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Abstract. This study investigates the factors driving inequalities in the
impacts of low-emissions zones (LEZs) on job accessibility across different
occupational categories in 8 French cities. It analyzes six key drivers that
may explain disparities in LEZ impacts: ownership of polluting vehicles,
presence of workers’ residences and workplaces within the LEZ, accessi-
bility of workers” homes and workplaces via public transportation, and
feasibility of active transportation modes for commuting between homes
and workplaces. The findings reveal that the implementation of LEZs has
predominantly regressive effects in 6 out of the 8 cities examined. Despite
a higher coneentration of skilled workers and jobs within the LEZ, result-
ing in significant accessibility losses for this group, low-skilled workers
bear a greater burden due to the limited availability of public transporta-
tion near their residences and workplaces, longer distances between their
homes and jobs, and a higher proportion of polluting vehicles. These re-
sults provide insights into the potential for implementing complementary
policies to address the anti-redistributive impacts of LEZs.

Keywords: Low emission zones - Transport justice - Urban form.

1 Introduction

Urban climate policies have the potential to mitigate urban greenhouse gas
(GHG) emissions while bringing local co-benefits and improved quality of life
for inhabitants [8]. Low emissions zones (LEZs) are an example of such policies:
LEZs are defined areas, generally in city centers, where access by polluting ve-
hicles is restricted with the aim of improving air quality in the targeted area
while incentivizing modal shifts and mitigating GIG emissions. 320 LEZs have
already been implemented in the EU-27, UK, and Norway [3], and their number
will keep increasing due for instance to the French ”"Climate and resilience” law
which makes LEZs mandatory in cities of more than 150,000 inhabitants that
are not compliant with air quality standards.

However, transportation mitigation policies might trigger public opposition.
Regarding LIEZs, key elements in the public and scientific debates are their trans-
port and environmental justice impacts [10, 15]: who will be the most affected by
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the accessibility losses due to the LEZ, and who will benefit from the improved
air quality and the related health co-benefits? The former in particular is of con-
cern, as LEZs may disproportionately affect low-income households and those
living in suburban or rural areas with limited public transportation options.
However, it has received limited attention in the scientific literature.

Existing research suggests that several factors, namely non-compliant ve-
hicles” ownership [11, 16], public transport availability [11,9], and the spatial
distributions of jobs and workers [16,5], may contribute to disparities in the
LEZs’ impacts across different income classes. Consequently, the effects of LEZs
on inequalities vary among cities. For example, in Brussels, where low-income
populations predominantly reside in the city center and have convenient access
to public transportation, LEZs can improve environmental justice without en-
countering transport justice issues. Conversely, in London, the situation is more
intricate due to the non-linear correlation between income and proximity to the
city center [16]. Despite these studies successfully identifying the primary factors
that result in unfair impacts of LEZs on low-income households, they predomi-
nantly offer deseriptive analyses, leaving the relative importance of these factors
unknown.

Taking the example of the implementation of LEZs in 8 French cities, this
study aims to better understand the impacts of urban climate policies on trans-
port justice. The main research question is the following: what drives the differ-
ences in LEZs’ impacts between income classes, and how does it vary between
cities? To answer this question, I decompose the difference in job accessibility
losses due to the LEZs between occupational categories to understand the rel-
ative weights of different drivers: polluting vehicles ownership, homes and jobs
accessibility by public transports, presence of homes and jobs within the LEZ,
and potential for using active transport modes due to home-to-work proximity.
An aim of this research is to understand how factors related to policy design,
urban form, and vehicle ownership could help in mitigating the potential anti-
redistributive impacts of LIEZs.

In this study, the main outcome of interest is job accessibility, i.e. the oppor-
tunities of employment an individual has access to within reasonable transporta-
tion time. Poor job accessibility may have large welfare impacts, increasing, for
instance, travel times and costs, or increasing unemployment probability [1]. One
clear limitation of this study is that it does not study accessibility to schools,
shops, services, or amenities. Still, the commuting patterns to one’s place of em-
ployment wield significant influence over the ownership of automobiles within
households, subsequently shaping their travel behaviors to other destinations [4,
13].

2 Methods

2.1 Job accessibility

Job accessibility of a worker of occupational category ¢ living in location i is
computed as:
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with d.(j) the share of jobs of category ¢ in location j and t;j , t;‘}, and rﬁ] the
transportation time between i and j using public transport, active transportation
modes, and private cars respectively.

