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Preface

This thesis comprises two essays that examine the effectiveness of urban environmental poli-
cies, their public perception, and their impact on regulated business activities. The essays focus
on a specific policy: a pollution-based road pricing (i.e., charging zone) that the city of Milan
implemented in 2008 in its city centre to reduce congestion and pollution caused by vehicles.
This policy has unique features that make it significant. The charging zone is similar to a tra-
ditional congestion charge, but it includes fundamental environmental features. Access charges
are determined by the pollution level of the vehicle. Additionally, the policy creates a sharp
geographical discontinuity in traffic regulation, which asymmetrically affects residents living in
the same neighbourhood and firms competing in the same local market.

Chapter 1 ("Pollution, traffic reduction and electoral outcomes") examines the political con-
sequences of the policy. It shows that turnout at local elections has reduced in electoral precincts
just outside of the charging zone. Indeed, individuals residing barely outside the regulated area,
who are more likely to have to travel into the zone but who do not receive the discounts given to
internal residents, are the most negatively affected. It also shows that those individuals do not
tend to punish the incumbent party, due to the strong alignment between parties on the environ-
mental policy. Dissatisfaction with local political representation leads to reduced engagement in
municipal elections, which persists over time.

Chapter 2 ("Do pollution charges matter? Evidence from small businesses in Milan") inves-
tigates the effects of the charging zone on small businesses. Although some industries remain
unaffected by the policy due to their revenue generation models, the pollution charge has led to
a significant reduction in the revenues of retail businesses that are barely within the regulated
area. The negative effect is likely to be caused by a reduction in customer flow due to the overlap
of the enforcement period of the scheme with the working hours of businesses in this industry.
This chapter also shows that the policy has generated no effects on business mobility and only a

partial impact on local competition.
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Chapter 1

Pollution, traffic reduction and electoral outcomes *

ABSTRACT

This paper investigates the political effects of environmental policies. Specifically, we study
the impact of a pollution-based road pricing scheme on voter behaviour by exploiting the
features of the charging zone (CZ) implemented in Milan. The policy resulted in unequal
benefits and costs for individuals residing within and outside the CZ. To establish causality,
we compare electoral outcomes at precinct-level on opposite sides of the CZ boundary by
applying a spatial regression-discontinuity design. RD estimates show a lower turnout in
local elections in precincts barely outside the CZ with respect to those barely inside, re-
sulting in a sizeable discontinuity at the boundary (6-10 p.p.). We further investigate (i) to
what extent the discontinuity depends on policy-induced urban mobility or on changes in
individual voting behaviour and (ii) whether our results are consistent with a reward of CZ
residents or a punishment of the individual residing outside of the area. To this end, we de-
velop a novel methodology combining the regression discontinuity design with the synthetic
control method. We find that the effect is mainly explained by changes in individual voting
behaviour and driven by those residing barely outside the CZ who choose not to vote. The
effects are stronger among precincts populated by voters whose costs to adapt to the change
in traffic regulation are higher (e.g., car users, families with children). Our findings show
that individuals adversely impacted by an environmental policy may exhibit a decline in
their political engagement when all parties appear to agree on the policy in question.

Joint with Davide Cipullo and Tommaso Colussi
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and the conference participants at the JRC NetCIEx Workshop and European Public Choice Society 2024 Confer-
ence for comments and suggestions. We would also like to thank Milan’s agency for mobility and the environment
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I INTRODUCTION

Tackling environmental issues is a challenging and controversial tasks in economic policy: supra-
national bodies and policy-makers act to commit seriously in the achievement of long-term goals,
but national and local policies struggle to be implemented. One of the primary obstacles to the
adoption of environmental policies is that they typically yield benefits in the long run, such as
reduced greenhouse gas emissions and improved health outcomes of the population, while in-
curring short-term costs. When these costs affect only a specific segment of the population,
they divide it into winners and losers, potentially creating political discontent (Cruz and Rossi-
Hansberg, 2022; Conte, Desmet, and Rossi-Hansberg, 2022).

