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Abstract: Health Impact Assessment (HIA), an inherently trans-disciplinary approach, is used to
help evaluate and improve projects or programmes in sectors such as transportation, where new
infrastructure is likely to have effects on health. This article describes the screening, scoping, appraisal,
and recommendation steps of an HIA on a new 24 km highway around the conurbation of Strasbourg,
France. Methods included a literature review and quantitative estimates of the health effects of
air pollution and noise. Although planned, interviews and focus groups proved impossible due
to political and administrative difficulties. In replacement, answers to a related public inquiry
were submitted to a secondary, thematic analysis. The new infrastructure is likely to create or help
maintain some jobs in the short term and might accelerate certain journeys, but it does not seem able
to improve local mobility and air quality issues. It crystallises the dissatisfaction of a part of the local
population and raises the question of the transparency of the design and validation processes of major
infrastructure projects. Despite an unfavourable political context, the HIA approach described in this
article was able to overcome methodological difficulties and obstacles thanks to creative research
methods and trans-disciplinarity to finally yield relevant information and suggestions for urban
health promotion.

Keywords: health impact assessment; environmental health; transportation; secondary data; political
context; trans-disciplinarity

1. Introduction

The crucial connection between transportation and health has been emphasised for
many years by international agencies including the United Nations Economic Commission
for Europe (UNECE) and the World Health Organization (WHO), through initiatives such
as the Transport, Health and Environment Pan-European Programme (THE PEP). However,
at a local level, there is little consensus about how tools such as Health Impact Assessment
(HIA) might be used to investigate and /or improve road projects likely to have an impact
on health. This article suggests a detailed analysis of a case study in France as a way
forward. As HIA is only rarely used to investigate the building of new roads, this approach
may prove useful for other projects or settings.

In eastern France, the A35 highway has cut through densely populated areas in the
Strasbourg metropolitan area since opening to traffic in 1965, exposing many residents to
environmental air pollution and noise (see Figure 1) (There is abundant documentation on
these potential negative environmental and health impacts on the website of the French
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Environmental Authority (https://www.igedd.developpement-durable.gouv.fr/ accessed
on 30 June 2022), in particular, its report of 21 February 2018; the history of resistance to the
COS project and other press kits can be found at: https://gcononmerci.org/ accessed on
30 June 2022). This is one of the reasons why, since the 1970s, the construction of a partial
ring road to the west, Contournement Ouest de Strasbourg (COS), in French, has been
considered to relieve the A35 of some of its traffic.

...

| Bas-Rhin Department
Il Municipality or district included in the HIA perimeter
[0 Eurometropolis of Strasbourg

[l City of Strasbourg

/ Future western ring road (COS)

[E Urban development or housing project

" Highway junctions

" Highways (A35/A4/A351)

Figure 1. The new ring road (in grey) lies to the west of the more central pre-existing highway (the
A35, in orange) [1].
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The ring road project has been controversial ever since its genesis [2]. Up to 2017,
criticism was mainly levelled at the expected increase in total traffic, as well as the environ-
mental consequences in terms of air quality, biodiversity, and the transformation of natural
environments. Despite being mentioned in the public debate, the potential impacts of this
project on population health, in its various dimensions (physical, mental, social), were
poorly documented. In late 2017, a group of elected representatives of the Euro-metropolis
and the City of Strasbourg asked for this knowledge gap to be filled. For some of these
officials, who were opposed to the construction of the new highway, the goal was also to
obtain arguments to use in the public debate. To achieve these public health and political
goals, they chose to commission a health impact assessment (HIA).

The HIA described in this article was launched in March 2018 and sought to analyse
the potential impacts of the new road on population health.

Under the Gothenburg consensus, 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 effects on the health of a population and the distribution of effects within
the population” [3]. HIA is sometimes considered together with environmental impact
assessment (EIA); however, it has more in common with the policy appraisal process than
with EIA [4]. The main differences between EIA and HIA, given that both are framed by a
Pressure State Impact Response Framework, are discussed in Section 2.

Since the inception of HIA, its definitions and approaches have been subject to discus-
sion. For example, a fundamental tension has been highlighted between a methodology
seeking to quantify health impacts and a broader approach based on the social determinants
of health [5].

Despite these difficulties, HIA remains a useful instrument to promote and safeguard
public health, globally. It may even acquire more traction in the future thanks to the
promising development of new system-level approaches such as planetary health [6,7]; and
especially in relation to SDG 3 and SDG 11 [8,9].

HIA can be applied across many sectors. In practice, transportation is one of the areas
where HIA has been used the most. However, a detailed analysis of the 96 projects in
a recent review of transportation HIAs found none focusing on the construction of new
roads [10].

Road traffic is a recognised source of noise, air pollution, stress, and accidents and
is, therefore, an important source of health risks throughout the world. A global estimate
using 2004 figures and based on traffic accidents alone placed the number of deaths at
over 1.2 million and disability-adjusted life-years (DALYs) lost at over 40 million years, for
an economic loss in excess of 167 billion USD [11]. Around ten years later, the estimates
were in the range of 1.25 million deaths (based on 2013 figures), 70 million DALYs, and
74 billion USD (both based on 2015 figures). It is important to note that nearly 90% of the
road accident-related DALYS in 2015 were lost in low-income and middle-income countries,
whereas over half of the economic loss was in high-income countries [12].

