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Abstract

Background Reducing the mortality burden associated with urban air pollution constitutes a public health priority, and
evidence of unequal exposure and susceptibility across population subgroups is growing. Many European countries have
implemented low emission zones (LEZs) in densely populated city centers. Although LEZs decrease air pollution exposure
and health impacts, evidence is lacking on their impact across neighborhoods and socio-economic groups.

Objectives The aim of this study was to evaluate the most equitable approach to implementing the second phase of the LEZ
in Paris, France. We also present a literature review of the studies evaluating the benefits associated with LEZs in Europe.
Methods A health impact assessment (HIA) was conducted to quantify changes in air pollution exposure and expected health
benefits by socioeconomic group and neighborhood related to four hypothetical scenarios for the second phase of the LEZ
based on French Deprivation Index scores. The study focused on NO, and PM, 5 as air pollutants and evaluated the impact
of the LEZ on the inequitable burden of childhood asthma and all-cause premature adult mortality. We also conducted an
economic evaluation associated with the LEZ benefits on prevented deaths and asthma cases.

Results The scenario with the largest LEZ perimeter and the most stringent vehicle standards prevented the highest number
of cases and produced the most equitable distribution of health benefits, especially childhood asthma. It is expected that 810
deaths and 3200 cases of asthma could be prevented from the LEZ extension in this scenario. These results were distributed
heterogeneously across three socioeconomic (SES) groups, most noticeably with asthma cases as 230, 180, and 210 cases
were avoided per 100,000 inhabitants in high, medium, and low SES groups, respectively. We found substantial economic
benefits associated with LEZ, with estimates ranging from €0.76 billion to €2.36 billion for prevented deaths. The benefits
associated with asthma reduction ranged from €2.3 million to €8.3 million.

Discussion Conducting HIAs with a focus on equity will further inform policy makers of the impact of LEZ models on air
pollution, health, and environmental justice. Developing these systematic methods and applying them to future LEZs and
other air pollution policies will increase their effectiveness to reduce the burden of ambient air pollution on society and the
environment.

Keywords Low emission zones - Traffic-related air pollution - Air pollution - Air pollution policy - Health equity -
Environmental justice
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2017). Various policy measures across the world have been
implemented on local and national scales in order to address
this public health threat.

Low emission zones (LEZs) are a common traffic reduc-
tion strategy that aims to address TRAP and improve human
and environmental health mostly implemented in European
cities. Today, there are around 250 LEZs in operation across
Europe and most of them were established since 2010 (Ber-
nard et al. 2020a, b; Ezeah et al. 2015). In general, LEZs
are designed around the perimeter of densely populated
urban cities to regulate the entry of high-emitting vehicles.
Typically, these zones prohibit older vehicle models (light-
duty and heavy-duty vehicles), especially those with diesel
engines, from entering the zone either 24 h a day 7 days
a week, or between certain weekday hours. LEZs are also
designed to become more restrictive as technology and air
pollution research advance. Enforcement of LEZs is either
subject to police monitoring or digital surveillance with
cameras set up to read vehicle license plates (Bernard et al.
2020a, b). LEZ across Europe has been shown to have a
beneficial effect at the population level (Bernard et al. 2020a,
b; Jiang et al. 2017; Santos et al. 2019).

However, the expected health outcomes of major envi-
ronmental policies are not always equitably distributed
(Benmarhnia et al. 2014). It has been observed globally that
vulnerability and exposure to high TRAP levels dispropor-
tionally affect low socio-economic groups (Deguen et al.
2015; Hajat et al. 2015; Tonne et al. 2018). This is an issue
of environmental injustice, or the unequal subjugation to
environmental hazards and their associated adverse health
impacts based on race, color, national origin, or income
(Charleux 2013; EPA 2020). Not only do populations from
a low socio-economic status (SES) often face higher expo-
sure to these environmental health risks, but they have also
been found to have increased vulnerability. In other words,
the same exposure can have a more harmful effect on these
populations (Deguen and Zmirou-Navier 2010; Forastiere
et al. 2007). This disproportionate burden on certain groups
is usually not considered when evaluating the potential ben-
efits of environmental policies on population health (Ben-
marhnia et al. 2014; Gehrsitz 2017; Host et al. 2020; Malina
and Scheffler 2015; Mudway et al. 2019; Wang et al. 2016;
Wood et al. 2015).