A..; is a gravity-based measure of job accessibility [6], meaning that it con-
siders travel time decay of job opportunities. It also accounts for the matching
between people and jobs, i.e. it considers only the jobs that match the occupa-
tional category of the worker [17].

Therefore, denoting n..(i) the share of workers of category ¢ living in #, the
average accessibility of workers of oceupational category e to jobs of the matching
category is defined as:

. N —Bmin(tt 42 1€ .
A= 3N mei)delg)e i) ®)
T J

A, can be interpreted as the average share of jobs of his matching category
a worker of occupational category ¢ has access to.

Denoting s, the share of polluting vehicles among workers of category ¢ living
in 4, the accessibility loss due to the LEZ is:

AEEZ _pc= 3TN ne(i)de()se(i)fe P )  pmin(t i)

(i€ELEZ,f)
(igLEZ jELEZ)

(3)

2.2 Job accessibility losses decomposition

I aim at understanding the drivers of the differences in LEZ impacts between
occupational groups ¢ and /. From A:

(AFEZ - A)—(AE#2 - AL) = POL. oA AM . o+ PTESP A LEZEQP + PTOP + LEZ!OP
(4)
Therefore, differences in the LEZ impacts on occupational groups ¢ and ¢
can be decomposed between 6 drivers:

(i) The impact of the difference in polluting vehicles ownership between occupational

categories ¢ and ¢
POLee = 303 meli)de(i)(se(i) — ser(i)) [ePmn it — mPminth 5]
(iELEZ,7)
(i¢LEZ.jeLEZ)
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(ii) The impact of the difference, between ¢ and ¢, in the possibility of using active
transportation modes to commute from home to jobs (i.e. the proximity between
homes and matching jobs):
. . . . . N gA
AMe. DD meli)de(i)se (@)e™P g cninqrag) — ne (e () (e 9046 <mingir; )

(ieLEZ.j)
(igLEZ jeELEZ)

(iii) The impact of the difference in public transport availability near homes of
workers of category ¢ and category ¢':

. . . o —gte —At
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(iv) The impact of the difference between the shares of workers in the LEZ of types ¢ and ¢

. . . N — Bt
LEZ(P(QP E ,E ' (?1(_.(3) ﬂ,:*(i))d(_.(_?)."gcr(?,)ﬁ ﬁlu]]‘tggvuin{tf:-ftﬁ)
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(v) The impact of the difference in public transports availability near jobs of types ¢ and ¢':

P(‘ILT((?B Z Z (d!’(j) d(.'"(j))nc"(T")Sr:"(i)[e_ﬁtg C_ﬂt-ﬁ]:ﬂ-tc <P <A
3 i —Tif = 1y
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(vi) The impact of the difference between the shares of jobs in the LEZ of types ¢ and ¢

JOB . . . N —BitC
LEZ{.‘}:’ Z Z (df(}) df:" (j))nﬁ" (?')SC! (1)(3 Btu ]]'i.g i::min(!,{; ,.‘.ﬁ-)
(iELEZ.j)
(igLEZ jeLEZ)
3 Data

3.1 Cities’ sample

The cities’ sample consists of the French cities that had already implemented or
were planning to implement a LEZ at the time this study was conducted, and
that had made official their policy designs, including:

— The geographical boundaries of their LIEZ;

— The timetable for banning polluting vehicles (indeed, cities do not ban all
polluting vehicles at the same time, but ban vehicles from the more to the
less polluting ones).
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AL the tisme the study was conducted, 11 cities met Uhis requirement®. T exclude
Parks, which B way more advanced than the other dtbes in s LEZ inplemen-
Lation, Lyon, for computational reasons, and Saiot-Etheane, as s LEE alfects
Beavy vehbcles only. Figure 1 shows the remaining 8 cities of the sanple.

For all cities, T use the OECD Functional Urban Areas as urban boumlaries
and aggregate all data at U smaller uoit level.

= France (mainland)
= Functional Urban
Areas studied

Fig. 1: Sample of citis stodbed.

