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Abstract
We propose a method to build control groups for retrospective merger evaluation.
The procedure involves two parameters: a distance or radius, and an “order of exposure”
reflecting the notion that a merger can affect an outlet in a more or less direct way.
We implement the method to estimate the price effect of a merger in the Paris parking
market and to illustrate the consequences of including indirectly exposed outlets in the
control group. The methodology applies to any industry with spatial competition and
allows to check the sensitivity of the results to the choice of the control group.
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I. INTRODUCTION
The demand for ex post merger evaluation is increasing. Antitrust agencies commission
retrospective studies to assess the effectiveness of merger control (LLP. [2005] and Lear
[2006]) and initiate in-house studies to estimate the price effects of certain mergers (see
Taylor and Hosken [2007], Simpson and Taylor [2008], and the studies cited in Haas-Wilson
and Vita [2011]). Most of the academic literature has focused on waves of mergers rather
than on single merger events.1 Single event studies indeed require sufficiently disaggregated
and representative data which are rarely available (see Hastings [2004], Taylor, Kreisle, and
Zimmerman [2010] and Hastings [2010]).
In this area as in other branches of empirical economics, the relative merits of the
reduced-form and structural approaches are debated. In practice, structural methods are
more commonly used to run ex ante merger simulations or counterfactual experiments.2
Angrist and Pischke [2010] highlight the advantages of quasi-experimental studies that
exploit sources of variation in the data to identify causal effects and generate credible estimates. As regards merger analysis, these authors do not underestimate the difficulty of the
reduced-form approach: “The challenge for a direct causal analysis of mergers is to use data
to describe a counterfactual world in which the merger did not occur.” On the other hand,
Nevo and Whinston [2010] point out the limitations inherent to reduced-form methods: the
difficulty to extrapolate results from a particular merger case and draw conclusions that
may inform future merger policy; the risk of endogeneity biases (as mergers are decided by
firms possibly after observing unobservable variables correlated with outcomes); and “the
difficulty of defining a reasonable benchmark by which to judge the outcomes of mergers”.
This last difficulty is addressed in the present paper.
We study the construction of comparison groups for retrospective merger evaluation.
In principle, a control group should consist of individuals (e.g. firms, outlets, products,
geographical areas) that are not exposed to the merger and would have behaved as the
exposed individuals but for the merger. Yet drawing the line between exposed and unexposed entities is difficult because oligopolistic interactions may affect seemingly unexposed
entities.
We mainly concentrate on industries with spatial competition (e.g. fast food restaurants,
supermarkets, movie theaters, gasoline stations). Insider outlets, which were rivals prior
to the merger and are operated by the same entity after the merger, have less incentives
to compete. Beyond this direct effect, however, mergers translate into new oligopolistic
equilibria, with all outlets and firms endogenously reacting to the new market structure
1
Focarelli and Panetta [2003] examine the consolidation of the Italian banking sector during the 1990s,
highlighting the interplay between market power effects and efficiency gains at various time horizons. Dafny
[2009] considers the wave of merger activity experienced by the general acute-care hospital industry in the
United States during the 1990s. She is concerned that merging and nonmerging hospitals might differ
in unobserved ways, and designs an instrumental variable method to address the potential selection bias.
Borenstein [1990] and Kim and Singal [1993] show how airline mergers during 1985-1988 have caused prices
to rise for affected routes (relative to unaffected ones). Hastings and Gilbert [2005] and Hortaçsu and
Syverson [2007] look at waves of vertical mergers in respectively the gasoline and cement industries.
2
See e.g. Hausman, Leonard, and Zona [1994], Werden and Froeb [1994], Nevo [2000] and Dubé [2005].
Peters [2006], Weinberg and Hosken [2009], and Houde [2011] use ex post evidence to evaluate the efficacy of
merger simulation as a forecasting tool. The first two articles find significant discordance between predicted
changes and effects observed ex post, while in the last one the results from the two approaches are fairly
well aligned.
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(“unilateral effects”). In particular, when the prices charged at the various outlets are
strategic complements, an outlet increases its price in response to price rises by neighboring
outlets. Thus, a merger alters the incentives not only of nearby insiders (“direct effects”),
but also of outlets that are close to such insiders, and, by iteration, of outlets that may
appear, at first glance, little concerned by the merger (“indirect effects”).3 The issue of
coordination adds a further degree of complexity. When the same players interact on the
same market for long periods (decades in our parking application), tacit or explicit collusion
may represent their behavior better than static, non-cooperative games. European and U.S.
Horizontal Mergers Guidelines recognize that mergers may create incremental opportunities
for coordinated behavior, and thus affect the incentives of firms and outlets not party to
the merger.
We propose a method to build a control group, based on an accurate description of how
a merger alters the ownership structure at the local level given the market geography. The
construction involves two parameters: a distance or radius, and an “order of exposure” that
expresses the idea that a merger can affect an outlet in a more or less direct way. We apply
the method to a parking merger in Paris. The empirical results warn against including
indirectly exposed outlets in the control group. Specifically, we find no price effect when
the control group contains some indirectly exposed lots while we estimate a 3% price rise
when excluding all such lots from the control group.
The article is organized as follows. Section II presents the methodology in a general
policy evaluation setting. The remainder of the note is devoted to an illustrative example.
Section III presents the merger and the data. Section IV builds a number of control and
treatment groups. Section V presents and discusses the estimation results. Section VI
concludes.
II. THE METHOD
In this section, we put merger retrospective studies in the general framework of policy
evaluation. We explain why the possibility of external effects makes it difficult to construct
valid comparison groups and propose a systematic approach to overcome this difficulty. We
also discuss a number of extensions.
II(i). MERGER RETROSPECTIVE STUDIES AND POLICY EVALUATION
In the program evaluation literature, the effect of a policy treatment is defined as the
difference Y 1 − Y 0 , where Y 1 and Y 0 respectively denote the outcome if the individual
is (is not) exposed to the treatment. Yet the researcher only observes Y 1 for the treated
individuals and Y 0 for the untreated ones. Identifying the missing counterfactual values
(e.g. Y 0 for treated individuals) requires additional assumptions.
If the researcher observes outcomes for treated and untreated individuals before and
after the treatment, the effect is identifiable under the assumption that the evolution of the
outcome would have been the same for both types of individuals in the absence of the policy
(“common trends assumption”). Then a comparison of growth rates, as implemented by the
standard difference-in-differences estimator, yields a consistent estimate of the treatment
3

Thomadsen [2005] illustrates indirect effects by simulating the effect of counterfactual mergers in the
California fast food industry.
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effect. When panel data are available, fixed-effect estimation requires a linear, additive
functional form and a constant causal effect as in the following regression specification4
(1)

