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Abstract

We use panel data on the location, prices, and quality of the universe of gas stations
in Mexico to study the competitive effects of entry on incumbent firms. Using more
than 1,000 entry events and defining local markets based on the road network, we find
that the entry of a new station within three minutes driving time decreases regular
gasoline prices by 6 percent of the retail price spread. Competitive effects decline with
travel time and are largest in markets that previously had only one station. Entry
of stations with the same owner as the incumbent has near-zero effects. The effect
of competition on quality is less clear, with suggestive evidence of improved service

quality in some specifications.
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1 Introduction

Increasing competition is the most common solution economists give to the problems of
low quality and high prices in a market. Indeed, in most standard models in industrial
organization, more competition in the form of more firms leads to lower prices. But this
prediction is far from universal. Satterthwaite (1979) shows that in markets for reputation
goods, prices could increase when there are more sellers, while Joskow (1980) argues that
more competition may lead to excess capacity, excess quality, and higher cost. Nickell
(1996) writes that the theoretical justifications for the beneficial effects of competition are
“not overwhelming”.

The relationship between quality and competition is even more complex and has
received less attention in the theory literature. At least since Spence (1975), it has been
understood that the level of quality with a monopolist may be higher or lower than with
a perfectly competitive market. Moreover, price and quality competition may interact:
distorted price signals may lead to higher or lower investment in quality. Imperfect quality
observability further complicates the relationship. Dranove and Satterthwaite (1992) show
that if price competition is sufficiently intense relative to quality competition, firms will
select suboptimal levels of quality.

With no clear prediction from theory, empirical work on this issue is critical. This paper
studies how increased competition in the form of entry affects prices and quality in the
Mexican retail gasoline market. Several features of the gasoline market make it an excellent
candidate for an empirical study of competition. First, while the product is homogeneous,
markets are geographically local, allowing us to use driving times along the road network
to define markets. Second, most consumer expenditure on each visit is for a single product,
avoiding issues of aggregating prices across multiple categories. Third, gasoline retail
markets are a major sector of the economy, representing in Mexico, for example, a $5+
billion annual market.

To study the competitive effects of entry, we assembled the most comprehensive
dataset ever compiled on the Mexican retail gasoline market. Compiled from various
administrative sources, these data describe the universe of gas stations in Mexico, including
daily retail and wholesale prices for regular gasoline, premium gasoline, and diesel. The
breadth of data allows us to observe more than 1,000 new stations entering from 2017
to 2022. We have 19.2 million station-day observations for regular gasoline, 17.1 million
station-day observations for premium gasoline, and 13.4 million station-day observations

for diesel, with the difference in the number of observations due to not all stations selling
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every product.

We proceed in several steps using a staggered difference-in-differences design. First, we
define local markets using driving times along the road network around each station, with
a three-minute radius for our base case market definition. Second, we compare prices of
incumbent gasoline stations before and after a competitor enters the market, controlling for
station, wholesale-terminal-by-month-of-sample, and day-of-sample fixed effects. As in
Arcidiacono et al. (2020), the identification assumption is that the exact timing of competitor
entry is exogenous. This assumption is reasonable because new stations must go through a
long and idiosyncratic approval process before opening. Third, we validate our empirical
design using event study analysis and a variety of alternative specifications.

We find that the entry of a new station within three minutes decreases the prices of
incumbent firms by 0.36 percent for regular gasoline, 0.24 percent for premium gasoline,
and 0.22 percent for diesel. Although they are small from the viewpoint of consumers,
these price reductions are large from the firms’ perspective, equivalent to 6.0 percent
(regular) and 3.5 percent (premium and diesel) of the spread between retail and wholesale
prices. Markets are very local, with significantly larger effects within a driving time of
one minute and no evidence of an effect of entry for entrants located more than nine
minutes away. In addition, we show that competitive effects are decreasing in the number
of incumbent stations, with 20 percent larger effects in markets that initially had just a
single incumbent station and near zero effects for markets with more than five incumbents.
Finally, we find that the price decreases are highly persistent after several quarters, not the
result of a newness effect.