An additional challenge for implementation also comes from the difference between peo-
ple’s perception of environmental problems and their attitudes towards environmental policies
(Dechezleprétre et al., 2022). While most people pronounce concerned about environmental
changes, their support for environmental policies strongly depends on their specific modalities
and the perception of their efficacy. For instance, carbon pricing is viewed by economists or
policy makers as key element for emissions’ reduction (Stiglitz, Stern, and Others, 2017), but its
mechanisms are not easily implemented and rarely well perceived (Douenne and Fabre, 2022).!
Such complex inter-plays between environmental policies and their broader societal impacts have
captured the attention of economists and policymakers (Besley and Persson, 2023).

In this paper, we provide quasi-experimental evidences of the impact of pollution taxes on
political outcomes by studying the charging zone (CZ) introduced in the city centre of Milan.
The charging zone is a pollution-based road pricing designed to reduce the external effects of
traffic by charging road users directly in order to discourage the use of certain vehicles or fuel
types in specific areas.> To study the political consequences of this policy, we compare elec-
toral outcomes at precinct-level on opposite sides of the CZ boundary by employing a spatial
regression-discontinuity design. We find that electoral precincts situated outside but in close
proximity to the boundary of the charging zone have exhibited a decline in turnout in municipal
elections. Individuals residing just outside of the area have a high probability of needing to reach
locations within the road pricing area, yet they lack access to the fee discounts reserved for resi-
dents of the charging zone. Their discontent may have been manifested in a decreased interest in
participating in municipal elections, rather than in a direct punishment of the incumbent party,
probably due to the high alignment of opponent parties toward the policy.

The charging zone introduced in city centre of Milan exhibits several features that render it
particularly suitable for identifying the effects of pollution taxes on electoral outcomes. Firstly,
the policy, after its introduction in 2008, had a markedly disparate impact on citizens residing
from one side or the other of the CZ, in terms of both benefits and costs. This enables us to

leverage both the temporal and geographical variations for causal identification. Secondly, a

"Douenne and Fabre (2022) show how French people would reject a carbon tax mainly due to overestimated
monetary losses and mis-perception about the effectiveness and the regressive distribution of the policy.

Differently from carbon taxes, pollution taxes take into consideration not only green gas emissions, such as carbon
dioxide, but also different air pollutants, such as nitrogen oxide and particulate matter emissions. The charging zone of
Milan used European emission standards — which are based on the analysis of both pollutants and green gas emissions
— to identify the level of pollution for each vehicle.



temporary suspension of the policy in 2012 due to a judicial appeal allows us to exploit an addi-
tional and unanticipated source of variation to study the effect on traffic and pollution. Finally,
the city of Milan provides granular data, measuring political outcomes at a electoral precinct
level, spanning periods before and after the implementation of the charging zone.

We estimate the political consequences of the charging zone by using data on municipal and
national elections over the 2001-2021 period for approximately 1,200 electoral precincts located
in Milan. We exploit the geographical variation of the policy through the use of a regression
discontinuity design in which the running variable is the distance of the electoral precincts to
the boundaries delimiting the charging zone. When pooling all municipal elections that took
place after the policy implementation, we estimate a sizeable and significant discontinuity in
voter turnout, i.e. 6-10 percentage points. Interestingly, we observe no statistically significant
impact on vote shares for any party in municipal elections, and no sizeable effect on electoral
outcomes at the national level. Furthermore, we address potential concerns about the robustness
of the estimated result on municipal turnout by testing its sensitivity to the selected bandwidth,
the electoral precincts in close proximity to the CZ boundary, and the treatment assignment using
placebo boundaries. Lastly, we complement our preferred specification model with a weighted
regression discontinuity design, accounting for the number of eligible voters in each electoral
precinct, and a difference-in-discontinuities model, cleaning the estimates from any potential
pre-treatment discontinuity in electoral outcomes at the threshold.

