity and burden of
this work. In our experience, the quantitative estimates that have
been produced so far have been useful for policy makers by placing ac-
tual numbers of health impacts on different policy scenarios. This poli-
cy-specific quantification has been an advantage when compared to a
qualitative approach, but both approaches have their merit and can co-
exist. In particular, we believe that qualitative studies should be per-
formed in preparation of quantitative ones, preparing the terrain -in
terms of accessing the data, but also influencing the political and policy
discourses-, and informing on the necessity and utility of a full quantita-
tive HIA. A qualitative approach may be preferred in cases where there
is no good quality quantitative data available.

Quantitative HIAs are unlikely to be conducted for small projects,
where generally little funding is available, although if models are previ-
ously set-up and exposures are readily available for the area, then un-
dertaking the assessment would be feasible. However, we are also
aware that a qualitative approach in some of these cases may suffice
or at least be used successfully to prepare the favourable terrain to
gather more resources for more comprehensive studies. On the other
side, we stress that large infrastructure projects or comprehensive
urban planning projects which are long-lasting, highly impactful on
the population's exposures, and highly consuming of public money
could highly benefit from participatory quantitative HIAs. HIAs can be
particularly effective especially when different options/scenarios are
available for the future, and a political decision has not been made yet
or is difficult to reach. Knowing and disseminating the possible scenar-
ios and the associated health impacts can then play an important role,
especially bringing the public's attention to what new policies and pro-
jects mean for their communities' health. The concept of ‘health’ is usu-
ally a strong argument for the public (or the population affected) to be
in favour for a certain policy to be implemented. Being able to demon-
strate themagnitude of expected health benefits – as possible with par-
ticipatory, quantitative HIAs – can influence the acceptance/ decision
process. Health has not been high on the agenda for such projects, but,
as the current national and international debates across Europe and be-
yond demonstrate, more andmore citizens rate health highly. They also
would object to large changes when they have not been involved in de-
cision making (e.g. Barcelona SuperIlles). Although more expensive, a
participatory quantitative HIAmay pay off in the long termbyproviding
positive and sustainable changes with the least adverse health impacts
and greatest acceptability. Relevant stakeholders can contribute in this
process with their expertise. A participatory, quantitative HIA ensures
that no aspect is forgotten, that the process is inclusive and comprehen-
sive and that a consensus can be reached at the end byweighing the es-
timated risks against the benefits.

As indicated in the review, there are already a few quantitative HIA
models and tools that have been used in specific case studies, for exam-
ple the Health Economic Assessment Tool (HEAT) for walking and cy-
cling, the Integrated Transport and Health Impact Modelling Tool
(ITHIM), the Transportation, Air pollution and Physical Activities
(TAPAS)model, or the Urban and TranspOrt PlanningHealth Impact As-
sessment (UTOPHIA) model. Except for HEAT, these tools and models
still tend to be research tools that are being further developed and im-
proved, but have the potential to be used in practice. The way these
studies have been performed also shows how multidisciplinary teams
of academics, both from qualitative and quantitative backgrounds,
would can take the process through all its phases.
4.3. Challenges

One challenge forHIA is getting good input data for e.g. exposure, ex-
posure-response relationships and health outcomes, and this type of
high quality data may not be always available. Previous models and
tools have been solving this challenge accessing input data through
multiple official databases from public entities, identifying information
on health, exposures and population.What stands out is also the impor-
tance of developing a comprehensive search strategy for input data,
from different data sources, languages and time periods, and also the
importance of data quality assessment and final comprehensive models
validation. The input data identification is without doubt one of the
most important steps in the quantitative HIA process, and cannot be
achieved without a close collaboration with the stakeholders. The par-
ticipation of different stakeholders, approached with a variety of
methods and participatory tools, is crucial for the identification of spe-
cific and high quality data.

