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Abstract: This article illustrates how a health impact assessment (HIA) can be used to promote a
collaborative discussion among stakeholders as part of a local action plan aimed at improving air
quality. We performed a HIA of the mortality impacts of long-term exposure to fine particles PM2.5 in
the Arve Valley in France. This narrow valley can experience high levels of pollution mostly during
winter. However, local stakeholders expressed strong, contradictory opinions on the associated health
impacts. Our HIA helped overcome existing silos and shifted the overriding question from “Is it true
that air pollution kills people?” to “What can we do to improve air quality?” HIAs have proven to be
an excellent decision-support tool in many contexts. In addition, they should continue to be useful
provided that their scope, specific objectives, choices, calculation assumptions, and limitations are
thoroughly explained to all stakeholders and made easily accessible.

Keywords: health impact assessment; mortality; fine particles; stakeholders involvement

1. Introduction

Chronic exposure to outdoor air pollution, and especially to fine particles, has been proven to favor
the development of various diseases [1–6], leading to premature mortality [7–9]. Despite extensive
scientific literature on the topic, disbelief of the reality of these health impacts by stakeholders may
impair actions to improve air quality. Victims of air pollution are not directly identifiable, as long-term
exposure to air pollutants is a risk factor for a wide range of chronic diseases (e.g., cardiovascular,
respiratory, renal diseases, cancer, . . . ), while short-term exposure exacerbates the symptoms of an
equally wide range of health pre-existing conditions. In addition, for fine particles (PM10 and PM2.5), the
European (EU) air quality regulatory values are less strict than the World Health Organization’s (WHO)
recommended guideline values. For instance, in France, according to the EU regulation, PM2.5 annual
mean concentration should not exceed 25 µg/m3 (20 µg/m3 in 2020), while the WHO guideline value is
10 µg/m3. Epidemiological studies document health impacts even below this value [9]. Finally, policies
tackling air pollution directly question people’s lifestyles and habits (e.g., use of cars vs. alternative
transport modes, use of woodstoves . . . ), and can therefore have a low public acceptance.

All of these factors contribute to debates on air pollution impacts and solutions.
The health impact assessment (HIA) approach was developed to help decision-makers understand

the public health burden of the environmental or social determinants of health. It has been largely
used to assess the health impacts of air pollution, and evaluate the potential benefits of planned
or implemented actions [10]. Here, we illustrate how an HIA helped to bring all stakeholders
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(local politicians, industrials, non-governmental organizations . . . ) together in a common goal,
the development of a local air quality policy in a French valley, in a context of high debate around
air pollution.

The Arve Valley is located in the French Alps, in the vicinity of the Mont Blanc country. The bottom
of the valley gathers more than 150,000 inhabitants, with a high population density (Figure 1).
The western part of the valley concentrates a broad range of industrial activities in a small territory.
The slopes of the valley are dedicated to agriculture, and toward the east to tourism. The Mont Blanc
country is an iconic and popular natural environment famous for outdoor activities. In this area of the
valley, natural spaces (i.e., places without human constructions) can represent up to 97% of the surface
of the municipalities.
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The valley is also the entry point of the tunnel under Mont Blanc that connects France to Italy and
is used daily by about 5000 trucks [11].

The valley is surrounded by mountain chains, and segmented by a series of bottlenecks that perturb
air circulation. This topography, with the high density of air pollution emission sources (industries,
traffic, and woodstoves during winter) in a small area, and the frequency of cold temperature inversions
common in the valley during winter, results in an exceedance of air quality target or limit values for
several pollutants. PM10 concentrations show a strong seasonal pattern with high concentrations
in winter, frequently exceeding 50 µg/m3. Since the beginning of PM10 measurements in 1999,
the daily limit value (80 µg/m3) is exceeded several times each year, with a maximum concentration
of 188 µg/m3 measured in 2009. The residential sector, mainly wood heating, is the main source of
fine particulate matter emissions (70% of emissions for PM2.5) during winter [11,12]. The target value
for benzo-a-pyrene (1 ng/m3 on annual mean) is also exceeded at the air quality monitoring station,
located in the narrowest part of the valley, again with a strong seasonal pattern.