Yit = αi + δt + φwit + εit ,

where wit denotes the treatment indicator (equal to one if the individual is treated and to
zero otherwise), αi are individual fixed-effects, and δt temporal dummies.
Defining the treatment indicator is difficult whenever external effects may be present,
i.e. when the behavioral response of individuals exposed to the treatment may affect that
of unexposed ones. This difficulty arises when evaluating mergers as price rises by merging
firms may be followed by outsiders. In practice, a common approach in the literature
consists of choosing a test group M and a control group C and of defining the treatment
indicator as
wit = Mi × POSTt ,
where Mi is the dummy variable for the test group and POSTt is the temporal dummy for
the post-merger period.5 The regression model (1), where the endogenous Y is some price
measure at the individual level, is then estimated in the subpopulation C ∪ M .
Ashenfelter, Hosken, and Weinberg [2009] point out the difficulty of finding a comparison
group that respects the common trend assumption: “The difficulty of the difference-indifference approach is in identifying a good control product (or group of products) for the
products produced by the merging firms. In an antitrust setting, for example, there is often
a tension between finding products that are in different geographic markets and therefore
not affected by the transaction, while truly facing similar demand and cost conditions.”
This methodological issue also occurs when firms compete locally through retail outlets,
and hence individuals are not products, but outlets or establishments. We now introduce
various measures of the extent to which outlets are exposed to a merger and explain how
to use them for constructing test and control groups.
II(ii). THE METHODOLOGY
For a given radius r, an outlet is said to be directly exposed to the merger, or “exposed
at order zero” if, prior to the merger, it was operated by one of the merging firms and an
outlet located within distance r was operated by the other party. We denote by E 0 (r) the
corresponding dummy variable: E 0 (r) equals one for outlet i if and only if that outlet had a
rival j within radius r prior to the merger and both outlets are operated by the new entity
after the merger. An example with formerly competing outlets i and j, located less than
r meters apart, is shown on Figure 1.
Suppose we want to know whether the directly exposed outlets have significantly increased their prices following the merger. The most obvious method would consist of using
all the other outlets as control group, or, in the above notations, to set M = E 0 and
C = 1 − E 0 . Yet indirect effects may impact outlets with E 0 = 0, and it seems sensible
to exclude outlets that are “indirectly exposed to the merger” from the control group. We
now make this notion more precise.
4

See Wooldridge [2010], Section 21.6.4 or Angrist and Pischke [2009], Section 5.1.
Throughout the paper, we use the same notation for a group of individuals and the corresponding
dummy variable.
5
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An outlet is said to be “exposed at order one” to the merger if it is not directly exposed
and a directly exposed outlet is located within distance r. We denote by E 1 (r) the corresponding dummy variable. Any outlet not party to the merger (“outsider outlet”) located
less than r meters apart from a directly exposed outlet has E 1 (r) = 1. This is the case of
outlet l on Figure 1. An outlet operated by a merging party (an “insider outlet”) may be
exposed at order one but not at order zero. On Figure 1, this is the case of insider outlet m
that was owned by the same firm as outlet i prior to the merger.

Figure 1: Constructing the E k (r) dummy variables: an example.
Outlets i and m were owned by the same merging firm prior to the merger. Outlet j was owned
by the other merging party. Outlets l, n and o are owned by firms not party to the merger.

Iterating the process yields a sequence of dummy variables E k (r). An outlet is directly
exposed if and only if E 0 (r) = 1. An outlet has E k+1 (r) = 1 if and only if it is not exposed
at order k and an outlet with E k (r) = 1 is located within distance r. On Figure 1, any
outlet in the dark grey area, regardless of its owner, has E 2 (r) = 1. This area is included
in the circle of radius r centered at outlet l but does not intersect the circles centered at
outlets i and j.
We denote by F k (r) the set of outlets exposed at order k or less for the radius r:
F k (r) = E 0 (r) + E 1 (r) + · · · + E k (r).
By construction, the variable F k (r) is nondecreasing in r, and the sequence of variables
(F k (r))k is nondecreasing in k. In other words, the set of outlets with F k (r) = 1 is larger as
k and r rise.6 Because the total number of outlets in the market is finite, the variable E k (r)
6

Notice that the variable E k (r) is nonmonotonic in the radius r. For instance, Table A.1 shows that
E (600) = 13 and E 6 (650) = 6. On Figure 1, if r is bigger, the outlet currently classified as E 2 (r) would
be counted with E 1 (r), reducing E 2 (r) to zero. We thank an anonymous referee for this observation.
6
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is zero and the sequence (F k (r))k remains constant beyond a finite degree of exposure. For
any given value of r, we denote by F ∞ (r) the limit and maximum value of F k (r) as k
grows: F ∞ (r) equals F k (r) for large k. On Figure 1, outlets n and o, not party to the
merger, have F ∞ = 0, even though they are close to each other.7 We denote by E ∞ (r) the
last nonzero variable in the sequence (E k (r))k .
Assuming that competitive interactions cannot significantly affect price behaviors beyond distance r, outlets with F ∞ (r) = 0 are certainly not exposed to the merger, even in
an indirect way, and thus constitute a well-founded control group. Accordingly, we propose
to estimate the above regression model with
M = E 0 (r) and C = 1 − F ∞ (r).
In practice, we estimate the model (1) with Yit = ln pit for i ∈ C ∪M . Whenever the control
and test groups are not complementary, the regression is not run in the full sample. The
regression includes outlet fixed effects αi that capture all characteristics of the outlets that
do not vary over time. The variable POSTt is a time dummy that equals one if the date is
posterior to the merger. Thus, the parameter of interest, φ, compares the price evolution
of outlets that are exposed at order 0 for radius r with that of outlets that are not exposed
at any order.
Given the oligopolistic nature of the market, there is no reason to limit attention to
directly exposed outlets. We may want to ask the same question for outlets exposed at
order k or at order less than k, with k > 0, i.e. to estimate the model with
M = E k (r) or M = F k (r) and C(r) = 1 − F ∞ (r).
In practice, one may for instance estimate the regression model
(2)

Yit = µ + αi + δt + γk F k (r) × POSTt + εit

in the subpopulation F k (r) ∪ C(r), whose size depends on k and r.
The researcher might be tempted to go one step further, wondering how well the
above-defined variables E k represent outlet exposure to the merger or the “treatment intensity”. Due to the complexity of competitive interactions, capturing the treatment intensity
through descriptive variables such as market geography and ownership structure is an ambitious goal. By postulating a particular form of competition, structural models might be
better suited to such an objective. Yet we can check that the treatment effect decreases
–or does not increase– with the order of exposure k by estimating