We consider a number of potential mechanisms that could explain the effect on local election
turnout. First, the policy could have induced individual urban mobility and thus altered the
voter base, by attracting or rejecting people in specific areas. But it could also have influenced
individual voting behaviour, by affecting their decision to participate in local politics. Second,
the observed effect could be driven by an increase in turnout in electoral precincts within the CZ
or by areduction in the precincts outside of the area. We document that (i) the effect on municipal
turnout is only partially attributable to individual urban mobility, suggesting that it is primarily
driven by a change in voting behaviour, and (ii) the effect is caused by those individuals residing
in close proximity to the boundary but outside of the charging zone who choose not to vote. In
order to achieve this latter result, we have developed a novel methodology, which combines the
regression discontinuity design with the synthetic control method. This methodology allow us to
to construct a counterfactual turnout for electoral precincts on either sides of the threshold based
on electoral data from the municipalities of Naples and Turin, which held municipal elections at
the same time of Milan and did not have any CZ in place at the time of the elections. Furthermore,
we show that the reduction in municipal turnout is more pronounced in electoral precincts with
a high number of families with children and homeowners, whose costs to adapt to the change in
traffic regulation are higher.

Our main finding is that the introduction of the charging zone have induced individuals living
just outside of the area to decrease their political participation in municipal elections. We provide
evidence that the policy generated different benefits and costs for citizens residing within and
outside of the CZ, supporting the conjecture that the latter are the most penalised. To this end,

we exploit the judicial appeal against the policy in 2012, which resulted in the suspension of the



road pricing for a period of two months. We employ a regression discontinuity design in which
the running variable measures the time distance to the re-instalment of the CZ and compare
the number of vehicles accessing the area and pollution levels in the hours just before and just
after the policy change. For this analysis we leverage two main datasets: administrative data
tracking vehicles accessing the CZ from the 43 gateways located on the CZ boundary and levels
of local pollutants, such as carbon monoxide (CO) and nitrogen dioxide (NO2), detected by
the 8 air quality stations located in Milan. Consistent with the policy’s characteristics, which
impose a lower fee on citizens residing within the CZ, we estimate a significantly larger impact
on vehicles (subject to fee) owned by individuals residing outside of the regulated area (-28%)
than those owned by CZ residents (-17%). We also show that the policy has positive effect on
the air quality registered within the CZ, as evidenced by a decrease in both CO and NO2 levels.
However, its impact on other areas of the city is less clear. Overall, the policy appears to have
generated greater benefits at a lower cost for citizens residing within the CZ, while creating fewer
benefits and imposing greater costs on those residing outside. These findings lend support to the
hypothesis that those living barely outside of the regulated area are the most adversely affected.

This paper contributes to the literature in political economy estimating the electoral con-
sequences of environmental policies. Stokes (2016) demonstrates that voters pay attention to
climate policies and can retrospectively punish incumbents for nearby facilities they perceive as
harmful to their communities. In particular, she shows that proposals for wind turbines result in
a 5% decrease in the vote share of the incumbent provincial government, while operational wind
turbines result in a 10% decrease. Colantone et al. (2024) provide survey evidence demonstrat-
ing that the ban on polluting car implemented in most of the territory of Milan may advantage
parties contrasting it.> We add to this literature by studying the effect of a pollution tax on ve-
hicles, initially introduced by the right-wing party and then confirmed by the left-wing, and by
providing quasi-experimental evidence using extremely granular administrative data on electoral
results. Our findings complement the literature by showing the potential political implications in
case the opponent parties are aligned on the environmental policy. As the policy creates winners
and losers, when those negatively affect do not see any political representation addressing their
concerns, they become dissatisfied with local politics and choose not to participate in elections.
Conversely, those who are positively affected by the policy may not necessarily reward local
politicians for the implementation of this environmental policy.