With regard to epidemiological input data on the exposure-response
functions, performing a systematic review of the literature will be the
key point for identifying themost robust evidence to quantify the health
impacts. Quantitative HIA have limitations in assessing the complexity
of real policies or scenarios, mainly because of the unavailability of the
needed amount of quantitative evidence, limiting the results of a quan-
titative HIA to those exposures and outcomes that can be quantified.
Quantitative HIA can highlight these limitations and also be combined
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with qualitative HIA, so to generate recommendations able to involve
and inform the stakeholders in a broader dimension.

A further challenge is now to make models accessible, so that they
can be used outside the research community by practitioners and policy
makers. Only in this way we can ensure that HIA has the needed wide
uptake in cities across countries. Simplification without losing the es-
sence may be the answer and this is for example the approach in the
PASTA project. Similarly, models that are coupled with qualitative evi-
dences and built with the collaboration of stakeholders might have
wider impact on the policy realm and as such be more easily dissemi-
nated across different actors and cities, becoming best practice in the
process of policy transfer and policy learning.

4.4. Further research needs

An important component of further research is the improvement or
further development of conceptual frameworks for urban and transport
planning, environmental exposures, behaviour and health bringing in
aspects of the full-chain of events and considering multiple exposures
and complexities, interdependencies and uncertainties of the real
world (Briggs, 2008; de Nazelle et al., 2011; Macmillan et al., 2014;
Nieuwenhuijsen, 2016; Giles-Corti et al., 2016; Verbeek and Boelens,
2016). These frameworks may go well beyond what actually can be
quantitatively modelled, at the time being, but at least allow for assess-
ment of model uncertainty and potential bias recognizing aspects that
have not previously been taken into account.

Furthermore, there is a need for effective, realistic and feasible sce-
narios for the assessment of current status and development of further
scenarios of urban and transport planning for the next 20–30 years in
cities (e.g. compact vs sprawl growth, changes in public and green
space, changes in transportmodes such as no cars or x% in car reduction,
different provisions of public and active transportation, changes in vehi-
cle fleet composition including fuels, vehicle emission standards and
technology adaptation e.g. electric cars and autonomous vehicles)
(Table 2). So far scenarios have tended to be fairly simplistic, partly to
enable themodelling but the reality is more complex and there are lim-
itations to what can be achieved. Also, in many cases the scenarios con-
sidered may be overly optimistic in the eyes of policy makers and
stakeholders and therefore HIAs results bear little relevance and impor-
tance to these groups. A system dynamics modelling approachwith ap-
propriate feedbackmechanisms is needed to account for the complexity
of real-world responses to scenarios implementation (Macmillan et al.,
2014). An important aspect in the scenario development is to bring to-
gether different (technical) stakeholders including e.g. urban and trans-
port planners, environmentalists, health professionals, economists and
citizens to allow for inclusive and feasible scenarios incorporating mul-
tiple views. These different sectors/disciplines have all their own lan-
guages which complicates the process, but developing a common
language is part of the process, and engagement may facilitate change.

Many of the current models focus only on a few exposures e.g. air
pollution, physical activity or road safety (Mueller et al., 2015), or start
with a given exposure level (Mueller et al., 2016) without trying to
identify the sources and pathways (i.e. full-chain). There are currently
no integrated full-chain quantitative HIA model for mortality and mor-
bidity for urban and transport related exposures and lifestyles including
e.g. air pollution, noise, temperature, green space, motor vehicle crashes
and physical activity and there is a need to develop such model(s) and
parameterize them with the best available evidence, with regular up-
dates. There is a large and still growing evidence base that needs to be
reviewed, synthesized and implemented in a model/tool that can be
used extensively by relevant stakeholders. For example, the quantity
and quality of the exposure response information for the various expo-
sures varies considerably with, for example, good evidence available for
air pollution and physical activity, but less so for, for example, noise and
green space. There is an urgent need to fill some of these gaps and ob-
tain similar quality of evidence. Also, the model generation will require
multisectorial/multidisciplinary input from urban, transport, environ-
mental and health professionals and social scientist which will make it
more challenging, given the different methods and languages used.