In 2015, the French State Council implemented a national
framework for metropolitan Low Emission Zones (Zone a
faible émissions—ZFFE) in Paris. It is estimated that one out
of every two Parisians is exposed to NO, levels that exceed
annual limit values set by the European Parliament (GUAPO
2019). Moreover, around 6600 annual deaths are attribut-
able to chronic air pollution in Paris and 60,000 deaths are
recorded in all of France (Host 2019; MGP 2019). The Paris
LEZ was drafted and introduced under a five-phase roll-out
schedule that will restrict all exhaust-emitting vehicles from

@ Springer

entering the Metropole du Grand Paris (MGP) by 2030.
Each of the five phases of the Paris LEZ policy is linked
to the restriction of a new category of a vehicle within the
LEZ. There are four scenarios that policy makers in Paris
can use to inform further action regarding the evolution and
the strengthening of the LEZ (Host et al. 2020). Briefly,
these scenarios are defined by two different perimeters for
the LEZ—the Paris ring road and the extended LEZ that
includes municipalities within the A86 roadway—and two
different restriction levels, Crit’Air3 and Crit’Air4. A recent
study by Host et al. applied a health impact assessment
(HIA) to assess the health benefits associated with reduc-
tions in TRAP exposure attributable to the Paris LEZ (Host
et al. 2020). The assessment was conducted for four different
hypothetical scenarios for phase two of implementation and
is unique in that it evaluates air quality improvements and
calculates the benefits of several health outcomes on a fine
scale for the Paris region.

In this paper, we propose to evaluate the impact of LEZs
on health equity accounting for differential exposure and
susceptibility. Applying this analysis to the next phase of
the LEZ implemented in Paris, France, in 2015, we dem-
onstrate its applicability in understanding the implications
of these policies on health equity. While previous work has
considered the health impacts of the LEZ in France, none
has considered its impacts on equity, accounting for differ-
ences in both exposure and susceptibility. In this study, we
considered differences in exposure—response functions by
the socio-economic group to evaluate the potential equity
implications of the extension of the Paris LEZ. We applied
a HIA which considers equity-related modifiers regarding
differential susceptibility coupled with an economic evalu-
ation. Furthermore, we included an economic evaluation to
emphasize the societal benefits related to the implementa-
tion of the Paris LEZ considering the environmental justice
implications of TRAP health impacts. Such quantitative evi-
dence will inform policymakers in Paris about the expected
spatial and socio-economic distribution of the LEZ benefits
and allow for some adaptation to consider the equity and
economic implications.

Materials and methods
Review of the literature

We conducted a literature review of studies assessing LEZs
in Europe (see details in Table 1). This involved searching
databases like ScienceDirect, PubMed, NCBI, and Google
Scholar. The keywords used included low emission zones,
low emission zones and health, low emission zones and
air pollution, low emission zones and equity, low emission
zones and policy, LEZs, and traffic-related air pollution.
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Table 2 Crit’air restrictions of types of vehicles allowed and banned according to the Paris low emission zone

Crit’ air Types of vehicles Ban level
Motorcycles Passenger car LDV HDV’s, buses, and coaches Low High
and mopeds B ; -

Diesel Petrol Diesel Petrol Diesel Petrol

“Uncategorized” Pre-Euro* Pre-Euro or Euro 1 Pre-Euro or Euro 1 Euro I or Euro IT X X

Crit’Air 5 - Euro 2 - Euro 2 - Euro III - X X

Crit’Air 4 Pre-Euro**  Euro 3 - Euro 3 - Euro IV - X X

Crit’Air 3 Euro 2 Euro 4 Euro 2/3  Euro 4 Euro 2/3  Euro V Euro III/TV X

Most relevant articles that included an evaluation of the
impacts of LEZs on air pollution or health outcomes in
Europe were summarized in Table 1.

