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Abstract. This paper shows that road-closing policies may have adverse short-run effects on
pollution by reallocating traffic toward more congested roads. I study the impact of the 2016
closure of the Voie Georges Pompidou, a one-way expressway crossing downtown Paris, on traffic
and pollution dis- placement. To do so, I rely on a difference-in-difference strategy based on the
direction and the timing of traffic, which I implement on detailed road-sensor data. I show that
the closure lowered average speed by over 15% on two sets of substitute roads: central streets
nearby and the already con- gested southern ring road. Using air quality data, I show that NO2
concentrations increased by 6% near the ring road and by 1.5% near local roads. The reduced-
form results on traffic are quantitatively consistent with a calibrated model of shortest route
choice, which allows me to recover the underlying rerouting patterns. Even though few displaced
commuters diverted to the ring road, they triggered a massive pollution increase because of the
U-shaped relationship between emissions and traffic speed. Overall, I estimate that up to 90%
of the pollution cost was borne by lower-income residents around the ring road, who lived far
away from the new amenity created by the closure and mostly outside the jurisdiction responsible
for the closure decision. Finally, I study counterfactual closure scenarios to assess under which
conditions those adverse effects could have been mitigated.
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1. INTRODUCTION

Traffic congestion represents an undoubted threat to the quality of urban life, and keeping it
under control has been an ongoing process (European Environmental Agency, 2020; WHO,
2005). In response, various traffic-calming policies have been used worldwide, some more read-
ily received than others. Today, car-free streets have become the paradigm of contemporary
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urbanism. Many cities in developed countries have started reducing their road supply to curb
air pollution. Oftentimes, traffic is diverted to other roads, displacing congestion and pollution
to other areas.? As such, even if the total number of commuters is reduced, the overall effect of
road closures on the environment remains an open question due to the non-linear impact of
traffic flow on emissions.

FIGURE 1 « THE EMPIRICAL SETTING: THE CASE OF PARIS
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Notes: This figure represents a map of Paris. The dashed line represents the riverbank used by cars to
cross Paris. The black line represents the limit of the city which corresponds to the ring road. I focus
on the southern part of the ring roads, represented in the map by two thick lines. The thick section
of the ring roads with an eastward flow direction corresponds to the south outer ring road. The thick
section with a westward flow direction corresponds to the south inner ring road. The two local roads
with an eastward flow direction represent the detour routes. The local road with a westward flow
direction will serve as a control. The different main roads outside the city and leading to the GP are

highlighted.

? https://www.nytimes.com/2022/09/12/nyregion/nyc-congestion-pricing-manhattan-bronx.html.
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This paper provides quantitative evidence on the impacts of road closures in a city and the
distribu- tional effects thereof. While the idea of road construction is well-established to be
counter-productive as it may actually make congestion worse (Downs 1962; Duranton and
Turner 2011), no study to this date has evaluated the impacts of road “destruction”. I exploit
a reform in Paris where a 3.3-km segment of the expressway along the Seine’s right riverbank,
the “Voie Georges Pompidou” (hereafter GP) got pedestrianized on September 1, 2016. The
GP was the only expressway to cross the city. As shown in Figure 1, it was part of a 13-km
road that crossed Paris from southwest to southeast. The closed segment was near Notre Dame
Cathedral, the geographical and tourist center of the city. Until 2016, this road was used by
approximately 40,000 vehicles every day. It was partly used for traveling within the city but also
acted as a possible substitute for the ring road, especially its heavily congested southern section,
for suburb-to-suburb traffic (Bouleau 2013). As such, the riverbank was part of a road network
that was of general interest to the region.

First, | empirically estimate the impacts of this closure on substitute roads. A given road can
be considered as a substitute if it is of almost same length and serves the same itinerary as the
one considered (same starting point and exit point). The biggest challenges when evaluating a
change in the road supply are accounting for (i) network effects (ii) simultaneity, and (iii) selec-
tion. These issues make it arduous to find the best setting in which the impact of a road closure
on traffic can be causally identified and isolated from any other alteration in the city. This paper
overcomes these challenges by implementing a difference-in-difference strategy based on the
direction and the timing of traffic. To identify the effect of the pedestrianization, I make use
of one particular feature of the GP: its unique flow direction. Given the unique flow direction
of the GP, the direction of roads provides me with a natural selection of treatment and control
groups: roads with the same flow direction as the riverbank are likely to be directly impacted by
the GP closure by receiving a fraction of the displaced GP users. In contrast, the impact of the
closure on the westward lanes, in the absence of alternative westward expressways within the
city, may only have been indirect through a global decrease in traffic.

I also use the timing of traffic to ensure comparability between treatment and control groups,
knowing that one direction is used in the morning and the other in the evening. In addition,
each eastward substitute road has a similar westward road in the city with similar architecture
(same type of steel and strip, presence or absence of traffic lights, outward/inward exit lanes).
This makes it likely that traffic flows in either directions are independent. These different fea-
tures allow for an evaluation of the GP closure by comparing its effect on the eastward roads to
its effect on the westward roads in a difference-in-difference framework.

To measure traffic, I make use of the 2013-2019 road sensor data of the Paris City Hall.
These data provide the occupancy rate (the percentage of time that vehicles occupy a given seg-
ment of the road) and the flow of vehicles, for every hour of the day. I also use a collection of
dozens of road segments that match the substitute roads to the riverbank almost exhaustively.
As shown in Figure 1, the GP expressway presents at least 3 itineraries of substitution, two of
which are local roads with the same flow direction that circumvent the closed section: “Boule-
vard Saint Germain” and the upper banks. However, the third itinerary of substitution is the
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south outer ring road — serving as an alternative for the 13-km expressway road — forcing people
to abandon the full riverbank.

In my main specification, I compare, before and after September 1st 2016, the occupancy
rates and flow of cars of the roads with the same flow direction as the riverbank to roads with
the opposite flow direction, controlling for segment and dayxhour fixed effects. I run this esti-
mate separately for local roads and ring roads since both sets of roads are likely to be impacted
differently. The former will most possibly attract inner-city commuters while the latter will
capture commuters intending to cut across Paris. Furthermore, they both have different tech-
nical road performances. While ring roads are made of continuous steel with no trafhic lights
or pedestrian crosswalks and a speed limit of 70km/h, local roads present several lights and
pedestrian crossings with a speed limit of 50km/h at that time.? I first look at the impact of the
GP closure on the two main outcomes: flow of cars and occupancy rates. I show that the flow
of cars decreased by 6% on the ring road and increased by 26% on local roads. The difference
in signs comes from the non-linear character of traffic flows since the same level of flow can be
observed at two different speeds. For instance, a negative impact on traffic flows can indicate a
decrease in the number of cars provided that the road is uncongested (at freeflow speed). It can
also indicate an increase in the number of cars entering the road if downstream bottleneck is at
capacity. In other words, a queue forms at the entrance of the road and grows with additional
vehicles, which lowers the average speed on the road and decreases the number of cars counted
in a given time span. To this matter, I turn my analysis to the impact on occupancy rates. I show
that occupancy rates increased by 11.2% on the ring roads and by 34% on local roads, with the
highest impact during evening hours. This is consistent with the fact that the GP expressway
was mainly used during evening hours, since the west of Paris is an employment hub while the
east of Paris is a highly-dense residential area.

I then look at congestion and average speed that I deduce using the occupancy rates and the
flow of cars. I first compute an indicator of congestion by using the quadratic relationship be-
tween traffic low and occupancy rate, described by the fundamental diagram well-known in the
transportation literature. Second, relying on simple parametric assumptions, I can comment
on the impact of the closure on the average speed of vehicles on the roads. I find that the ring
roads are 21% more congested due to the GP closure while local ring roads show an increase
in the probability of congestion of 50%. Both results are consistent with the conclusions I get
from running the difference-in-difference on the average speed. Namely, I find a decrease in the
average speed by 16.5% on the ring road and 17.5% on local roads.

I extend my work to the evaluation of the negative externalities of traffic. I make use of two
permanent pollution monitors located near the periphery and near the upper banks. Using
pre-closure data, I estimate the elasticity of NO, concentrations with respect to the average
speed on nearby road segments, controlling for weather characteristics and the flow of cars. I
multiply this elasticity by the impact on the average speed to impute the effect on NO, emis-
sions, both near the upper banks and near the ring roads. With an elasticity of pollution to

3 The speed limit on local roads was lowered to 30km/h citywide in 2022.
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speed of -0.34% on the ring roads and -0.08% on local roads, I show that the emissions of
nitrogen dioxide increased by 5.8% near the ring roads and by 1.5% near local roads. However,
NO, emissions are not the only consequence of increased traffic. Increased noise pollution or
other particulate pollutants can also occur. To have a sense of the magnitude of the overall cost,
I evaluate the causal impact of the GP closure on housing prices near the periphery bearing in
mind that all amenities are capitalized in housing prices. I find a decrease of housing prices in
the 700-meter vicinity of the periphery by 5%.

Although we all experienced traffic congestion, the traffic problem is far from easy to under-
stand. This is a consequence of the chaotic nature of traffic flows. A small input can get greatly
magnified, which makes the problem “non-linear”. In other words, a reallocation of cars from
one road to a more congested road generates a net increase in congestion — and hence pollution.
As such, it is impossible to back out the number of drivers switching on each substitute road
just by looking at the reduced-form results. Yet, knowing the number of extra cars on each road
is essential for the cost analysis. For this purpose, the second part of my paper provides a simple
model of shortest route with endogenous congestion based on Akbar and Duranton (2017)
to quantify the costs of the policy. The model predicts that the overall impact on congestion
and pollution depends on the elasticity of congestion of each substitute road - i.e., the degree
to which the number of cars impacts speed on the road. Closing a less congested road than its
substitute roads will generate an overall rise in congestion and pollution in the absence of a (suf-
ficient) mode switch. By estimating each treated road’s congestion elasticity and distinguishing
between (i) inner-city commuters and (ii) suburban commuters, I back out the number of
commuters diverting on each road. This allows me to compute the costs generated and speak to
the distributional aspects of this policy.

I show that higher-income commuters bear 60% of the time costs while lower-income resi-
dents bear 90% of the pollution costs, most of them living outside the local jurisdiction respon-
sible for this closure. This brings into question the political economy behind the adoption of
this kind of policy, which was implemented by the Mayor of Paris but ended up hurting people
who live outside her jurisdiction. Finally, I use the model to study several counterfactual sce-
narios of interest from a theoretical or a policy point of view. They suggest that (i) closing only
half of the segment would have drastically mitigated pollution externalities (ii) for the policy to
yield zero pollution cost, more than 50% of inner-city commuters and 10% of suburban com-
muters should have had to switch to (uncongested) alternative transportation and (iii) a wider
car-free zone (planned to take place by 2030) would lead to a slight decrease in pollution cost
but a substantial increase in time cost, if no mode shift occurs.

RELATION TO THE LITERATURE This project builds on and contributes to several literatures.
First, road reduction is part of a wide array of congestion policies implemented in cities,
which have been studied in numerous works. On the demand-side, road pricing is seen as
the most efficient and reasonable solution to deal with congestion (Liu and McDonald 1999;
Santos et al. 2008; Tirachini and Hensher 2012; Winston and Langer 2006). However, with
little social acceptance, many cities have instead used supply-side policies such as road space
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rationing, restricting the days or hours in which car users can drive on congested roads (de
Grange and Troncoso 2011; Gallego e# al. 2013; Kornhauser and Fehlig 2003) or urban
rail-transit expansions (Adler and van Ommeren 2016; Gonzalez-Navarro and Turner 2018;
Gu et al. 2021). Other cities, including Paris, have opted for quantity-rationing by gradually
reducing their road capacity. For example, Seoul transformed its main highway into an urban
boulevard (Kang and Cervero 2009) while New York has used High Occupancy Toll (HOT)
lanes (Poole Jr and Orski 2000). In the case of Paris, the choice of road reduction rather than
road pricing takes on a political dimension due to the low levels of consent to taxation among
French car users.* This paper adds to this literature as it is, to the best of my knowledge, the
first paper to causally identify the impacts of a road-reduction policy on traffic and conges-
tion in a city.

Second, ever since the Downs (1962) paradox, a general consensus in the literature has
emerged, whereby increasing the road supply is unlikely to reduce congestion: If you build it,
they will come. This principle, known as the fundamental law of road congestion comes from
the induced-demand. Although the elasticity of traffic to roadway lane kilometers is well-known
to be close to 1 in the literature (Duranton and Turner 2011), no study to this date has sought
to evaluate the symmetry of such elasticity. The question that arises here is whether reduced-de-
mand reacts the same way: If you demolish it, will they not come? There are many reasons to be-
lieve this elasticity is not symmetrical. In fact, road expansion is implemented on heavily-used
roads to relieve congestion, while road reduction is made to free up some high-amenity poten-
tial roads. In addition, road expansions lead to new home constructions next to a new highway
or a major road, which would feed once again the induced demand. However, road reduction
is unlikely to lead to homes being torn down.’ I contribute to this literature by evaluating the
short-run impacts of a road closure on traffic congestion. My results show that reducing the
road capacity does not reduce congestion, at least in the short run.

The only channel through which the demand might be reduced is through reallocation of
residents or mode switch.

Third, this paper provides causal estimates of a marginal change in the road supply on
both con- gestion and air pollution. On one hand, there is an extensive literature document-
ing the relationship between road restrictions and traflic congestion (de Grange and Troncoso
2011; Gallego ez al. 2013; Kornhauser and Fehlig 2003). On the other hand, a large body

of work in urban studies and transportation economics is devoted to the quantification of

“ When President Macron made the decision to impose a gasoline tax, it backfired on him and the yellow
vests (Gilets Jaunes) were quick to react and cause turmoil in the country (Boyer ez al. 2020).