A novel feature of our analysis is that we can separate the effect of entry based on the
ownership of the entrant. We compare entry by stations with new owners to entry by
stations with the same owner as the incumbent. Entry of a station with the same owner
as the incumbent has near zero effect on prices. In some specifications, we even find
evidence of a positive effect on the price of premium gasoline and diesel from the entry of
a same-owner station. These results point to the importance of ownership structure for
determining the competitiveness of local retail markets.

We then turn to a second set of findings on the effect of entry on quality. Service quality
is a multi-dimensional concept that is notoriously difficult to measure and, thus, has yet to
receive much attention in the empirical literature. We use three sources of data to measure
station quality. Two are based on a distinctive aspect of the Mexican gasoline market:
the illegal practice of selling chiquilitros. For years, it has been common in Mexico for



gasoline station operators to manipulate their pumps to dispense incomplete liters to
customers (Guerrero, 2012; Liu et al., 2018). Our first quality measure is complaints to
the consumer protection agency about stations, most of which relate to the perceived sale
of chiquilitros. Our second measure comes from data on repeated inspections of pump
equipment over time by the consumer protection agency, using whether or not the station
passes the inspection as a quality measure. Finally, we use data on recently implemented
inspections of gasoline station bathrooms.

We find mixed results for service quality. Using the same staggered difference-in-
differences design, there is suggestive evidence of improved service quality in some
specifications. The entry of a new station decreases the probability of complaints about
chiguilitros in incumbent gas stations by 18 percent. Point estimates also indicate 2 per-
cent fewer failed inspections of pump equipment and 11 percent fewer failed bathroom
inspections. However, these results are less precisely estimated than the results for prices,
partly because we have sparser information on station quality. Also, as we discuss, there
are some additional empirical issues with measuring quality which make this part of the
analysis particularly challenging.

Our paper contributes to the literature on competition and prices. Earlier research on
this topic provided descriptive correlations between prices and market concentration. To
estimate a causal effect of competition on prices, several papers use mergers, studying
industries such as banking (Sapienza, 2002; Allen et al., 2014), insurance (Dafny et al,,
2012), healthcare (Dafny, 2009; Cooper et al., 2019), and gasoline (Hastings, 2004; Hastings
and Gilbert, 2005).! In terms of methodology and identification assumptions, our study
is similar to studies that have estimated the effect of the entry of Walmart on prices at
incumbent stores (Atkin et al., 2018; Arcidiacono et al., 2020).2

We also contribute to the literature on the determinants of gasoline prices. Most earlier
studies on the effect of competition in this industry relied on cross-sectional regressions
(Barron et al., 2004; Clemenz and Gugler, 2006), aggregate data (Sen, 2005; Chouinard and
Perloft, 2007), or station-level data from a small number of markets (Hosken et al., 2008).

1. For example, Hastings (2004) uses station-level data from San Diego and Los Angeles to show that retail gaso-
line prices increased in response to an independent gasoline retailer being acquired by a vertically integrated firm.
Whereas these mergers all involved upstream and downstream operations, interpretation in our setting is particularly
straightforward because only downstream operations were affected.

2. The literature on Walmart entry is fascinating, but also quite different from our context. In particular, the literature
on Walmart is complicated by the fact that Walmart’s size can impact the cost and availability of upstream suppliers.
The supermarket industry is also much more complex. Strikingly, Arcidiacono et al. (2020) find that Walmart entry does
not lead to a decrease in prices of other stores, despite large ex-ante variation in prices, a finding they attribute to menu
costs. The higher overall density of gasoline stations allows us to examine entry separately for markets with different
numbers of incumbents and to perform other alternative tests that would be more challenging in the Walmart context.



More recently, there has been an explosion of interest in this sector using administrative
datasets with high-frequency, station-level pricing data, often for an entire country. This
granular data has been used to study topics as varied as collusion (Byrne and Roos,
2019), algorithmic pricing (Assad et al., 2024), consumer search (Byrne and Roos, 2017;
Pennerstorfer et al., 2020; Dorsey et al., 2025), cost pass-through (Genakos and Pagliero,
2022; Contreras Astiazaran et al., 2020; Montag et al., 2023), and information disclosure
policies (Luco, 2019; Martin, forthcoming).