Estimating the impact of traffic-related air pollution is challenging, because of the
diverse nature of the various particulate and gaseous pollutants in outdoor air and because
road traffic is only one of the sources of outdoor air pollution [13-16]. Nevertheless, several
studies and reviews have shown that deaths and DALYs lost due to traffic-related air
pollution are very high globally. For example, ambient PM, 5 alone was the fifth-ranking
mortality risk factor globally in 2015 and exposure to it caused around 4.2 million deaths
and 103 million DALYs in 2015, representing 7.6% of total global deaths and 4.2% of global
DALYs. Road traffic is not the only source of PM; 5 and PM; 5 is not the only pollutant
produced by road traffic. However, it is striking that the deaths attributable to ambient
PMj, 5 increased from 3.5 million in 1990 to 4.2 million in 2015. Exposure to ozone caused
an additional 254,000 (95% UI 97,000-422,000) deaths and a loss of 4.1 million (1.6 million
to 6.8 million) DALYs from chronic obstructive pulmonary disease alone in 2015 [17].

The purpose of this paper is to show that HIA is a procedure that, by mobilising the
knowledge of numerous disciplines in a trans-disciplinary approach, can facilitate health
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promotion for individuals, communities, and larger urban populations. The COS case
will illustrate this, and prove that even in a disadvantageous context, HIA can overcome
political and administrative obstacles. Section 2 presents the general context of how new
road infrastructure impacts health and the relative evidence base. Section 3 explains how
HIA works, and the methods used during the assessment. Section 4 presents the main
results, and, before the conclusion, Section 5 discusses trans-disciplinarity aspects and the
context’s complexities (geographical, methodological, and political).

2. Context and Literature Review

Due to their importance for health [18] and their concision in space and time, HIA has
been viewed for a long time as a useful tool for investigating the intended and unintended
health effects of road projects [19,20].

Six steps or phases are the hallmarks of the HIA process: screening; scoping; impact
appraisal; recommendations; implementation; and monitoring and evaluation. The full
HIA process has been described in detail elsewhere [4,21].

Community participation often forms an important part of HIA [22] but is not a sine
qua non condition for it. Indeed, some authors have argued that the goals of collecting
quantifiable data, and consulting stakeholders with the ultimate aim of empowering them
and influencing policy, may enter into conflict with each other [23].

In May 2018, a stepwise online search was carried out by a single researcher (DPTHC)
on 5 websites (Google, Google-Scholar, PubMed, ScienceDirect, and Web of Science/Web
of Knowledge) using the following terms in combination: HIA, “health impact assess-
ment”, road, highway, freeway, motorway. Any articles referring to HIAs on road projects
were selected. With a view to identifying road-related HIAs published outside the peer-
reviewed literature, known websites related to HIA were also analysed using similar
criteria/keywords. The same two-pronged review of the peer-reviewed and grey literature
was carried out again in May 2020 and for a third time in September 2022.

In parallel, e-mails were sent to key researchers in the field (identified through their
publications) to find out whether any HIAs had been missed. Then, the titles and the
abstracts (when available) were read in order to ascertain whether the article (a) described
an HIA; and (b) referred to a road construction project.

Articles were selected if they included at least the first four phases of the HIA process:
screening; scoping; risk assessment; and recommendations. Studies that merely presented
modelling exercises, even if they were labelled as HIAs, were excluded from the analysis.
Initially, all articles describing projects including road construction were included. A short
report was produced for each selected case study, with a description of the road project
and the HIA methodology, with special attention to the health determinants that were used.
These reports were submitted to the other authors for comments. A comparative analysis
was then carried out by the entire team, between the selected projects, based on the type of
road project, the type of HIA, and the array of health determinants that were described.

The online searches yielded a total of 83 potential HIAs on road construction projects.
Analysis of a recent review article investigating HIAs in the USA between 2000 and 2017 [10]
enriched with direct contacts with the researchers involved (B. Cole & K. MacLeod, personal
communication) yielded a further 96 potential road construction HIAs. Careful analysis
of all the project titles and abstracts identified in this way enabled these figures to be
considerably reduced. First, nine of the roads related HIAs identified through the online
search were in the list supplied by Cole & MacLeod. Second, among the remaining
87 HIAs, none corresponded to the building of new roads. They addressed projects that
were expected to improve health and/or road safety: reducing speed limits, promoting
active transportation and/or public transportation (transit), road pricing, the creation of
roundabouts, transit subsidies (increase or decrease), etc. Among all the candidate HIAs,
we identified only five which might potentially have to do with road construction. These
we checked in detail and ascertained that they all dealt with pre-existing roads, which were



Sustainability 2023, 15, 8013

50f19

to be transformed into “complete streets” or other schemes likely to lead to health benefits
rather than an increase in health risks.

In all, only 15 articles were identified, none of which were published in peer-reviewed
journals. These HIAs were then analysed as regards the health determinants that they
studied. A closer look at the identified articles showed that only 4 related to the construction
of new roads and a further 2 to highway expansion (see Table 1). Reverting to the results
of our literature search, we realised that only one HIA on a new road project had been
identified in the peer-reviewed literature, but after closer inspection, it turned out to follow
a modelling methodology rather than an HIA methodology [24].

Table 1. The six identified HIAs related to road construction projects.

Project Location Type Year

A483/A489 Newtown UK, Wales Several options including a new road 2009
Wrexham Industrial Estate UK, Wales Two new access roads 2009
Ortiz Avenue Road Widening USA, Florida Expansion (extra lanes) 2011
South Devon link road UK, Devon New road (bypass) 2012

M4 corridor enhancement measures UK, Wales Several options including a new road 2012

Our review shows that most of the health determinants investigated in HIAs related to
road projects are social (lifestyles and behaviour, social and community cohesion/severance,
economic conditions, etc.), rather than environmental (soil and water, noise and vibrations,
air quality, and the natural environment, including green space and biodiversity). Another
interesting aspect of these HIAs was their high degree of interdisciplinarity. Indeed, this
fact must be compared to another observation already noted in the scientific literature and
which would explain the discrepancy between the large number of EIAs already carried
out on road projects and the very small number of HIAs carried out on similar proposals:
the sectorisation linked to the proliferation of impact assessment tools, such as EIAs, which
prevents a trans-disciplinary approach [25,26]. We further discuss trans-disciplinarity in
Section 5, but this discrepancy calls into question the necessary integration of EIA with
HIA. Thus, it is important to summarise the main differences and similarities between
these two tools (see Table 2).