(3)
Yit = µ + αi + δt + φ0 E 0 (r) + φ1 E 1 (r) + . . . + φ∞ E ∞ (r) × POSTt + εit ,
where the control group remains the set of outlets that are not exposed at any order:
C = 1 − F ∞ . The coefficient φ1 , for instance, estimates the effect of being exposed at order
one relative to being unexposed at any order.
Assuming that the variables E k capture the treatment intensity, we expect the sequence (φk )k=0,1,...,∞ to be non-increasing in k. The pattern of the coefficients may be
Notice that outlets n and o having F ∞ = 0 is consistent with many configurations: (i) n and o are
both outsiders; (ii) n and o are both insiders, but were operated by the same merging party prior to the
merger; (iii) one of the two outlets is an insider, the other is an outsider.
7
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more or less steep depending on the strength of the aforementioned strategic effects. Absent any indirect effect, only the coefficient φ0 should be positive and statistically different
from zero: φ0 > 0 and φ1 = · · · = φ∞ = 0. When indirect effects are present, and particularly under strategic complementarity, one can expect positive coefficients at orders of
exposure higher than zero. The stronger the indirect effects, the flatter the pattern of the
sequence of coefficients.
II(iii). FURTHER METHODOLOGICAL ISSUES
Walking costs and radius The researcher might want to derive some insight about
the consumers’ willingness to walk from the above reduced-form analysis. Suppose that
a statistically significant price increase has been found for the radius r. Does this imply
that most consumers are ready to walk r meters given the observed prices? The following
stylized example shows that it does not.
Assume that consumers are uniformly distributed along a Hotelling city of length r,
with two competing outlets located at both ends. A consumer located at distance x from
outlet 0 derives utilities v − p0 − tx and v − p1 − t(r − x) if she purchases from outlet 0
and 1 respectively, where p0 and p1 are the corresponding prices. The utility from not
purchasing at all is zero. If v ≥ c+3rt/2, there exists a unique symmetric Nash equilibrium,
p0 = p1 = c + rt. Notice that the equilibrium prices do not depend on the gross utility, v.
Let ρ denote the fraction of consumers who, in equilibrium, derive a positive utility
from both outlets. We have: ρ = 1 if v ≥ c + 2rt and ρ = 2(v − c − 3rt/2)/(rt) otherwise.
At this point, two remarks are in order. First, when v does not exceed c + 2rt, no consumer
would purchase at the equilibrium price if she had to walk r meters. Second, when v comes
close to c + 3rt/2, the equilibrium is sustained even though the fraction of consumers who
are ready to travel to both outlets becomes arbitrarily small.
In this model, the fraction ρ is simply related to the price increase following the merger
of the two outlets. It is easy to check that the merged entity keeps both outlets active and
sets the price to v − rt/2. Merging the two outlets therefore causes the price to rise by
∆p
v − c − 3rt/2
rt
=
=ρ
.
p
c + rt
2(c + rt)
The price increase, ∆p/p, is related to the “hypothetical monopoly” or SSNIP test that is
often referred to by antitrust agencies as a conceptual definition of the notion of relevant
market. In this stylized example, the test would translate into a condition on the parameters
c, r, t and ρ. Whether or not the two outlets should be considered as belonging to the same
market depends in particular on the fraction of consumers who derive a positive utility from
both outlets prior to the merger.
In the case of zero marginal costs, we have: ρ = 2∆p/p. If the merger causes the price
to rise by 5%, only 10% of the consumers derived a positive utility from both outlets before
the merger. For instance, if r = 1000m., these consumers are located between x = 450m.
and x = 550m., and no consumer would have purchased at the pre-merger prices if she had
to walk more than 550m.
Other types of mergers or events The above methodology extends straightforwardly
to horizontal mergers involving more than two firms, or to successive mergers. Apart
6

from horizontal mergers, the method can be adapted to any event that affects a particular
group of outlets. Consider for instance a vertical merger whereby formerly independent
retailers are acquired by an upstream supplier. In contrast with the horizontal setting,
the corresponding dummy variable E 0 does not involve any distance: an outlet is directly
exposed if and only if it is involved in the vertical merger. Another difference with the
horizontal setting is that an outlet with E 0 = 0 cannot be operated by a merging firm. For
higher iterative orders, our construction can be implemented in the same manner as above.
To illustrate, we describe the approach adopted by two articles on vertical mergers in
the gasoline industry. Hastings [2004] studies the conversion of independent retailers into
refiner-owned stations in the California gasoline distribution industry. In our terminology,
the converted stations are the directly exposed outlets (E 0 = 1). Independent stations,
however, are undersampled in Hastings’ price sample. Her control (test) group consists of
stations that are more (less) than one mile away from a converted station. In the above
notations, Hastings uses stations exposed at order one as treatment group and stations
unexposed at this order as control group: M = E 1 and C = 1 − F 1 . Assuming that
stations with E 1 (r) = 1 have increased prices and that prices are strategic complements,
nearby stations may have followed the price rises. Yet stations exposed at order two belong
to Hastings’ control group. This might possibly lead to underestimate the price effect of
the merger. Houde [2011], in the section devoted to retrospective analysis, uses the same
type of control group as Hastings. In contrast to her, however, he observes prices at directly
exposed stations, and hence is able to estimate the direct (order zero) and indirect (order
one) effects of the merger, see equation (13) and Table 11 of his paper. It is worthwhile
noticing that in both Hastings [2004] and Houde [2011], the control and test groups are
complementary.
Accounting for local shocks The fundamental limitation of difference-in-differences
methods is the identification assumption. There exists an inevitable tension between the
two requirements the treatment and control groups are supposed to meet: on the one hand,
the two groups must be sufficiently far apart for one group to be deemed exposed and the
other to be deemed not exposed; on the other hand, the two groups must be sufficiently
close together for being subject to similar unobserved shocks.
If the size of the market area is relatively small, the control group, F ∞ (r) = 0, might be
empty for some values of the radius. On the contrary, if it is relatively large, the outlets in
the control group could be distant from directly exposed outlets. It is therefore important
to check that price trends are parallel in both groups during the pre-merger period. If one
fears that different local shocks have hit the market at the time of or after the merger, one
can interact time and subarea dummies.8 The magnitude of the coefficient, however, is
difficult to interpret as the difference-in-differences variable interacts with the time-varying
local dummies in a complex manner.
Breaking down the merger effect The method allows to decompose the merger effect
according to any dimension of interest (identity of the owner, type of outlet, capacity,
localization, etc.). This can be done by interacting the exposure variables E k or F k with
the corresponding variable, while keeping the control group unchanged.
8
Wooldridge [2010], p.147: “In some cases we interact some explanatory variables with time dummies to
allow partial effects to change over time. This procedure can be very useful for policy analysis.”
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Applying the method in product-characteristic spaces The above methodology,
based on a geographic distance, can in principle be applied in spaces of product characteristics. For instance, Pinkse and Slade [2004], who investigate the effect of mergers on
brand competition in the UK brewing industry, use various measures of the distance between brands, based on product attributes such as the alcohol content or the percentage of
outlets that stock the brand. In the geographic space, reasonable notions of distance are
relatively limited (e.g. driving, walking, as the crow flies). The number of possible metrics
in product spaces is much higher and the researcher might have to experiment with many
different notions of distance.
III. MERGER AND DATA
On 19th December 2000, the shareholders extraordinary meetings of Gtm and Vinci
approved the takeover of the former by the latter. The Ministry of the Economy approved
the transaction on 22 June 2001 subject to a number of behavioral remedies. This has been
a large-scale merger involving many industries and markets. We use the method described
above to assess its effect in one particular industry and one particular geographic area.
The merging firms were conglomerates with activities in building and civil engineering,
road construction, and concessions like turnpikes, underground parking lots, etc. We investigate the effect of the merger in the Parisian parking industry.9 As regards the parking
industry, the merger gave rise to Vinci Park, by far the leading car park operator in France,
with activities in 144 towns. The sole remedy imposed in this industry has consisted of
restricting the merged entity’s right to bid for new long-term concessions of city-owned
parking lots.
At the time of the merger, 214 lots were offering hourly parking in Paris. We know their
exact location, as well as the identity of the companies that operated each of them before
and after the merger. Except for Vinci and Gtm, parking lot operators have not changed
between 2000 and 2001.
Table I: Pre-merger market structure and evolution of prices between
2000 and 2001
2000

2001

Operator
Vinci
Gtm
Saemes
Sceta
InterParking
Park Heulin
Redele

Nb (%)
62 (28.97%)
27 (12.62%)
19 (8.88%)
8 (3.74%)
7 (3.27%)
4 (1.87%)
4 (1.87%)

Nb City-owned (%)
31 (36.9%)
27 (32.14%)
14 (16.67%)
1 (1.19%)
1 (1.19%)
3 (3.57%)
0

Capacity (%)
39636 (35.18%)
22172 (19.68%)
10299 (9.14%)
2414 (2.14%)
3825 (3.4%)
3293 (2.92%)
1020 (0.91%)

Av. capa.
639
821
542
302
546
823
255

Av. price
1.99
1.93
1.89
2.13
2.13
2.19
.