> The only channel through which the demand might be reduced is through reallocation of residents or
mode switch.
¢ My results would have been comparable to a short-run evaluation of a road expansion. However, papers

looking at road constructions focus on the long-run impacts with data less precise than the one I use. In this
sense, I cannot really provide an elasticity of road kilometers to road traffic that would allow for a compari-
son between road expansion and road reduction.
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the negative consequences of urban road traffic on health through pollutant emissions, al-
though causal assessments are rather scarce (Anderson 2020; Currie and Walker 2011; Gib-
son and Carnovale 2015; Prud’homme ez /. 2011). A common finding of many studies is
that congestion policies may only have a positive impact on air quality if they do not increase
congestion on untargeted roads (Bhalla ez a/. 2014). For example, Davis (2008) shows that
banning some drivers from using their cars in Mexico City failed to decrease the use of car,
thus providing no evidence that the restrictions have improved air quality. However, results
have yet to be combined into a setting that evaluates the impacts of a traffic policy on both
of these externalities.

Last, this paper contributes to the literature on the characterization of traffic congestion.
Engineering studies find a convex relationship between traflic volume and travel time which
suggests large marginal costs when congestion is already high. Economists have focused on
two approaches to model congestion: the static speed-flow curve and the dynamic determin-
istic bottleneck model (See Small and Verhoef (2007) for a selected review of studies). Several
papers have measured the effect of vehicle density on travel flows either on selected segments
(Ardekani and Herman 1987; Geroliminis and Daganzo 2008) or for an entire city (Akbar
and Duranton 2017). In this paper, I use the congestion model developed by Akbar and
Duranton (2017) and extend it to the case of a road closure. By estimating the congestion
elasticity of each treated road, I am able to predict the impacts of a road closure on substitute
roads.

The reminder of the paper is structured as follows: Section 2 describes the background and
data sources. Section 3 presents the main empirical analyses on traffic. Section 4 documents
evidence of pollution increase. Section 5 sets up a theoretical model of pollution and congestion
that I use to analyze the case of the GP closure, to quantify the costs of the policy and to report
some policy counterfactual scenarios. Section 6 concludes by providing some policy insights.

2. CONTEXT AND DATA

2.1 Commuting in Lle-de-France and the riverbank shutdown of 2016

The Tle-de-France region is in north-central France. It is divided into eight departments
and surrounds Paris. In the {le-de-France region, job concentration follows a decreasing gra-
dient, with Paris City as its core (see Figure G.1), consistent with the monocentric model
(Chapelle et al. 2020).” Most individuals commute to the center of the region either by car or
by public transportation, depending on access to train stations. Municipalities located in the
east or west of Ile-de-France have the highest share of car commuters (Figure G.2 (a)) and car
use is particularly dominant for suburb-to-suburb journeys (Figure G.2 (b)).

”'The resident gradient is reversed within Paris: densities are higher on the outskirts of the city, particularly

around the ring roads.
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The urge to transform the city into a greener one was at the heart of the 2014 municipal
elections, won by Mayor Hidalgo.® Her campaign mainly focused on environmental and urban
strategies that reversed previous schemes based on increasing road capacities.” Her program
was threefold: offer a greater role to nature within Paris proper; promote the creation of public
housing; and improve the efficiency of urban logistics. This included reducing the number of
cars in the city by pedestrianizing some roads and creating new bus and cycling lanes.

The GP riverbank was the object of her most contested reform even though in the 2000s
the progressive pedestrianization of the riverbank had already taken place. While banning
cars from this road was initially implemented every Sunday and during bank holidays, then
an entire month in summertime dedicated to “Paris Plage” (Paris-by-the-beach), Mayor Hi-
dalgo formally established it on September 1%, 2016. This policy was justified with the urge
to decrease vehicle circulation by provoking a mode shift, thus reduce pollution in the city
when around 40,000 vehicles were circulating on this express-way every day. After the Paris
Plage event of summer 2016, the GP riverbank from the Tuileries to the Henry IV tunnel
was never reopened although the shutdown was not yet official. This project was first imple-
mented in autumn 2016, but went through many protests and disputes before it legitimately
took place. I provide a detailed description of the timeline implementation of this policy in
Appendix A. Despite the struggles she had to face during her first term, Mayor Hidalgo was
re-elected in 2020.

2.2 Data description

This study makes use of several databases:

Comptage routier - Données trafic issues des capteurs permanents. This is the main
dataset for the study. The City Hall (Mairie de Paris) monitors the traffic situation on the main
roads of Paris by implementing electromagnetic loops endowed with sensors in its pavements.'
Roads are decomposed into segments or “arcs”. Each arc is monitored by one sensor and corre-
sponds to the unit of observation. The sensors can detect two main types of data:

*  Occupancy rate: This corresponds to the time vehicles are located above a loop as a

percentage of an hour. For example, an occupancy rate of 25% indicates that cars were
present in the loop for 15 minutes.

8 Mayor Hidalgo has been the Mayor of Paris since 2014. She has been a member of the Socialist Party
since 1994. Her political view is mainly centered around environmental policies. To fight air pollution, she
introduced in 2016 a scheme called “Paris Respire”, literally “Paris Breathes” by banning some cars from
certain areas in Paris on the first Sunday of every month.

? For example, the riverbanks along the Seine river (dashed line of Figure 1) were first open to vehicle circu-
lation in the 1970s with the aim of reducing travel time. This expressway was inaugurated in December 1967
by the Prime Minister Georges Pompidou. Originally, the project was meant to gather different sections in
order to create a continuous fast track across the city.

' https://opendata.paris.fr/pages/home/
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*  Flow: This counts the number of cars that pass by a point in an hour. The same flow can
correspond to either a saturated or a fluid traffic situation, depending on the correspond-
ing occupancy rate level.

For each observation, I have hourly data of the occupancy rate and flow from 01/01/2013
00:00 until now. However, a public transportation strike happened in the last months of 2019
and the COVID-19 pandemic hit in 2020. Both events significantly impacted road traffic in
Paris. To this matter, I restrict the dataset to observations until September 1, 2019.

I make use of these data to impute other variables which are important for my analysis. First,
by assuming an average length of vehicles, I compute the average speed on each road section. I
assume the average length of vehicles to be 4.5 meters."" Using the flow per lane as well as the
occupancy rate, the average speed can be computed with Athol’s formula (Hall, 1996):

Speed, = Flow, x (L + K)/Occupancy, (1)

where Speed, represents the average speed (km/h) on road section 7 at time #, Flow, and
Occupancy, are the flow per lane and the occupancy rate on section 7 at time # L represents the
average length of vehicles (here 0.0045 km) and K is the length in km of the road section .'?

Second, with flow and speed measurements, density (vehicles per kilometer) is easily calcu-
lated by dividing the flow rate by the speed:

(2)

3)
with IV, representing the number of vehicles per kilometer on road section 7 at time z.

Unfortunately, these data are only available for Paris’ roads which enables me to only observe the
traffic impact on roads in intramural Paris. I also lack socioeconomic data regarding road users and
cannot track vehicles due to the aggregated shape of the data. I use other datasets to ballpark aggre-
gate consequences of the GP closure such as exposure to pollution or the impact on housing prices.

Population Census of 2013, 2014, 2015, 2016, 2017 and 2018 - Logements, individus,
activité, mobil- ités scolaires et professionnelles, migrations résidentielles. For each individ-
ual, information about home location, workplace, mode of transportation, age, and status are
available from censuses con- ducted by the National Institute of Statistics and Economic Studies

11 The length of vehicles passing can vary, especially when trucks are included in the sample. Therefore, the
speed computed represents an approximation of the actual average speed.

12Since the sensor occupies the entire road section, the length of each road section is equal to the length of
the sensor.
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(INSEE). This allows me to de- termine the percentage of people commuting by car and public
transportation. However, these data provide no information on precise itineraries of commuters.

Pollution levels -Airparif. Airparif is a nonprofit organization, linked to the Ministry of
Environ- ment, that monitors air quality in the le-de-France region. Different monitors across
o IM, and O,). I am inter-
ested in the monitors near the ring roads and the one near the upper banks. Both register hourly
emission levels of NO, for the years 2013 to 2018, aiming at capturing pollution from trafhc.

the region register emission levels of various pollutants (NO2, PM

Public transport traffic per entry. Validations sur le réseau ferré: Nombre de validations par
jour. Ile-de-France mobilités'® provides data on the daily number of people entering each train
station. For this analysis, I use data on the two RERs (regional express networks), which are the
main train lines serving Paris and its surrounding suburbs.

Demandes de Valeurs Fonciéres (DVF). I use exhaustive data recording all housing trans-
actions in France from January 2014 to December 2018, recorded by the French Treasury for
tax purposes in the DVF database. It provides information on the price of the transaction, its
location, the date the transaction happened as well as some characteristics of the house (built
area, number of rooms, type of house).

2.3 The Georges Pompidou riverbank

The Georges Pompidou riverbank is 13 kilometers long and crosses Paris from southwest to
southeast (see Figure 1) with a unique flow direction (eastward). Figure G.3 provides some
descriptive statistics of the riverbank traffic in 2015, a year before the pedestrianization of its
center. The descriptive statistics of the pedestrianized segment (Figure G.3 (b)) suggest that this
part of the riverbank is less congested or occupied than the average (lower flow and occupancy
rate). In fact, the occupancy rate never exceeds 15%, which highlights the fluidity of the traffic
on this segment. Furthermore, there is no obvious variability between peak hours and non peak
hours. Instead, the flow of cars is always high from 8 AM to 9 PM. However, roads appear to
be slightly more occupied during evening hours from 5 PM to 8 PM. This could imply that
most users lived in the east and worked in the west.

In 2015, the average daily flow on the entire riverbank corresponds to 40,000 vehicles rep-
resenting half of the daily flow of the south outer ring road. The 3.3 kilometers to be pedestri-
anized have a daily flow of around 35,000 cars. Although the shutdown was implemented on
September 1st 2016, the pedestrianized area was already closed as of mid-July and throughout
August for the Paris Plage event; hence, no traffic can be recorded during this period (Figure
G.4). To obtain a sense of the impact of the closure on circulation, I plot the hourly mean of
traffic flow of the riverbank when omitting the 3.3-kilometer stretch to be pedestrianized, be-

13 fle-de-France Mobilités is the Organizing Authority for sustainable mobility in Tle-de-France.

84



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

fore and after the closure (Figure G.5). The non- pedestrianized stretch of the riverbank presents
a lower flow average after the shutdown, which pro- vides some suggestive evidence that some
ex-riverbank users abandoned the whole riverbank itinerary once its center was closed. Indeed,
former riverbank users could have either decided to change their means of transportation or to
change itineraries. Had they decided to change routes, they could either circumvent the closed
section using other local roads or abandon the whole riverbank and use another road. If so, a
direct substitute would be the ring roads outside Paris. The eastward trip of the riverbank can
be replaced by the south outer ring road.

2.4 The local roads

The closed section of the riverbank presents two clear substitutes roads within 1-kilometer:
the “Boulevard Saint Germain” and the upper banks. Both substitute roads have the same flow
direction as the riverbank. However, they both differ in two particular dimensions: (i) they are
interrupted by trafhic lights and pedestrian crosswalks, and (ii) they are equipped with cycling
and/or bus lanes. These two features make them slower and subject to higher time variability
than the riverbank. In Table E.1, I provide some descriptive statistics on both roads.

Descriptive data of the riverbank suggests that only a fraction of the riverbank users aban-
doned the itinerary and the larger fraction are still using the non-pedestrianized stretch (Figure
G.5). Remaining users can only circumvent the closed section with local roads. In this paper,
I estimate the impact of the GP closure on the substitute local roads within 1-kilometer of the
closure.

2.5 The ring roads

Three main bypasses encircle Paris (Figure G.6) and allow travelers to circumvent Paris. The first
one is the Boulevard Périphérigue (Ring Road), which separates the municipality of Paris, over
which the Mayor has jurisdiction, from the rest of the metropolitan area. The second circle rep-
resents the A86 highway, sometimes called the Super Périphérique. It forms a complete circle ata
variable distance between 8 and 16 kilometers from the center of Paris in which suburb-to-sub-
urb transit represents 87% of private vehicle commutes (Bouleau 2013). The third bypass is
called La Francilienne, which is an incomplete set of highways and express roads circling the
Tle-de-France region; it is 160 kilometers long and approximately 30 kilometers away from the
center of Paris.

In this paper, I evaluate the impact of the GP closure on the first bypass: 7he Boulevard
Périphérique.'* These ring roads are among the most commonly used urban roads of Europe.
They are 35 kilometers long, which represents 20 times the length of the Champs-Elysées, and
account for 2.5% of Paris’ total linear roadway. Moreover, they take up to 40% of Paris’ road
traffic (Apur 2016). Suburb-to- suburb transit represents almost 40% of the traffic on these
roads, compared to 55% for Paris-Suburb journeys (Bouleau 2013). I focus on its southern

'“The Boulevard Périphérique is composed of one outer ring road an one inner ring road.
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part since it represents a direct substitute to the riverbank (almost same length). It is of 10.5-ki-
lometers and shares an entrance and exit with the GP expressway. Also, before the 2016 shut-
down, using the ring road to cross Paris would deliver (almost) the same travel time as using
the GP-expressway. In Table E1, I provide descriptive statistics of the ring roads traffic before
and after the riverbank shutdown. During daytime, we can note saturated traffic conditions
even in the pre-shutdown period. As a result, adding extra vehicles to these roads is very likely
to generate traffic jams.

3. IMPACT ON TRAFFIC

In this section, I look at the impact of the GP shutdown on the traffic situation of substitute
roads.