High NO2 annual concentrations (around 40µg/m3 per year) are observed at the vicinity of the
main traffic road, which connects the western and eastern parts of the valley. Annual concentrations
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at urban stations range between 20 and 30 µg/m3 per year. The Arve Valley is one of the 24 areas in
France for which the European Court of Justice has stated that the annual limit value for NO2 has
been systematically and persistently exceeded since 2010, and that actions implemented to solve the
situation have been insufficient [13]. Finally, during summer, ozone formation is favored by sunshine
and altitude.

Figure 2 illustrates the trends in annual mean concentrations of NO2, PM10, and PM2.5 measured
in the valley between 2008 and 2019. Fixed measurements of PM2.5 started in 2016.Atmosphere 2019, 10, x FOR PEER REVIEW 4 of 13 
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Figure 2. Annual trends in NO2, PM10, and PM2.5 measured in the valley between 2008 and 2019 (data
source: Atmo Auvergne Rhône Alpes).

During winter, the population can perceive air pollution, as the visibility is modified. A qualitative
study on the perception of air pollution in the valley found that 40% of the participants perceived a poor
air quality, and 65% a degradation of the air quality through time. A majority of the study participants
linked poor air quality with health issues [14,15]. Concerns were especially exacerbated by three
episodes during winters 2011, 2013, and 2016, when PM10 concentrations exceeded 50 µg/m3 for more
than 15 consecutive days. In recent years, several non-governmental associations have been created to
claim for a better air quality. In 2015, the debate crystalized around the number of deaths attributable
to air pollution in the area. Stakeholders expressed strong, contradictory opinions, and received acute
political and media attention including at the national level [16].

Meanwhile, the objectives of the first plan for the protection of the atmosphere (PPA) were to
reduce PM emissions by 30% between 2011 and 2016. One action was the setup in 2013 of a fund to
provide financial support to inhabitants who wished to replace old heating devices (older than 2002)
or open stoves with a more efficient installation. Similar initiatives were subsequently taken up in
other territories. Short movies and educational supports were developed to raise awareness of the
negative impacts of wood-burning heaters among the population [17].

Truck traffic was the most frequently identified source of air pollution by the population,
while biomass burning was not perceived as a major contributor [14,15]. The discrepancy between the
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focus of governmental institutions on biomass burning, and the low perception of its contribution to
air pollution by the population has resulted in extensive debate.

In this context, the French public health agency was requested by the local health authorities to
document the health impacts of air pollution in the area. However, developing an epidemiological
study did not seem justified in that context. The scientific knowledge was sufficient to conclude that
air pollution levels in the Arve Valley presented a risk for the population. It would not add any new
evidence, while methodological issues, costs, and long delays were expected before obtaining results.
The risk would have been to further defer the implementation of actions by the local authorities, given
the local controversy on the health impacts of air pollution

A HIA was seen as a better choice, as it gives an opportunity to structure the existing knowledge
on air pollution, combining literature-based evidence with local data. It can be performed rapidly, it is
transparent, easily reproducible, and can be used to promote a collaborative practical discussion among
stakeholders. A quantitative HIA demonstrates the magnitude of the expected health impacts. Outputs
of HIAs hopefully lead to the discussion on appropriate interventions/solutions to the identified
problem. It helps overcome existing silos and shifts the overriding question from “Is it true that air
pollution kills people?” to “What can we do to improve air quality?”

2. Methods

We performed a quantitative HIA, following the general principles stated by the WHO and the
guidelines developed by the French public health agency. The objectives were to quantify the public
health burden of air pollution in the area to support decision-making.

The conceptual framework of the HIA was (1) to define a study period and area, based on
the availability of data; (2) to choose pairs of pollutants-health outcome to be included in the
HIA; (3) to define scenarios; (4) to assess exposure; (5) to select concentration-responses functions
(CRFs) and compute the associated impacts; (6) to analyze uncertainties; and (7) to communicate
the results. The impacts were assessed considering counterfactuals scenarios (i.e., considering a
change in concentrations, all other things being unchanged). Each of the seven steps required
specific methodological choices. Details on the equations we used are described elsewhere [18], and a
step-by-step guidance on how to perform this type of HIA is available in French [19]. More general
guidance on HIA can be found in Bhatia et. al. [20].