Focusing on the effect of competition on gasoline prices, the closest related paper to
ours is Fischer et al. (2023). They study the effect of station entry on the distribution of
prices in local fuel markets in Germany, nding that one additional entry reduces mean
diesel prices by about 7 percent of the gross margin. This result is remarkably similar to
our estimate for regular gasoline, despite the differences in market dynamics between
Mexico and Germany. Competition among Mexican gas stations is a relatively recent
phenomenon, with price changes occurring approximately once per week on average. In
contrast, stations in Germany increasingly rely on algorithmic pricing and change their
prices many times per day (Assad et al., 2024). Fischer et al. (2023) show a bigger effect
of entry on the left side of the price distribution, providing greater bene ts to informed
consumers who search for low prices. Unlike our analysis, they do not study differences in
the effect of entry by ownership structure, and their only non-price outcome is the opening
hours, for which they do not nd an effect.

Our paper also contributes to the smaller literature on competition and quality. As we
mentioned earlier, quality is notoriously dif cult to measure. Quality proxies that have
been used include test scores for public schools (Hoxby, 2000), ight delays for airlines
(Mazzeo, 2003), and survival rates for hospitals (Bloom et al., 2015). Economists have
focused less on retail services given the challenge of measuring quality in this sector. Two
exceptions are Matsa (2011), who uses product stock-outs in supermarkets to measure the
effect of Walmart's entry on quality, and Busso and Galiani (2019), who use self-reported
shopping experiences as proxies for quality. Our paper introduces several novel quality
measures, including measures based on government-collected information rather than
self-reports.

Our paper is novel in that we examine bothprices and quality simultaneously. As we
mentioned before, the effect of competition on these outcomes is theoretically ambiguous,
and price and quality competition can have important interactions, particularly when
quality is imperfectly observed. In our context, we can measure the effect of competition on



prices and qualities using the same identi cation strategy. Studying both sets of outcomes
provides a more comprehensive assessment of the effects of competition.

Finally, our paper has important implications for ongoing policy reforms in Mexico.
As we discuss in Section 2, the previous decade has been a period of unprecedented
change in Mexican petroleum markets, and there remains considerable uncertainty about
the direction of competition policy moving forward. Our empirical framework, data,
and results are directly relevant to these conversations, particularly regarding the role of
competition in improving outcomes for Mexican consumers.

The paper proceeds as follows. Section 2 provides background about Mexico's retalil
gasoline market. Section 3 introduces our data, including price and quality measures
and our approach for measuring driving time. Section 4 describes our empirical strategy.
Sections 5 and 6 present the results for prices and quality. Section 7 concludes.

2 Background

Whereas much of the existing related literature focuses on high-income countries, Mexico
is a middle-income country, with an annual GDP per capita of US$13,800 in 2023 (IMF,
2023). One of the implications of this setting is that gasoline expenditures are a signi cant
share of household expenditures, representing 5 percent of total household expenditures in
Mexico in 20222 More broadly, gasoline and diesel are inputs into virtually all goods and
services, so even Mexicans without private vehicles are signi cantly affected by changes
in retail fuel markets.

The past decade has witnessed unprecedented change in Mexican retail gasoline mar-
kets. For almost 80 years, from 1938 to 2016, all gasoline stations displayed the brand of
the Mexican state-owned petroleum company Pemex. Franchises were dealer-owned and
dealer-operated, but all sold gasoline and diesel provided by Pemex at regulated retail
prices, set to ensure a guaranteed markup of 5 to 6 percent (Davis et al., 2019).

One of the consequences of this long period of regulation is that Mexico has a relatively
low density of gas stations. With regulated retail prices, new stations often had little
incentive to enter, particularly in high-demand locations where stations would have
otherwise been much more pro table. Historically, there were also signi cant barriers to
entry for new gasoline stations, with municipal governments using zoning restrictions
to protect incumbent station owners. According to COFECE (2018), in 2016, Mexico had

3. Calculations based on reported expenditures from a nationally representative household survey (INEGI, 2023b).



10,560 people per gas station, compared to 5,461 for Brazil and 2,677 for the United States.
In terms of vehicles per gas station in 2015, Mexico had 3,326, while Australia, Canada,
Spain, and the United States had 2,220, 2,760, 2,890, and 1,640, respectively.