5.2 Socioeconomic data

T consider & oceupational ealegorbes, based on the Frendh census institute (IN-
SEE) definition. CSP1 correspods to farmers, CSP2 and CSP3 overall oorre-
spoand Lo high-ncome workess, OSP4 Lo middle-neome workers, and OSPS amd
CSP6 Lo Jow-income workers (Table 1), When needed, Tuse O5P3 as a relerence,
as il is the rdchest oceupational calegory.
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Table 1: Occupational categories.

Category Description Average yearly income Share of workers
CSr1 Farmers 1.6%

Csr2 Executive directors 29,250 euros 6.8%

cspr3 Managers 39,990 euros 21.7%

CSpP4 Intermediate occupations 27,720 euros 24.6%

CsPh Sales, services workers 22,510 euros 26.0%

CsP6 Blue-collar workers 21,130 euros 18.9%

Source: Insee-DGFiP-Cnaf-Cnav-CCMSA, enquéte Revenus fiscaur et sociaur 2019.

Workers’ spatial distributions per occupational category are taken from the
2017 census and are available at the IRIS® level. Jobs spatial distributions are
taken from the 2018 " Emploi - Population Active” survey from INSEE, and are
available at the zip code level.

I consider vehicles of categories NC, Crit’Air 5, Crit’Air 4, and Crit’Air 3
as polluting vehicles, and those belonging to the categories Crit’Air 1, Crit’Air
2, and Crit’Air E as non-polluting, given that none of the cities in the sample
plan implementing bans on the latter set of vehicles for the moment. As no
detailed data on the shares of polluting vehicles per location and per occupational
category exist, I combine two data sources to estimate them:

— Data on the share of polluting vehicles per zip code in 2022, but without
any information on the distribution per occupational category®;

— "Mobilité des personnes” 2019 data on the share of polluting vehicles per
occupational category, but at the NUTS2 level only.

Using the python scipy.optimize package, I estimate the shares of pollut-
ing vehicles per zip code and per occupational category by minimizing the dif-
ference (in terms of absolute number of vehicles) with the two databases (see
Appendix C).

3.3 Transport data

LEZ boundaries for each city are retrieved from the transport open data web-
site of the French government, transport.data.gouv.fr. Transport times data are
collected for three transportation modes: private cars, public transport, and
walking, over a lkm-resolution grid encompassing the Functional Urban Area of
each city.

Transport times by private cars have been retrieved from OpenStreetMap
using the osmnz python package [2]. It was not possible to collect transport

® Smallest census unit, corresponding to about 2000 inhabitants.
b hitps: [ [www statistiques.developpement-durable.gouv.fr/donnees-sur-le-parc-de-
vehicules-en-circulation-au- ler-janvier-2022
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data from each grid cell, so I collected data from a significant share of all cells”,
and then interpolated them using the interpolate.griddata function from the
pyvthon package scipy. Maps of transport times by private cars to the city center
for each city can be found in Appendix B.

Transport times by public transport are taken from the GTFS data provided
by local transport companies on the transport open data website of the French
government, transport.data.gouv.fr. A detailed list of the sources is provided in
table 2. For each 1km-resolution grid cell, we assume that all jobs and inhabitants
are located in the cell’s eentroid and have access to all the public transport stops
within a 500m walk. Then, for each origin-destination grid cell pair, we retrieve
the shortest transport time using the GTFS data.

Table 2: Public transport data sources per city.

City Public transport data sources
Reims CITURA, Fluo Grand Est
Strasbourg TS

Nice Lignes d’Azur

Marseille RTM

Montpellier TAM, Transp’Or

Toulouse TISSEO

Rouen Astuce

Grenoble TAG, TPV, TouGo

Finally, transport times per walking hetween grid cells have been estimated
from the geographical distances between grid cells, assuming a walking speed of
4dkm/h, and the decay parameter 3 is assumed as being equal to 0.064 [12].

4 Results

4.1 Accessibility losses from the LEZ

Figure 2 shows the accessibility losses resulting from the LIEZs implementations,
per city and occupational category, computed from equation 3. For instance,
in Grenoble, the LEZ will result in accessibility losses of about 5% for CSP1
(farmers) and of 22% for CSP6 (blue-collar workers), meaning that, given the
current distribution of jobs, workers, public transports and polluting vehicles,
farmers will have access to 5% fewer jobs and blue-collar workers to 22% fewer
jobs.