Table 2. A comparison between EIA and HIA approaches (adapted from [27]).

EIA HIA

Definition

Scientific, systematic, and preferably participatory
analysis process:

-the negative effects of a project on the
environment in order to identify them, assess them,
and adopt the necessary measures to avoid and
mitigate them or, failing that, compensate for them,
-positive impacts to improve them.

Combination of procedures, methods, and tools by
which a policy, programme, or project may be
judged as to its potential effects on the health of a
population and the distribution of effects within
the population.

HIA identifies appropriate measures to manage
these effects.

Objectives

Inform the decision-maker by providing an
assessment of the environmental and social issues
of the proposal, as well as the measures to be taken
to improve it from both an environmental and
social point of view, before the decision is made.

Inform the decision-maker by providing an
assessment of the health issue (in the broad sense)
of the proposal, as well as the measures to be taken
to improve it in terms of public health and the
distribution of costs and benefits, before the
decision is made.

Position in the
decision-making
process

At the pre-project stage in the initiator’s planning.

At the stage of the proposal (project or strategy or
program or policy) formulation.
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Table 2. Cont.

EIA

HIA

1. Screening
2. Scoping

1. Screening
2. Scoping
3. Appraisal

Procedure 3. Ap pralsal . . 4. Report and recommendations (decision)
4. Review and recommendations (decision) o
5. Monitoring and follow-up > Monitoring
' 6. Evaluation
-Promotes trans-disciplinarity and intersectorality.
-Promotes interdisciplinarity and intersectorality. =~ -Scientific approach recognised and promoted by
-Scientific approach, globally applied, and the WHO, with legal bases in certain jurisdictions,
Strengths generally mandatory with a legal basis. applied mainly voluntarily.
-Involves a broad and diverse public in the -Participation of a targeted or broad public,
decision-making process. depending on the nature of the issues and the level
of socio-political concerns.
Rigid legal, regulator.y, an.d admlr}lslh.'atlve -Difficulty in quantifying some health impacts.
frameworks that provide little flexibility. S .
L . -Implementation is not always effective and
-Implementation is not always effective due to the e .
. efficient due to the low commitment of the State
. weak commitment of the State and lack of funds, s )
Limitations, . . and lack of availability of funds, time,
time, and expertise. .
weaknesses, or -Instrumentalisation of the procedure that distorts and expertise.
challenges P -Lack of awareness and interest in health from

its purpose.

-Little learning from project to project due to lack of
dissemination of monitoring and follow-up reports
and lack of resources for effective monitoring.

other sectors.
-Difficulty in demonstrating the value and
short-term return on investment of voluntary HIA.

Nevertheless, our results show that HIAs on road projects tend to concentrate on a
limited set of health determinants. This finding is supported by an HIA typology on “urban
transport and planning in cities”, which found that HIAs in this wide field were mainly
considered under the angle of road safety [18]. Furthermore, our results also show that,
although HIA has become relatively common, especially in the USA, its application to road
projects is piecemeal. HIAs on new road projects are very rare both in the peer-reviewed
and grey literature, compared to HIAs in other fields, including the refurbishment or
modification of existing roads. Another recent, wide-ranging scoping review on HIAs
related to transportation which identified 158 such studies confirm our findings [28].

Thus, HIA is very rarely being carried out in one of the areas where it is the most
needed: on the many new roads that are currently being built, worldwide. We note
that in many countries, such projects are submitted to compulsory environmental impact
assessments, but not to compulsory HIA.

3. Materials and Methods

As mentioned in Section 1, the HIA process is structured in 6 steps. The initial step of
screening (S1) defines whether a policy, programme, or project is amenable to HIA, and
includes a brief examination of its potential links and health. Scoping (52) determines the
scope and terms of reference of the HIA: the type of assessment to be carried out, why, how,
by whom, etc. It establishes boundaries for the HIA and thus its study area. In the appraisal
step (S3), the potential of the project to affect health is assessed: it consists in evaluating
the various positive and/or negative impacts on the health of the affected population, as
well as the distribution of these impacts within the population. Reporting (S4) sets out the
results of the assessment, presents the evidence, and contains recommendations that seek to
minimise the negative impacts and maximise the positive impacts of the decision on health.
Monitoring (S5) consists of setting up a mechanism to follow up on the implementation of
the recommendations. Evaluation (56) can be undertaken by analysing the conditions under
which the HIA was carried out (process evaluation) and /or compliance with HIA standards
(quality assessment). It should also assess the effectiveness and impact of the HIA on



Sustainability 2023, 15, 8013

7 of 19

decision-making, representations, and practices, as well as its added value. HIA is a flexible
and creative process that depends on available data and other types of information [4]. It
uses tools from the medical (epidemiology), social, economic, and environmental sciences,
in a multisectoral and trans-disciplinary perspective, where methods and theories from the
different disciplines do not only coexist side-by-side (multidisciplinary) or are synthesised
into “a coordinated and coherent whole” (interdisciplinary) [29], but merge to create new
hybrid frameworks and new knowledge [30].

To identify and characterise the road project’s impacts on health, the HIA described in
this case study followed international practice standards from the screening step (S1) to the
fourth step of recommendations and the drafting of the assessment report (54).