In the following, we focus on how stakeholder involvement contributed to shape the choices of
the HIA, and do not extensively detail the scientific method.

2.1. Stakeholder Involvement

The French public health agency was in charge of implementing this HIA. Selected stakeholders
were invited to discuss the objectives, method, and agenda of the HIA and were chosen to represent
a diversity of local interests: air quality, public health, environmental regulation organizations,
researchers from a regional university, mayors, and non-governmental associations (NGOs). The French
environment and energy management agency was the only national stakeholder involved, as it managed
the fund to replace old and open stoves.

The first stakeholder meeting was an opportunity to summarize the current knowledge on air
pollution and health, to explain the differences between epidemiological studies and HIA, and to clarify
what the HIA would and would not provide. Discussions influenced the choice of the scope of the HIA,
the scenarios that were to be tested, and some sensitivity analyses to be added to the initial protocol.

Once the HIA was performed, results were presented to stakeholders before their dissemination
to the general population. A final meeting was organized with the Ministries of Environment, Health
and Transports, local stakeholders, and the population. Its agenda was to explain the results of the
HIA, and to discuss the local concerns and opportunities for action.
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2.2. Defining the Scope of the Health Impact Assessment (HIA)

Initially, stakeholders were highly concerned with acute air pollution episodes of PM10 and NO2.
During the first meeting, they agreed on the French public health agency proposal of an HIA focusing
on the mortality impacts of chronic exposure to fine particles (PM2.5).

This scope implies several choices. First, the focus on long-term exposure, rather than on air
pollution episodes. Reasons were that (1) acute episodes contribute to long-term exposure, (2) the
long-term effects of air pollution largely outweigh the short-term effects, and a focus on acute episodes
would underestimate the actual public health burden [21], and (3) actions focusing on the reduction of
acute episodes would be less efficient than long-term interventions.

Second, the focus was on PM2.5, while initial concerns were expressed for PM10 and NO2.
These pollutants have attracted attention because they were measured in the Valley, and because
acute air pollution episodes are identified when PM10 and NO2 daily concentrations reach regulatory
thresholds. However, epidemiological and toxicological studies underline the hazardousness of PM2.5,
making it a better indicator than PM10 to study the effect of long-term exposure [9].

As for NO2, it was not retained, given that (1) part of the impacts of NO2 would be included in the
impacts of PM2.5 [9], and (2) high levels of NO2 were observed in the close vicinity of roads. A total of
0.3% of the population was exposed to levels higher than the EU regulatory value of 40 µg/m3, 5% to
levels between 30 and 40 µg/m3, and 50% to levels between 20 and 30 µg/m3. HIA are recommended
only for NO2 concentrations exceeding 20 µg/ m3 [9].

It was acknowledged that NO2 concentrations had an impact in the Valley, but that it would not
be quantified per se in the HIA.

Finally, the total mortality was chosen as the health end point, considering that (1) the causality and
the robustness of the PM2.5–total mortality relationship was consensual in the scientific literature [9],
(2) morbidity data would have been of interest, but were not available on a routine basis in the area,
and (3) the results could be compared with other French HIAs [18].

The general philosophy was that a HIA “a minima”, focusing only on PM2.5 and mortality, was
more likely to be accepted by a large number of stakeholders, rather than a HIA covering more impacts
and pollutants, but also having more uncertainties.

Additionally, given the lack of monitoring station for PM2.5 in the area, choosing this pollutant
implied that air quality modeling would have to be used to assess exposure, with the approach
described below.

2.3. Study Period and Study Area

The study area consisted of the 41 municipalities of the Valley, also corresponding to the study
area of the PPA. The study period was restricted to 2012–2013 due to the availability of mortality data.
Population by age was obtained from the National Institute of Statistics and Economic Studies (Insee),
on a 200 × 200 m grid. Annual total mortality (ICD10 A00-Y98) by age was obtained from the French
National Institute of Health and Medical for each municipality. We only considered the population of
residents, and did not take tourists into account.