The magnitudes of the LEZs" impacts differ between cities, with accessibility
losses exceeding 20% for some occupational categories in Grenoble, Montpellier,

" With a method close to [14] and [7], I defined a star shape with 8 branches, centered
on the city center, and I collected data from 100 grid cells per star branch
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Fig. 2: Acoessibility losses from the LEZ, by city and ocoupational group.
CSP2 and CSPS: high-ineome workers. CSPY: middle-income workers. CSPS
and CSP6: low income workers. CSPL: farmers.

Fuouen, and Strasbouns, wheres accesibility Joses remain small (lelow 5%) for
all serupational eabegeivs in Marseille and Nice. This is Lagely due v dilferences
inn the LEZS perimeters.
bt of LEZs s anth-redistributive in most cities, nchuding Grenoble,
r, Rouen, Steashourg, and Toulouse, meaning that the LEZs result
y Tossess For bow-income ocoupational calegories. 1L s albs
anti-redistributive in Nice, even though the magaitude of e elfoct b smaller.
The: imnpact of the LEZs on inequalities is unclear in Marseille and Reins.
Suill, there is no direct ok between acomsibility bos and income. For i
ity Josses are low for CSPL (Furmsers), as, due Lo the nature of
Uhee job, Farmers olen lve and work oul of the city center, and are nol i
pacted by Uhe LEZ. Tn some cities, LEZ has a langer impact on CSPS (sales or
services workers), while in olbers, iU bas 2 langer impact on CSPE (Blue collar
workers), even though those Lwo ocenpatbonal calegories have similar average
inconmes (Table 1): Uhis might be due Lo e disteibutions of jols of U Lwo
calegories.
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4.2 Decomposition of the diferences between cccupational
categories

What drives dilferences in LEZ impacts between ocoupational categories? This

section decomposes the dilferences in acomssibility loses between occupational

categories between dilferent drivers, using equation 4. Figure 3 shows the results

Tor CEPG (blue-collar workers) only, while Figure 4 shows the nesults foe all

driwvers aml oocupational calegories.
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Fig. 3: Impact of different drivers on the differences in LEZ impacts
between CSP3 (high-income) and CSPG (low-income), in % of the pre-
LEZ accessibility of CSP6. For instance, distributions of polluting velicles
and active modes and public transport use opportunities worsen Uhe mpact of
Lthe LEZ o OSP6, comnpared with CSP3. Bul presence of workers and jobs in
the LEZ mitigates the impact of the LEZ on CSPE, comprared with CSP3.

Siilur figures for the olhers socupational ealegories can be found in Appendic B,

In most cities, the 4 first drivers (polluting vehices’ ownership, active mode
e, amed Dormes: and work places accessibility by public transport) make the -
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pact of the LEZ worst for low-income workers than for high-income workers.
Indeed, low-income workers are more likely to own polluting vehicles than high-
income workers (Appendix D); they also live further away from public transport,
and their jobs are also located further away from public transport. Finally, they
don’t live close to their jobs, and therefore cannot use active transport modes.

In contrast, the last two drivers—namely, the shares of workers and jobs
within the LEZ—tend to mitigate the adverse effects of the LEZ on low-income
workers in comparison to their high-income counterparts. Indeed, there are fewer
low-qualified jobs and workers than high-qualified ones in city centers.

In terms of magnitude, the two main drivers of the unequal impacts of LEZ
are the shares of jobs in the LEZ and polluting vehicles’ ownership. Polluting
vehicles’ ownership, in particular, plays a key role in Toulouse, Grenoble, Rouen,
Montpellier, and Strasbourg. Shares of jobs in the LEZ also play a key role in
most cities, except in Nice, where the LIEZ is very small, so that the impact of
this driver is also small and not clearly redistributive or anti-redistributive.

The share of workers of each occupational category living in the LEZ is
also an important driver, although it plays a different role between cities. This
result was not fully expected given that there is no clear pattern in who lives
in city centers in French cities, with descriptive statistics showing that in most
cities, the average income is decreasing when we get further away from the city
center, apart from the inner center where the average income is generally low
(Appendix D). Rouen is an exception, as the shares of workers in the LEZ play
a low or even anti-redistributive impact.

The three remaining drivers, i.e. jobs accessibility by publie transport, home
accessibility by public transport, and home-work proximity (conditioning the
possibility to commute by walking), play a role of a lower magnitude. Middle-
income or low-income jobs tend to be less accessible by public transport, except
in Nice. Similarly, middle- or low-income workers live in places that are less ac-
cessible via public transport: although this paper does not investigates causal
mechanisms, explanations might be the fact that low-income households often
live far from city centers, or that public transport availability might cause gen-
trification. Finally, in almost all cities, households have fewer opportunities to
switch from private cars to active modes as they live far from their jobs.