3.1 Empirical Strategy

3.1.1 TREATMENT AND CONTROL GROUPS

Using a difference-in-difference strategy, I evaluate the impact of the GP closure on traffic
conditions of (i) local substitute roads, and (ii) the south ring road around the city. More
precisely, I compare, before and after September 1* 2016, substitute roads with the same flow
direction as the riverbank (treatment group) with similar roads of the opposite flow direction
(control group). The main intuition behind my identification strategy stems from the idea that
a GP-user is unlikely to divert to a westward road. In fact, since the GP has only one flow di-
rection (eastward), ex-GP users are only impacted during the eastward trip of their commute.
The westward trip is left unchanged, provided that they do not change means of transportation.

Since treatment and control groups must be comparable, I use the traffic on the same type
of road with an opposite flow direction as a control for each treated road. First, I look at the
impact of the riverbank closure on local substitute roads within 1-kilometer of the road closed,
with the same flow direction as the riverbank and sharing and entrance and exit around the
closed segment. This boils down to two treated roads: the “Bowulevard Saint Germain” and the
upper banks. 1 use the lower banks with the opposite flow direction as the control group. Indeed,
the lower bank has the exact same characteristics as the treated local roads (i.e. speed limit, pres-
ence of traffic lights, number of lanes), with one main difference: an opposite flow direction.
I select a road length of 6.6-kilometers of the control group to have the same number of road
kilometers in the treatment and control groups. The treated local roads are composed of 44 arcs
of roads and the control local road of 41 arcs of roads.”

I also look at the impacts on roads that could serve as a substitute to the entire GP expressway.
As previously argued, the road along the Seine River was part of an itinerary for western-based
commuters to access the eastern suburbs and vice versa. Given that the GP expressway was used

15 The average length of a local road segment is of 0.14 kilometers.
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by some commuters to cross Paris, it is likely that part of the effect was reflected on the ring
road since it also serves this purpose. To this matter, I study the impact on the southern part of
the Boulevard Périphérique. The treated road would be the south outer ring road since it is the
eastern road of the south ring road. The control group is the south inner ring road, both roads
being comparable: they are arguably the only akin roads that are completely independent of
each other in the urban area, with one particular difference being the flow direction. The treated
ring road is composed of 22 arcs of roads and the control ring road of 21 arcs of roads.*

3.1.2 SPECIFICATIONS

I first estimate the following specification over the period September 2013 - September
2019:
(4)

where i represents the arc, a segment of a road, and ¢ represents the time by the hour. Yit
denotes the outcome considered on arc 7 at date . The indicator variable T¢reated. =1 equals 1 if
arc 7 belongs to an eastward ring road (treatment group) and 0 if it belongs to a westward ring
road (control group). The indicator variable Tpost=1 equals 1 if the reform has been adopted
(after September 1, 2016) and 0 otherwise. ¢ and A_are arcs and day x hour fixed effects, respec-
tively. Standard errors are clustered at the arc level. Here, the causal inference I am interested
in is captured by the coefficient y. I expect this coefhicient to be significant and have a positive
sign on the occupancy rate if the policy displaces traffic to the substitute roads I restrict my
analysis to.

I then estimate the following leads-and-lags regression to evaluate the impact of the policy
several years after its implementation and test for the presence of pre-trends.

(5)

where 71(2) represents the relative year compared to the year the GP riverbank was pedestri-
anized."” 3, represents the incremental impact of the policy on year , compared to the reference
year. All coeflicient are normalized relative to year -1.

3.1.3 IDENTIFICATION: ASSUMPTIONS AND THREATS

In the absence of treatment, the identification assumption claims that the difference between
the treatment and control groups is constant over time. Here, it implies that absent from the
September 2016 reform, the occupancy rates and flow of cars in the treatment and control
groups would have evolved similarly. The trends of treatment and control groups are represent-

'¢The average length of a ring road segment is of 0.45 kilometers.

17 A year includes the period from the 1* of September to the 31* of July of the following year, since August
is omitted.
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ed in Figure G.8, where the occupancy rates and flow of cars are represented by a yearly moving
average. Control and treated units present, at least visually, parallel trends before 2016. In ad-
dition to graphical support, I test for the significance of the pre-treatment estimates. Figure 3
display the estimates of equation (5) and validates the presence of parallel trend. I portray below
the three main threats to the identification strategy.

Credibility of control group. The main concern is the credibility of the control group.
First, one might wonder whether the effects on the treated roads would spill over onto the
non-treated roads. However, the control group has an opposite flow direction to the riverbank.
Therefore, commuters are unlikely to substitute the riverbank itinerary with a road that has an
opposite flow direction and eastward commuters would still keep the same path on their way
back home (or westward commuters on their way to work). The only way the control group
could have been impacted is through an overall decrease of trafhic. If ex-GP users switch to al-
ternative means of transportation, the control group would experience a decrease in the average
trafhic which would not be observed in the treated group. This would overestimate the impact
of the GP closure. Second, the increase in traffic on substitute roads might have encourage some
(non-GP) car users to shift away from car transportation. If it targets commuters who were
initially on substitute road, the decrease in traffic would be similar in the treatment and con-
trol group; unless commuters do not use both sets of roads in their commuting trip. However,
plotting the trend of the control group (Figure G.8) shows no clear decline in the occupancy
rates over the years.

I make use of the timing of traffic to allow comparability between traffic in the control group
and traffic in the treatment group for shorter time spans. Since commuters make use of one
flow direction in the morning and its opposite in the evening, I use the evening traffic of west-
ward roads as a control for morning traffic of eastward roads and vice-versa. This allows me to
have approximately the same number of commuters in both groups when evaluating the impact
of the GP on a subsample of hours. Appendix B discusses whether the GP closure provoked a
mode switch towards public transporta- tion. I show that there is no significant evidence of an
increase in the usage of the west-east public transportation lane. This results corroborates the
idea that, at least in the short-run, the GP closure did not contribute to a mode switch among
car-users.'® In addition, the model developed in section 5 and calibrated on Paris is consistent
with very limited mode shift.

Anticipation effects. The second worry boils down to anticipation effects: since the GP
closure was announced in December 2015, commuters might have deviated from this itiner-

'8 Reluctance to switch transportation modes could have more than one explanation. The presence of sub-
way congestion, especially during peak hours, increases the cost of shifting from car to public transportation
(Haywood ez al. 2018). It is also worth noting that individuals who purchased a car before 2016 may want
to depreciate its cost over the years, so that any shift toward public transportation may only be visible over
a longer time span.
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ary before its official shutdown. Figure G.7 provides evidence of a potential anticipatory effect
showing that people googled this event at the end of 2015. However, Figure 3 shows no signif-
icant difference between the treatment and control prior to 2016.

Other simultaneous urban policies. Finally, Mayor Hidalgo’s first mandate was crammed
with ur- ban modifications to promote alternatives to car. One of these was Plan vélo 2015-
2020, which aimed for biking to represent 15% of the modal share of Paris and its nearby
suburbs, versus 3% in 2014. If not taken into consideration, it could be responsible for part
of the average treatment effect observed. However, this bias would exist if, for some reason,
additional cycling and/or bus lanes were imple- mented on the eastward lanes differently than
on the westward lanes. Other transportation programs such as new tramway lines were also
implemented in recent years. To ensure that I disentangle the effect of the GP pedestrianiza-
tion from these other programs, I perform a placebo test. I take a subsam- ple including all the
observations before the event from January 1st, 2013 to August 31st, 2016. I then perform a
difference-in-difference with phantom events (every 30 days starting January 1, 2015 until Sep-
tember 29, 2015). Figure G.9 represents the results of the placebo difference-in-differences. All
the virtual treatment effects are statistically non-significant and close to zero, once again lending
support to the identification strategy.

3.2 Muain Results

In this section, I estimate the causal impact of the GP shutdown on the traffic situation of sub-
stitute roads. I first focus on the occupancy rate and flow of cars described in Section 2. Then,
by imposing some assumptions, I look at the average speed and the probability of congestion. I
separate the sample into three to capture time heterogeneity: morning hours (8Am to 10AM),
evening hours (6Pm to 8PM) and daytime (8AM to 8PM). I estimate equations (4) and (5) to
evaluate the average impact of the riverbank shutdown on the traffic situation of (i) local roads
and (ii) the south ring roads.

3.2.1 FLOW OF CARs

I first look at the impact on traffic flow. The flow of cars represent the number of cars that
are counted in an hour on a given road segment. Table 1 gather the estimates of equation (4).
The average flow during an hour increased by at least 26% on local roads. On the contrary,
the number of cars passing during an hour decreased by 6% on the ring roads. The impact is
consistent and significant over time (Figure 2). The difference in signs on both roads does not
necessarily indicate that traffic has been displaced on local roads and not on the ring roads. In
fact, a tiny disruption in the flow can cause congestion. In other words, trafhic flow is linear,
until it no longer is. The flow increases linearly as everyone continues to drive the posted
speed limit and there are more cars on the road. However, as vehicles on the road increase to
a congested state, they start to drive slower. Therefore, traffic flow does not behave linearly
after some point.
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TABLE 1 « IMPACT ON THE FLOW OF CARS

Notes: The outcome is the log of the flow of cars in an hour. Column (1) represents the esti-
mation during morning hours, from 8Am to 10 AM. Columns (2) during evening hours from
6PM to 8PM and column (3) during daytime from 8Am to 8PM. The first part of the table
shows the impact on the ring roads. The second part of the table shows the impact on the 2 local
roads considered: the boulevard saint germain and the upper bank.

FIGURE 2 « IMPACT ON THE FLOW OF CARS

90



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

Notes: 'These graphs plot the estimates and 95% confidence intervals from equation (5). The
outcome is the log of the flow of cars in an hour: the count of cars that pass by a point in an
hour. The straight line represents the estimates during daytime hours (from 8Am to 8PM).
The dashed line represents the estimates during morning hours (from 8AM to 10AM) and the
dotted line represents the estimates on evening hours (from 6PM to 8PM). All samples are re-
stricted to the working days of the week (from Monday to Friday).

To understand what happens to the trafhic situation on both roads, I then turn my analysis
to the impact on the occupancy rates.

3.2.2 OCCUPANCY RATE

On the ring roads, the average impact is the highest for evening hours with an impact of 14.2%
(com- pared to 9.4% for morning hours and 11.2% for the whole day). This is consistent with
the traffic situation on the riverbank before its shutdown. Indeed, Figure G.3 shows that the riv-
erbank was mostly taken during the evening, suggestive of a job/resident imbalance. However, the
impacts on local roads do not vary much and remains around 33% (Table 2). Figure 3 shows the
impacts over time and suggests higher occupancy rates even three years after the GP shutdown. A
decrease in the magnitude of the impact is observed on the ring road for morning hours. However,
the impacts across the years are not statistically different from each other during morning hours.
The increase in the occupancy rates on both sets of roads suggests that treated roads are denser,
which caused a decrease in the flow of cars on the ring road due to traffic jams.

TABLE 2 « IMPACT ON THE OCCUPANCY RATE
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Notes: The outcome is the log of the occupancy rate, which is a percentage of an hour. The oc-
cupancy rate represents the fraction of time a road section has been occupied by cars. Column
(1) represents the estimation during morning hours, from 8Am to 10 AM. Columns (2) during
evening hours from 6PM to 8PM and column (3) during daytime from 8Am to 8PM. The first
part of the table shows the impact on the ring roads. The second part of the table shows the
impact on the 2 local roads considered: the boulevard saint germain and the upper bank.

FIGURE 3 « IMPACT ON THE OCCUPANCY RATE

Notes: These graphs plot the estimates and 95% confidence intervals from equation (5). The
outcome is the log of the occupancy rate: the percentage of an hour that vehicles stay on a
loop. The straight line represents the estimates during daytime hours (from 8Am to 8PM).
The dashed line represents the estimates during morning hours (from 8AM to 10AM) and the
dotted line represents the estimates on evening hours (from 6PM to 8PM). All samples are re-
stricted to the working days of the week (from Monday to Friday).

3.2.3 RoBUSTNESS CHECKS

In what follows, I perform a number of checks and tests to validate the robustness of the pre-
vious results.

Fixed effects. I check that the result is not the spurious outcome resulting from a too saturated
model. To this end, I first add the dummy variable T¢reated, =1 to equation (4) and drop the arc
fixed effects (Column (2) of Tables E3 and E4). The estimates for the treatment effect are barely
affected and the significance remains the same. Second, instead of including time fixed effects that
control for the differences between each hour of each day, I separately include year, month of the
year, day of the week and hour of the day fixed effects. Column (3) of these same tables provide
the estimates while changing the fixed effects. The inclusion of additive, instead of multiplicative
time fixed effects decreases the R-squared but leaves the treatment effect virtually unaffected.
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Clustering. Since road users are likely to drive on several sections of the same road, there
might be reasons to believe that unobserved components of the traffic outcomes may be cor-
related between arcs of roads. For instance, we could think of accidents on a road that affect the
occupancy rate of several sections of the same road. To address this concern, I construct clusters
composed of arcs of road between two entries. Column (4) of Tables E.3 and F4 show that the
clustering at the road level increases the standard errors although the significance of the results
remains unchanged.

Outliers. Some outliers can distort the outcomes and hence the estimates. We could think
of two- wheelers exceeding the average speed of four-wheeled vehicles. This kind of behavior
would appear at the bottom of the occupancy rate distribution. On the other hand, if a car
stops on the road, say due to stalling, the sensor would register a very high occupancy rate on
the relevant road sections. This would therefore appear on the top of the distribution. To take
this into account, [ winsorize the top and bottom of the occupancy rate and flow distribution at
the 1% level. Results are shown in column (5) of Tables E.3 and F4. The estimates and standard
errors do not vary, which indicates that outliers do not drive the results.