2.4. Scenarios

Four scenarios were developed with the local stakeholders:

- ”Without anthropogenic pollution”, where none of the municipalities would exceed the
concentrations observed in the less polluted rural municipalities. The threshold was fixed
at the 5th percentile of the PM2.5 annual concentrations considering the whole surface of the
municipality (i.e., 4.9 µg/m3).

- “Decrease by 30%”, where all concentrations would be decreased by 30%.
- “Decrease by 10%”, where all concentrations would be decreased by 10%.
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- “WHO Guidelines scenario“, where none of the municipalities would exceed the PM2.5 WHO
guideline value of 10 µg/m3.

2.5. Exposure to PM2.5

In this kind of approach, it is not possible to estimate the individual exposure of any inhabitants
in the area. However, the objective was to match as much as possible with the method that was used
to assess exposure in the epidemiological studies providing the concentration–response functions,
detailed later on. One of the epidemiological studies we selected characterized exposure at the
municipality level based on a fine-scale air quality model [22,23]. Given that deterministic models
were already available and used locally to support decision-making, we favored that option. We tried
to adopt a comparable approach to assess exposure in the Arve Valley. An alternative would have
been to assess exposure through a land use regression model [24,25].

PM2.5 annual concentrations were modeled over the area for 2012 and 2013 by Atmo
Auvergne-Rhône-Alpes. The fine-scale regional emission inventory maintained by the local air
quality monitoring network provided the entry data. A nested-modeling chain was used, combining
the weather research and forecasting model (WRF), the air quality CHIMERE model [26], and a
geostatistical treatment to provide a first estimation of the PM concentrations. It was completed by the
fine-scale dispersion model Sirane to obtain estimates on a 10 × 10 m grid [27,28].

Concentrations were aggregated to compute an annual exposure concentration at the
municipality level.

Stakeholders were concerned that this aggregation would lead to under or over-estimation of the
actual exposure. Three alternative approaches were tested:

- “Whole area” approach: average of gridded-concentrations, weighted by the surface covered by
each cell overlapping with the municipality.

- “Inhabited areas” approach: average of gridded-concentrations, weighted by the surface excluding
cells overlapping with natural spaces based on the 200 m resident’s location data.

- “Population-weighted” approach: average of gridded-concentrations, weighted by the surface
excluding cells overlapping with natural spaces based on the 200 m resident’s location data, and
weighted by the population of the corresponding cell.

Under the “whole area” approach, the hypothesis is that on average, the population residing in
a municipality spends time, and is thus exposed, to all areas of the municipalities including natural
areas. Under the other approaches, the hypothesis is that the population stays in the artificial areas of
the municipalities, especially in the most populated areas.

2.6. Choice of the Concentration–Response Function

In an HIA, the concentration–response function (CRF) is used to translate changes in air pollutant
concentrations into changes in the studied health outcome rate. CRF were selected from the international
peer-reviewed literature. In this study, we reviewed European cohort studies estimating the chronic
impacts of PM2.5 on total mortality [6,23,24,29,30]. Studies involving French participants were favored
to limit possible biases linked with the geographical transposition of the CRF. Based on the results
of two studies, the French cohort Gazel-air [23] and the European Study of Cohorts for Air Pollution
Effects Escape [6], we derived a CRF for France, following a method described elsewhere [18]. This CRF,
expressed as a relative risk (RR) of mortality, was 1.15 (95% CI 1.05–1.25) for a 10 µg/m3 increase in
PM2.5 (i.e., mortality increases by 15% when PM2.5 increased by 10 µg/m3). Consistently with the
studies providing the CRF, we considered a log-linear relationship between mortality and PM2.5.