During the screening step (S1), two tasks were carried out simultaneously. The first
consisted in collecting and studying the available project documentation (including all the
studies and reports related to the new ring road and the existing A35 highway) as well as
meeting with the HIA and COS project promoters, coupled with a field visit. This work
aimed to conduct a preliminary analysis of the project, its context, and the issues at stake,
and to highlight the potential interest of an HIA. The second task was the literature review
presented in Section 2, aiming to identify HIAs carried out on similar highway projects
around the world and gather evidence on the relationships between transport on roads
and health.

During the scoping step (S2), these data were used to determine the scope of the HIA,
i.e, to select the determinants of health on which to focus for impact assessment. Thus, data
were first used to identify the hypothetical impacts on health that the new project might
have and develop the causal mechanisms and pathways that link them to the project. These
hypotheses, represented in a causal model, were then confronted with the local health and
social issues related to the project.

The selection of health determinants to be investigated was based on the following criteria:

(a) Territorial issues: does the determinant affected by the project contribute to the health
status of local populations?

(b) Impacts nature and magnitude: is the determinant likely to be significantly affected
by the project? Or is the determinant likely to significantly affect the health of the
populations? Or are the effects of the project likely to be unevenly distributed among
different population groups?

(c) HIA added value: can the approach provide new data and/or solutions in addition to
the information already available?

(d) Data availability: will it be possible to mobilise and/or produce the necessary data to
estimate the potential effects of the project on the determinant concerned?

Each health determinant was listed and prioritized in a scoping matrix (see Table 3).
For the first three criteria (a-b-c), each health determinant was rated according to a scale
of 3 (L-limited, M-medium, H-high) based on previous work. Those which received the
highest rating on at least two criteria and no “limited” rating on the third criterion were
ranked as priority 1 and retained. The others, rated as priority 2 or 3, were discarded. The
fourth criterion (d) was applied in a second step. Determinants for which there was a clear
lack of data were discarded. The determinants classified as priority 1 and satisfying the
criterion of data availability (A = mainly available, B = partially available, C = not available)
were therefore finally retained.

Based on this work, the evaluation team suggested narrowing down the scope of the
HIA to ten determinants of health gathered in six categories: outdoor air quality, noise,
mobility and access to healthcare services, traffic security, local development, and living
environment. This choice was discussed and validated by the HIA commissioners during
the first HIA steering committee meeting.
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Table 3. HIA COS project scoping matrix.

Inclusion Criteria Exc%usi.o n
o Criteria
Determinant Territorial Impacts Nature HIA Added Priority Data Availability Selection
Issues & Magnitude Value
O‘:S;‘i’tryair H H M 1 A Yes
Indoor air quality H M M 2 C No
Soils M M L 3 A No
Water H M L 2 A No
Natural hazards M H M 2 A No
Waste L M L 3 A No
Biodiversity H H L 2 A No
Temperature H H L 2 A No
Noise H H M 1 B Yes
Londsare y . y z : N
Light ambiance L M H 2 C No
Road safety M H H 1 B Yes
Mobility H H M 1 B Yes
Housing H M M 2 C No
Social cohesion M H H 1 B Yes
Discrimination M L H 2 C No
Employment M M M 2 B No
Soeme . y 1 :
Agriculture H H M 1 B Yes
dEVI(;]llrpaIIIllent H H M 1 B Yes
Physical activity H M H 1 C No
Food H M H 1 C No
Risk behaviours M L H 2 B No
Pace of life M H H 1 C No
Joeed ! h 1 :
Economic M M H 5 B No
resources

Access to services H M 1 B Yes
Healthcare offer H L M 2 A No

During the impact appraisal step (S3), each of the six selected determinants of health
was broken down into a set of questions associated with analytical variables and indicators.
Then, the quantitative and qualitative data to answer these questions were identified and
extracted from different studies, including the ring road environmental impact assessment
(current and future traffic on both the existing A35 and the COS according to different
project scenarios, current and estimated roadway noise levels and concentrations of N0,
and PMj, 5 within our study area according to different project scenarios, total population
and population density per km? within our study area, baseline all-cause mortality within
our study area, citizens” and local stakeholders” opinions and views regarding the ring
road, etc.). Finally, these data were analysed using the most appropriate methods and
models: statistical data processing for outdoor air quality (using the WHO-promoted AirQ+
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software), noise (Miedema and Oudshoorn model), and road accidents (Nilsson-Elvik or
Power model); map-based approach for local development as well as mobility and access to
health services; literature review for all determinants of health; NVivo qualitative analysis
of the comments collected during the public inquiry on the COS project for all determinants
of health, in particular local development and the living environment. The NVivo-assisted
analysis of the public inquiry was conducted in two phases: an initial thematic analysis
of extracts dealing directly or indirectly with the determinants of health included in the
scope of the study (724 such extracts were identified), in order to try to understand how
the project was likely to impact peoples’ living environment and wellbeing and compare
this information with the scientific literature; a second computer-assisted analysis of all the
1349 extracts in the public inquiry, to identify the links made by the contributors between
the project, health determinants, and health outcomes. The goal was to establish a second
causal model corresponding to these representations and compare it with the causal model
based on the literature.

Once the analysis was completed for each health determinant, the results were com-
piled in a matrix where each identified positive or negative impact was characterised in
terms of intensity, probability of occurrence, duration, geographical extent, affected groups,
and effect on social and spatial health inequalities. This impact matrix made it possible
to produce an overall estimate of the project’s impacts on health, considering possible
synergies and antagonisms between its various effects.

4. Results
4.1. Impacts on Outdoor Air Quality

Four scenarios, all for 2021, were considered: a “business as usual” scenario (Scenario 1),
used as a baseline; a second scenario with the COS, the A35 upgrade, and the roll-out of
the measures in the urban mobility plan (Scenario 2); a third scenario, with the three above-
mentioned measures and a bus-only lane on the A35 (Scenario 3); and a fourth scenario
opening the bus-only lane to high occupancy vehicles-HOV (Scenario 4). Their effects on
air pollution and resulting mortality were compared using the AirQ+ software [31,32].