3.2.4 FURTHER REesurts

The results so far suggest that the riverbank shutdown is responsible for an increase in occupan-
cy rates on the ring road as well as on 2 local roads within 1-kilometer of the riverbank. Howev-
er, an increase in occupancy rates does not necessarily mean that the road is more congested or
that the average speed on the road decreases. Indeed, consider a situation where only one car is
on the road, driving at the speed limit. Adding another car on the same road will mechanically
increase the occupancy rate. However, both cars can still drive at the speed limit, hence creating
no traffic congestion. What matters on a broader economic scale is whether this policy is caus-
ing delays which result in the late arrival of workers. Since I cannot observe individually each
commuter, [ rely on the aggregated traffic data set to infer some conclusions about congestion
and travel time. This section takes the analysis in this further direction by imposing stronger
assumptions.

Probability of Congestion. As previously mentioned, the increase in occupancy rates is
not a prob- lem per se. In fact, if the traffic is initially fluid, increasing the occupancy might
not be harmful. The efficiency loss, if any, comes from congestion. To measure congestion, I
make use of the fact that traf- fic flow per lane and occupancy rate are linked via a concave
relationship known as the fundamental diagram in transportation economics (Immers and
Logghe 2002). When a traflic situation is initially fluid, adding more vehicles on the road
increases their present time by less than when the situation is already congested. For each arc
of road, I estimate a quadratic approximation of the relationship between flow per lane and
occupancy rate and compute the optimum Occupancy*, above which a more occupied road
is associated with a lower flow of cars. Occupancy* is a road-specific indicator of hyper-con-
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gestion.” I create a dummy variable that takes the value 1 if the road is hyper-congested and
0 otherwise. I therefore estimate the impact of the 2016 riverbank closure on the probability
of (hyper)congestion.? If the road’s occupancy rates are close to the threshold prior to 2016,
I expect the impact to be significant and positive. Table 3 suggests that the probability of
congestion increased by 12 percentage point on ring roads during the day and 10 percentage
points on local roads. Although both results are quite similar, they do not have the same im-
pacts. In fact, the probability of congestion increased by 21.4% on the ring road compared
to the pre-reform period and by 50% on local roads. Figure 4 shows that the impact on the
probability of congestion is always positive during evening hours on both type of roads, even
2 years after the GP closure.

TABLE 3 « IMPACT ON THE PROBABILITY OF CONGESTION

Notes: The outcome is a dummy variable that takes the value 1 if the occupancy rate is passed
the threshold of the relevant road (Occupancy), and 0 otherwise. On average, it represents
the probability of congestion. The mean of the dependent variable gives the average of the out-
come variable in the treatment group during the pre-reform period. Column (1) represents the

1 See Figure G.10 for an example.

20 The outcome here is based on the estimated variable Occupancys. This might cause some measurement
errors. However, as shown in Table 3, the coefficients are quite precisely estimated.
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estimation during morning hours, from 8Am to 10 AM. Columns (2) during evening hours
from 6PM to 8PM and column (3) during daytime from 8Am to 8PM. The first part of the
table shows the impact on the ring roads. The second part of the table shows the impact on the
2 local roads considered: the boulevard saint germain and the upper bank.

FIGURE 4 « IMPACT ON THE PROBABILITY OF CONGESTION

Notes: 'These graphs plot the estimates and 95% confidence intervals from equation (5). The
outcome is the probability of congestion. The straight line represents the estimates during day-
time hours (from 8Am to 8PM). The dotted dashed line represents the estimates during morn-
ing hours (from 8AM to 10AM) and the dotted line represents the estimates on evening hours
(from 6PM to 8PM). All samples are restricted to the working days of the week (from Monday
to Friday).

Average Speed. | now turn my analysis to the impact on average speed. The results are in
line with those of the occupancy rates (cf. Table 4). Namely, a decrease in the average speed is
detected on the ring roads with the largest impact during the evening (21.6%). Average speed
decreases by 16.5% during daytime for weekdays on the ring road and by 17.5% on local roads.
Figure 5 plots the leads- and-lags regressions on the ring road as well as local roads. These results
will allow me to compute the average time loss of commuters in section 5.3.
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TABLE 4 « IMPACT ON THE AVERAGE SPEED

Notes: The outcome is the log of the average speed in kn/h. Column (1) represents the estima-
tion during morning hours, from 8Am to 10 AM. Columns (2) during evening hours from
6PM to 8PM and column (3) during daytime from 8Am to 8PM. The first part of the table
shows the impact on the ring roads. The second part of the table shows the impact on the 2 local
roads considered: the boulevard saint germain and the upper bank.

FIGURE 5 « IMPACT ON THE AVERAGE SPEED

Notes: 'These graphs plot the estimates and 95% confidence intervals from equation (5). The
outcome is the log of the average speed on a road section. The straight line represents the es-
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timates during daytime hours (from 8Am to 8PM). The dashed line represents the estimates
during morning hours (from 8AM to 10AM) and the dotted line represents the estimates on
evening hours (from 6PM to 8PM). All samples are restricted to the working days of the week
(from Monday to Friday).

4. BEYOND TRAFFIC: POLLUTION AND HOUSING PRICES

The closure of the GP expressway caused an increase in congestion on substitute roads as seen in
section 3.2. An increase in congestion — which translates into a progressive reduction in traffic speeds
and an uninterrupted traffic flow — affects the air quality due to the slow downs and stop operations.
The increase in pollution — if any — harms city-dwellers living near the substitute roads. In this
section, I look at the impact of a decrease in the average speed on the road on the concentration of
nitrogen dioxide: particles that primarily gets in the air from the burning of fuel.”!

4.1 Empirical strategy

Ideally, I would want to study the causal impact of the riverbank shutdown on pollutant emis-
sion levels by comparing a set of pollution monitors near the ring roads with another set that is
close to the unaffected roads, before and after September 1st, 2016. However, due to local dis-
persion of emissions, spillover effects would take place, which would prevent me from compar-
ing the air quality near the treated roads to the air quality near the untreaded roads in a differ-
ence-in-difference framework. To this matter, instead of seeking to estimate the causal impact
of the GP closure on pollution, I estimate the elasticity of nitrogen dioxide concentrations with
respect to the average speed on nearby roads in the pre-shutdown period. Using this elasticity,
impute the impact on nitrogen dioxide using the result on speed shown in section 3.2.

I use two pollution monitors in Paris: the first one is located on the upper banks and the second
one is located on the east ring road. I select the road sections near each monitor (see Figure
G.11).%2 I restrict the sample to the pre-shutdown period and I estimate the following equation
by assuming a log linear relationship between emissions and speed:*

' T focus on nitrogen dioxide since the concentration of this gas is particularly correlated with vehicle emis-
sions (on the Health Effects of Traffic-Related Air Pollution 2010), while fine particles PM, , are not affected
by vehicle speed (Batterman ez /. 2010). Also, exposures to NO, over short periods can lead to severe health
issues since it can aggravate respiratory diseases, particularly asthma, leading to respiratory symptoms (such as
coughing, wheezing or difficulty breathing), hospital admissions and visits to emergency rooms. People with
asthma, as well as children and the elderly are generally at greater risk for the health effects of NO.,.

> In order to account for the same length of road near each monitor, I select 6 road sections on the upper
banks and 1 road section of 800 meters on the ring road since the road sections of the upper banks are small-
er in length. In total, each road selected represents approximately 800 meters.

» By plotting the average speed and pollutant concentrations, I find a decreasing relationship (Figure
G.17). This negative correlation is already observed in other contexts (Pandian ez a/. 2009).
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()

where NO, is the nitrogen dioxide concentration at time #, Speedt is the average speed on
the road section near the sensor at time #, Q. is the flow of cars at time z, ) . (2) is hour of the day
fixed effects and Sm(t) is month of the sample fixed effects. I also control for weather character-
istics such as wind speed, wind direction or temperature represented by W,'. The parameter of
interest is a: the elasticity of nitrogen dioxide concentration to speed.

4.2 Results

The results of estimation (6) are represented in Table 5. The first column represents the naive
regression with no time fixed effects. The elasticity would be biased if we consider that cars are
less polluting with time. To this matter, I add month of the sample fixed effects to capture the
time trend. The estimates are in column (2) and show that the order of magnitude and the
significance of the results remain unchanged. Since speed is correlated with the hour of the day
and emissions — conditional on the average speed — can vary across hours (for example because
of heating, activities, trucks on the road), one might be tempted to add hour fixed effect. The
estimate is represented in column (3). On the ring road, the magnitude of the estimate increases
and the result remains significant at the 1% level. However, the elasticity of NO, with respect
to speed using the monitor on the upperbanks becomes negative. Last, I add day of the week
fixed effects to account for differences across the days of the week. The estimates are in column
(4). The significance and sign do not change compared to the specification of column (3). My
preferred specification is the one with month of sample and hour fixed effects (estimation of
column (4)) since I make use of this elasticity to compute the average pollution cost across all
days. On the ring roads, a decrease of speed by 1% increases air pollution by 0.35%. However,
the impact is smaller on local roads, with an elasticity of 0.08%. The difference in the elastici-
ties stems from the architecture of these two roads and the type of automobiles circulating on
these roads. Indeed, the ring road is a freeway that does not have any traffic lights or pedestrian
crosswalks. Hence, in the absence of congestion, the flow of cars would be uninterrupted and
a decrease in the average speed is automatically attributed to an increase in congestion. On the
contrary, automobiles driving on the upper banks are forced to stop due to the presence of traf-
fic lights, regardless of the presence of congestion.

Imputation exercise. In all specifications the impact of the flow of cars on NO, emissions is
negligible.* This said, I only use the elasticity of NO, to average speed to compute the impact
of the GP closure on NO, concentrations. In order to do so, I extrapolate the elasticities found
above to the context of the closure of the GP expressway. Recall that the GP shutdown caused
a decrease in the average speed of 16.5% on the ring road and 17.5% on local roads during the
day. Considering that the impact is linear and using the elasticities described above, I find an

#4'This is due to the fact that car flow is already present in the average speed.
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increase of 5.8% in nitrogen dioxide concentrations near the periphery and an increase of 1.5%
near the upper banks.” This increase in NO, comes on top of already high exposures, especially

near the periphery (see Table E5).%

TABLE 5 « ELASTICITY OF NITROGEN DIOXIDE WITH RESPECT TO THE AVERAGE SPEED

Notes: This table represents the elasticity of nitrogen dioxide emissions with respect to the average
speed of vehicles on nearby roads. The first part of table represents the estimates of equation (6) on
the ring road and the second part of the table the estimates on the upperbanks. The first column
represents the naive regression without any time fixed effects. The second column adds month of the
sample fixed effect to the regression. The third one adds hours fixed effects and the last column adds
day of the week fixed effects. Since weather conditions are only registered every 3 hours, I only keep
the traffic data of those hours in the sample. The flow of cars is normalized to 1000 vehicles per hour.

Other negative externalities. The increase in traffic does not only impact NO2 emissions. It
also alters the level of noise pollution and other types of pollution. Due to data availability, [ am
unable to evaluate the general impact of an increase in congestion on negative externalities. In

» For the ring road: -16.5 x -0.35 = -5.775. For local roads:: -17.5 x -0.084 = -1.47.

%6 The European Union legislation states that the maximum acceptable level of NO, is fixed to 40 micro-
gram per cubic meter (Lorente ez a/l. 2019).
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order to have a sense of the magnitude of this effect, I look at the impact of housing prices near
the ring road. The motive behind this analysis stems from the principle that all externalities, if
anticipated or well-perceived by residents, should be reflected in housing prices. The analysis
is described in Appendix C and results suggest that transacted prices decreased by at least 5%
within 700-meters of the south ring road. Sullivan (2016) finds that an increase in 1 pg/m’ in
NO, emissions is associated with a decrease in housing values by 0.7%. The average NO, level
registered in 2015 near the ring road was of 67 ug/m’ which implies that NO, increased by
3.8 pg/m’ using 2015 as the reference year. In this sense, the impact on housing prices is much
larger than the one reflected in the literature. This result implies that the road closure generated
an increase in negative externalities beyond NO, emissions.

5. A MODEL OF ROUTE CHOICE

The total cost of this policy can be reduced to (i) commuters’ time losses and (ii) residents’
exposure to higher pollution levels. If pollution is fixed in the short-run, reduced-form results
on pollution along with an exogenous calibration are sufficient to compute the pollution costs.

On the contrary, computing the cost associated with the time loss is more complex. The
reduced-form estimates measure the causal impacts of the GP closure on traffic on substitute
roads. However, the non-linear relationship between flow and speed makes it impossible to
assess the number of people shifting on substitute roads just by looking at the reduced-form
results, which prevents me from com- puting the costs of the policy.

For this purpose, I build a traffic model inspired by Akbar and Duranton (2017). By dis-
tinguishing between inner-city and suburban commuters and residents, the model allows me
to speak to the dis- tributional aspects of this policy. Finally, I make use of the model to study
counterfactual scenarios.

5.1 A general framework
5.1.1 SET UP

The model follows the congestion model of Akbar and Duranton (2017), in which roads and
route choices are modeled in a stylized model and congestion is endogenous. I extend this
framework by adding two types of commuters, where each commuter chooses the fastest route.

In contrast to many of the papers in the transport literature, the model abstracts away from any
mode switch, motivated by the public transport analysis in Appendix B suggesting that —at least in
the short run — commuters do not rethink their transportation mode following a marginal change
in the road supply. This assumption restricts the decision of commuters to their route choice. I
also abstract from any job and home reallocation. Last, I abstract from any network effect.”