What drives incqualities in LEZs" impacts on job accessibility? 1
Falluting vehicles cwnership
117170
Active mades use
Homaes accessibility by public Tansport
Workplaces sccessibility by public transpont
S B B B B
Workers living in the LEZ

d_a _oddd

dd dadd

Toulpuse Marseibe Grenobie  Mice Pouen  Reims Montpellietliasboury
CHPY s CSPA W CSPS M CSP

-

Impact an
access, loss (%)
|

Impact an
access, loss %)

o

mpact on
|

access. loss (%)

Impact on
access. loss (%1
E 4 s

"

Impact cn
ACCREE. 1ES (%]

o
&

=

Impact or

access, bois (%)
o

=

Fig. 4: Impact of different drivers on the accessibility losses of each
occupational group, compared with CSP3 (in % of the pre-LEZ acces-
sibility of each oceupational group). For stance, compared with CSP3,
Lhe ol
opportunities Lo go Lo work using active modes or public Lransports, resulting in
Targer accessibility losses from Ue LEZ. Bul they also have fewer workers and
jobs in the LEZ, resulting in smaller accessibiliy losses from the LEZ.

CSP2 and CSP3: hagh-meome workers. OSPY: maddle-ineomne workers. CSP5
and CSPE: low-ineome workers., CSPI: formers.

pecnpational categories: tend Lo Bave more polluting velicles and Fewer




12 C. Liotta

5 Discussion

Overall, the implementation of LIEZs has clear anti-redistributive impacts in six
out of the eight cities studied, the two exceptions being Marseille and Reims. In
Marseille, the overall impact of the LEZ is limited due to its small perimeter,
and public transport is relatively accessible to low-income groups compared to
high-income groups. In Reims, the ownership of polluting vehicles by low-income
households is limited, and fewer low-income workers are living within the LEZ.
Nevertheless, it is important to note that even in cases where the theoretical
impact of the LEZ is distributed fairly among occupational categories, it remains
more challenging for low-income workers to adapt to the LEZ by purchasing a
new car as the cost of new cars weighs heavily on their budgets.

The high ownership of polluting vehicles among low-income households is a
crucial factor in the debate on LEZs and inequalities in France. Does this own-
ership significantly contribute to the anti-redistributive impact of LEZs? The
findings of this study indicate that it does, although other factors such as spe-
cific policy design and urban characteristics also play a role. Notably, limited
access to public transportation for low-income populations and limited acces-
sibility to low-income jobs by public transport, as well as the greater distance
between homes and workplaces for low-income workers (which hinders active
mobility), contribute to the anti-redistributive effects of LEZs. Conversely, low-
income workers and jobs are less frequently located within the LEZ compared to
high-income workers and jobs, thereby mitigating the anti-redistributive effects
of the LEZ.

These findings offer insights into potential policy measures for mitigating the
effects of LIEZs on workers’ accessibility. Firstly, numerous subsidies available at
national and local levels are designed to incentivize the acquisition of newer, less
environmentally harmful vehicles. It is worth noting that lower-income house-
holds tend to own more polluting vehicles; however, they are also less likely to
reside or work within LEZs. As a result, the distributional consequences of this
policy hinge on its specific design. Presently, some subsidies, such as the "Prime a
la conversion” or ”Bonus écologique”, offer higher benefits to low-income house-
holds.

Secondly, exemptions permitting the entry of polluting vehicles into LEZs
may be granted based on job type. For instance, Reims has introduced a special-
ized exemption pass allowing the transportation of grapes during the harvest to
presses situated within the LEZ. However, except for Lyon, where low-income
households can temporarily benefit from an exemption, income is not the pri-
mary consideration for these passes.

Thirdly, in conjunction with implementing LIEZs, many cities are concur-
rently developing public transportation systems as well as shared and active
mobility options. Montpellier, for instance, plans to progressively introduce free
public transport for all metropolitan area residents, while simultaneously ex-
panding and enhancing these services. However, it should be noted that low-
income households often encounter limited access to public transportation. There-
fore, the free public transport policy may have anti-redistributive impacts and
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the development of new public transport lines might be more efficient for equity
purposes if measures are taken to ensure that these developments specifically
benefit low-income households and cater to their transportation needs, which
may prove challenging in practice [17]. Specifically, improving access to job loca-
tions for low-income workers could contribute to mitigating inequalities in LEZ
impacts.