Another interesting consequence of this long period of regulation is the practice of
selling chiquilitrosthat we mentioned earlier. Faced with regulated retail prices, it became
common in Mexico for gasoline station operators to increase their effective markups by
manipulating electronic and mechanical equipment to dispense incomplete liters. These
practices are illegal, with compliance regulated by the Mexican consumer protection agency
(Procuraduria Federal del Consumidbereafter “PROFECQO”), but the monetary and legal
sanctions have historically not been high enough to deter this behavior.

Mexico's retail gasoline market changed dramatically in 2017. As part of a broader set
of energy market reforms, non-Pemex branded gasoline stations were allowed to enter
the market, and price competition was allowed for the rst time in almost 80 years. Price
competition was introduced following a staggered schedule at the state level between
March and November 2017. Thus, by December 2017, stations throughout Mexico could
set prices freely for regular gasoline, premium gasoline, and diesel. 4

As mentioned above, new gasoline stations have a long and somewhat idiosyncratic
approval process. Opening a gas station requires an average initial investment of about
US$750,000. Prospective station owners must obtain permits from seven different federal
agencies, in addition to permits from state and municipal authorities (PETROIntelligence,
2021). Obtaining each of the required permits can take months or even years (Lopez, 2022).
The timing of approval is almost impossible to predict as it depends on the backlog and
the priorities of regulators.

The Mexican government's views about the energy reforms have changed over time,
with considerable lingering uncertainty about the direction of competition policy in the
gasoline sector. Initially, there was considerable optimism that market reforms would
increase competition, bene ting Mexican consumers. Former Mexican president, Enrique
Pefa Nieto, promoted market competition. Mexico's Competition Authority wrote at the
time that “the opening to business models other than the Pemex franchise scheme provides
the opportunity for new gas stations to be established in different markets. The competition

4. Davis et al. (2019) explains that these changes in the retail gasoline market were part of a broader set of energy mar-
ket reforms. In December 2013, Mexico implemented a constitutional reform to allow foreign investment in the energy
sector. Starting April 1, 2016, independent companies were granted the right to import, transport, store, distribute, and
sell petroleum products in Mexico. During our sample period, however, the retail part of the market experienced the
most change, with relatively less change to date in upstream petroleum markets. Independent companies have made
limited investments in the infrastructure necessary to store and distribute gasoline and diesel. During our sample
period, gasoline stations in Mexico continued to purchase most of their gasoline and diesel from Pemex.



among gas stations will bene t consumers through greater supply, with improved  quality
and pricing conditions” (emphasis added) (COFECE, 2018, p.39).

More recently, however, the Mexican government has grown skeptical about the ben-
e ts of competition. In particular, Andrés Manuel Lépez Obrador, president between
2018 and 2024, has been critical of the energy reforms and argues that the entry of private
companies has few bene ts for consumers and hurts the state-owned Pemex (Webber,
2020). While retail gasoline prices remain deregulated at the time of writing, regulatory
changes have made it more dif cult to open new gasoline stations, and the entry rate has
declined.®

Our paper has important implications for these ongoing policy reforms. In particular,
our empirical framework, data, and results are relevant for understanding and quantifying
the bene ts of competition for Mexican consumers. To be clear, however, this paper should
not be viewed as an evaluation of these market reforms. After 80 years of regulation,
Pemex is still deeply entrenched along the entire petroleum supply chain in Mexico, and it
will take more time for these market reforms to fully take effect, especially in the upstream
re ning, storage, and distribution sectors.

3 Data

For this analysis, we assembled what we believe is the most comprehensive dataset ever
compiled on the Mexican retail gasoline market. This section describes our gasoline station
panel (Section 3.1), calculations of driving times (Section 3.2), market de nitions and
ownership status (Section 3.3), wholesale and retail prices (Section 3.4), and service quality
(Section 3.5).

3.1 Gasoline Station Panel

The core dataset in our analysis is a daily panel of the universe of gasoline stations in
Mexico from 2017 to 2022. We observe several characteristics for each station, including
the name, address, geographic coordinates, number of sets of fuel pumps, and the type of
re ned products sold (i.e., regular gasoline, premium gasoline, and diesel). We extracted

5. For example, the energy regulator has delayed the issuance of permits to construct new gasoline stations, with
longer (and in some cases perpetual) delays for non-Pemex stations. In addition, the energy ministry has imposed
burdensome and unnecessary regulatory requirements, such as minimum storage requirements, that are dif cult for
new entrants to satisfy. Finally, the asymmetric regulation of wholesale pricing that attempted to ensure a level playing
eld between the dominant rm Pemex and new entrants has been abrogated.