Study population

Residents of greater Paris living in municipalities within
the A86 roadway (see supplemental materials for a map of
these perimeters) is the study population of interest. For
this study, census blocks were grouped into terciles in the
LEZp, s and LEZg,.cq perimeters based on their Fdep, or
French deprivation index. The Fdep score is used to define
socioeconomic status in France and is derived from four
socioeconomic variables' using principal component analy-
sis. Each tercile was further annotated as the T-Fdep score.
This was done to evaluate differential exposure and suscep-
tibility across the region by SES groups (n=3).

Health outcomes and characterization of differential
susceptibility

Two health outcomes were considered to measure the bene-
fits of LEZ-related air quality improvements. The first health
outcome was deaths from nonaccidental causes avoided, in
absolute numbers in adults over 30 years old. The second
health outcome was childhood asthma in children between 0
and 17 years old (Host et al. 2020). New cases of childhood
asthma were defined by three reimbursements for asthma
treatment for children (0—17 years) in the year who did not
receive treatment in the previous 3 years. The results related
to childhood asthma are particularly important because chil-
dren are more susceptible to the consequences of air pollu-
tion, specifically because they have smaller lung capacities
(Schraufnagel et al. 2019a, b). They also have faster breath-
ing and heart rates, so their levels of exposure have more of
an impact on their developing bodies. Additionally, when

! Average household income, percentage of high-school graduates
in the population aged 15 years and older, percentage of blue-collar
workers in the active population, and unemployment rate.

@ Springer

children develop asthma or other respiratory diseases, these
morbidities can impact the development of proper lung func-
tion into adulthood (Schraufnagel et al. 2019a, b).

Given the absence of published concentration response
functions (CRF) between long-term exposure to NO, and
mortality across different SES groups for Paris or any other
French city, we relied on CRFs from other geographical con-
texts. We relied on CRFs for the effect of NO, on mortal-
ity from the Cesaroni et al. (2013) study in Rome that pro-
vided specific CRF across the high, medium, and low SES
groups. We selected this study as it has been conducted in a
European large city with similar patterns to Paris regarding
differential exposure to NO, across SES subgroups. Using
different CRF for each SES subgroup aims at quantifying
the differential susceptibility to air pollution regarding a
given health outcome. Such differential susceptibility can
be explained by different underlying factors such as a dif-
ferential distribution of pre-existing comorbidities or other
social determinants of health across SES subgroups (Hajat
et al. 2015). By using such CRF from a study conducted
in a different geographical context, we make the assump-
tion that the differential susceptibility across SES groups is
similar between Rome and Paris. Such CRFs are estimated
for the same exposure contrast (i.e., 10 units increase) and
the differential exposure to air pollutants between SES sub-
groups is taken into account directly in the calculation of
the attributable number of deaths by using census blocks
specific exposures (see details below) (Table 2).

To the best of our knowledge, there are no published
CREF in relation to the effect of NO, on asthma by the SES
group. Therefore, to calculate concentration response values
for childhood asthma and NO, exposure by the SES group,
we applied the same differential CRF as for the mortality-
NO, CRF from Cesaroni et al. (assuming that SES differ-
ential susceptibility is proportional between mortality and
asthma risk). The CRFs (and 95% CI) of death and child-
hood asthma for a 10 pg/m® increase in exposure to NO, are
summarized in Table 3.

For PM2.5 and mortality, we used the same approach
and CRFs as proposed by Host et al. 2020 (see details in
Table 3). For asthma, as no CRF for PM, 5 were available
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Table 3 Concentration response

High SES Medium SES Low SES

] Health outcome Pollutant
functions of the effects of each
pollutant on deaths and asthma Death NO,
for each socio-economic group
PM,
and pollutant :
Asthma NO,

1.024 [1.012-1.036]
1.04 [1.02-1.06]
1.068 [1.056-1.08]

1.016 [1.002-1.03]
1.018 [0.99-1.04]
1.06 [1.046-1.074]

1.034 [1.024-1.045]
1.05 [1.03-1.07]
1.078 [1.068-1.089]

from any European cities, we did not consider PM2.5
when estimating the asthma burden.