Lastly, long-term policies such as the establishment of employment subcen-
ters, aimed at reducing commuting distances between residences and workplaces,
offer a solution to enhance the fairness of LEZs. However, it is important to
strike a balance between short-term policies, including subsidies for clean ve-
hicle purchases, and medium- to long-term policies related to urban planning
and improving public transportation efficiency. This balance is crucial to ensure
equitable outcomes in the impacts of LEZs at all times.

In this study, the analysis is static, whereas, in the medium and long run,
we can expect changes in populations and job distributions that will affect the
conclusions of this study. For instance, gentrification may happen around pub-
lic transport stations due to the increasing importance of public transport to
mitigate the impact of LEZs on accessibility. The social composition of the city
center might also change due to two mechanisms playing in opposite directions:
housing prices might rise because living in the city center will be healthier, but
they might also decrease as the city center will be less accessible. Consequences
in terms of equity impacts of LEZs are unclear and could be investigated using
a dynamic urban economics model.

6 Conclusion

In summary, this study finds that LEZs predominantly yield regressive effects in
six out of the eight cities examined. This means that LEZs disproportionately
impact the accessibility of low-skilled workers compared to their high-skilled
counterparts.

In particular, low-skilled workers are particularly harmed by LEZs due to the
limited availability of public transportation options near their residences and
workplaces. In addition, the commuting patterns of low-skilled workers often
involve longer distances, and a higher proportion of them own polluting vehi-
cles, thereby exacerbating the impact of LEZs. In contrast, the relatively lower
presence of low-skilled workers within LEZs, as well as the fewer instances of
low-skilled jobs being situated within these zones, serves as a mitigating factor,
resulting in a comparatively smaller effect of LEZs on this group.

In terms of magnitude, the shares of jobs of each occupational category in
the LEZs and the share of polluting vehicle ownership per occupational category
play key roles, explaining the difference in LIEZs’ impacts between occupational
categories and cities. Still, other factors such as urban form, through residence-
workplace distances and active transport mode use, also play a role.



14

C. Liotta

References

10.

11.

12.

13.

. Bastiaanssen, .J., Johnson, D., Lucas, K.: Does better job accessibility help people

gain employment? The role of public transport in Great Britain. Urban Studies
p. 00420080211012635 (May 2021). https://doi.org/10.1177/00420980211012635,
https://doi.org/10.1177/00420980211012635, publisher: SAGE Publications Ltd

. Boeing, G.: OSMnx: New methods for acquiring, constructing, analyzing, and vi-

sualizing complex street networks. Computers, Environment and Urban Systems
65, 126-139 (Sep 2017). https://doi.org/10.1016/j.compenvurbsys.2017.05.004,
https://www.sciencedirect.com /science /article /pii/S0198971516303970

. Clean Cities Campaign, Transport & Environment: The development

trends of lowand zero-emission zones in Europe. Tech. rep. (2022),
https: / /cleancitiescampaign.org /wp-content /uploads /2022 /07 / The-development-
trends-of-low-emission-and-zero-emission-zones-in-Europe-1.pdf

. Ding, C., Cao, X.. How does the built environment at residen-

tial and work locations affect car ownership? An application of
cross-classified  multilevel model.  Journal of Transport Geography
75, 3745  (Feb  2019).  https://doi.org/10.1016/j.jtrangeo.2019.01.012,
https: / /www.sciencedirect.com /science /article /pii /S0966692318301030

. Dodson, J., Sipe, N.: Oil Vulnerability in the Australian City: Assess-

ing Socioeconomic Risks from Higher Urban Fuel Prices. Urban Stud-
fes 44(1), 3762 (Jan 2007). https://doi.org/10.1080/00420980601023810,
https://doi.org/10.1080/00420980601023810, publisher: SAGE Publications Ltd

. Hansen, W.G.: How Accessibility Shapes Land Use. Jour-

nal of the American Institute of Planners 25(2), 73
6 (May 1959). https://doi.org/10.1080/01944365908978307,
https://doi.org/10.1080/01944365908978307,  publisher:  Routledge _eprint:
https: //doi.org/10.1080/01944365008978307