Table 1:Descriptive statistics

(a) Station characteristics

Incumbents Entrants
Total number of stations 11,645 1,072
Average number of stations within 3 minutes 3.305 2.774
Average number of same-owner stations within 3 minutes 0.242 0.101
Average number of sets of pumps 4.156 3.792
Fraction of stations in a metropolitan area 0.641 0.672
Fraction of stations on a main road 0.418 0.370
Fraction of stations selling regular gasoline 0.999 1.000
Fraction of stations selling premium gasoline 0.921 0.979
Fraction of stations selling diesel 0.728 0.888
(b) Average price by product (pesos/liter)
Incumbents Entrants
Year Regular Premium Diesel Regular Premium Diesel
2017 15.68 17.60 17.06 16.22 17.94 17.11
2018 18.31 19.86 19.46 18.79 20.26 19.83
2019 19.34 20.73 21.13 19.46 20.84 21.09
2020 17.93 18.72 19.57 17.94 18.72 19.43
2021 20.02 21.64 21.37 20.03 21.67 21.29
2022 21.49 23.58 23.09 21.47 23.57 23.00
(c) Station quality
Incumbents Entrants
Consumer complaints
Total number of complaints 36,689 1,284
Number of stations with complaints 7,521 335
Probability of complaint in a given month 0.046 0.024
Probability of complaint about liters 0.034 0.016
Probability of complaint about overcharges 0.008 0.005
Probability of complaint about price display 0.004 0.002
Pump inspections
Total number of pump inspection visits 41,807 1,726
Number of inspected stations 10,332 740
Probability of pump inspection in a given month 0.049 0.037
Probability of passing pump inspection 0.814 0.787
Bathroom inspections
Total number of bathroom inspections 23,327 2,552
Number of inspected stations 4,629 454
No bathroom (0/1) 0.032 0.076
Unclean bathroom (0/1) 0.066 0.053
Missing amenities (0/1) 0.105 0.060

Notes:This table reports descriptive statistics for station characteristics, average prices, and station quality. Stations are
characterized as incumbents if they were operating at the end of November 2017 and entrants if they began operations
during our sample period from December 2017 to November 2022. The number of stations within three minutes is
measured using our measure of driving times. Same-owner stations share the same owner. Both “within 3 minutes”
variables are time-varying but, for this table, are calculated using the last month observed in the data. Station quality
is measured using three PROFECO indicators: consumer complaints to PROFECO, the outcome of pump veri cation
visits, and the results of bathroom inspection visits. Passed inspections are those inspections that did not identify
any malfunctioning pump or other issue requiring additional action by PROFECO. Stations with missing bathroom

amenities were missing either toilet paper or soap during the bathroom inspection.



these variables from the text of the operating permits issued by the federal energy regulator
(CRE, 2022a, 2022d.

Panel A of Table 1 provides descriptive statistics for stations. As of November 2017,
11,645 stations were operating in Mexico. We refer to these stations throughout as “incum-
bents”. Between December 2017 and November 2022, 1,072 new stations entered. We refer
to these stations throughout as “entrants”. Entrants are new stations opened in locations
where there was previously no station. As illustrated in the table, entrants tended to be
slightly smaller on average, as measured by the number of sets of fuel pumps, and slightly
more likely to be in a metropolitan area (CONAPO, 2018). Virtually all stations of both
types offer regular gasoline, and most offer premium gasoline and diesel.

Our identi cation strategy is based on station entry, so we determined the date each
station opened as accurately as possible. Although we observe the date each station was
initially permitted, there is a lag between when the permit is issued and when a station
begins to operate. Instead, we use as the opening date the rst day that the station reports
prices to the regulator. Stations are legally required to report each price change to the
centralized system of the regulator. We corroborated this information using historical
images from an online mapping service and inspection data from PROFECO. In a small
number of cases, this led us to use an earlier opening date for stations that, for whatever
reason, failed to initially report price information as mandated by the regulator. Once a
station is open, we assume it stays open unless its operating permit expires or is revoked,
which occurred for 38 stations during our sample period.