Our study also relates to the urban and environmental economics literature on traffic reduc-
tion policies and their effects on car usage and pollution (Davis, 2008; Wolff, 2015; Viard and
Fu, 2015; Green, Heywood, and Navarro, 2016).* We find that the effects of this policy on pol-
lution and car traffic are similar to the ones estimated for similar policies adopted in London
(Leape, 2006), thus strengthening the external validity of our results. Our results are also in line
with findings by Gibson and Carnovale (2015) and Percoco (2013), which use the 2012 judicial

3In 2019, the municipality of Milan introduced a Low Emission Zone (called “Area B”) which banned most
polluting vehicles from almost 70 percent of the city’s territory.

“Different types of policies have been implemented to reduce traffic congestion and road pollution in cities. Mexico
City and Beijing introduced driving restrictions for vehicles based on their license plate number (Davis, 2008; Wang,
Xu, and Qin, 2014; Viard and Fu, 2015); several German cities have implemented low-emissions zones banning more
polluting vehicles (Wolff, 2015; Gehrsitz, 2017).



appeal to study the effect of the congestion charge in Milan on traffic congestion, accidents and
pollution. We refine their analysis by employing a new administrative dataset on the number of
vehicles entering the CZ that further distinguishes whether the car owner was a resident of the
CZ or not. This distinction ultimately allows us to estimate the differential effect of the policy
based on its cost.

The remainder of the paper is organized as follows. Section II provides some background
on the charging zone of Milan and the political path that brought to its introduction. Section III
describes the data sources and discusses the empirical strategy. Section IV presents the main
results on the electoral outcomes. Section V discusses the potential mechanisms and explores
heterogeneous effects. Section VI studies the differential impacts on traffic and pollution per-

ceived by individuals residing within and outside of the regulated area. Section VII concludes.

IT INSTITUTIONAL BACKGROUND

This section provides a brief introduction to the pollution concerns in the city of Milan, the his-
tory of the charging zone, and its functioning. For a more detailed analysis of the political path
that led to the introduction of the charging zone and how the different schemes operate, please
see Section C in the Appendix.

THE POLLUTION IN MILAN. The city of Milan in northern Italy exemplifies the intricate
interplay between population dynamics, economic importance, and environmental concerns. As
the second most populous city in Italy, with a population of 1.4 million within the city and over
3 million in the metropolitan area, Milan occupies a pivotal position within the national and Eu-
ropean economic landscape. Milan is confronted with considerable environmental challenges,
particularly in relation to its poor air quality standards. Firstly, the high population density of
the city (7,500 inh./km?) and the Lombardy region contributes significantly to the high pollu-
tion levels in the city. Such a concentration of human activities, including road transport, house
heating, agriculture and industrial processes, has a serious impact on the emission of pollutants.
Secondly, the city’s geographical location within the Po Valley exacerbate pollution levels. The
valley’s distinctive topography, comprising a vast, flat lowland area encircled by physical barri-
ers such as the Alps and the Appennines mountains, traps the air pollutants and gas emissions,
leading to the formation of smog, particularly during periods of stagnant weather conditions.
Consequently, the metropolitan area of Milan is one of the most polluted areas in Europe (EEA,
2020).> Figure 1 illustrates the elevated concentration of nitrogen dioxide (NO2) in Milan in
comparison to the rest of Europe, suggesting also the significant impact of internal combustion

engines in the pollution levels in Milan (EEA, 2018).

A BRIEF HISTORY OF THE CHARGING ZONE. The local government of Milan initiated efforts
to mitigate the adverse effects of traffic congestion and pollution during the 1990s, with very lim-

5In 2007, the consulting firm Ambiente Italia ranked Milan as the third-highest concentration of particle matter
(PM10) among large European cities, both in terms of average annual level and in terms of number of days above the
limit of 50 pug/m?.