These values were then used in the HIA equations
below to determine the attributable number (AN) of death
and childhood asthma cases avoided by T-Fdep. Any CRF
values below one, which would produce implausible nega-
tive AN estimates, were replaced by one.

Socioeconomic inequalities were evaluated based on
three T-Fdep scores and their relation to mortality after
30 years of age and new cases of childhood asthma. These
values were then translated into the number of cases pre-
vented per 100,000 inhabitants by socio-economic group.
The scenario with the lowest disparity between the case/
population ratio amongst all three groups was defined as
the most equitable.

Modelling reductions in emissions and population
exposure

Each of the four LEZ scenarios was compared to a busi-
ness as usual (BAU) scenario where there is an uninter-
rupted technological progression of the car fleet. Table 2
outlines the modeled LEZ-specific reduction in air pol-
lution concentrations (see details below) across the two
restriction levels, Ban,,, and Bany,,. The inner and
outer boundaries are labeled LEZp, ;; and LEZg, o4,
respectively. We refer to each scenario as LEZp,; Ban,,
LEZParisBanhigh’ LEZEnlargedBanlow’ and LEZEnlargedBanhigh'

For each of the four LEZ scenarios, reductions in NO, and
PM2.5 emissions were the sole pollutants evaluated for years
2018 and 2019. In order to project emissions reductions for the
Ban,,,, and Bany;,, scenarios, a modeling chain was used to
include road traffic modeling, traffic emissions modeling, and
regional modeling which entailed mapping pollutant levels
in urban and rural areas. Urban scale modeling allowed for
visualizing concentrations closest to traffic with 50 m resolu-
tion (50 m X 50 m). Additionally, these projections were made
under BAU conditions for both years. The smallest resolution
possible for mapping population exposure was provided on the
building level and data from the 2012 census was extrapolated
to project population size and age groups at the census tract
level (for more details, see (Host et al. 2020)).

HIA analysis

The following data was collected from the Host et al. study
for the entire MGP region and used to conduct a HIA on
the four hypothetical LEZ scenarios defined above. The
difference in NO, and PM, 5 exposure attributable to each
LEZ scenario—Paris or enlarged and ban low or high—was
derived from Airparif’s road traffic emission modeling tools.
The population of each age group was provided by INSEE,
the national statistics bureau in France, and the rate of inci-
dence for premature death and childhood asthma was taken
from Sniiram and Santé Publique France (Host et al. 2020),
the national health insurance database, and the national pub-
lic health agency, respectively. Lastly, raw Fdep scores were
pulled from Inserm, a public health research organization in
France. The Fdep is a scale that runs from —3.74 (low SES)
to+4.12 (high SES) and a value on this scale is assigned to
each IRIS (French census track).

We first obtained (Eq. 1) the new CREF, or risk ratio
(RR), RR_AI, associated with the new level of NO, or
PM2.5 exposure, denoted by A_i, for each IRIS. The base
RR is given to be per 10 pg/m?® increase of NO, or PM, 5
and for each Fdep tercile in each IRIS as described above.

RRA' - eln(RR*A,-)
1

6]

Next, the attributable fraction (AF), given in Eq. 2, was
calculated. The AF calculates the proportion of cases that
are reduced or increased in each municipality according
to the new RR ratio.

(RRy; - 1)

AF. =

T @)

Finally, the AN was obtained; Eq. 3 describes this cal-
culation. All three equations were then applied to each
census block and for each scenario.

AN; =AF; %I x P, 3)

After calculating the four hypothetical LEZ scenarios,
the data was mapped using ESRI ArcMap 10.7.1. Multi-
ple maps (see supplemental material) were created which
include the distribution of health outcomes and reductions
in air pollution for each of the LEZ scenarios. We also
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considered the 95% confidence intervals (CI) of the CRF
we used and estimated lower and upper limits for each
estimate. Additionally, one map was made to depict the
distribution of social deprivation (Fdep) by IRIS. Ethics
approval and consent to participate were not required for
this study.