A further research need is how to have citizens participate in the
process and get to gripswith the complexities thatmay occur especially
when aiming to develop quantitativemodels. AsMacmillan et al. (2014)
showed, it can be challenging to maintain channels for citizens input
throughout all the assessment process. Despite these challenges, it is
important for these channels to be maintained if aiming at a true form
of participation, beyond tokenism (Arnstein, 1969). Insight from citizen
science literature (e.g. Irwin, 1995), and the development of a practice
of knowledge coproduction from which both citizens and practitioners
can learn, can help in this direction (Khreis et al., 2016a).

Further work is also needed on the assessment of governance struc-
ture in cities and to obtain political input on urban and transport plan-
ning effects on population health, acceptability, facilitators and
impediments to any recommended interventions. How does one inte-
grate these different views into a coherent framework for decisionmak-
ing and model selection? Which governance setting and structures are
or should be in place to be receptive to these new inputs? How can
one make sure public health is properly considered during decision
making? Insights from a more holistic approach to governance, in line
with what has been called an ‘adaptive co-management’ (Folke et al.,
2005; Reed, 2006) in the resilience literature, can be a starting point
also for effective participatory HIA. Better governance is needed to in-
troduce health in all polices, andmultisectoral approaches and the inte-
gration ofmultiple levels of government (local, regional and national) to
effectively implement the evidence in the decisionmaking process. Spe-
cific recommendation for different sectors that could be implemented
are given in Table 3.

4.5. Uncertainty

An important issue is how to dealwith uncertainty. Uncertaintymay
occur when conceptualising the problem, during analysis and/or while
communicating the results (Briggs et al., 2009). Much focus has been
placed on characterising and quantifying the analysis and various statis-
tical methods have been developed to estimate analytical uncertainties
and model their propagation through the analysis (Mesa-Frias et al.,
2013). As described before, transport, emission and air quality model-
ling each have their uncertainties and these are propagated through
the chain. Validation and uncertainty assessment is needed at every
stage, but is rarely conducted. On the other hand, larger uncertainties
may be associatedwith the conceptualisation of theproblem i.e. the sce-
narios building and communication of the analytical results, both of
which depend on the perspective and viewpoint of the observer
(Briggs et al., 2009). Therefore, more participatory approaches to inves-
tigation, and more qualitative measures of uncertainty, are needed, not
only to define uncertainty more inclusively and completely, but also to
help those involved better understand the nature of the uncertainties
and their practical implications (Briggs et al., 2009).

4.6. How are HIA used or perceived?

The outcomes of HIAs on decisionmaking, or perceptions of the pro-
cess have not been well documented in the literature. However, a good
example comes from the City of Bradford Metropolitan District Council
who had recently undertaken a low emission zone feasibility study,
which involved stakeholders, researchers and practitioners from differ-
ent disciplines including transport planning, environmental sciences,
public health and health economics alongside collaboration with other
city councils in theWest Yorkshire region, UK (e.g., Leeds City Council).
In this study, the relative impact of several transport interventions sce-
narios beyond the ‘business as usual’ case was modelled. The impacts
that these scenarios may have on projected air quality concentrations,
health of the local population and the costs and benefits associated



Table 3
Recommendations for politicians/authorities, urban and transport experts, public health practitioners and researchers.

Recommendations

Politicians/authorities A) Introduce a health impact assessment approach as part of the decision making process in policies, plans or programs.
B) Implement health in all policies perspective.
C) Promote better governance, with special attention to strengthen the collaboration between sectors/departments, and different
levels of government (local, regional and national).
D) Promote citizens participation

Urban and transport experts A) Introduce a health impact assessment approach as part of the decision making process in policies, plans or programs.
B) Strengthen the collaboration with other sectors, departments (especially with the health sector), and different levels of
government (local, regional and national).
C) Provide a clear definition of urban and transport policies or interventions, describing the expected changes in mobility
(e.g. modal share, number of trips, etc.), land-use (density and diversity), built environment (e.g. type of infrastructure),
between others, with temporal and geographical definitions.
D) Promote citizens participation

Public health practitioners A) Promote health impact assessment as a tool to achieve health in all policies.
B) Strengthen the collaboration with other sectors, departments and levels of government (local, regional and national).
C) Develop comprehensive and harmonize health databases (e.g. incidence, prevalence, injuries, life tables, etc.).
D) Develop comprehensive and harmonize environmental exposure databases (e.g. air pollution, noise, green spaces, etc.).
E) Promote environmental health equity approach.
F) Strengthen stakeholder participation in public health.
G) Develop citizen science approaches in public health.
F) Implement complex system approach in public health.