. Lepetit, Q., Viguié, V., Liotta, C.: A gridded dataset on densities, real estate prices,

transport, and land use inside 192 worldwide urban areas. Data in Brief (Feb 2023)

. Liotta, C., Viguié, V., Creutzig, I".. Environmental and welfare gains

via wurban transport policy portfolios across 120 cities. Nature Sus-
tainability (May 2023). https://doi.org/10.1038/s41893-023-01138-0,
https://www.nature.com/articles/s41893-023-01138-0

. Liu, S., Kontou, E.: Quantifying transportation energy vulnerability and

its spatial patterns in the United States. Sustainable Cities and So-
ciety 82, 103805 (Jul 2022). https://doi.org/10.1016/].5¢5.2022.103805,
https://linkinghub.elsevier.com /retrieve /pii /522106 70722001342

Moreno, E., Schwarz, L., Host, S., Chanel, O., Benmarhnia, T.: The environmental
justice implications of the Paris low emission zone: a health and economic impact
assessment. Air Quality, Atmosphere & Health 15(12), 2171 2184 (Dec 2022).
https://doi.org/10.1007/s11869-022-01243-7, https://doi.org/10.1007 /s11869-022-
01243-7

Morton, D.C.: A Framework for Assessing Spatial Vulnerability to the Introduction
of Low Emission Zones: A case study of Edinburgh, Scotland (2018)

Pfeiffer, B.: Evaluation ex ante des effets redistributifs de politiques urbaines. Ph.D.
thesis (2022), http://www.theses.fr/2022UPASB034/document

Pfertner, M., Biittner, B., Duran-Rodas, D., Wulfhorst, G.: Work-
place  relocation and its association with car availability and
commuting mode choice. Journal of Transport Geography 98,



14,

16.

17.

What drives inequalities in LEZs’ impacts on job accessibility? 15

103264 (Jan 2022). https://doi.org/10.1016/j.jtrangeo.2021.103264,
https: / /www.sciencedirect.com /science /article /pii/S0966692321003173

Saiz, A., Wang, L.: Physical Geography and Traffic Delays: Evidence from a
Major Coastal City. SSRN Scholarly Paper ID 3881405, Social Science Re-
search Network, Rochester, NY (Jul 2021). https://doi.org/10.2139 /ssrn.3881405,
https: //papers.ssrn.com /abstract=3881405

. Schittly, R.. A Lyon, le président écologiste de la métropole re-

pousse la fin du diesel et suspend lextension de la ZFE (Feb 2023),
https://www.lemonde.fr /politique /article /2023 /02 /14 /a-lyon-le-president-
ecologiste-de-la-metropole-repousse-la-fin-du-diesel-et-suspend-l-extension-de-
la-zfe' 6161804823448 . html

Verbeek, T., Hincks, S.: The ‘just’ management of urban air pollution? A
geospatial analysis of low emission zones in Brussels and London. Applied Ge-
ography 140, 102642 (Mar 2022). https://doi.org/10.1016/j.apgeog.2022.102642,
https://linkinghub.elsevier.com /retrieve/pii/S0143622822000133

Viguié, V., Liotta, C., Pfeiffer, B., Coulombel, N.: Can public trans-
port improve accessibility for the poor over the long term? Empir-
ical evidence in DParis, 1968 2010. Journal of Transport Geography
106, 103473 (Jan 2023). https://doi.org/10.1016/].jtrangeo.2022.103473,
https:/ /www.sciencedirect.com /science /article /pii/S096669232200196X



16 C. Liotta

A Job accessibility losses decomposition

In a first step, I isolate the impact of the difference in the share of polluting
vehicles for workers of categories ¢ and ':

A;LL',Z Ac ZZ ?1(:(i) (3)9( ( )[ ﬁ:mt'n.[i,u .‘.ﬁ} —Bm.ru{.‘.{: i_ﬂ .‘.f: ] } POL(_-J_-*
(ieLEZ.3)
(igLEZ jeLEZ)
(5)
with
POL(_.‘,_.* ZZ nc(i)d,,(j](s,,(é) St (2))[ Bm.ru(tu U) —Ili‘m.zn(.l:: g;‘; .._r)]
(teLEZ,5)
(i¢LEZ,jeLEZ)

corresponding to the impact of the difference in polluting vehicles” ownership
between occupational categories.