Economic evaluation of the LEZ health benefits

Using such health benefits estimates, we also considered the
health benefits of the LEZs from a societal perspective and
expressed them through monetary estimates of the effects of
premature mortality and new cases of childhood asthma in
€ 2018, based on the French national consumer price index
($1=€0.85 on 1 July 2018). Details regarding the economic
calculations including the evaluation of the value of a statis-
tical life (for mortality) and cost-of-illness (for asthma) are
provided in the appendix.

Results

In our review of the literature, we found LEZs to be effective
in reducing atmospheric concentrations of NO, and PM, 5
(Bernard et al. 2020a, b, Cesaroni et al. 2012; Cesaroni et al.
2013; Ezeah et al. 2015; Host et al. 2020; Jiang et al. 2017,
Malina and Scheffler 2015; Mudway et al. 2019; Santos et al.
2019). However, most LEZs in operation require several
years of implementation or systematically effective vehicle
standards before observing the desired environmental and
health impacts (André et al. 2018; Bernard et al. 2020a,
b; Gehrsitz 2017; Mudway et al. 2019; Wood et al. 2015).
There is some evidence that LEZs can be effective in reduc-
ing mortality and respiratory diseases (Host et al. 2020;
Malina and Scheffler 2015). The impact of these policies on
health equity, on the other hand, has only been fully assessed
once by Cesaroni et al. 2013. Their findings revealed that
health benefits were skewed towards higher income resi-
dents. Through the literature search, it was found that the
impact of TRAP policy on health equity continues to be an
area of research that needs more empirical evidence.

Table 4 shows the number of deaths and cases of asthma
prevented in each LEZ scenario due to reductions in NO,
with respect to three levels of social deprivation (Fdep ter-
ciles). We also present estimates using lower and upper
limits for each pollutant-outcome CRF. By contrast, Host
et al. (2020) that assumed the same CRF for all SES sub-
groups found lower estimates that in our study. In the
LEZg,jarseaBany;,n scenario, a reduction of 730 deaths and
3200 childhood asthma cases were estimated, respectively.
Additionally, implementation of either the LEZp, ; Bany;,,
or the LEZg,,1eeqBany,, scenario yielded virtually the
same health benefits. Table 4 also demonstrates that the

@ Springer

distribution of expected health outcomes becomes more
equitable as the LEZ perimeter expands and the restric-
tion level increases. Figure 1 focuses on the raw value of
cases reduced attributable to reductions in NO, and thus
confirms that the most equitable implementation strategy is
the LEZg, 1, 0eqBany;q, scenario. This trend is most notable
with asthma cases avoided, with only an 8% disparity in
cases per capita between the low T-Fdep group and the high
T-Fdep group in the LEZg,,;,,cqBany;g,, compared to a 33%
disparity in cases per capita in the least restrictive scenario.
Deaths avoided due to reductions in PM2.5 demonstrated a
similar trend across the different scenarios.

Figure 2 shows the general Fdep distribution across the
whole study area. Figures 3 and 4 show the spatial distribu-
tion of death and asthma cases prevented from reduced NO,
emissions in the LEZ,, ; Bany;,,, and the LEZ, . ..{Bany;,p,
scenarios. These two map-sets represent the highest reduc-
tions in deaths and cases of childhood asthma for each LEZ
perimeter based on three different CRFs. Figure 3 (a) shows
that most deaths will be prevented along the Paris ring road,
and Fig. 3 (b) shows that asthma cases are primarily reduced
along the northern perimeter. Figure 4 demonstrates that
there is a relatively even distribution of health outcomes as
a result of the LEZg,, ..qBany;,, scenario. By comparing
Fig. 4 to Figs. 2 and 3, one can conclude that health benefits
will be distributed equitably with more benefits among low
SES IRIS. Figures representing the other scenarios and the
benefits attributable to PM, 5 reductions can be found in the
supplemental materials.

Finally, we also conducted an economic evaluation on
the LEZ health benefits. Results in Table S1 show the mon-
etary benefits for each of the health events (and upper and
lower 95% CI bounds). Overall, mortality impacts domi-
nate from €0.76 billion for LEZ;,_;; Ban; ., to €2.36 billion
for LEZ j4pcq Bany;,, for NO, (and about 10 times less for
PM2.5). Asthma-related impact spreads from €2.3 million
for LEZ,,;, Ban, ,, to €8.3 million for LEZ,, ,eq Bang;g,.
We also show the spatial distribution of such economic ben-
efits (see figures S5 and S6).