77 One potential network effect that is not taken into account here is the decision of other commuters not
directly impacted by the policy. For example, commuters initially present on the substitute roads.

100



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

The road system. Consider a city and its near suburbs composed of different neighborhoods
j € ], served by several roads » € R of direction (7). Each road r belongs to a road type u(r) €
{a,e,f}. Arterial roads (a) are high capacity roads that deliver traffic to and from centers of activ-
ity. I denote by 7 the number of arterial roads in the region considered. Freeways (f) are roads
designed for fast moving vehicles to travel longer distances with high speeds (ring roads, high-
ways...). | denote by 7, the number of freeways. Finally, expressways (e) are roads designed to
travel quickly with great comfort and safety by avoiding sharp curves, busy traffic intersections
or railway junctions. In this framework, I consider that the region has at most 1 expressway of
each direction and each expressway crosses the city.

Residents. The region is populated with a continuum of agents of measure 1. Each individ-
ual suffers from the presence of cars on the roads through (i) travel time and (ii) air pollution.
In fact, (non- commuter) residents suffer from the increase in commuters on nearby roads since
it increases pollution. Car-commuters suffer from the increase in the number of travelers on the
roads used to commute, since it triggers congestion. They also suffer from an increase of com-
muters on roads near their residential place. Therefore the marginal cost of additional cars on a
set of road C are reflected in (i) the marginal pollution cost in the residential areas near roads »
€ C, and (ii) the marginal increase in commuting time for car-commuters using any road » € C.

Travel Time. Consider two types of commuters: (i) Inner city commuters denoted by /:
commuters who live and work inside the limits of the city, and (ii) Suburban commuters de-
noted by O: commuters who live in the suburbs and work either in the suburbs or inside the
city. The total number of commuters on each road is N = O+ I. Each commuter chooses a
means of transportation 7 € {Car, Public Transportation}*. The travel time of a trip using a set
of roads C € R can be expressed as:*

7)

where § (V) is the average speed on route r at time t and D is the length in kilometer of
road 7.

I borrow the functional form of the average speed from the framework developed by Akbar
and Duranton (2017):

(8)

%8 The share of 7 from residence 7 to workplace j is considered fixed.

# The trip can either be done by using single-type roads, or the combination of arterial roads and express-
way since both roads are inside the city. In the latter case, the travel time would be the weighted average
speed of the trip over the total length of the roads.
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where Sr is the theoretical maximal speed on road 7, N the number of cars on road » and
ou(lV) is the elasticity of congestion on a road of type y i.e. the degree to which the average
speed on the road is impacted by the number of cars on that given road, with:

With a low car density, increasing the number of cars on a given road decreases less than pro-
por- tionally the average speed. However, once the number of cars reaches a certain level, the
decrease in the average speed becomes more than proportional, referring to a hyper-congested
situation. This result is caused by the traffic demand greatly exceeding the traffic capacity, which
cannot be relieved in time.

There are two extreme situations. The first one is when the elasticity of congestion is inelas-
tic. In that case, the average speed on the road remains constant to the change in the car density.
This can be observed at night when few cars are on the road. Increasing the demand margin-
ally will not influence the average speed, especially in the absence of traffic lights. The second
extreme case is an infinite elasticity of congestion. If the car density remains unchanged, the
impact on the average speed will be infinite. This can be reached in the presence of high traffic
volume, especially during peak hours.

Pollution. The presence of cars on the road increases air pollution through two channels: (i) the
number of cars and (ii) the level of congestion. An increase in the number of cars mechanically
generates an increase in emissions. If the increase in traffic is such that it provokes an increase
in congestion, the average speed on the road decreases. As such, the average speed on the road
is correlated with the level of pollutant emissions. However, the relationship is not linear. If the
average speed on a given road is high, decreasing it might be a way to reduce emissions since
it would decrease fuel consumption. However, reaching a certain speed level, lowering the
average speed would increase the emission levels. This is because of the increased amount of ac-
celeration and braking in stop-start driving, although these could be reduced if traffic low was
smoothed. The transportation and environmental literature well documents this relationship
between emissions and average speed (Kean ez /. 2003; Lozhkina and Lozhkin 2016). To this
end, the level of pollutant emissions can be expressed as:

)

S:,is the threshold above which an increase in the average speed increases emissions, X is
the elasticity of pollution with respect to the speed whenever S, < S and ) the elasticity of

pollution with respect to the speed whenever S, > S ..
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5.1.2 CLOSING A FRACTION OF THE EXPRESSWAY

Consider a public reform where a fraction x of a road 7 of type e(7) is permanently closed to
increase the amenities in the vicinity of the closed section. Consequently, car commuters who
used to take the expressway need to shift to other alternative roads.

Inner-city commuters. The closure of a fraction of the expressway forces expressway com-
muters to alter their itinerary. Inner-city commuters are forced to substitute the closed segment
of the expressway with substitute arterial roads.”® Let A be the set of arterial roads serving as
substitutes to the closed expressway. The average speed on substitutes arterial roads » € A after
the closure is:

(10)

where is the fixed number of commuters initially on road r independently of
the expressway shutdown, is the number of inner-city commuters who used to take the
closed expressway and n _,  the number of arterial roads serving as substitutes roads. Here,
the congestion elasticity on substitutes arterial roads is ¢ (r) and depends on the technical char-
acteristics of arterial roads, and the number of cars on the road.?!

Suburban commuters. Once a fraction of the expressway is closed to car circulation, sub-
urban com- muters are left with two choices: (i) take one of the alternative arterial roads inside
the city (r € A) once they get to the closed section, and (ii) abandon the expressway to the profit
of a freeway at the periphery that can serve as a substitute: r' € F with F the set of substitute
freeways. A freeway is considered as a direct substitute if: (i) it is of almost the same length of
the entire expressway, (ii) it shares an entrance and exit with the expressway and (iii) it has the
same flow direction. If in the pre-shutdown period, using the mixed itinerary of expressway
and local roads is faster than using an alternative freeway: T_, +T = <T_, afraction f§
of the ex-expressway suburban commuters will reroute to the freeway and a fraction 1 - f will
circumvent the closed section until travel times on both itineraries are equalized. The number
of suburban commuters choosing to reroute is defined by the following post-shutdown equi-
librium equation:*

(11)

30 Arterial roads are the only roads inside the city apart from the expressway.
3! The congestion elasticity can be expressed as follow:

32 The equation holds for any t, therefore I remove t for conveniance.
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In that case, the freeway congestion elasticity does not only depend on the number of cars
on that road but also on the congestion elasticity of local roads as well as the initial number
of people on these roads. Hence, for every ' € F the congestion elasticity can be written as:

The pattern of commuter sorting therefore depends on several pa-
rameters like the number of alter- native substitute roads, the relative technical performance of
roads and the initial conditions on each road, which are themselves conditioned by the city’s
architecture.

5.2 Modlel calibration: the case of Paris

I consider the case of Paris with 1 expressway (GP) of an eastern flow direction and of length
normalized to 1 and one freeway of the same flow direction and of length 0.8, which represents
the south outer ring road. The expressway was used by both inner-city commuters and subur-
ban commuters to get from the south west of Paris to the south east. The lack of traffic lights
and the fluidity of traffic make the expressway a convenient route to cross the city even for sub-
urban commuters. In 2016, 25% of the expressway is pedestrianized at its center. Hence, all riv-
erbank users are forced to alter their paths. In this set-up, there are 2 substitute arterial roads to
the closed section and 1 substitute freeway to the entire expressway. Inner-city commuters will
circumvent the closed section either by using the upper banks or the Boulevard Saint Germain.
Suburban commuters, can either shift on the arterial roads previously mentioned or abandon
the riverbank to the profit of the ring road.

§5.2.1 PARAMETER ESTIMATION

There are three parameters to be estimated. The first one is o, the elasticity of congestion. The
second one is f§, the fraction of suburban commuters switching on the ring road. Last, there is
a, the elasticity of pollution with respect to the average speed on the road.

Estimating 6. To estimate the congestion elasticities, I run the following regression for each
treated road separately in the pre-shutdown period:

(12)

where S is the average speed on road section 7 at time #, o, the elasticity of congestion (pa-
rameter of interest), Nit is the density of cars on road section 7 at time ¢, y, and y, are day of the
sample and road section fixed effects respectively. Figure 6 shows the estimation of the elasticity
of congestion for every road, by the hour of the day. The GP expressway presents an elasticity of
congestion with little variability between the hours of the day. The elasticity of congestion is the
closest to 0 during night hours, due to low traffic. No hypercongestion situation is noted here.
However, the elasticity of congestion approaches 1 during evening hours.

The ring road presents an elasticity of congestion near 0 during night hours. However, for
every hour during daytime, the ring road is hypercongested meaning that every extra vehicle on

104



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

the road causes a decrease in the average speed that is more than proportional. While the upper
bank shows an elasticity of congestion that decreases by the hour during the day reaching 1 at
9pm, the Boulevard Saint Germain presents almost no variability between the hours.”

FIGURE 6 * CONGESTION ELASTICITIES BY HOUR OF THE DAY

Notes: 1 plot the estimates of equation (12) by road and hour of the day. The estimates are rep-
resents with the black dot. The vertical lines represent the 95% confidence intervals.

Estimating f. f§ is the fraction of suburban commuters who abandon the expressway to the
profit of the south ring road after the GP closure. In the pre-shutdown period, the number of
cars using the GP expressway can be expressed as:

3 The roads inside the city have non-zero elasticities of congestion during night hours since they are
equipped with several trafhic lights and pedestrian crosswalks, which causes a decrease in the average speed
on the road independently of the number of cars passing by.
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which are the inner-city commuters, the suburban commuters who will later reroute to the
ring road and the suburban commuters who will choose to shift to arterial roads. One of the
assumptions of the model consists in saying that car-commuters choose the fastest route. Table
E2 shows that before the GP closure, suburban commuters could cross Paris using either the ex-
pressway or the south outer ring road for almost the same journey time. Conversely, the mixed
itinerary of expressway and local roads results in a longer travel time than the south outer ring
road, regardless of the time of the day. Therefore, it is reasonable to consider that once the GP
expressway is closed, all suburban commuters shift on the south outer ring road instead (f =
1). Since inner-city commuters use the GP to get from one point to another both inside the
city, they are most likely going to shift to local arterial roads: upper banks and Boulevard Saint
Germain.

Estimating a. Since I only have data on nitrogen dioxide emissions at the daily level, I restrict
this elasticity to NO, emissions. The elasticity of NO, emissions to the average speed is esti-
mated in section 4. I find an elasticity of -0.08% on local roads and -0.34% on the ring road.

5.2.2 MODEL PREDICTIONS

Since only suburban commuters can shift on the freeway, every car abandoning the non-pedes-
trianized stretch of the expressway is a suburban commuter: Us-
Using the speed formula expressed in equation (8), I recover the speed impact by using (i)
as the number of suburban commuters, and (ii) the difference between
the number of cars on the pedestrianized stretch before its shutdown and the number of sub-
urban commuters: as the number of inner-city commuters who will shift to local
roads. Using the estimated congestion elasticities, I recover the speed impact from the model
7...qdisplayed in Figure G.22.%
Results show that the speed impacts recovered from the model are closed to and lie in the
confidence interval of the reduced-form estimates, suggesting that the model predicts accu-
rately the impacts of the policy. Furthermore, the results predicted from the model suggest

34 From Table E1, I recover the average car density O, and .0, is the num-
ber of suburban commuters shifting to the ring road. I multiply this number by 2.4 since the GP has

on average 2.4 lanes in order to have the number of cars on the entire road. I then divide the latter number
by 3.3, since the ring road has 3.3 lanes on average and commuters will spread on all lanes. For inner-city
commuters, I first multiply by 2 since the closed GP has 2 lanes. I then divide
the latter number by 6 since inner-city commuters will shift to 2 local roads, each of them having 3 lanes.
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that there was no significant mode switch away from car use. Indeed, if some commuters had
dropped their car due to the increased level of congestion, the results generated from the model
would have been larger than the ones obtained with the reduced-form.”

5.3 Cost analysis

In this section, I first quantify the costs of the 3.3-kilometer closure in Paris. Then, I compute
the costs of several counterfactual scenarios.

5.3.1 THE cosTS OF THE 2016 GP CLOSURE

The pedestrianized section of the GP riverbank received 1.5 million visitors in 18 months,
which the Mayor refers to as a “popular infatuation”.* This high number of visitors reflects the
highly-valued amenities derived from this closed section. However, the absence of additional
data such as con- sumption, commercial rents, or the impossibility of determining whether
these visitors are residents or tourists complicates the quantification of the benefits.

To this matter, I focus on the quantification of the costs of this road closure, reduced to the
time loss and the increased pollution. This number can be therefore used by policy-makers to
assess whether this type of policy makes sense according to the amenities that are anticipated.
The description of the cost computation is described in Appendix D.

Pollution costs. The GP closure is responsible for an increase in pollutant emissions near
substitute roads. Exposure to worsen air quality has adverse effects on human health.”” Mink
(2022) quantifies the health costs associated with an increase in NO, emissions in French urban
areas. The rise in pollution near the local roads accounts for an annual cost of 950k €. The cost
associated with the increase in pollution near the ring road is seven times higher, representing
an annual cost of 7.2M €. The difference in costs stems from (i) the difference in the impact on
pollution and (ii) the difference in the number of people impacted by the increase in emissions.

One limitation of this analysis is that I assume that the area of residence corresponds to the
location of exposure to pollution. However, individuals could also be exposed to air pollution
at their work location, during their leisure time and also while commuting. In addition, if they
also spend some time on the closed section of the GP, they might be exposed to better air qual-
ity. In this paper, I abstract from these effects.