Av. price (∆p/p)
2.03 (2.01%)
2.02 (4.66%)
1.97 (3.93%)
2.26 (6.06%)
2.2 (3.13%)
2.24 (2.61%)
.

All

214 (100%)

84 (100%)

112662 (100%)

526

1.96

2.04 (3.96%)

Source: Mairie de Paris and Guide des parkings de Paris.
Except for Vinci and Gtm, parking lot operators have not changed between 2000 and 2001.
Firms operating less than 4 lots are not shown, explaining why the line “All” is not the sum of the above
lines. In 2001, the average hourly price of the formerly Gtm lots is 2.02 Euros.
9
Nevo and Whinston [2010] raise the issue of exogeneity pointing out that “mergers are an endogenous
choice of firms that may be motivated, in part, by past, current, or anticipated future changes in unobservable (to the researcher) market conditions.” The objection is unlikely to apply here as the merger has been
decided nationally and involved a high number of geographic and product markets. (The Paris parking
market is of small size compared to the scope of the merger.)
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As Table I shows, the pre-merger market shares of the merging parties were 35% and
20% in terms of parking capacity (fourth column). The merged entity operated 42% of
the 214 parking lots and 55% of the total capacity. The third largest firm, Saemes, was
more than five time smaller. Moreover, other competitors were quite small, often operating
a single lot. Based on capacity, the Herfindahl-Hirschman-Index increased from 1,714 to
2,975 following the merger.10 Such a move is well above the usual thresholds considered in
both the European and U.S. horizontal merger guidelines.
As is common in merger retrospectives (see Hastings [2010] and Taylor, Kreisle, and
Zimmerman [2010]), prices are available only for a sample of outlets. Our price sample
consists of the 85 city-owned lots with hourly rates.11 These lots are operated under longterm concession contracts and subject to price-cap regulation. We have checked that for all
city-owned lots the regulatory constraint has never been binding in the period of study. To
our knowledge, there is no apparent difference between privately and City-owned lots from
the motorists’ point of view. The price sample is, however, not representative of the full
population: All of the 27 lots operated by the target firm, Gtm, are owned by the City, and
thus belong to our price sample. In contrast, exactly one half of the lots operated by the
acquirer, Vinci, are privately owned (31 out of 62). The third operator, Saemes, has 14 lots
in the sample (out of 19). Smaller operators, not party to the merger, are undersampled.
Our results apply for city-owned lots and cannot directly be extrapolated to the whole
population of parking lots in Paris.
The last two columns of Table I report the average hourly price per firm. During the
sample period, parking prices in Paris did not depend on the time in the day. Prices were
typically changed a couple of times each year. They were about 2e per hour at that time.
Between 2000 and 2001, they rose by almost 4% in the whole price sample. Prices in lots
operated by the acquirer firm, Vinci, rose by only 2%. Prices in lots operated by the target
firm, Gtm, rose by almost 4.7%.
IV. BUILDING CONTROL AND TREATMENT GROUPS
Throughout the paper, the metric is based on the walking distance, which differs from
both the distance as the crow flies and the driving distance (due to one-way and pedestrian
streets). We collected the walking distances between any two lots using an online map
interface.12 Next, we computed the dummy variables E k (r) in the set of the 214 Parisian
parking lots, for all possible iterative orders k and for various radiuses r.
Table A.1 in appendix reports the number of lots exposed at any order for radiuses
between 250m. and 1650m. From the first column, we learn that only two lots are directly
exposed to the merger for a 250m. radius. In other words, only one Gtm lot and one Vinci
lot were less than 250m. apart. For r=1650m., 66 lots are directly exposed to the merger;
for an intermediate radius, r=900m., 36 lots are directly exposed.
10

For each firm j, let Kj denote
all the lots it operates. The HHIs pre- and postP the total capacity of P
merger are computed as 10, 000 j (Kj /K)2 , with K = j Kj .
11
Hourly prices of city-owned lots have been provided by the City of Paris. Qualitative information for
all the Parisian lots has been found in a practical guide for motorists, “Le guide des parkings de Paris”,
Com3000 edition.
12
As indicated above, there are 214 hourly parking lots in Paris. Thus the computation of distances
involved 22, 791 = 214 × 213/2 pairs of lots.
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Examining the table allows to check that F k (r) is nondecreasing in k and r. For
r=250m., the sequence is constant from k = 1 onwards. Only five lots are exposed at any
order for such a small radius. For r=900m., convergence is reached for a higher iterative
order, namely k = 6. The vast majority of lots (176 among 214) are exposed at that order.
We report in the last column of the table the number of lots having and not having a
neighbor within r meters. We check that 28 lots have a neighbor within 900m. while being
unexposed at any order for that distance. Only 10 lots have no neighbor within 900m.