Alternative CRFs were included in the sensitivity analysis: one recommended by the World
Health Organization (WHO) [9] to facilitate the comparison with international studies, and two derived
from European studies including those without French participants [18].
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2.7. Health Impact Equations

The CRF and local data were combined to assess the impacts of PM2.5 on mortality in each
municipality using classical HIA equations detailed elsewhere [18,21]. The general principle is to
compare the fraction of mortality attributable to the current exposure to PM2.5, and the one attributable
under the counterfactual (scenarios) exposures. The CRFs provide the mathematical information to
compute those attributable fractions.

All the computations were made considering that a decrease in air pollution concentrations would
immediately result in a decrease in mortality. No lag was taken into account between the air quality
improvement and the health benefits.

Results were expressed in terms of number of avoidable deaths per year, and in terms of gain in
life expectancy. The 95% confidence interval of the CRF was used to compute a confidence interval
surrounding the HIA results, even though it only represents the uncertainty resulting from the
statistical uncertainty, and thus does not take into account other sources of uncertainties propagated to
HIA results.

3. Results

3.1. Main Characteristics of the Study Area

3.1.1. Population and Mortality

The 41 municipalities of the area gathered 154,718 inhabitants in 2012–2013 with an average
all-cause mortality rate (for people aged 30 and over) of 1030 deaths per 100,000 inhabitants. Life
expectancy at 30 was estimated to be on average 53 years (Table 1).

Table 1. Characteristics of the study area.

Characteristics Value Source

Number of municipalities 41 Plan de protection de l’atmosphère
Total area 1224 km2 Insee (2013)

Area classified as natural space 1016 km2 Insee (2013)
Population 154,718 inhabitants Insee (2012–2013)

Population aged 30 years and over 97,937 inhabitants Insee (2012–2013)

All-cause mortality rate (30 years and over) 1030 deaths per 100,000
inhabitants CépiDC (2012–2013)

Life expectancy at 30 53 years Average for all municipalities (2012–2013)

3.1.2. Exposure Assessment

Annual PM2.5 concentrations ranged from 4.9 to14 µg/m3 using the “inhabited areas” approach.
A total of 68% of the population was exposed to annual concentrations exceeding 10 µg/m3. Exposures
assessed by the “inhabited areas” and by the “population-weighted” approaches were on average quite
similar. Lower estimates were found in the “whole-area” approach: based on this method, only 57% of
the population was exposed to annual concentrations exceeding 10 µg/m3.

While stakeholders express concerns of a worsened air quality in the eastern part of the Valley
(possibly due to the location of the air monitoring station in Passy and Chamonix, the vicinity of
the Mont Blanc Tunnel), the results showed higher concentrations in the western part of the Valley
(Figure 3).



Atmosphere 2020, 11, 566 8 of 14Atmosphere 2019, 10, x FOR PEER REVIEW 8 of 13 

 

 
Figure 3. PM2.5 annual mean concentration, on a 10 × 10 m grid. 

3.2. Mortality Impacts of Chronic Exposure to PM2.5 

It was agreed that the main results were based on the “inhabited areas” approach and using a 
RR of 1.15 [95% Confidence Interval (CI) 1.05:1.25] for a 10 µg/m3 increase in PM2.5. Alternative 
combinations of exposure assessment approaches and RR were presented as sensitivity analyses. 

The HIA estimated that chronic exposure to PM2.5 contributed to 8% of the annual mortality in 
the study area under the “without anthropogenic pollution scenario”. This represents 85 {95%CI 
31:131] deaths per year; 1931 years of life lost {95%CI 670:3104], and on median nine [95%CI 3:15] 
months of life expectancy lost for people aged 30. 

A 30% decrease in the annual PM2.5 concentrations in each municipality would result in a 4% 
decrease in total mortality, representing 45 (16:70) deaths per year, 967 [95%CI337:1548] years of life 
saved, and on average, a life expectancy at 30 increased by five months [95%CI 2:8]. The gain in life 
expectancy would be higher in the western part of the Valley (Figure 4). 