Travel time costs. Two categories of commuters are suffering from an increase in travel time
after the GP closure. First, the direct losers of this policy are the ex-GP commuters. Suburban

% In the model, I make the assumption that individuals can only change their behavior at the intensive
margin. Hence, I assume that every individual on the riverbank was displaced on another substitute road.

3 https://www.lepoint.fr/societe/berges-de-seine-rive-droite-la-mairie-de-paris-affiche-son-succes-19-03-

2018-220375023.php#11.
7 In 2016, air pollution was estimated to play a part in 7.6% of worldwide deaths (WHO 2017).
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commuters initially using the riverbank shift on the south ring road, which experienced a de-
crease in the average speed. 6,500 commuters per day lose 4 minutes, representing a value of
1.5M e to the economy. Inner- city commuters circumvent the closed stretch with local roads,
contributing to the decrease of the average speed on these roads. Hence, 20,700 commuters
loose 13 minutes, associated with a cost of 15.4M €.%® Second, indirect losers are drivers initially
on the substitute roads and now bearing the cost of extra users. The 40,700 drivers initially on
local roads lose 2.6 minutes, which corresponds to an annual cost of 6.05M e and the 60,790
drivers initially on the south outer ring road lose 4 minutes, representing a cost of 14M €. The
total time cost generated by the GP closure amounts to 37M €.

Benefits expected to exceed the costs. With a total annual cost of 44M €, I can compute the
amount that each visitor should spend on the pedestrianized GP such that it compensates for
the costs of the policy. Knowing that 1.5M people visited the closed GP in 18 months, I con-
sider that the GP received 1M visitors in a year. This means that each visitor should spend at
least 44 €.

Distributional impacts. While the benefits of pedestrianizing the riverbank are concentrated
in the heart of the city, the costs are more spread out and impact two main groups of people: (i)
Parisians and (ii) suburbans. The center of Paris is populated mostly by high-income residents.
On the contrary, the peripheral area is inhabited by low-income residents (Figure G.21).
Being closer to the GD, residents living in Paris are more likely to benefit from the pedestrian-
ization of the riverbank. Yet, they are not immune to the costs associated with this policy. Some
inner-city car-commuters face an increase in travel time, and residents living near the local sub-
stitute roads (Bd Saint Germain and the upper banks) suffer from a deterioration in air quality.
Provided that all cars on the local roads are inner-city commuters while 5% of the commut-
ers on the ring roads are Parisians (Apur 2016), the total time costs incurred by high-income
residents is of 22.15M e, which represents 60% of the time costs.”” Regarding the pollution
cost, all residents near the local roads are considered high-income residents. They bear the 950k
e cost of extra emissions gener- ated by the additional traffic on each road, which represents
10% of the pollution cost. All residents living near the periphery - on both sides - suffer from
higher levels of air pollution representing an annual cost of 7.2M €, 90% of the pollution cost.
The high level of cost incurred by low-income residents mainly comes from the pollution
they have to bear near the periphery. This is caused by 25% of ex-GP commuters who now use
the south ring road and still cause 90% of the pollution costs. Therefore, one way of avoiding
these large costs is to close the riverbank such as suburban commuters choose to use local routes

3% Subtracting from the flow of cars on the pedestrianized stretch the number of cars shifting on the ring
road, we get that 1,594 individuals per hour shifted on local roads (cf. Table E1).

31 suppose that the time cost is constant and not proportional to income. However, one can consider that
higher-income commuters have a higher cost time cost which would increase the gap between the time costs
of higher-income and lower-income commuters.
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instead of the south ring road. The shift of suburban commuters to the ring road happens at
2.6-kilometers of GP closure.®’ Below 2.6-kilometers of pedestrianization, suburban commut-
ers prefer to shift to local roads as it would deliver a lower travel time.

5.4 Counterfactual scenarios

Recall that there are three main variables that define the number of road substitutes to a closed
road. The first variable is the flow direction. To be considered as an alternative road, it has to be
of the same flow direction to allow commuters to get to the same destination. The second vari-
able is the entrance point of the closed road segment. Substitute roads should be reachable be-
fore or at the start of the closed segment. The third variable is the length of the closed segment.
Direct substitute roads need to be of similar length. In this section, I make use of the theoretical
framework to generate counterfactual situations. In each situation, the number of alternative
roads and the number of commuters on each road deviates from the current situation.

Optimal closure under no mode switch. Here, I consider a counterfactual situation where
the closed road segment varies. The starting point of the segment pedestrianized is fixed and
the length of the road closed varies. Four cases can be identified in Figure G.23. Computation
details can be found in Appendix E.

The first one is when the closed segment is less than 2.6-kilometers. I have shown that below
2.6-kilometers, suburban commuters switch to local roads along with inner-city commuters. How-
ever, if the segment closed is below 3.3-kilometers, Boulevard Saint Germain does not belong to
the set of substitute arterial roads since it only shares one exit with the GB after 3.3-kilometers of
closure. Since the GP is the fastest route, commuters use it as much as they are able to. Hence, every
commuter on the GP goes on the upper banks. In that case, the time cost is a linear function of the
closed segment and the larger the closed segment the higher the time cost. The consequences are
concentrated in the center of the city and residents near the ring roads are left untouched. Low-in-
come commuters are only impacted through the time loss of ex-GP suburban commuters.

The second case refers to the situation where the closed segment is between 2.6 and 3.3 ki-
lometers. At 2.6-kilometers, suburban commuters choose the ring road instead of local roads
and inner-city com- muters choose the upper banks. This decreases the time cost for inner-city
commuters and increases the time cost for suburban commuters. The time cost keeps on in-
creasing until it reaches 3.3-kilometers.

However, the pollution cost increases drastically as the highly dense area of the south of Paris
now suffers from increased pollution.

The third case represents the current situation. Boulevard Saint Germain is now a plausible
substitute along with the upper banks. Therefore, adding another local road as an alternative,
decreases the travel time for inner-city commuters. The pollution cost at the center increases
linearly since more municipalities are impacted, while it is left unchanged near the ring road.

% Computations are found in Appendix D.
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Last, above 3.3-kilometers, the upperbanks remain a local substitute road on the whole pe-
destrian- ized stretch since it is reachable anywhere from the GP. However, since the Boulevard
Saint Germain only has one entrance and exit, it can only serve as a substitute for 3.5-kilome-
ters. After that, all inner-city commuters shift back on the upperbanks.

One can notice in Figure G.23 that closing 1.8-kilometers instead of 3.3 would avoid the
entire pollution cost borne by low-income people while keeping the time cost unchanged.
Therefore, 1.8- kilometers corresponds to the larger distance that can be pedestrianized without
impacting low-income residents that were not using the GP. This counterfactual scenario is in-
teresting from a theoretical point of view. The set of alternatives is divided by three but the dis-
tribution of commuters remains the same, and yet the pollution costs are drastically mitigated.

Minimal mode switch for zero net pollution costs. One of this policy’s goals was to shift away
from private motorization. Although the model shows no room for traffic evaporation, one might
wonder how many commuters need to drop their car so that the causal impact on traffic (and
therefore on pollution) becomes null. There are two potential scenarios. The first one consists
of having all commuters on local roads to avoid displacing externalities to the periphery. In this
case, I compute the average speed needed in order for suburban commuters to stay on local roads.
Computation details can be found in Appendix E. An average speed of at least 35km/h is needed
for suburban commuters to choose this itinerary instead of the periphery. However, even at night
where congestion is absent, the average speed is almost three times lower due to the road’s perfor-
mance. Therefore, the scenario of having everyone on local roads must be dropped.

This brings me to the second possible scenario: suburban commuters on the ring road and
inner-city commuters on local roads, which corresponds to the current situation. In that case,
the number of commuters that should drop their car in order to return to the initial level of
commuters on each road corresponds to the number of additional commuters on each road.
This means that 10.5% of commuters on the south ring road at 51% of commuters on the local
substitute roads. In that case, pollution costs drops to 0 and time costs only account for the time
loss of ex-GP users since the average speed on each substitute road is unchanged. This scenario
is interesting from a policy point of view. In fact, by offering credible alternatives to car, the
city might be able to generate zero marginal costs and still create positive amenities in the city.

Potential impacts of a wider car-free area. I turn to a counterfactual situation where commuting
by car is banned in the center of the city.*' This situation is already planned to take place by 2030,
following the 2015 COP21 agreements. It has sparked some debates in the region with the oppo-
nents raising the point that suburban commuters might be penalized. If this situation takes place,
the upper banks no longer belong to the set of substitute roads since they are located in the car-free
zone. Boulevard Saint Germain becomes the only route on which commuters can switch to. Den-
sity of cars increases by 34%, decreasing speed by 33.7% on that road. This leads to a time cost of
60.5M € and a pollution cost of 7M €. Since pollution increased on one local road, a lower number
of inner-city residents are impacted by the nearby increase of pollution while the same number of in-
dividuals are impacted by the increase in pollution near the periphery. This leads to a slight decrease

1 The center of the city is considered to be represented by the following arrondissements: 1,2,3 and 4.
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in the pollution cost since most of the pollution cost is borne by suburbans. However, the time cost
increases substantially. Here, I consider that the number of car-commuters is constant. In reality, the
number of car-commuters might decrease by 2030 following the pedestrianization of the center, es-
pecially among inner-city commuters who can easily refer to alternative means to car transportation.

6. POLICY RECOMMENDATION

It is quite challenging to find an environmental policy that is at the same time environmentally
ef- fective, economically efficient and equitable. To fight increasing inequality and improve
the political acceptability of decarbonization, these distributive effects need to be addressed.
Otherwise, a political backlash is likely to appear (Boyer ez al. 2020). Of course, adverse distri-
butional effects do not call for non-action since it would make everyone worse off. In this sense,
the trade-off between environment and equity is absent. The question that arises concerns the
design of environmental policies in order to minimize the inequality gap.

This study provides evidence of sizable costs caused by a road supply reduction in a city. Due to
the non-linear impacts of car flow on pollution and congestion, policymakers should pay attention
to the characteristics of the roads on which traffic is likely to be shifted: the initial level of traffic, the
initial level of pollution, the composition of the population living nearby and the number of credible
alternatives in place. In fact, even if car usage were to decrease in the short run, a road closure might
still generate consequent costs in commuting time and air pollution if traffic is displaced to (more)
congested roads. Conversely, the overall impacts on pollution and congestion can be mitigated if (i)
traffic is displaced to less congested roads and (ii) a large enough fraction of commuters drop their car.

In the case of Paris, since traffic was displaced to more congested roads, I show significant costs
in terms of pollution and time loss. Although the costs are spread in different areas of the city, low-
income households are more impacted by higher exposure to air pollution. Indeed, almost 90% of
the pollution cost is borne by residents living near the periphery of the city, who might not use pri-
vate cars to commute but still pay the price of the policy. Also, it is worth noting that many of them
live outside of the local jurisdiction responsible for this closure. This brings into question the political
economy behind this type of policy. In fact, the Mayor of the city caters each policy to the needs of
local constituents, feeding socio-economic and political sorting. On the one hand, she may be right
if we consider that suburban commuters should not have crossed Paris in the first place, generating
negative externalities in a city for which they do not pay local taxes. On the other hand, higher levels
of decision-making might be tempted to sacrifice the city, as proven by then plan autoroutier de
Pompidou: plan conceived in the mid-1960s with the aim of providing Paris with a fine network of
freeways and "fluidified" roads inside the ring road in order to link Paris to its suburbs.*

2 The primary interest of the plan was to link Paris to the suburbs by means of entirely roadway links, thus
freeing the city from traffic congestion. Most of the planned infrastructures were finally abandoned follow-
ing the 1973 ol crisis and the arrival of Valéry Giscard d’Estaing to the power. The only concrete achieve-
ment of this plan remains the Georges-Pompidou expressway, built on the banks of the Seine river in 1966.
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Regarding the case of Paris, an eastern itinerary was removed for car commuters. The alternative in
terms of public transportation is the train line linking the west and the east of the region (RER-A).%
However, it is the most used urban train in Europe, which makes it extremely saturated during peak
hours. Reducing a road lane of the same direction is therefore unlikely to provoke a shift of some
commuters on public transportation. The alternative in terms of roads is restricted to local roads or the
ring road. However, with an initial high number of cars on the ring road and low-income households
living nearby, large consequences could not have been avoided in the absence of credible alternatives.

As such, one way of mitigating the costs of this policy would be to implement policies in favor of a
mode switch along with the closure. In fact, I show that if 50% of inner city-commuters and 10% of
suburban commuters had dropped their car, congestion and pollution would not have increased on
substitute roads. For instance, why not implement the Grand Paris Express project before reducing
the road supply in the city?* Of course, both projects have different time spans. The Grand Paris Ex-
press project takes almost a decade to be put in place while the closure of a road can be done in a day.
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APPENDIX

A CHRONOLOGY OF THE GEORGES POMPIDOU RIVERBANK CLOSURE DECISION

In December 2015, the Paris Council shared the thoughts of a plan concerning the pedes-
trianization of some riverbanks. The shutdown of 3.3 kilometers of the Georges Pompidou
riverbank from the Tuileries to the Henry IV tunnel was first declared the 26th of September
2016 through deliberation. The October 18%, 2016 decree formalized the creation of a pedes-
trian area; however, it was contested due to the displacement of pollution and noise generated
by this decision. On February 21 2018, the administrative tribunal of Paris canceled the Paris
Council’s September 26, 2016 deliberation, and the town hall’s 18th of October 2016 decree
creating a public walk on the location of this riverbank. However, on the 6™ of March 2018,
a decree was created forbidding vehicle circulation on a segment of the riverbank for reasons
related to site protection and enhancement for touristic and aesthetic pur- poses. Many asso-
ciations and individuals asked for the annulment of this decree at the administrative tribunal
of Paris. Their voices were heard and on October 22", 2018 the annulment was confirmed
due to doubts concerning the environmental consequences of this project. Lastly, on June 21*
2019, the Paris Council confirmed the 6" of March 2018 decree while rejecting all the related
annulment appeals.