Figure 2: Checking the common trends assumption (r = 900m.)
Table A.2 reports the number of city-owned lots exposed and unexposed at any order.
Notice that the dummy variables F k (r) are the same as above: they are computed in the
whole set of lots that offer hourly prices. The only difference with Table A.1 is that the
numbers of zero values and one values of the dummy variables are counted for city-owned
lots only. Comparing the two tables allows to check whether the explanatory variables
F k (r) are distributed similarly in the whole set of hourly parking lots and in the price
sample. For a 900m. radius, our preferred control group, F ∞ = 0, represents 18% of all
parking lots (38 out of 214) and 20% of the price sample (17 out of 85). On the other hand,
directly exposed lots represent 17% of all parking lots (36 out of 214), and 28% of the price
sample (24 out of 85).
When reading the estimation results, it will prove useful to refer to Table A.2, as
regressions are run for city-owned lots only. Due to the intersection with the price sample,
convergence of the sequence F k (r) is reached for a lower iterative order k in Table A.2 than
in Table A.1. For instance, for r=900m., convergence is reached for k = 4 in the price
sample and for k = 6 in the whole set of hourly parking lots.
As explained in Section II(ii), our preferred control group is the set of lots with F ∞ (r) =
0 and we may use the lots with F k (r) = 1 as test group. We find below that the most
relevant radius is r = 900m. The graph on Figure 2 allows to check the common trends
assumption for these test and control groups. The price trends in all groups are parallel,
actually almost flat, in the pre-merger period.
Figures A.1, A.2 and A.3 present on a Paris map the city-owned lots exposed and
unexposed at order k, respectively for k = 0, k = 1 and k = ∞, and a 900m. radius.
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The maps illustrate the tension suggested above. Exposed lots, by definition, tend to be
located in the same areas, in particular in the vicinity of the Champs-Elysees (8th and 16th
arrondissements).
V. THE PRICE EFFECT OF THE MERGER
In this section, we implement the method described in Section II. For the sake of
comparison, we also run difference-in-differences estimations using preexisting market areas,
as is common in the merger analysis literature.
In all the presented regressions, the dependent variable is the logarithm of hourly prices
of city-owned lots for each quarter in the period 2000-2001. Although the merger has been
formally authorized in July 2001, the regulatory approval had largely been anticipated by
the operators.13 In the estimation results presented below, two quarters around the merger
date are removed from the sample period; doing so affects the results very little. As explained above, we control for parking lot heterogeneity through fixed effects. All regressions
contain quarterly dummies. We cluster standard errors by parking lots to account for any
temporal correlation in unobservables.14
V(i). COMPARING “EXPOSED” AND “UNEXPOSED” LOTS
First we compare the directly exposed lots, i.e. those with E 0 (r) = 1, to our preferred
control group, lots that are unexposed at any order, F ∞ (r) = 0. Table II shows the
estimation results for equation (2) with k = 0 and radiuses between 650m. and 1000m.
(We find no significant effect outside this range.) The number of observations in each
column can be checked using Table A.2. For a 850m. (respectively 900m.) radius, we find
that the 23 (resp. 24) directly exposed lots have increased their price more rapidly than
lots unexposed at any order, the difference-in-differences coefficient being close to 3% and
statistically significant at the 10% level.15
Table II: Directly exposed lots vs. lots unexposed at any order

E 0 × POSTt
R2
N

650m.

700m.

750m.

800m.

850m.

900m.

950m.

1000m.

-0.012
(0.02)
0.306
282

-0.013
(0.02)
0.314
276

0.010
(0.02)
0.276
252

0.017
(0.02)
0.285
264

0.031†
(0.02)
0.306
246

0.030†
(0.02)
0.317
246

0.030
(0.02)
0.327
234

0.028
(0.02)
0.316
228

Source: Mairie de Paris and Guide des parkings de Paris.
Dependent variable: Logarithm of hourly prices. Control group: F ∞ (r) = 0, where r varies across
columns. All quarters of 2000 and 2001 but Q4-2000 and Q1-2001. Parking lot fixed effects and
quarterly dummies are not shown. Standard errors are clustered by parking lots.
† , ∗ , ∗∗ Significant at the ten, five, one percent levels.
13
The merger under study is a friendly takeover. The public exchange offer has been opened in July 2000
and closed in October 2000.
14
See Bertrand, Duflo, and Mullainathan [2004].
15
Breaking down the effect by merging party, we find that directly exposed Vinci and Gtm lots increased
their prices by respectively 1% and 4% relative to lots unexposed at any order. Most of the price effect is
thus attributable to GTM lots (which have been rebranded into Vinci at the time of the merger).
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Following the analysis of Section II(ii), we now investigate lots exposed at positive
orders, keeping the control group unchanged. Table III compares the lots that are exposed
at order k or less, for k = 1, 2, 3, ∞, with our preferred control group, F ∞ (r) = 0, i.e.
reports the estimation results for equation (2) with the corresponding values of the iterative
order k.16 The same radiuses as in Table II stand out. We find a price increase of about
3.5% for all positive exposure orders.

Table III: Indirectly exposed lots vs. lots unexposed at any order

F1

× POSTt
R2
N

F 2 × POSTt
R2
N
F 3 × POSTt
R2
N
F ∞ × POSTt
R2
N

650m.

700m.

750m.

800m.

850m.

900m.

950m.

1000m.

-0.010
(0.02)
0.310
354

-0.010
(0.02)
0.320
360

0.011
(0.02)
0.310
348

0.023
(0.02)
0.351
372

0.038*
(0.02)
0.370
348

0.038*
(0.02)
0.399
366

0.037†
(0.02)
0.405
354

0.037
(0.02)
0.410
348

-0.005
(0.02)
0.336
396

-0.010
(0.02)
0.336
408

0.018
(0.02)
0.333
402

0.023
(0.02)
0.340
414

0.036*
(0.02)
0.357
420

0.034*
(0.02)
0.377
450

0.036†
(0.02)
0.379
456

0.034
(0.02)
0.370
462

-0.007
(0.01)
0.342
426

-0.012
(0.01)
0.342
450

0.012
(0.02)
0.330
480

0.018
(0.02)
0.350
504

0.036*
(0.02)
0.372
492

0.035*
(0.02)
0.377
492

0.032†
(0.02)
0.366
498

0.032
(0.02)
0.366
486

-0.011
(0.01)
0.352
510

-0.013
(0.01)
0.354
510

0.013
(0.02)
0.353
510

0.018
(0.02)
0.357
510

0.036*
(0.02)
0.377
510

0.034*
(0.02)
0.373
510

0.032†
(0.02)
0.368
510

0.031
(0.02)
0.364
510

Source: Mairie de Paris and Guide des parkings de Paris.
Dependent variable: Logarithm of hourly prices. Control group: F ∞ (r) = 0, where r varies across
columns. All quarters of 2000 and 2001 but Q4-2000 and Q1-2001. Parking lot fixed effects and
quarterly dummies are not shown. Standard errors are clustered by parking lots.
† , ∗ , ∗∗ Significant at the ten, five, one percent levels.

Tables II and III allow to assess the sensitivity of the results to various control groups.
Hereafter, we present more detailed results for the radius r = 900m. We have checked
that the distance r = 850m. leads to the same qualitative findings. From a statistical
perspective, these two distances yield the highest value for the coefficient of determination
in the within model, R2 , when comparing lots exposed at some order to lots unexposed
at any order (bottom part of Table III).17 The distance of 900m. makes good economic
sense. Indeed, as discussed in Section II(iii), the finding of a price increase following the
merger does not imply that most consumers are ready to walk 900m. to reach their final
destination. In the stylized model developed there, with r = 900m., c = 0, and a price
effect of 3%, no consumer is willing to walk more than 500m. at pre-merger prices.
To separate the effect of being exposed at any given order, we now increase incrementally
the iterative order from k = 0 to k = ∞, breaking down F ∞ into the sum of the exposure
variables E k . The first column of Table IV shows the estimation results for the regression
model (3). Exposures at orders zero and one are associated with price increases of φ0 = 3%
and φ1 = 4.7% respectively. The two coefficients are not significantly different from each
16

The value of k, that we denote by ∞, depends on the radius. See Table A.2.
Notice that in this set of regressions the number of observations is the same for all values of the radius
(N = 510) and that the number of regressors remains constant too. We checked that the radiuses r = 850m.
and r = 900m. also yield the highest values for the Akaike information criterion (AIC).
17
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other. In fact, we cannot reject, even at the 10% confidence level, the null hypothesis
φ1 ≤ φ0 (the p-value for the equality test being .29). Exposures at orders two and three are
associated with price rises of about 3%, but the corresponding coefficients, φ2 and φ3 , are
separately and jointly insignificant. At the same time, these coefficients are not statistically
different from φ0 and φ1 . In other words, the precision of the estimation does not allow to
decide, in this particular case, whether the merger effect subsists at order higher than one.
Notwithstanding this indeterminacy, the results shown in Table III suggest that the merger
caused exposed lots –whatever the order of exposure– to increase their price by about 3%.
Table IV: Incrementally increasing the iterative order

E 0 × POSTt
E 1 × POSTt
E 2 × POSTt
E 3 × POSTt
E ∞ × POSTt

(I)

(II)

0.030†
(0.02)
0.047*
(0.02)
0.024
(0.02)
0.037
(0.03)
0.012
(0.03)

0.052
(0.03)
0.070†
(0.04)
0.066*
(0.03)
0.075
(0.05)
-0.013
(0.04)

Local time dummies

No

Yes

Intercept

0.693**
(0.02)
0.384
510

0.659**
(0.02)
0.572
510

R2
Number of obs.