Discussion

In this study, we aimed at highlighting the important equity
implications in relation to LEZ as policies to tackle TRAP
and health benefits by considering both pre-existing inequal-
ities in air pollution exposure and differential susceptibility.
By approaching the Paris LEZ from this angle, this study is
the first to quantify the spatial and SES distribution regard-
ing expected health benefits. We conclude that the most
equitable approaches (i.e., maximizing the health benefits
among low SES communities) consist of incorporating as
wide of a perimeter as possible and to restrict a wide variety
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Fig.1 Cases of all-cause premature adult mortality and childhood asthma avoided due to reductions in NO, broken down by low, medium, and

high socio-economic status (SES) for each LEZ scenario

of high-polluting vehicles from entering the zone. Overall,
we found that if the LEZ,,,.qBany;e, scenario is adopted
for the next phase of implementation, it has the potential to
prevent 811 premature deaths and 3203 cases of childhood
asthma per year.

Low emission zones, compared to congestion charging
and other traffic management schemes, are the most popu-
lar method of improving air quality in major cities across
Europe. Studies have shown that this strategy is effective in
reducing NO,, PM,,, and PM, 5 concentrations, given that
the restrictions for entering the LEZ are stringent enough
(Table 1). Moreover, LEZs are also capable of reducing the
environmental burden traffic-related air pollutants pose on
society. However, the literature review conducted for this
study on European LEZs highlighted a need for additional
research into how the benefits of any given LEZ might
impact existing social inequalities.

Host et al. (2020) showed the health benefits associated
with reductions in TRAP exposure attributable to the Paris
LEZ (Host et al. 2020). Our study goes beyond to evaluate
the impacts of this policy on health equity, accounting for
differences in the effects of various air pollutants on incident
childhood asthma cases and premature adult mortality by
socio-economic groups, finding that the LEZ becomes more
equitable as the perimeter expands and the policy becomes
more restrictive. Other strengths of our study also include
the consideration of small-scale variations in LEZ benefits
for both NO2 and PM2.5 as well as multiple LEZ scenarios.
We also implemented an economic evaluation of the dif-
ferent LEZ scenarios and quantified monetary estimates of
prevented deaths and new cases of childhood asthma.

@ Springer

The literature review conducted on equity dimensions of
LEZ demonstrated that, since the creation of the first LEZ in
1996, only one European study had evaluated the impact of
LEZs on equity (Miiller and Le Petit 2019). However, sev-
eral previous studies have considered equity dimensions in
their research. A recent study by Kihal-Talantikite et al. con-
cluded that avoided premature adult deaths would mostly be
clustered in poor communities, regardless of the hypotheti-
cal reduction of NO,, PM,,, and PM, 5 (Kihal-Talantikite
et al. 2018). We find that health equity can be strategically
achieved with regard to the existing Paris LEZ and future
extensions. With respect to other LEZ evaluations across
Europe, such as those in Germany and the UK, the estimated
reductions in deaths and asthma cases are also significant.
Should policy makers implement the LEZ at a faster pace,
these results may be even greater and achieved sooner (Ber-
nard et al. 2020a, b).