A 10% decrease would save 15 [95%CI 5:24] deaths and 321 [95%CI 112:514] years of life per 
year. Compliance with the WHO guideline values of 10 µg/m3 in all municipalities of the area would 
save 21 [95%CI 7:33] premature deaths (i.e., 492 [95%CI 172:788] years of life per year). 
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3.2. Mortality Impacts of Chronic Exposure to PM2.5

It was agreed that the main results were based on the “inhabited areas” approach and using
a RR of 1.15 [95% Confidence Interval (CI) 1.05:1.25] for a 10 µg/m3 increase in PM2.5. Alternative
combinations of exposure assessment approaches and RR were presented as sensitivity analyses.

The HIA estimated that chronic exposure to PM2.5 contributed to 8% of the annual mortality in the
study area under the “without anthropogenic pollution scenario”. This represents 85 {95%CI 31:131]
deaths per year; 1931 years of life lost {95%CI 670:3104], and on median nine [95%CI 3:15] months of
life expectancy lost for people aged 30.

A 30% decrease in the annual PM2.5 concentrations in each municipality would result in a 4%
decrease in total mortality, representing 45 (16:70) deaths per year, 967 [95%CI337:1548] years of life
saved, and on average, a life expectancy at 30 increased by five months [95%CI 2:8]. The gain in life
expectancy would be higher in the western part of the Valley (Figure 4).

A 10% decrease would save 15 [95%CI 5:24] deaths and 321 [95%CI 112:514] years of life per year.
Compliance with the WHO guideline values of 10 µg/m3 in all municipalities of the area would save
21 [95%CI 7:33] premature deaths (i.e., 492 [95%CI 172:788] years of life per year).
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3.3. Sensitivity Analyses

A summary of the sensitivity analysis is presented in Figure 5. It shows that the choice of the RR, as
expected, had a major influence on the results, changing the estimated number of deaths attributable to
anthropogenic PM2.5 by a factor up to four. In contrast, the exposure assessment approach modified the
results by a factor up 1.8, comparing the population-weighted approach vs. the whole area approach.
This is important information for stakeholders, as it illustrates that further refining air quality models
and exposure assessment would not drastically modify the order of magnitude of the health impacts.
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3.4. Communication of Results

HIA results were made available to all stakeholders and the general population via a comprehensive
scientific report and a summary report [31]. Specific attention was given to help decision-makers
understand the HIA approach, and the meaning of the findings. Local health and environmental
authorities had a key role to play in the dissemination of the results. A comprehensive Frequently
Asked Questions was developed jointly with and for the local public health agency and the air
monitoring association to ensure a shared understanding of all the aspects of the HIA. Transparency on
the choices made at each step of the HIA (RRs, scenarios, exposure assessment) supported this process.

4. Discussion

4.1. Summary and Relevance of the HIA Results in the Local Context

The HIA based on a fine-scale air quality model estimated that 8% of the mortality was attributable
to chronic exposure to PM2.5 in the Arve Valley. These results can be compared with the French
nationwide estimate for which on average PM2.5 contributed to 9% of the mortality, 8% in urban areas
between 20,000 and 100,000 inhabitants, and 13% in urban areas larger than 100,000 inhabitants [32].
At least 68% of the population of the Arve Valley was exposed to annual concentrations exceeding
the WHO guideline value. Compliance with this value could reduce the annual mortality by 2%,
again close to the nationwide estimate (3%) [32].

The main key messages for stakeholders were that the findings of this HIA provided a minimum
indication of the impact of air pollution and of the achievable benefits. This is associated with limits
and uncertainties, and does not take into account all the pollutants, nor the wide range of possible
health benefits, in terms of avoided specific mortality and morbidity.

Considering the high population density at the bottom of the valley, and the concentration of
human activities in a small space, it can be assimilated to an urban area, despite the presence of
inhabited natural spaces. Exposure and associated impacts were similar to those estimated for urban
areas of the same size, and lower than those estimated for urban areas above 100,000 inhabitants [18],
and the public health impact was large, with 85 deaths per year due to PM2.5.