Source: Mairie de Paris and Guide des parkings de Paris.
Dependent variable: Logarithm of hourly prices. Radius: 900m. Control group:
F ∞ (900) = 0 in both columns. All quarters of 2000 and 2001 but Q4-2000 and
Q1-2001. Local time dummies: Arrondissements and Ring road area interacted ×
Time. Parking lot fixed effects and quarterly dummies are not shown. Standard
errors are clustered by parking lots.
† , ∗ , ∗∗ Significant at the ten, five, one percent levels.

As explained in Section II(iii), one may question the assumption that parking lots
located in high-end arrondissements of central-western Paris, e.g. 1st, 8th, and 16th arrondissements, are subject to the same unobserved shocks as lots located in less valued
districts, e.g. in the vicinity of the Parisian ring road. As a robustness check, we now
interact time and local dummies and include in the regression time-varying dummies for
the ring road area (as opposed to inner Paris) and for each arrondissement:

(4)

ln pit = µ + αi + δt,Ring road + δt,Arrond +


φ0 E 0 (r) + φ1 E 1 (r) + . . . + φ∞ E ∞ (r) × POSTt + εit .

Rather than a single dummy variable for each quarter as in regression (3), equation (4) includes a number of time dummies at the local level. The coefficients reported in column (II)
of Table IV are somewhat higher than in column (I). Under this specification, we find that
a price effect is still present at order two, which concerns 14 lots in the price sample. The
first three coefficients are not different from each other. (The p-value when testing the
hypothesis φ0 = φ1 = φ2 is .65.) Although the magnitude of the coefficients is difficult to
interpret, the results allow us to rule out that our finding of a 3% effect is caused by a more
rapid price increase in inner Paris and/or high-end arrondissements.
13

Overall, we find that the merger caused exposed city-owned lots (irrespective of the order
of exposure) to increase their prices by about 3% relative to unexposed ones. This modest
price effect might seem at odds with the impact of the merger on market concentration (see
Section III). A plausible explanation is that pre-merger competition was mild due to the
market geography and the consumers’ preferences, as illustrated in the stylized model of
Section II(iii).
V(ii). METHODOLOGICAL CONSIDERATIONS
Construction of the control group To illustrate the usefulness of our method, we now
use complementary control and test groups. In Table V, we compare lots exposed at order k
or less, F k = 1, with all other lots in the sample, F k = 0. The difference between Tables II
and III on the one hand, and Table V on the other, thus lies in the choice of the control
group.
Table V: Lots that are exposed at order k or less vs. other lots
(I)
F 0 × POSTt

(II)

(III)

(IV)

F 1 × POSTt

0.022†
(0.01)

F 2 × POSTt

0.023
(0.01)

F 3 × POSTt

0.033*
(0.01)

F ∞ × POSTt
Intercept
R2
Number of obs.

(V)

0.004
(0.01)

0.719**
(0.01)
0.349
510

0.709**
(0.01)
0.365
510

0.657**
(0.00)
0.365
510

0.657**
(0.00)
0.375
510

0.034*
(0.02)
0.657*
(0.00)
0.373
510

Source: Mairie de Paris and Guide des parkings de Paris.
Dependent variable: Logarithm of hourly prices. Radius: 900m. Control group: F i (900) = 0,
where i varies across the columns. All quarters of 2000 and 2001 but Q4-2000 and Q1-2001.
Parking lot fixed effects and quarterly dummies are not shown. Standard errors are clustered
by parking lots.
† , ∗ , ∗∗ Significant at the ten, five, one percent levels.

For instance, in the first column of Table V, we ask whether directly exposed lots
behaved differently from all other lots. The difference-in-differences coefficient (.004) is
very weak and statistically insignificant, confirming that lots with F 0 = 0 do not constitute
a suitable control group. This is not surprising as some of these lots are exposed at positive
orders and may therefore have experienced price rises following the merger. In contrast,
directly exposed lots appear to have increased their price by 3% relative to lots unexposed
at any order (see Table II). Similarly, a 2% effect (insignificant or weakly significant) is
found at order one or two when using the complementary group as benchmark, while the
effect is stronger and more significant with our preferred control group (lots unexposed
at any order).18 With complementary test and control groups, the 3% price increase is
observed only for k = 3 and k = 4.
18

Hastings [2004] and Houde [2011] use complementary groups and exposure order one.
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These results confirm that the control group plays a critical role in the analysis. It is
important to make sure that the control group does not include indirectly exposed lots. In
our parking application, the first three columns of Table V suggest that lots exposed up to
the second order should not be included in the control group.
Using preexisting market areas A number of merger studies resort to preexisting
markets areas. For instance, Focarelli and Panetta [2003] use Italian provinces and Hortaçsu
and Syverson [2007] use “component economic areas” created by the Bureau of Economic
Analysis. In this literature, an outlet is considered directly exposed by the merger if, prior
to the merger, it was operated by a merging firm and an outlet located in the same subarea
was operated by the other party. Next, an outlet is considered exposed at order one by the
merger if a directly exposed outlet is located in the same subarea.19
In fact, the partition-based approach is a particular case of our method, obtained when
choosing the binary distance associated to the preexisting partition (zero if the two outlets
belong to the same subarea, one otherwise) and any “radius” between 0 and 1. It is worthwhile noticing that such a binary distance does not allow to reach iterative orders higher
than one.20
To illustrate the limitations of this approach in practice, we use two administrative
partitions of Paris to build the above defined variables: the partition into the 20 Parisian
arrondissements and the partition into 80 administrative districts.21
In Table VI, the analog of Table IV, the variables E 0 and E 1 are labeled A0 and A1 when
we use the partition into arrondissements, and D0 and D1 when we use the partition into
districts. The first column presents the estimation results based on the arrondissements.
Among the 85 lots in the price sample, 40 are directly exposed and 13 are exposed at
the order one when the Parisian arrondissements are used. The difference-in-differences
estimation yield counterintuitive results: the effect for directly exposed lots is very weak
(.007) and statistically insignificant, while it is strong (.075) and significant at order one.
19
Exposures at order zero and one correspond to the variables INMERGE and RIVAL used by Focarelli
and Panetta [2003].
20
More specifically, suppose we say that an outlet is exposed at the order two if an outlet exposed at
order one is located in the same district. Such a definition would be irrelevant as the outlets exposed at
the orders one and two would be exactly the same.
21
The total surface of Paris is 105km2 . The surfaces of the arrondissements range from 1km2 to 8.5km2 .
On average, a district is about 1.3km2 , the surface of a circle of 645m. radius.
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Table VI: Using preexisting market areas
(I)
A0

× POSTt

(II)

0.007
(0.01)
0.075**
(0.02)

A1 × POSTt
D0 × POSTt

0.005
(0.01)
0.022
(0.03)

D1 × POSTt
Constant
R2
Number of obs.