While it is important to highlight the potential distribu-
tion of LEZ benefits across SES groups, it is also impor-
tant to consider how this policy will economically impact
low SES individuals who will likely have a harder time
complying with the most stringent requirements of the
LEZ g, 1rgeaBany;gn scenario. It is known that low SES groups
contribute the least to TRAP emissions as they own fewer
cars (Bannon 2019; Miiller and Le Petit 2019). In Austria, it
was found that about 44% of low-income households did not
own a car but were exposed to higher than average levels of
TRAP (Miiller and Le Petit 2019). In fact, the most socially
deprived areas saw 50% higher ambient NO, concentrations
than other well-off areas (Miiller and Le Petit 2019). Low-
income households and small businesses often do not have
the financial capacity to switch to a cleaner vehicle, making
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Fig. 2 Distribution of social
deprivation for the entire
Metropolis of Greater Paris
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compliance with a LEZ difficult (Miiller and Le Petit 2019).
In fact, these individuals and households are most likely to
own a high-polluting vehicle and may not have the resources
to switch to an alternative vehicle that meets the Crit’Air
3 requirements. Other equity considerations include the
impacts of gentrification, access to public transportation, and
employment mobility which could result from LEZs. These
factors are intertwined with an individual or households’
access to low-emission vehicles. In light of these concerns,
LEZ implementation to date is accompanied by targeted
incentives for vehicle replacement that take into account
different levels of income and is part of a larger action plan
which aims at widening access to collective transport and
other alternative mobilities. This holistic approach, which
considers the results of the health impact assessment along-
side other socio-economic factors, should continue when
implementing the following phases of the Paris LEZ.

e — e KIlOMEters

We also included an assessment of the economic benefits
attributable to the LEZ implementation. We found that the
LEZ may lead to substantial economic benefits that took
into account both costs related to premature mortality and
prevented costs of asthma related to medical costs and lost
productivity. Yet, some limitations of such an approach need
to be acknowledged. While both components (mortality and
asthma) underestimate the actual total health benefits, com-
bining the two methods could lead to a possible overlap.
Such overlap is likely to be limited in countries like France,
with high coverage for health and sick leave (Soguel and
Griethuysen 2003; Ortiz et al. 2011).

Other limitations of this study need to be highlighted and
could be addressed in future work. One limitation is how
the reductions in NO, and PM, 5 exposures were derived
from theoretical models and not real-world observations.
Given that the Paris LEZ entered the beginning phases of

@ Springer
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Health Benefits due to Reduced NO2
Exposure for the LEZp,;;Bany;,;, Scenario
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Deaths Avoided
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Fig.3 Number of deaths (a) and childhood asthma (b) cases prevented from reduced NO, emissions, based on the T-Fdep score, for the
LEZp,;Bany;y, scenario

Health Benefits due to Reduced NO2
Exposure for the LEZg,j,rgegBany;gy Scenario
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Fig.4 Number of deaths (a) and childhood asthma (b) cases prevented due to reduced NO, emissions,based on the T-Fdep score, for the
LEZEmmgedBan]_ﬁgh scenario

implementation in 2017, modeling is the only means to cur- is that the three concentration responses used were pulled
rently evaluate LEZ effectiveness. However, as time pro-  from a study in Italy, which surely poses a different socio-
gresses, it will be important to compare how these models ~ economic landscape than that of Paris. In order to produce
fared against real-world observations. Another limitation  data that is more in line with the conditions in Paris, further
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studies must be conducted for the MGP region to deter-
mine the appropriate concentration responses for at least
five socioeconomic levels. Lastly, it would be pertinent to
gather more data on other health events such as strokes or
other adverse birth outcomes in order to paint a bigger pic-
ture of the benefits society could expect from reduced traffic
pollutants.

Conclusion

Our study shows that the most equitable approach to LEZs
includes the incorporation of as wide of a perimeter as pos-
sible and restricting a wide variety of high-polluting vehi-
cles from entering the zone. Overall, we found that the most
restrictive scenario for the next phase of Paris low emission
zone has the potential to prevent over 800 premature deaths
and over 3000 cases of childhood asthma per year. Results of
this study show that low emission zones can have important
equity implications that should be considered when design-
ing and implementing these types of policies.

These results show the importance of performing evalu-
ations to ensure that LEZ plays a positive role in easing the
environmental burden of ambient air pollution considering
health equity. The transportation sector is the largest con-
tributor to urban air pollution so if taken into account, it has
the potential to significantly reduce the health disparities
between socioeconomic groups. Additionally, these meth-
ods to assess health equity should be applied to any type of
intervention that seeks to improve air quality, whether in
an urban or rural setting. With the purpose of continuing
this work, it is encouraged that these methods be applied to
LEZ implementation to ensure equity is a core component of
future evaluations and to other forms of interventions related
to improving air quality in urban settings.
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