Without the ring road, we estimated that, in 2021, 4.9% of the annual deaths in
Strasbourg will be attributable to NO, emissions and 3.7% to PM; 5 emissions. In the other
project scenarios, which imply both the creation of the bypass and the A35 upgrading, these
proportions would be respectively 4.8% and 3.7%—an infinitesimal decrease.

At the metropolitan level, the share of annual deaths attributable to NO, in 2021 would
be 4.3% in all project scenarios. This amounts to around 170 deaths per year. For PM; 5, the
share of annual deaths attributable would be 3.5% in 2021. This represents 138 deaths per
year. Again, there is almost no difference between the scenarios.

Therefore, it seems that the new road and A35 upgrade would only have a very limited
impact on local mortality attributable to outdoor air pollution. Yet, each year, an estimated
300 deaths attributable to PM; 5 and NO, occur in the Strasbourg metropolitan area, with
almost two-thirds of these deaths occurring in the city of Strasbourg itself (64% for NO,
and 61% for PM2.5).

4.2. Impacts on Noise

Three study scenarios were selected: (i) before the commissioning of the COS, i.e., the
initial state (2017—reference situation); (ii) after commissioning of the COS and without
acoustic protection (2040 COS); and (iii) after the commissioning of the COS and the
implementation of acoustic protection measures (2040 COS AP).

In order to calculate the health effects of road noise according to these three scenarios,
we used the model developed by Miedema and Oudshoorm [33-36]. We cross-referenced
the distribution maps of the noise generated by the COS in 2040, without and with acoustic
protection. Two estimates of the populations exposed to each sound level studied were
made. If there was any doubt about the assignment of a sound level to a geographical band,
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the first estimate systematically assigned it the highest sound level (high hypothesis) while
the second systematically assigned it the lowest sound level (low hypothesis).

The ring road is expected to slightly increase the number of people exposed to noise
levels ranging from 43 to 68 dB(A), in a 1000-m corridor on either side of the road. This
will result in negative effects on the health and quality of life of the affected populations,
including an increase in the number of people likely to experience significant annoyance
(an additional 1 to 4 percentage points of the study area population) and develop sleep
disturbances: an additional 0.5 to 1.5 percentage points of the study area population (see
Table 4). Although not calculated in our study, the excess risk of cardiovascular disease
associated with the extra noise generated by the ring road should not be assumed to be
zero. Ultimately, through the noise it generates in an initially quiet area, the ring road is
likely to cause a loss of healthy life years in its neighbouring population. We would have
liked to include the A35 upgrade in the analysis but, in the absence of data related to the
project, it was not possible to consider its impact on roadway noise.

Table 4. The number of people likely to develop sleep disorders by noise level and scenario in the
Strasbourg conurbation.

Light Level Number of People with Sleep Number of People with Sleep
dB(A) Disorders-High Hypothesis Disorders-Low Hypothesis
2017 2040 COS 2040 COS AP 2017 2040 COS 2040 COS AP
>55 40 200 190 40 100 95
55-50 55 109 101 55 68 65
50-45 64 109 106 64 73 68
45-40 77 77 86 77 77 75
40-35 85 - - 85 68 75
Total 321 (3.1%) 495 (4.7%) 483 (4.6%) 321 (3.1%) 386 (3.7%) 378 (3.6%)

4.3. Impacts on Mobility and Access to Health Care Services

Concerning travel conditions, the new ring road is likely to generate savings in terms
of distance and time, but these appear to be limited in comparison with many other local
mobility issues. Furthermore, they will be unevenly distributed, based on the type of
travel and its origins and destinations. There would be improved suburb-to-suburb and
north—south transit flows, some improved internal connections within Strasbourg, but
unimproved or even slightly deteriorated commuting to and from Strasbourg. Moreover,
these time and distance savings remain dependent on individuals’ future mobility choices,
which are difficult to anticipate. Finally, the new bypass, which will be a toll road, represents
an extra financial cost for its users compared with the existing A35, which is toll-free. These
results call for caution regarding the effectiveness and socio-spatial distribution of the
positive effects of the project on local mobility.

Concerning access to health care services, the ring road should also have positive but
limited effects, with a risk of uneven socio-spatial distribution. On the one hand, access to
primary care services appears to be relatively unaffected since the access routes are outside
the ring road’s area of influence, either closer to the city centre or in more remote areas [37].
On the other hand, there should be a slight improvement in access to secondary and tertiary
care services, particularly for the inhabitants of municipalities and for the medical facilities
located on both ends of the road. However, a slight decline in quality of service is possible
for the municipalities located towards the central portion of the new road.

4.4. Impacts on Road Safety

In recent years, injuries from road accidents represent the seventh leading cause of
death in the world [38]. In France, it is the first cause of death among 15-24-year-olds [39].
Beyond road users’ behavior (consumption of alcohol or narcotics, use of the telephone and
other distractors), the main factors which influence the frequency and severity (number
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of fatalities and injuries) of traffic accidents are road design [40—42], speed [43,44], traffic
volume and car congestion [45-47], as well as the percent of trucks in total traffic [48].

Since the new ring road is not set to change the overall highway traffic, we observed
limited differences in the number of annual road traffic deaths and injuries compared to
the scenario where the ring road would not be built (“business as usual” scenario 1), with
very slight variations according to the details of the A35 upgrade (see Table 5).

Table 5. Number of deaths and injuries per year on A35 and COS for different project scenarios.