4.2. Limits and Uncertainties

Discussion of the limits and uncertainties of our HIA was an important aspect of the interactions
with stakeholders. The topography and the weather conditions make air quality modeling in the
Arve Valley complicated. In addition, the absence of fixed monitoring stations for PM2.5 before 2015
limits the possibility of calibrating the model for our study period. The 2016 annual PM2.5 mean
measured at Passy Station was 16.1 µg/m3. The concentration estimated by the model for 2012–2013
for the municipality of Passy was 6.4 µg/m3 under the “whole area” approach and 9.7 µg/m3 under
the “inhabited areas” approach. These data are not directly comparable (concentration measured at
one point vs modeled over a municipality, and for different years), but still suggest that modeled
concentrations are under-estimated compared to measurements. In addition, a work based on more
precise modeling data 2016–2017–2018 found that the geographical spread of air pollution may be
different than the one modeled for 2012–2013, with higher concentrations in the central sector of
Passy-Sallanches [33]. Developing the monitoring of PM2.5 in the area is an asset to reduce the
uncertainties of future HIA.

The sensitivity analyses underlined the importance of the choice of the CRF in an HIA. However,
a source of uncertainty not taken into account in the analysis lies in the possibility of transposing the
CRF to a semi-urban background, where residential wood burning is the main PM source. However,
two reviews of the toxicological and epidemiological data on wood smoke concluded that there was
no indication that the effects of PM in areas polluted by wood smoke were weaker than in other
areas [34,35]. Naeher et al. considered that there was no evidence of significant differences with
other combustion-derived particles of the same size range regarding respiratory health, and that the
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evidence was too limited regarding cardiovascular health and cancer [34]. In a more recent analysis,
WHO underlined the growing evidence on cardiovascular health, but also the lack of studies specifically
focusing on indicators of wood combustion [36].

4.3. Integration of the HIA in the PPA

One of the biggest contributions of this HIA was that the debate on the reality of air pollution-related
health impacts in the valley was reduced, and a new discussion arose on choices for actions to reduce
air pollution.

It contributed to the discussion surrounding a new PPA, to be implemented in 2019–2023. This new
plan was developed by stakeholders and approved in April 2019. It lists 30 actions targeting all
emission sources, but also governance and communication. For example, one action is to create a broad
network of air “ambassadors” throughout the entire region, because the challenge lies in changing the
behavior and perceptions of what pollutes more in the region (in particular wood heating, which is
perceived positively in people’s minds).

Meetings organized to share our HIA with all the stakeholders were also an opportunity for them
to exchange their views and understanding of the situation and each other better. For instance, during
the HIA process, differences between emissions and concentrations were discussed and explained.
In the new PPA, environmental objectives are now expressed in terms of concentrations, rather than in
terms of emissions as in the previous plan. Specifically, the 30% decrease scenario used in the HIA was
adopted in the new PPA. It also encompasses two additional objectives targeting public health: (1) a
50% reduction of the mortality attributable to air pollution in the Valley in 2023; (2) five months of life
expectancy gained in 2023.

Air pollution is still a controversial issue in the area, with the debates concentrating on the
contribution of the different sources. Concerns about the health impacts of other air pollutants
(e.g., polyaromatic hydrocarbons) are still high. Several inhabitants of the valley lodged a complaint
against X and against the French government. In December 2019, the local government decided to
forbid open wood-stoves in all municipalities in the area by 2022.

5. Conclusions

The study in the Arve Valley illustrates how HIA can be concretely used to promote dialogue
and actions at the local level. We estimate that the technical part of the process (data collection,
protocol, analysis) accounted for about 25% of the resources allocated to the project, while 75% was
used for communication with stakeholders, and translation of the scientific methods and findings
for non-scientists.

This HIA showed, once again, that a collaborative approach is essential to ensure that the health
consequences of air pollution are taken into account in the planning of emissions reduction actions,
but is not sufficient to act. This must be followed by work to identify the main emission sources and
possible solutions.

Our HIA showed the impact on mortality, which represents only part of the health effects. We are
aware that this impact may be insufficient to raise enough awareness. Stakeholders and the general
population could be more sensitive to findings on the effects of air pollution on the development or
aggravation of diseases, on the quality of life, and particularly on the health of children. Our efforts
will now focus on including morbidity outcomes in future HIAs.
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