Researchers A) Develop epidemiological studies (including meta-analysis) on multiple environmental risk factors, sources, pathways and
populations; with special attention to provide dose-response functions, with harmonized exposure and outcome definitions.
B) Develop exposure assessment studies on environmental risk factors; with special attention to provide harmonized exposure
definitions and measurements.
C) Include environmental health equity.
D) Strengthen stakeholder participation in HIA.
E) Develop citizen science approaches in HIA.
F) Implement complex system approach in HIA.
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with each interventionmeasurewere calculated andpresented in afinal
report, whichwas widely disseminated. These results were the basis for
transport policy making in the area including for example buses re-
placement with low emission ones (https://www.bradford.gov.uk/
media/1384/reportofthelezfeasibilitystudy.pdf). Many HIAs are being
conducted thatmay not be published.Manypractitioners do not publish
their findings, but websites in the U.S. such as the Health Impact Project
(http://www.pewtrusts.org/en/projects/health-impact-project) and
others outside the U.S. catalogue HIAs and provide a good resource for
practitioners.

Often, there is a disconnect between researchers who understand
the value of the quantitative HIA process and practitioners who feel
they lack the time and/or expertise to conduct a quantitative HIA, and
rely more on qualitative approaches. Also, researchers may not have a
complete understanding of the political climate and other factors that
influence policy and project decisions. It is therefore important that
the two communities come together and make use of each other's ex-
pertise and vision to comprehensively assess policies and projects on
strength of scientific evidence, effectiveness, political climate and public
acceptability. HIA is generally part of a much larger process. There are
several factors influencing the final decisions and policymaking beyond
the variables and the outputs of theHIA. For this reason, it is very impor-
tant for researchers and practitioners to work together to bring health
up to the transport and urban planning and policy agenda.

4.6.1. Educational needs
There is also still a lack of capacity to conduct (quantitative) HIA,

partly because of the lack of teaching the topic in many public health
curricula and the lack of short courses. There is an urgent need to incor-
porate the topic. A curriculum for health impact assessors is important
as there is a need for qualified personnel or teams able to understand
and handle or coordinate such a wide-ranging and complex process.
To influence decision makers, HIA professionals should be credible
and knowledgeable. A training curriculum should include skills to un-
derstand the HIA process, identify stakeholders, analyze policies, identi-
fy and quantify health impacts by drawing on epidemiological concepts,
communicate results, and better understand the land-use and transport
planning and policy agenda (Malizia, 2005). HIA professionals should
also be trained and able to work in multidisciplinary teams. We need
people that know a little of the many different aspects of HIA, and we
do not think that that currently exists. Most likely this type of person
is part of/leading a team of experts that may take care of some aspects
e.g. running the model, or involving stakeholders.

4.6.2. Low and medium income countries
Finally, most of the work so far has been done in high income coun-

tries. There is a need for this type ofwork outside high income countries,
where urbanization rates are the highest, where there is the greatest
burden of disease related to non-communicable diseases and where
many cities are in the process of being shaped leaving room for timely
interventions. This also brings forward specific challenges because
often there is a real lack of data to conduct the work (Gascon et al.,
2016a, 2016b) in combination with a lack of vision on the future health
necessities and the lack of governance and institutional strength. Yet, at
the same time low and medium income regions and countries have a
real opportunity ahead, to improve and consider public health in the
urban and transport development, avoiding the mistakes made by de-
veloped countries.

5. Conclusions

There is a need to improve healthy life through healthy urban and
transport planning. Novel participatory full-chain quantitative HIA
methods,models and tools are needed for evidence based decisionmak-
ing and to obtain and implement themost feasible and acceptable urban
and transport policy measures to improve public health in cities.
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