B PUBLIC TRANSPORTATION

This section explores whether some people have shifted onto public transportation and, more
precisely, on the line A of the rail network that cuts across the Paris region from the west to the
east with several stations in the suburbs and Paris.”’

Population Census. Intuitively, individuals commuting by car from the west to the east and
vice versa are the people potentially impacted by the GP closure. If the GP closure increased the
commuting cost such that the cost of using public transportation becomes lower, one might ex-
pect a modal shift away from car-based transportation. Since the line A of the rail network cuts
across the Paris region the same way the GP riverbank does (west-east), it would be the most
credible alternative. Hence, we should expect an increase in its use after September 1st, 2016.
Since the riverbank itinerary was an eastward road used to cross Paris, I focus on commuters
that can substitute their GP car travel itinerary with public transportation. As mentioned above,
the A- line crosses the region the same way the GP did. Hence, it can be considered as a car-sub-
stitute for individuals impacted by the policy. Conversely, the B-line of the network would be only
indirectly impacted by the GP shutdown since individuals who were commuting by car through
the GP itinerary are unlikely to have shifted to a train linking the north and south of the region.

% The RER is the suburban train network in the Paris region. The RER-A (or A-line) links the west and the
east of the region, while the RER-B (or B-line) links the north and the south. Figure G.13 represents these

two lines in the Paris region.
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First, using the population census of 2015 and 2017 I compute the share of people com-
muting by public transportation for each dyad composed of the home place and work place.
Figure G.12 shows that the share of people commuting with public transportation from west
to east or east to west is high, whether individuals live near a station of RER-A or not. None-
theless, individuals who commute from west to east or vice versa and who live in a municipality
through which the line A passes tend to use slightly more public transportation.*® Conversely,
the remaining dyads*” have a low share of public transportation usage, regardless of the presence
of a train station of RER-A in the home municipality. We can note in each case that the differ-
ence between the share of public transport commuters in 2015 and 2017 is negligible, if not
zero. These results suggest that (i) the individuals potentially touched by the GP closure were
already using intensely the public transport system, and (ii) at first sight, there is no suggestive
evidence that the riverbank shutdown provoked an increase in the use of public transportation.

I evaluate the causal effect of the GP closure on the share of public transportation commut-
ers in a difference-in-difference design. I use the dyads in which the home municipality hosts
an A-line station as the treatment group and the dyads in which the home municipality hosts a
B-line station as the control group. The result of this difference-in-difference estimation is rep-
resented in column (1) of Table E6. To go further, I restrict the treated group to the east-west
and west-east travels and the control group to the north-south and south-north travels.* This
allows me to capture the effect on commuters crossing Paris in the same direction as the ones
who were commuting through the GP riverbank itinerary prior to 2016. The result is shown in
column (2). The dynamic impacts are shown in graph G.14.

Tap Validations. One might argue that the share of people commuting by public transport in
the years before and after the riverbank shutdown are not comparable since Paris has been subject
to many urban alterations the past decade as mentioned in the introduction. To address this issue,
I last turn to an alternative dataset on the number of pass validations of the A-line and B-line at
the daily level. This would allow me to compare the number of pass validations on both train lines
right around the cutoff (see Figure G.15), where both train lines should be comparable.

I therefore estimate another version of equation (5) using the data from March 2016 to end
of January 2017, where Yit now represents the number of weekly entries of station 7 at time
t. The graphical results are shown in Figure G.16 and suggest again the absence of significant
change in the use of the A-line right after the GP closure.

All of the above suggest that, at least in the short run, the policy did not trigger a mode shift.

“ However, the difference is not statistically significant.

47 All travels excluding West-East and East-West.

1 consider all the municipalities of the following departments as West: 92, 78, 95 and the municipalities
of the following departments as East: 93, 94, 77, 93. As for the North municipalities, I select the ones in
the departments 93, 95 and the municipalities of the South are the ones of the department 91. Note, that I
do not include the municipalities of Paris in the home place (to avoid having people who commute inside
Paris), but I do include them in the workplace since many jobs can be located inside the city.

116



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

C  HousING PRICES

Results so far suggest that the GP closure increased traffic and nitrogen dioxide emissions on
substitute roads. This section explores whether, on top of experiencing an increase in congestion
and nitrogen dioxide emissions, substitute roads also encountered other negative externalities.
Chay and Greenstone (2005) show that the elasticity of housing prices to pollution ranges be-
tween -0.20 and -0.35. Hence, in the worst case, prices would have decreased by 1.96% near
the ring road. I evaluate the impact on the housing prices near the ring road and assess whether
the magnitude is larger than the one expected from a single increase in nitrogen dioxide.

Empirical Strategy. I make use of housing transactions data to evaluate the impact on trans-
acted prices of apartments close to the south part of the ring road. As mentioned, the ring roads
delimit the city of Paris. The Boulevard des Maréchaux (Boulevards of the Marshals) are a collec-
tion of thoroughfares that encircle the city of Paris just inside its city limits. The ring road and
the Boulevard des Maréchaux are 350 to 400-meters apart.”’ This provides a setup where the air
near the Boulevard des Maréchaux is less likely to be contaminated with the increase of pollution
on the ring roads. I use this separation to compare houses close to similar amenities (close to
the limits of the city, close to a major road) with one particular difference: the ring road expe-
rienced an increase in traffic and pollution while the other road is left untouched. Therefore, I
compare before and after the policy, transacted prices of houses outside of Paris near the south
ring road with transacted prices of houses inside Paris near The Boulevards of the Marshals (see
Figure G.18). I vary the bandwidth selected bearing in mind that houses closer to the ring roads
should be more impacted than houses further away. I estimate the following hedonic regression:

(13)

where HV_ is the price of transaction 7 at date #. BA, is the built sare which represents the sur-
face in squared meters of transaction i, Roomsi represents the number of rooms that apartment
i possesses. Treated, is a dummy variable that takes the value 1 if transaction 7 is located outside
the limits of the city and 0 otherwise. Year,  is the year relative to the GP shutdown of date ¢
and §_ and §_, are respectively month of the sample and neighborhood fixed effects.

Results Figure G.19 represents the plots of the leads-and-lags regression of equation (13). The
impact is negative and statistically significant in 2017. The magnitude of the impact is higher
the smaller the bandwidth. However, the impact of 2018 reached 0 and becomes non-statisti-
cally significant. This is explained by the announcement made in February 2018 regarding the
implementation of new metro lines in the south of Paris.”

¥ In between, I find almost no housing transactions since it is occupied by public social housings.

%0 https://www.societedugrandparis.fr/gpe/actualite/la-nouvelle-feuille-de-route-du-grand-paris-express-1683.
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D CALCULATING THE 2016 GP CLOSURE cOSTS IN EURO VALUE

The 2016 GP closure displaced congestion and pollution to other substitute roads. However,
since the impacts on traffic and pollution are non-linear the overall impact might change. To
measure the costs of this policy, I quantify the impacts of an increase in pollutant emissions and
an increase in travel time among the treated population.

D.1 PorLution Cost
To measure the change in pollution, the ideal data set would have all types of pollution (local
particles, global pollution, noise pollution etc.), at the road level at a granular time window.
In reality, pollution data is much more limited. Instead, I can look at the source of nitrogen
dioxide emissions NO, at an hourly level near the east of the ring road and the upper banks.
Provided that the relationship between average speed on the road and NO, emissions is well
estimated, I find a causal impact on NO, emissions of +5.8% on the south ring road and +1.5%
on the upper banks. This represents an increase of roughly 1 pg/m’ near local roads and an in-
crease of 3.8 pg/m’ near the ring roads compared to the levels of 2015 (cf. Table E5). I can do
some back-of-the-envelope calculations to estimate the magnitude of this change in emissions.
Mink (2022) finds that an increase in 1ug/m’ of NO, emissions is associated with 15.08 e per
day per postcode for big cities in France.' I use the estimates from Mink (2022) to quantify
the cost of 1pg/m3 health cost expenditure in France. However, these estimates are estimated
using a sample the size of 1/97 of the total French population with 6,048 postcodes.”> Hence,
the total cost per postcode per day must be multiplied by 97 in order to have a sense of the true
impact. The increase in pollution on local roads affect 5 municipalities. However not all resi-
dents of these 5 municipalities are impacted. The increase in pollution near the ring roads affect
10 municipalities. To this matter, I consider that only half of these residents suffer from the
increase of pollution on these local roads. The healthcare costs associated with the increase of
pollution for the 260 working days of the year near the upperbanks correspond to 15.08 x 97 x
% x 260 x 1 =950, 794, and near the ring roads of 15.08 x 97 x 1% x 260 x 3.75 = 7, 226, 034.

D.2 TiME Loss
In order to compute the time loss for commuters due to the decrease in the average speed, I first
predict what would have been the average speed on each road in the treated roads had the policy
not taken place (cf. Table E.8). Two categories of commuters are suffering from an increase in
travel time. First, direct losers are diverted commuters. The difference in travel time consists of
the difference between the travel time using the GP expressway and the travel time using the
diverted itinerary. Second, indirect losers are commuters initially on substitute roads. Adding
additional users on the road decreases the average speed on that road and hence increases their

°'In Mink (2022), healthcare costs caused by exposure to moderate levels of air pollution in France are
quantified using an instrumental variable approach where wind speed is an instrument for air pollution.

52 The study is conducted on a representative sample of the administrative data on healthcare reimburse-
ments from French National System of Health Data.

118



Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

travel time. The difference in travel time consists of the difference between the travel time on
the treated road had the policy not taken place and the actual travel time during the post-shut-
down period. Ex-riverbank users would use the entire expressway for a travel time of 24.4 min-
utes. If they substitute the expressway with the south outer ring road, they lose 4 minutes. If
they circumvent the closed section with local roads they lose 13 minutes. Commuters initially
on the local roads suffer from an increase of 2.6 minutes in their commuting time. Commuters
initially on the ring road experience an increase of 4 minutes on the 10.4-kilometer ring road.
In order to quantify in Euro Value the costs of time losses, I use the value of time proposed
by the French governement and used for cost/benefit analysis.*> An hour in the Ile-de-France
region is valued at 13.4. A minute costs 0.22. To this matter, I compute the daily cost of an
increase in the travel journey for each category of commuter. Numbers are shown in Table F.9.

D_’) MAXIMUM DISTANCE CLOSED THAT KEEPS SUBURBAN COMMUTERS ON LOCAL ROADS
I can compute the maximum length that would keep suburban commuters on local roads. In
order to do so, I equalize the average travel time when suburban commuters stay on local roads
to the average travel time when suburban commuters shift on the ring road. If all commuters
shift on local roads, the extra car density becomes 47, which accounts for 62% of the pre-shut-
down density. Using the congestion elasticity of local roads, I find that speed decreases by 54%,
which brings it back to an average speed of 6.4km/h. This gives:

The maximum fraction of road that can be pedestrianized without provoking the shift of sub-
urban commuters on the ring road is 0.2. This represents 2.6-kilometers of the GP riverbank.

E CALCULATING THE Co0sTS OF COUNTERFACTUAL SITUATIONS IN EURO VALUE

E.1 CAR-BAN IN THE CENTER OF PARIS
In order to compute the costs of counterfactual situations, I first need to predict what would have
been the traffic and pollution situation in each hypothetical situation. Regarding the trafhic situ-
ation, I use the elasticity of congestion estimated and the predicted number of commuters who
shifts on each substitute road to compute the predicted average speed. Regarding the pollution
situation, I use the elasticity of NO, emissions with respect to the average speed and the impact on
speed predicted from the model to predict the change in NO, emissions. The counterfactual situ-
ation where the center of Paris is closed to car circulation removed the upperbank from the choice
set of substitute roads. Therefore, all inner-city commuters refer on the boulevard saint germain.

53 https://www.ecologie.gouv.fr/sites/default/files/V.3.pdf.
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The 6,500 suburban commuters are untouched by the policy since they switch to the south ring
road, loosing 4 minutes. Similarly, the 60,790 individuals initially on the south ring road are not
differently impacted, with a time loss of 4 minutes as well. However, inner-city commuters are
impacted. Density of cars increases by 34% on the boulevard saint germain, decreasing speed by
33.7% on that road. This leads to a time loss of 28.5 minutes for diverted commuters and 10.3
minutes for commuters initially on the boulevard. The time cost in this is is the following:

260 x 0.22(6, 500 x 4 + 60, 790 x 4 + 20, 700 x 28.5 + 19, 400 x 10.3) = 60.5M

As for the pollution cost, residents living near the south ring road suffer from the same pollu-
tion cost since the traflic situation on that road remains unchanged. On the contrary, a smaller
fraction of people are now impacted by an increase of pollution in the center since the number
of roads impacted by a decrease in the average speed decreased. However, the magnitude of the
impact on the average speed (and therefore on pollution) is higher. In this case, only 2 munici-
palities are impacted by a deterioration in air quality. The pollution cost is:

15.08 x 97 x %2 x 260 x 0.09 x 63 x 34% = 733, 176

E.2 CHANGING THE LENGTH OF THE ROAD CLOSURE

There are four different stages. The first one is when the length of the closed segment is between
0 and 2.6-kilometers. Below 2.6-kilometers, suburban commuters shift on local roads. Howev-
er, in that case, the upperbank is the only substitute road available. The second stage corresponds
to a length of 2.6 to 3.3-kilometers of road closure. In that case, suburban commuters shift to
the ring road and inner-city commuters stay on the upperbanks. The third stage corresponds
to the actual situation of a 3.3-kilometer closure. Here, the boulevard saint germain becomes a
local substitute road. Inner-city commuters shift on both local roads and suburban commuters
divert to the ring road. Last, above 3.3-kilometers, the upperbanks stay a local substitute road
on the whole length since it is reachable anywhere from the GP. However, since the boulevard
saint germain only has one entrance and exit, it can only serve as a substitute for 3.5-kilometers.
After that, all inner-city commuters shift back on the upper banks.