. . .. Evolution of Evolution of
Scenario Fatalities Injuries o M,
Fatalities Injuries
Scenario 1 1.55 37.46 - -
Scenario 2 1.52 36.87 —2% —2%
Scenario 3 1.57 38.07 +2% +2%
Scenario 4 0.79 26.29 —49% —30%

Rather than dedicating a traffic lane to public transport (scenario 2) and carpooling
(scenario 3), it is speed reduction, by 20 km/h (scenario 4), that proves to be most effective
thanks to a reduction in the frequency of road accidents (due to improvements in travel
conditions and reduced traffic congestion) and in the severity of the remaining accidents
(due to the reduction of impact velocity). This reduction in the number of fatalities and
injuries will be even more significant if the effective speed reduction on A35 is accompanied
by a decrease in the number of heavy goods vehicles on this road.

4.5. Impacts on Local Development

In terms of local development, the new ring road would have three main effects.
First, the destruction of valuable agricultural land would represent a great loss for many
inhabitants of the Strasbourg area, who are culturally or emotionally attached to agriculture.
This loss is more associated with the landscape and heritage value of the land than with its
productive function. Indeed, several studies show that the generally positive perception
of agriculture by non-farmers stems more from an interest in health and the environment
than from an awareness of economic or nutrition issues [49,50]. According to Keogh &
Connolly [51], agriculture is positively associated with national or regional identity and the
quality of territories.

Second, land and house prices are likely to vary along the new ring road, with an
expected increase in prices around the five highway junctions and exit roads but a decrease
in the immediate vicinity of the highway [52-55].

Third, in addition to direct job creation, it is possible that the new road will encourage
the development of business parks and shopping centres in its surroundings [56]. However,
at least in the short term, it represents as much of a constraint as a facilitator of urban
sprawl and it is difficult to conclude that it will be an incentive for new housing projects.

By confronting these effects of the project on local development with the location of
highway junctions and changes in travel times within the study area, four “high stakes
areas”, in terms of economic activities, housing development, and property price increases,
were identified.

4.6. Impacts on the Living Environment

Regarding the living environment, the new road is expected to have four main effects.
First, as observed in other highway projects [57], the new infrastructure will significantly
affect people’s sensitive experience, through the reduced status of the spaces surrounding it.
Therefore, it could contribute to limiting the use of many green and natural spaces, which
are sources of well-being, physical activity, and social interaction, and increase community
severance [58-61].
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Second, the development of shopping malls, business clusters, or economic develop-
ment areas near highway junctions could lead to the creation of new businesses or services,
thus threatening existing shops and places anchored in everyday life, which constitute the
third level of sociability, after family and the workplace [57].

Third, the new highway could, in the long term, incentivise urban sprawl and dis-
persed settlements, thus weakening social bonds. As found in other studies [62], the
resulting negative consequences would primarily weigh on socioeconomically disadvan-
taged people.

Finally, the new road could affect the relationship that locals have with their territory
and the way they value it [63]. The people who contributed to the public inquiry widely
reported a feeling of injustice regarding a situation that ignores their life choices and their
opinion, emphasising a lack of consultation for the project design and validation process.

4.7. Global Assessment

While the new road is likely to create or keep jobs, improve certain journeys, and
relieve the A35 highway of a small portion of its traffic, it does not appear to be able to solve
mobility and outdoor air quality local issues on its own. The creation of new disturbances
for residents and uncertainty in terms of economic and urban development in western
Strasbourg are major issues, especially since the project crystallises the discontent of part
of the local population, who see it as more than just a disturbance, but also a project that
calls into question their lifestyle choices and the efficiency of community participation.
There is a risk that the negative impacts will be concentrated on the inhabitants of the
municipalities crossed by the COS as well as on vulnerable people (children, elderly, non-
motorised, and/or socio-economically disadvantaged households), but there is a lack of
available data to estimate plausible different health impacts for specific population groups.
Finally, the spatial distribution of the positive and negative impacts and the risk of their
concentration on certain groups (socioeconomically privileged households with a car vs.
carless households with few financial resources, as well as residents and vulnerable groups)
raise legitimate concerns in terms of equity, a core principle of HIA.

These impacts on the determinants of health are likely to translate into corresponding
effects on the health status of populations: neutral or negligible effects on respiratory
diseases; a slight increase in the prevalence of chronic (including cardiovascular) diseases,
via an increase in noise and a reduction of physical activity; an increase or decrease in road
trauma and associated mortality, depending on the A35 highway development scenario
and its flanking measures; differential effects on access to health services according to the
level of service and residential area; a decrease in quality of life and well-being for people
living in close vicinity to the infrastructure, but an increase in well-being for its future
users who do not live too close to it; and a tendency to slightly increase rather than reduce
existing social and spatial health inequalities.

5. Discussion

Health impact assessment is a health promotion approach that supports values such as
sustainable development, equity, and the ethical use of data. It is also a structured method
that considers health in a broad definition. It brings together several academic disciplines
and allows the comparison of several types and sources of data [4]. In France, HIA is not
mandatory for any kind of project, programme, or policy and is therefore based on the
goodwill of the stakeholders involved in the process as well as their ability to work together
and be open to inputs from the community.

The initial proposal by the study team met the HIA international standards of prac-
tice [64]. The hypothesis of the supposed added value of this HIA based on the analysis of
the studies and reports related to the COS project (in total, 26 documents were analysed)
and used in the scoping matrix (see Table 3), has been clearly confirmed by the results
obtained, which shed new light on the elements to be used by decision-makers. In addition
to an analysis of the scientific and grey literature, this assessment included the collection of
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new data using various techniques (individual and group interviews, field observation,
etc.). Such data, both quantitative and qualitative, are useful to contextualise the study and
get a better understanding of the current opinions and behaviours of local populations. The
team was made up of experts from different backgrounds and urban health research seeks
to solve complex and multidimensional problems. The trans-disciplinary approach was
therefore the one recommended for the case study that we had to deal with (see Section 5.1).