Similarly, I decompose further to account for the differences in spatial distri-
butions of the workers of ¢ and ¢':

ALEZ A= 3T moli)de(j)se (PG D) — omAmint 0] 4
(ieLEZ,5)
(i¢LEZ jeLEZ)

ZZ (ne — ne)(B)de(d)se (i)[e —Amin(t )

(i€LEZ,5)
(i¢LEZ jeLEZ)
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—ﬁm.ru{tu 150 u]

} POL(:,(:'
(6)

Finally, I decompose further to account for the differences in spatial distri-
butions of jobs of categories ¢ and ¢
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Then, I decompose further the change in transport times:

—Bmin(tf 14 —Bmin(tf 14 45 —Bmin(tF 1) —Bt<
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ij—

Fe” g ]ltf*{mm(t{; th)

The first term corresponds to the transport times decay of job accessibility by
private cars, when private cars are the faster mode, the second to the difference
between the transport time decay by public transports and private cars, when
public transports are faster than active modes and slower than private cars, and
the last one to the transport times decay by active modes.

Combined with the previous equation, this leads to:

(ALEZ — A) = (AEZ — AL) + PTEQP + LEZEGP
FPTIOP 4 LEZ!OP + POL.

o0l
- !.f;
i ZZ (n‘f:(z) N ( )) (j)‘,‘( ( ) ﬂ'igg‘nun(tﬂ,.‘_ﬁ.)
(ieELEZ.F)
(igLEZ jELEZ)
{ Z Z (de(7) — der (4))mer (1)""(:'(3)‘3 g ]lr.” S <min(th td)
(iELEZ.j)
(igLEZ jeLEZ)

(9)

with

. . . o —AtE — Bt
Pf‘ﬁ‘rﬁqp ZZ (nf:(?’) n(:"(a))dﬂ(.?)sﬁ) (z)[c Bti; € BL‘J]:ﬂ'lggiﬂSté
(ieLEZ,j)
(i¢LEZ,jeELEZ)

which corresponds to the impact of the difference in public transport avail-
ability near homes of workers of category ¢ and category c’;

LEZ{fF?P Z Z (n“?(i) ( ))d (J)‘,“ ( ) U:[lif' <min(tf t4)

HEH
(ieLEZ.j)
(igLEZjeLEZ)

which corresponds to the impact of the difference between the shares of work-
ers in the LEZ of category ¢ and category ¢';
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: : < a1 —BtP — Bt
ij}f?ﬂ ZZ (de(§) — der(§))nes ()5 (D) e P4 — e ﬁl”]]liﬂitﬂﬂlﬂ
(iELIEZ,5)
(i¢LEZ jELEZ)

which corresponds to the impact of the difference in public transports avail-
ability near jobs of category ¢ and category ¢’;

. . . o Bee
LEZ:{?’B § :E : (df(J) dﬂ"(}))n“'(zjsﬂ"(z)c ﬁtu]]‘tgflni‘u(tf;.lfj)
(teLEZ.j)
(i¢LEZ jELEZ)

which corresponds to the impact of the difference between the shares of jobs
in the LEZ of category ¢ and category ¢'.

The two last terms correspond to the possibility to use active modes for
commuting, which depends on the proximity between homes and workplaces.
Separating these last two terms would make little sense, as the possibility to
commute by active modes is largely determined by the joint location of homes
and workplaces. Therefore, by rearranging these terms, I obtain the following
final decomposition:

(ALEZ _ A)) — (ALEZ _ A.) = POLL, . + AM,. . + PTE9F

e’ (10)
iLEZf{‘?P i P]‘(f({?ﬂ I LEZ":;TSB
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B Transport times by private cars to the city center
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Fig. 5: Transport times (in mn) Lo the city center by privale cars.
Hesults have boew aggregated at the 1S beoel for madability purpases.

C  Share of polluting vehicles
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D Descriptive statistics
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E Impact of different drivers on the differences in LEZ
impacts between occupational categories - CSP1,
CSP2, CSP4, and CSP5
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Fig. 8: Impact of dilferent drivers on the dilferasees in LEZ impacts belwen
CSP3 (high-ineome) and CSP1 (Farmers), in % of the pre LEZ aceessibility of
CSP1).
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