0.706**
(0.01)
0.439
510

0.718**
(0.01)
0.351
510

Source: Mairie de Paris and Guide des parkings de Paris.
Dependent variable: Logarithm of hourly prices. All quarters of
2000 and 2001 but Q4-2000 and Q1-2001. Parking lot fixed effects and quarterly dummies are not shown. Standard errors are
clustered by parking lots.
† , ∗ , ∗∗ Significant at the ten, five, one percent levels.

The second column of Table VI is based on a partition of Paris into 80 administrative
districts.22 Under this partition, 24 parking lots are directly exposed and 28 lots are exposed
at order one. Building the groups on a district basis yields no statistically significant
differences in differences. This might be due to the relatively small number of exposed lots.
Overall, the results based on the two preexisting partitions of the Parisian market appear
to be unreliable. The partitions have no economic relevance and do not allow to describe
accurately how the merger has altered the market structure locally. This conclusion is
consistent with Froeb, Tschantz, and Crooke [2003]’s observation that “market boundaries
represent bright lines where there are only shades of gray”.
VI. CONCLUSION
The methodology suggested in this note allows the practitioner to build control and
treatment groups with the purpose of assessing the price effect of horizontal or vertical mergers. The iterative construction is consistent with the fact that mergers alter oligopolistic
equilibria in complex ways, and thus that seemingly distant entities (outlets, firms, markets
areas) may be affected through indirect channels. We argue that entities unexposed at any
iterative order constitute the most pertinent control group.
The method provides a systematic construction of the groups. It is simple and ready to
use, and requires less detailed data than structural approaches. The most demanding part
of the method is to collect the distances between all pairs of outlets (the computational
cost is proportional to the square of the number of outlets). Besides, it is subject to the
usual limitations of reduced-form methods.
As the above example has shown, relying on preexisting partitions constrains the construction of the groups, thereby preventing the researcher from achieving robust results. In
contrast, our method is flexible enough to run a large number of variants and robustness
checks.
22
Among the 80 districts, 71 have at least one city-owned parking lot, 55 districts have at least two, and
50 districts had at least two distinct operators prior to the merger.
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A. APPENDIX
Table A.1 reports the number of lots exposed and unexposed at any order for various
radiuses. Table A.2 provides the same information for city-owned lots. See Section IV for
details.
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20

( 212, 2)
( 212, 2)
( 208, 6)
( 208, 6)
( 206, 8)
( 205, 9)
( 200, 14)
( 197, 17)
( 196, 18)
( 194, 20)
( 186, 28)
( 182, 32)
( 180, 34)
( 178, 36)
( 177, 37)
( 176, 38)
( 175, 39)
( 172, 42)
( 166, 48)
( 165, 49)
( 161, 53)
( 157, 57)
( 156, 58)
( 152, 62)
( 150, 64)
( 148, 66)
( 148, 66)
( 148, 66)
( 148, 66)

250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650

( 209, 5)
( 209, 5)
( 203, 11)
( 202, 12)
( 200, 14)
( 196, 18)
( 179, 35)
( 170, 44)
( 163, 51)
( 155, 59)
( 135, 79)
( 129, 85)
( 126, 88)
( 116, 98)
( 113, 101)
( 110, 104)
( 108, 106)
( 96, 118)
( 80, 134)
( 75, 139)
( 54, 160)
( 38, 176)
( 36, 178)
( 32, 182)
( 30, 184)
( 29, 185)
( 29, 185)
( 26, 188)
( 26, 188)

F1
( 209, 5)
( 208, 6)
( 202, 12)
( 197, 17)
( 194, 20)
( 189, 25)
( 164, 50)
( 153, 61)
( 147, 67)
( 138, 76)
( 115, 99)
( 108, 106)
( 97, 117)
( 80, 134)
( 72, 142)
( 67, 147)
( 63, 151)
( 49, 165)
( 35, 179)
( 32, 182)
( 22, 192)
( 18, 196)
( 17, 197)
( 15, 199)
( 14, 200)
( 13, 201)
( 13, 201)
( 11, 203)
( 10, 204)

F2
( 209, 5)
( 206, 8)
( 200, 14)
( 195, 19)
( 191, 23)
( 183, 31)
( 154, 60)
( 145, 69)
( 138, 76)
( 123, 91)
( 89, 125)
( 79, 135)
( 70, 144)
( 54, 160)
( 45, 169)
( 45, 169)
( 39, 175)
( 33, 181)
( 19, 195)
( 19, 195)
( 16, 198)
( 14, 200)
( 13, 201)
( 5, 209)
( 4, 210)
( 3, 211)
( 3, 211)
( 2, 212)
( 2, 212)

F3
( 209, 5)
( 202, 12)
( 196, 18)
( 194, 20)
( 191, 23)
( 182, 32)
( 152, 62)
( 139, 75)
( 131, 83)
( 105, 109)
( 78, 136)
( 70, 144)
( 59, 155)
( 45, 169)
( 36, 178)
( 34, 180)
( 30, 184)
( 28, 186)
( 15, 199)
( 15, 199)
( 15, 199)
( 14, 200)
( 8, 206)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

F4
( 209, 5)
( 202, 12)
( 196, 18)
( 192, 22)
( 191, 23)
( 182, 32)
( 152, 62)
( 132, 82)
( 118, 96)
( 97, 117)
( 74, 140)
( 69, 145)
( 49, 165)
( 39, 175)
( 33, 181)
( 31, 183)
( 27, 187)
( 26, 188)
( 14, 200)
( 14, 200)
( 14, 200)
( 14, 200)
( 8, 206)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

F5
( 209, 5)
( 202, 12)
( 196, 18)
( 191, 23)
( 191, 23)
( 182, 32)
( 152, 62)
( 119, 95)
( 112, 102)
( 95, 119)
( 71, 143)
( 69, 145)
( 45, 169)
( 38, 176)
( 32, 182)
( 30, 184)
( 25, 189)
( 23, 191)
( 14, 200)
( 14, 200)
( 14, 200)
( 14, 200)
( 8, 206)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

F6
( 209, 5)
( 202, 12)
( 196, 18)
( 191, 23)
( 191, 23)
( 182, 32)
( 152, 62)
( 117, 97)
( 107, 107)
( 95, 119)
( 71, 143)
( 69, 145)
( 44, 170)
( 38, 176)
( 32, 182)
( 30, 184)
( 24, 190)
( 22, 192)
( 14, 200)
( 14, 200)
( 14, 200)
( 14, 200)
( 8, 206)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