E.3  MINIMUM MODE SWITCH NEEDED FOR ZERO NET POLLUTION COSTS

If we take the scenario where all commuters shift on local roads to avoid displacing externalities to
the periphery, one can compute the average speed needed so that suburban commuters choose local
roads instead of the ring road. In that case, commuting time using the ring road should be higher
than travel time using expressway and local roads. The minimal average speed needed woulf be:
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F APPENDIX TABLES

TABLE E1 « TRAFFIC BY ROAD

Notes: The speed is expressed in km/h. All speeds are computed for daytime during weekdays. The
average speed on each road is computed using the weighted average of speeds on each arc of road.
The flow represents the average number of cars on each arc of road in an hour. the occupancy rate
is in percentage, and represents the percentage of the road that is occupied by cars in an hour.

TABLE E2 « AVERAGE TRAVEL TIME IN THE PRE-SHUTDOWN PERIOD

Notes: The travel time of each itinerary is computed using the data of the pre-shutdown period
summarized in Table E1 by computing The first itinerary is the expressway
where the non-pedestrianized stretch accounts for 9.7km and the pedestrianized for 3.3km.
The second itinerary is the expressway of the non-pedestrianized stretch and the local roads (Bd
Saint Germain or upper banks) instead of the pedestrianized stretch. The last itinerary is the
south outer ring road that is of 10.4 km.
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TABLE E3 « ROBUSTNESS CHECKS: OCCUPANCY RATE

Notes: The outcome is the log of occupancy rate. Column (1) represents the main estimation during
daytime. Columns (2) to (5) represent the different robustness checks performed to validate the
results. In column (2), I include the dummy variable Treated instead of arc fixed effects. In column
(3), the fixed effects are decomposed into year, month of the year, day of the week and hour of the
day referred to as additive time FE. In column (4) clusters are composed of arcs between two entries.
Column (5) adds up a restriction to the data: the data are winsorized at the 1% level.

TABLE F.4 « ROBUSTNESS CHECKS: FLOW

TABLE E.5 « YEARLY LEVELS OF NO,
Notes: This table represents the average and standard deviation of NO, emissions two sensors:

the one located on the upper banks and the one on the east of the ring road. NO, emissions are
measure in pg/m’.
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TABLE E6 « IMPACT ON THE SHARE OF PEOPLE COMMUTING
BY PUBLIC TRANSPORTATION

Notes: Standard errors are in parentheses and clustered at the dyad level. The equation estimated is the
following: ¥, = A + ¢+ ¥ Treared, = 11post=1 + € where 7 represents the dyad, # the year and Y the
share of pubhc transportation of dyad i at date The dummy variable treated equals to 1 if the line A
passes through the home municipality of the dyad and 0 if the line B passes through the home munic-
ipality. The dummy variable post takes the value 1 the GP riverbank is closed on year # (year>2015) and
0 otherwise. The first column represents the estimate when all travels are included. The second column
restricts the sample to west-east (and east-west) and north-south (and south-north) travels.

TABLE E7 « COUNTERFACTUAL - SPEED IMPACT PREDICTED BY THE MODEL

Notes: For each length window presented in column 1, I display which road inner-city commut-
ers divert on in column (2), which road suburban commuters divert on in column (3) and their
corresponding speed impacts in the remaining two columns.

TABLE E8 « SPEED PREDICTIONS

Notes: For each treated road, the average speed in the pre-shutdown period is taken from the
data. The average predicted speed post-shutdown is the speed predicted in the post-shutdown
period had the policy not taken place. The actual speed postshutdown is the average speed ob-
served on each road after the policy implementation. The speed is expressed in km/h. All speeds
are computed for daytime during weekdays. The average speed on each road is computed using
the weighted average of speeds on each arc of road.
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TABLE E9 « TIME LOSS IN EURO VALUE

Notes: 1 consider that commuters experience an increase in travel time only during weekdays. I
multiply the daily cost by 260 days to obtain the yearly cost. Since the expressway is a unique
flow direction road, only one way of the commuting trip is impacted. The westward trip of each
commuter remains unchanged with no additional cost associated.

TABLE E10 « SPEED - COUNTERFACTUALS SITUATIONS

Notes: The first column indicates the length (in kilometers) of the closed segment of the GP
expressway. The second column indicates on which road inner-city commuters divert to. The
third column indicates where do suburban commuters shift on. The fourth column indicates
the average speed (in km/h) on the diverted road before the GP closure. The last column indi-
cates the predicted speed (in km/h) on the diverted road if commuters shift on it.
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G APPENDIX FIGURES

FIGURE G.1 * JOB CONCENTRATION IN 2015

Notes: The job concentration is represented on this graph which is the absolute value of the
number of jobs taken from the DADS (Déclaration Annuelle de Données Sociales). The bright-
er the color, the fewer the number of jobs in the region.

FIGURE G.2 * FRACTION OF PEOPLE COMMUTING BY CAR IN ILE-DE-FRANCE (2015)

(a) All journey (b) Suburb-to-suburb journeys

Notes: These graphs represent the fraction of individuals commuting by car in Tle-de-France.
The data is taken from INSEE - “Recensement 2015”. A low fraction of car commuters is rep-
resented by a brighter color.
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FIGURE G.3 « DESCRIPTIVE STATISTICS OF THE RIVERBANK - 2015

(a) 13 km riverbank (b) 3.3 km closed in 2016

Notes: Data come from the open data source of the city hall. The sample in Figure G.3 (a) is
composed of the 33 road sections that compose the GP riverbank inside the city. The sample
in Figure G.3 (b) is composed of 7 road sections that represent the part of the GP riverbank to
be pedestrianized.

FIGURE G.4 * FLOW ON THE PEDESTRIANIZED STRETCH
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Notes: The sample is restricted to the 7 road sections that are pedestrianized as of 2016. The
outcome is the flow of cars averaged on the pre-shutdown and post-shutdown period.
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FIGURE G.5 « FLOW DIFFERENCE OF THE NON-PEDESTRIANIZED STRETCH,
BEFORE AND AFTER THE 2016 SHUTDOWN
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Notes: 'The sample excludes the 7 road sections that are pedestrianized as of 2016. The outcome
is the flow of cars averaged in the pre-shutdown and post-shutdown period.

FIGURE G.6 * THE THREE BYPASSES ENCIRCLING PARIS

Notes: The red bypass represents the ring roads called Bowulevard Périphérigue. The second bypass
(blue) is the A86 highway. The third and incomplete one (purple) represents the Francilienne.
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FIGURE G.7 * GOOGLE TREND

0 00 0 i 1

Notes: This graph represents the Google trend of the number of times that people in France goo-
gled “Fermeture des voies sur berges”, which literally means “Riverbanks closure”.

FIGURE G.8 « COMMON TRENDS
Ring Road Local Roads
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Notes: Theses graphs represent the common trend assumptions of the difference-in-difference
research design. The first row is the common trends on the occupancy rate. The second row is
the common trends on the flow of cars. The average occupancy rate is calculated with a moving
average of a window of (11 1 0): the window includes the current month as well as the previous
11 months in order to smooth the noise over the year.
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FIGURE G.9 « PLACEBO TESTS
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Notes: 1 use data from January 1, 2013 to September 1, 2016. Starting from January 1, 2015 I
create every 30 days a phantom event and run regression (4) during the day and for weekdays
with the average speed as the outcome variable. These graphs plot the estimates and 95% con-
fidence intervals of this regression.

FIGURE G.10 * FUNDAMENTAL DIAGRAM
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Notes: 1 estimate the concave relationship between Flow per lane and occupancy rate of one
arc of road. The ascendant part of the graph is what we define as the congested part, while the
descendant part is the hyper-congested one.
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FIGURE G.11 « POLLUTION MONITORS AND ROAD SECTIONS SELECTED

Notes: 'This map represents the two monitors I use for my analysis. One is located in the center
near the upper east and one on the east of the ring road. The line in red represents the arcs of
road selected near each monitor.

FIGURE G.12 « SHARE OF PUBLIC TRANSPORT COMMUTERS IN 2015 AND 2017

Share of public transport commuters
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Notes: This chart compares the share of people commuting in public transportation in 2015 and
2017. The outcome is the mean of the share of public transportation usage in the dyads consid-
ered. The first part of the chart considers the dyads whose home municipalities do not have a
station of the RER-A: “Far from RER-A”. The last part of the chart considers the dyads whose
home municipalities have a station of the RER-A: “Next to a train station”. For each part, I
distinguish between the west-east travels and all travels excluding the west-east ones.
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FIGURE G.13 ¢« PUBLIC TRANSPORTATION - RER-A AND RER-B

Suburban trains
= RERA
- RER B

Notes: This figure represents the two train lines used in the analysis. The A-line is represented by
the red line. The B-line by the blue line.

FIGURE G.14 « SHARE OF PUBLIC TRANSPORTATION
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Notes: 'This graph represents the estimates of equation:

where i represents the dyad, £ the year and Y’ the share
of public transportation of dyad 7 at date # The dummy variable treated equals to 1 if the line A
passes through the home municipality of the dyad and 0 if the line B passes through the home
municipality. 2015 is the reference year and all the impacts are normalized to 2015. The black
line represents the estimates when all travels are included. The gray line represents the estimates
when the sample is restricted to west-east (and east-west) and north-south (and south-north)
travels.
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FIGURE G.15 « WEEKLY NUMBER OF VALIDATIONS - RER-A AND RER-B
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Notes: 1 plot the moving average of the number of weekly validations between March 1, 2016
and February 2, 2017, excluding the days between July 23, 2016 and August 21, 2016 as the
RER-A was going through renovation works. The moving average is computed with a window
of (0 1 3), which includes the current week and the three next weeks. The vertical dashed black
line represents week 35 of 2016, the before the riverbank shutdown.

I therefore estimate another version of equation (5) using the data from March 2016 to end
of January 2017, where ¥, now represents the number of weekly entries of station 7 at time
t. The graphical results are shown in figure G.16 and suggest again the absence of significant
change in the use of the A-line right after the GP closure.

FIGURE G.16 « IMPACT ON THE RER-A
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Notes: In this graph, I plot the estimates of equation (5). A and y, are year and station fixed
effects, respectively. The indicator variable 1__ | equals 1 if the reform has been adopted (after
September 1, 2016) and 0 otherwise. The dummy 1(reaced, =1 takes the value 1 if station i

132



No2 emissions

Léa Bou Sleiman
Displacing Congestion:
Evidence from Paris

is on RER-A and 0 if it is on RER-B. The sample includes the weeks between March 1, 2016
and February 2, 2017, excluding the days between July 23, 2016 and August 21, 2016 as the

RER-A was going through renovation works. The vertical dashed black line represents week 35
of 2016, the before the riverbank shutdown.

FIGURE G.17 ¢« LINK BETWEEN NO, EMISSIONS AND AVERAGE SPEED
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Notes: These graphs plot the relationship between average speed on the road near the pollution
censor and NO, emissions.

FIGURE G.18 « TREATMENT AND CONTROL GROUPS FOR HOUSING PRICES

Notes: 'This graph represents all housing transactions from 2014 to 2018. There are two roads
encircling the city. The first one is the "Boulevard des maréchaux" which is a boulevard inside
the limits of the city. The second road is the ring road, which delimits the city of Paris. Trans-
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actions outside the limits of the city and close enough to the ring roads are impacted by the
increase of negative externalities on the ring road and are considered as treated. Transactions
near the “boulevard des maréchaux” are located at a distance of 350 to 400-meters from the ring
roads and are therefore less likely to be impacted by the increase in negative externalities on the
ring road. They are consist of the control group.

FIGURE G.19 « IMPACT ON HOUSING PRICES
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Notes: The outcome is the log of the transacted price. The reference year is 2015, a year before
the GP shutdown. The regression is run on apartments only. Townhouses are removed from the
sample. The sample consisting of transactions within 300-meters of the major road is composed
of 5,769 observations. The sample consisting of transactions within 500-meters of the major
road is composed of 11,119 observations and within 700-meters of 11,950 observations.
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FIGURE G.20 « COMMON TREND ASSUMPTION - HOUSING TRANSACTIONS
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Notes: This graph plots the common trend of the transacted price in log for treatment and
control groups within 700-meters of the main road. The treated group is composed of the
transactions within 700-meters of the south outer ring road. The control group is composed of

transaction within 700-meters of the Boulevard des maréchaux. Both groups are represented in
figure G.18.

FIGURE G.21 « STANDARD OF LIVING ACROSS THE PARIS REGION
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Notes: This map represents the spatial distribution of income near the treated roads. Red squares
represent richer areas while blue squares represent poorer areas.
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FIGURE G.22 « MODEL ESTIMATES VERSUS DID ESTIMATES
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Notes: These graphs show the difference in point estimates between the impact of the GP clo-
sure on the average speed computed using the model, and the one computed using the differ-
ence-in-difference strategy. The model estimates are computed using the congestion elasticity o
of each time period.
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FIGURE G.23 ¢« COSTS IN COUNTERFACTUAL SITUATIONS

(a) Time Cost

(b) Pollution Cost

Notes: These graphs represent the costs of the policy with respect to the distance of the GP
closed. Computations are described in Appendix E. All costs are computed using the speed
impacts from the model’s predictions.
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