Because of the controversial nature of the COS project [2], which can be found in other
infrastructural projects in France [65], the HIA was implemented in difficult conditions
that did not allow the work to be carried out according to the initial plan. Such conditions
created difficulties and complexity throughout the HIA process and required adjustments,
mainly in three areas (see Sections 5.2 and 5.3).

5.1. Trans-Disciplinarity

Given the effects of multiple factors on health in the urban context, an understanding
of the complexity of health problems in the urban environment is beyond the bound-
aries of any single discipline, thus the involvement of multiple disciplines and sectors
and various research methods is required [66]. Domains such as health, environmental
science, and political science need to be merged to develop coordination in policies and
projects that promote sustainable development in urban and peri-urban regions. Whereas
multidisciplinarity implies that each discipline works in a self-contained manner, interdis-
ciplinary goes one step further by approaching an issue from several perspectives which
are integrated to provide an outcome.

In trans-disciplinary research, however, the focus is on organising knowledge around
a complex and heterogeneous subject rather than thinking about the disciplines whereby
knowledge is commonly subdivided. Trans-disciplinarity involves a fusion of disciplinary
knowledge with the know-how of lay people thus creating a new hybrid that is different
from any specific constituent part [67]. It distinguishes itself from other cross-disciplinary
approaches such as interdisciplinarity and multidisciplinarity in that a “fusion” of differ-
ent disciplines and perspectives into a common conceptual framework is involved and
researchers are expected to leave the comfort zones of their disciplines [68]. This fusion
of disciplines and experts can include non-academic or non-scientific stakeholders such
as community organisations or the population of study [69]. Importantly, all types of
expertise are valued equally; no academic discipline or expertise is privileged throughout
the research process.

HIA is inherently trans-disciplinary, and knowledge is produced not only by the com-
ing together of experts from different disciplines but also through interactions with local
stakeholders and citizens. It follows that HIA teams tend to come from different scientific
backgrounds, with diverse knowledge and skills. In our case study, to handle the multiple
health determinants related to such a project, a team of seven researchers was set up, with
groundings in public health, political science, urban planning, geography, engineering,
urban studies, natural sciences, transportation, and HIA practice. After working together
over several meetings, the team decided on a single trans-disciplinary methodological
approach combining inputs from each field. It has developed “critical awareness”: the
understanding that all disciplines and fields have substantive and methodological strengths
and limitations. With regard to ensuring successful conflict resolution, the concept of “psy-
chological safety” was promoted from the beginning: the team operated in an environment
where members feel comfortable expressing independent thoughts and opinions as well
as divergent assumptions about the nature of varied research approaches, without fear of
embarrassment, rejection, or punishment. It allowed the team to promote active listening
and debate and discussions that are characterised by open sharing of ideas and mutual
respect [70].

This led to a successful trans-disciplinarity implementation characterised as “a series
of negotiations and recursive interactions between disciplinary practices”, meeting all the
identified conditions for success [71]: (i) mutual trust amongst participants in interdisci-
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plinary work; (ii) robust disciplinary science, combined with (iii) individuals” confidence in
their own disciplines, and with (iv) mutual respect for others’ disciplines; (v) space and
time for sharing of knowledge, and exploration of different constructions of problems and
methods; (vi) planned opportunities to negotiate at the borders; (vii) agreement that ‘the
problem’ can be framed in different ways.

5.2. Methodological Creativity

The first difficulty, encountered during the scoping stage (52), concerns the definition
of the geographical perimeter for the HIA. The scale of the road project—24 kilometres long,
and its integration into a highway network make the question of the most appropriate scale
for assessing its various effects highly fraught, especially when access to all the project
documentation cannot be ensured. Moreover, while the setting of geographical boundaries
is identified as an important task of the HIA scoping step [64], international standards of
practice do not provide clear guidance nor a precise method for doing it [72]. For this HIA,
it was decided to define a broad and flexible geographical scope to avoid neglecting any
impact, area, or population group likely to be affected. In other words, when the potential
impacts are attached to a specific geographical area and their expression depends only on
the highway project itself (e.g., roadway noise and road accidents), the study perimeter is
restricted to this area. When the impacts are diffuse and do not depend solely on the project
itself (e.g., mobility, local development, and living environment), the perimeter is extended
to all the communities crossed by the new road, with a focus on selected municipalities or
neighbourhoods. This focus makes it possible to study the reactions of different types of
territories to the opening of the new road and to capture its effects on social and spatial
health inequalities.

Unfortunately, the lack of local health data and the absence of contacts with potential
partners prevented the inclusion of a neighbouring German municipality within the HIA.
However, when appropriate and feasible, contextual elements linked to Germany were
taken into account in the analysis (e.g., the existence of a LKW-Maut heavy goods vehicle
tax, configuration of the German highway network, main trans-European road freight
flows, etc.).

Another difficulty, encountered during the impact appraisal step (S3), relates to data
collection. In this regard, we faced two main issues: first, we were not allowed (see
Section 5.3) to access the study site and to contact the services and partners who had
previously been identified, especially local elected officials, association representatives, and
inhabitants; second, it was impossible to collect all the project documentation concerning
both the A35 upgrading and the local mobility policy, even though their inclusion in the
scope of the study had been requested by the sponsors.