F7
( 209, 5)
( 202, 12)
( 196, 18)
( 191, 23)
( 191, 23)
( 182, 32)
( 152, 62)
( 113, 101)
( 105, 109)
( 95, 119)
( 71, 143)
( 69, 145)
( 44, 170)
( 38, 176)
( 32, 182)
( 30, 184)
( 24, 190)
( 22, 192)
( 14, 200)
( 14, 200)
( 14, 200)
( 14, 200)
( 8, 206)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

F8

Isolated
( 138, 76)
( 124, 90)
( 107, 107)
( 95, 119)
( 84, 130)
( 70, 144)
( 57, 157)
( 44, 170)
( 41, 173)
( 35, 179)
( 24, 190)
( 20, 194)
( 17, 197)
( 10, 204)
( 7, 207)
( 7, 207)
( 5, 209)
( 4, 210)
( 4, 210)
( 4, 210)
( 4, 210)
( 4, 210)
( 4, 210)
( 4, 210)
( 2, 212)
( 1, 213)
( 1, 213)
( 0, 214)
( 0, 214)

Note: Each cell contains the number of lots with F k (r) = 0 and F k (r) = 1. For a 900m. radius, 134 parking lots are exposed at order two or
less (F 2 (900) = 1), 80 are not (F 2 (900) = 0); 26 lots are exposed at order exactly three (E 3 (900) = 1). Only 10 lots have no neighbor at all
within this distance.

F0

Radius

Table A.1: Number of lots exposed at order k or less for various radiuses (all lots with hourly
prices)
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( 84, 1)
( 84, 1)
( 80, 5)
( 80, 5)
( 79, 6)
( 78, 7)
( 74, 11)
( 71, 14)
( 71, 14)
( 71, 14)
( 66, 19)
( 63, 22)
( 62, 23)
( 61, 24)
( 60, 25)
( 59, 26)
( 58, 27)
( 56, 29)
( 52, 33)
( 51, 34)
( 49, 36)
( 47, 38)
( 46, 39)
( 44, 41)
( 42, 43)
( 40, 45)
( 40, 45)
( 40, 45)
( 40, 45)

250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650

( 84, 1)
( 84, 1)
( 79, 6)
( 79, 6)
( 77, 8)
( 74, 11)
( 68, 17)
( 61, 24)
( 59, 26)
( 57, 28)
( 50, 35)
( 45, 40)
( 45, 40)
( 41, 44)
( 40, 45)
( 39, 46)
( 37, 48)
( 31, 54)
( 23, 62)
( 22, 63)
( 15, 70)
( 12, 73)
( 11, 74)
( 11, 74)
( 10, 75)
( 9, 76)
( 9, 76)
( 7, 78)
( 7, 78)

F1
( 84, 1)
( 84, 1)
( 79, 6)
( 76, 9)
( 75, 10)
( 74, 11)
( 64, 21)
( 55, 30)
( 52, 33)
( 49, 36)
( 41, 44)
( 38, 47)
( 33, 52)
( 27, 58)
( 23, 62)
( 20, 65)
( 19, 66)
( 15, 70)
( 9, 76)
( 8, 77)
( 7, 78)
( 5, 80)
( 5, 80)
( 5, 80)
( 5, 80)
( 4, 81)
( 4, 81)
( 3, 82)
( 3, 82)

F2
( 84, 1)
( 82, 3)
( 77, 8)
( 76, 9)
( 73, 12)
( 71, 14)
( 56, 29)
( 50, 35)
( 47, 38)
( 42, 43)
( 28, 57)
( 23, 62)
( 21, 64)
( 20, 65)
( 16, 69)
( 16, 69)
( 15, 70)
( 12, 73)
( 4, 81)
( 4, 81)
( 4, 81)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 1, 84)
( 1, 84)

F3
( 84, 1)
( 82, 3)
( 77, 8)
( 75, 10)
( 73, 12)
( 71, 14)
( 56, 29)
( 46, 39)
( 42, 43)
( 37, 48)
( 25, 60)
( 22, 63)
( 19, 66)
( 17, 68)
( 14, 71)
( 14, 71)
( 11, 74)
( 10, 75)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

F4
( 84, 1)
( 82, 3)
( 77, 8)
( 74, 11)
( 73, 12)
( 71, 14)
( 56, 29)
( 42, 43)
( 36, 49)
( 32, 53)
( 23, 62)
( 22, 63)
( 19, 66)
( 17, 68)
( 14, 71)
( 13, 72)
( 9, 76)
( 8, 77)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

F5
( 84, 1)
( 82, 3)
( 77, 8)
( 73, 12)
( 73, 12)
( 71, 14)
( 56, 29)
( 37, 48)
( 34, 51)
( 32, 53)
( 23, 62)
( 22, 63)
( 19, 66)
( 17, 68)
( 14, 71)
( 12, 73)
( 9, 76)
( 8, 77)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

F6
( 84, 1)
( 82, 3)
( 77, 8)
( 73, 12)
( 73, 12)
( 71, 14)
( 56, 29)
( 36, 49)
( 33, 52)
( 32, 53)
( 23, 62)
( 22, 63)
( 18, 67)
( 17, 68)
( 14, 71)
( 12, 73)
( 8, 77)
( 7, 78)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

F7
( 84, 1)
( 82, 3)
( 77, 8)
( 73, 12)
( 73, 12)
( 71, 14)
( 56, 29)
( 36, 49)
( 33, 52)
( 32, 53)
( 23, 62)
( 22, 63)
( 18, 67)
( 17, 68)
( 14, 71)
( 12, 73)
( 8, 77)
( 7, 78)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

F8

( 59, 26)
( 53, 32)
( 42, 43)
( 38, 47)
( 33, 52)
( 29, 56)
( 24, 61)
( 20, 65)
( 18, 67)
( 15, 70)
( 10, 75)
( 9, 76)
( 9, 76)
( 6, 79)
( 5, 80)
( 5, 80)
( 3, 82)
( 3, 82)
( 2, 83)
( 2, 83)
( 2, 83)
( 2, 83)
( 2, 83)
( 2, 83)
( 2, 83)
( 1, 84)
( 1, 84)
( 0, 85)
( 0, 85)

Isolated

Note: Each cell contains the number of city-owned lots with F k (r) = 0 and F k (r) = 1. For a 900m. radius, 58 city-owned
lots are exposed at order two or less, 27 are not; 7 lots are exposed are exposed at order three. Only 6 city-owned lots have
no neighbor at all within this distance.

F0

Radius

Table A.2: Number of city-owned lots exposed at order k or less for various radiuses
(price sample)
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Figure A.1: Black squares: Directly exposed city-owned parking lots for r=900m. White squares: Other cityowned lots. The labels “I” and “R” stand for “Inner Paris” and “Ring road area” in equation (4).
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Figure A.2: Black squares: City-owned lots exposed at order one or less for r=900m. White squares: Other
city-owned lots. The labels “I” and “R” stand for “Inner Paris” and “Ring road area” in equation (4).
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Figure A.3: Black squares: City-owned lots exposed at some order for r=900m. White squares: City-owned lots
unexposed at any order for r=900m. The labels “I” and “R” stand for “Inner Paris” and “Ring road
area” in equation (4).