As seen in several HIAs on road projects [10], these barriers to data collection may
lead to unequal treatment of the various determinants of health, with social determinants
being addressed only through the scientific literature, or even to a restriction of the HIA to
the environmental determinants of health. In order to reconcile the holistic and systemic
nature of HIA with the constraints of the field, it was decided to turn to the public inquiry
which had been organised from 4 April to 17 May 2018 by an independent commission
appointed by the Strasbourg administrative court regarding the COS project (see Section 3).
Although this survey does not escape the limitations of secondary data analysis (data
collected for a different purpose and under uncontrolled or even unknown conditions, loss
of data) [73], it makes it possible to integrate the voices of local stakeholders, which is a
requirement of HIA that is often difficult to meet [74]. Moreover, such work represents a
new and innovative experience because, although the effects of public inquiries and their
role in decision-making processes have been studied, they are rarely used in HIAs and
not in such depth [75]. Given the recurrent nature of barriers to data collection in HIA, as
well as the existence of public inquiries in many countries, this is an interesting avenue to
explore to deal with difficulties regarding access to local data.
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5.3. Adaptability to Power Relationships and Connectivity with the Public Inquiry

Throughout this HIA, controversy and power games between stakeholders formed a
significant obstacle to its successful completion. Those conditions did not allow the HIA
implementation to be carried out according to the mode of governance initially planned.
Indeed, the coordination and monitoring had to be ensured through the steering committee
for the validation of the orientations and a technical committee, under the responsibility
of the Eurometropolis of Strasbourg. A meeting of the steering committee was held on
5 July 2018, with a reduced workforce. The three other meetings planned at the key
stages of the process to validate the methodological options were not convened by the
Eurometropolis. Indeed, in September 2018 the prime HIA commissioners decided to leave
the Eurometropolis coalition government in disagreement with its president about the
COS project management. Because of this upheaval, the HIA process was impeded by
local authorities, though not stopped. A technical committee responsible for supporting
implementation alongside the HIA team and facilitating the mobilisation of other partners
was never created. Although agreed upon during the scoping phase (S2), the HIA team was
not allowed to consult local stakeholders, including interviews with local elected officials,
institutions, association representatives, and residents.

This main obstacle was avoided by using data from the public inquiry whose collection
was related to the environmental impact assessment process, and whose results were freely
available. Over 1400 responses by various members of the public were submitted to an ad
hoc secondary analysis. Based on this information, a model showing how the project was
perceived by the public was created and confronted with the model which had previously
been designed by the HIA team based on a literature review. Using data generated for
another purpose (environmental impact), the HIA nevertheless succeeded in identifying
the needs of the population. The results provided evidence that consensus around this
project was unattainable and that decision-makers had to imagine other solutions to fulfil
the expectations of the population, especially around the value (far higher than anyone had
expected) that citizens attributed to nature and agricultural land. This secondary analysis
proved to be a real trove of information and was completely unplanned.

Decision-makers who are convinced of the value of their project may find it difficult
to consider other perspectives, and this makes consensus impossible and restricts the
development of innovative solutions through informed dialogue and compromise [76].
Power relationships may come into play and various constituencies try to use HIA to further
their vision and their own agenda. It is essential for HIA practitioners and researchers to
be able to: (i) recognise power relationships when they are at play in real-life situations,
and (ii) imagine creative research methods to be used to neutralise power relations [77].

5.4. Limitations of the Study

The conclusions presented in this paper draw on a single case study, which raises
a legitimate concern about the ability to generalise our conclusions, each case having its
specific characteristics and context. However, actions can be implemented to mitigate the
potential pitfalls of the case study methodology [78], most of which are in line with the
HIA approach in general and the work presented here (clear definition of the scope of
the case, analysis of the context of the case and its influences, focus on data collection in
line with the research questions, triangulation of data sources and confrontation with the
theoretical and empirical literature, transparency of the research process, integration with
the theoretical framework). Therefore, more than just an illustrative example of HIA added
value in the promotion of urban health, this case study confronts methodological issues
and offers practical solutions that can be useful for HIA promoters and practitioners facing
similar challenges, in areas such as trans-disciplinarity and adaptability during the entire
HIA process, connectivity with the EIA and the public inquiry for data collection, and
methodological creativity for scoping and data analysis.
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6. Conclusions

While the investigated road project is likely to create or help maintain some jobs in the
short term and might accelerate certain journeys and relieve the pre-existing A35 of a small
part of its traffic, it does not seem able to improve local mobility and air quality issues. The
creation of new nuisances for residents and the uncertainties in terms of economic and
urban development in western Strasbourg are major issues, especially since the project
crystallises the dissatisfaction of a part of the local population, who perceive, beyond
its future nuisances, COS as a questioning of his life choices and as a lack of democracy.
Moreover, the effects of induced demand (new road infrastructure leads to increases in car
use and car ownership) are counterproductive in an age where cities need climate-friendly
infrastructure that supports low-carbon lifestyles. Finally, the socio-spatial distribution
of the COS project effects, the risk of concentration of the positive and negative impacts
on certain population groups (motorised households, socio-economically advantaged and
mobile on the residential level versus non-motorised households, captives and with few
resources as well as residents and vulnerable population) raise legitimate fears in terms of
fairness, one of the cardinal concerns of HIA.

This case study raises the question of the transparency of the planning and validation
processes of major infrastructure projects, and their ability to consider their potential impact
on urban health and effectively integrate citizens’ voices. Despite an unfavourable political
context, the HIA approach described in this article was able to overcome methodological
difficulties and obstacles, thanks to creative research methods and trans-disciplinarity, to
finally yield relevant information and suggestions for urban health promotion.

If urban areas are still failing to be “inclusive, safe, resilient and sustainable” as set out
in SDG11, even in one of the richer parts of the world, then we would suggest prioritising
urban quality in the future. One way of doing this could be to apply HIA more often to
transportation projects, especially the building of new roads.
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