Our identi cation strategy also depends on having accurate geographic information.
Our data provide the latitude and longitude for each station. We con rmed the geographic
coordinates of all entrants by hand using an online mapping service and corrected these in
a small number of cases where necessary. Figure 1 maps station locations for two of the
largest urban areas in Mexico: Mexico City and Guadalajara. Stations shown in blue are
incumbents, whereas stations in red are entrants.

3.2 Driving Time

A key feature of our analysis is that we de ne local markets using driving time. We match
each station to the road network and count the number of competitors within a given
driving time. This market de nition provides a more accurate measure of proximity than
straight-line distance, especially in places where stations are on opposite sides of a divided

6. Appendix Table Al shows each step in constructing our gasoline station panel.
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Figure 1:Geography of gasoline stations

(a) Mexico City metropolitan area

(b) Guadalajara metropolitan area

Notes:These maps plot stations in the Mexico City and the Guadalajara metropolitan areas. Stations shown in blue are
incumbents, whereas stations in red are entrants.

11



Figure 2: Example of alternative market de nitions

Notes: These maps illustrate the market de nition measures for a station in La Joya, Baja California, labeled A on the
map. Black lines show the road network and labeled circles are the station locations. Panel (a) shows the straight-line
distance from station A, with the circle corresponding to locations within a 1-kilometer radius. Panel (b) shows the
driving time from station A, with the irregularly shaped area corresponding to locations within a three-minute driving

time.
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highway or otherwise inaccessible.’ This section describes our approach in more detail
and provides an illustrative example.

We calculate driving times between stations using the Open Source Routing Machine
(Luxen and Vetter, 2011) applied to the OpenStreetMap road network data for Mexico
(OpenStreetMap contributors, 2021). OpenStreetMap is an open-source, open-content
collection of global spatial data. We use the subset of data for Mexico, which describes all
roads, highways, and other features, allowing us to calculate driving times between any
two locations.

Figure 2 provides an illustrative example. These maps illustrate two alternative market
de nition measures for a station in Baja California, labeled A on the map. The gure also
includes additional stations labeled B, C, D, E, and F. Panel (a) shows straight-line distance,
while panel (b) shows a measure of proximity measured using driving time.

Using a market de nition based on a straight-line distance of less than one kilometer,
stations B and C are included in the market for A, and stations D, E, and F are not included.
The market de nition using driving time is very different, however. Even though station B
is less than 400 meters from station A, it is on the opposite side of a divided highway, and
the driving time from A to B is about seven minutes. Using our preferred driving time
de nition of three minutes, station B would not be in the same market as station A. In
contrast, stations D and F, located along local roads near A, are included in the market for
station A based on the driving time de nition, but not when using straight-line distance.

Our road network data does not include information on traf ¢ congestion, so our
measure of driving time understates actual driving times with traf c. Thus, while we
view our measure as an improvement over straight-line distance, it is still far from perfect.
Incorporating traf ¢ congestion would be a valuable feature for future research.

7. Stolper (2024) also calculates local competition measures using a driving time radius. Many studies rely on
distance-based de nitions of local markets, either straight-line distance (Lach and Moraga-Gonzélez, 2017; Kim, 2018;
Fischer et al., 2023; Gonzéalez and Moral, 2023) or driving distance (Luco, 2019; Pennerstorfer et al., 2020). A few papers
de ne markets based on commuting routes (Houde, 2012; Pennerstorfer et al., 2020; Wu et al., 2024), although only
Pennerstorfer et al. (2020) compute these markets for an entire country. Another recent approach for de ning local
gasoline markets is to use a hierarchical clustering algorithm to partition stations into non-overlapping markets based
on straight-line distance, driving distance, or driving time (Carranza et al., 2015; Lemus and Luco, 2021; Montag et al.,
2023; Assad et al., 2024).
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3.3 Market Definition and Same-Owner Stations

Our primary measure of competition is the number of stations within a driving time of
three minutes.® Table 1 reports that incumbents have an average of 3.3 nearby stations
within three minutes, whereas entrants have an average of 2.8 stations within three minutes.
We also report our results for a range of different driving time bins.

We use station opening dates and the location of stations to construct a time-varying
measure of competition at the station level. As we explain later, our estimates are identi ed
using changes in the number of nearby stations. Although these changes re ect both entry
and exit, there are nearly 30 times as many entries as exits, so the coef cient estimates
primarily re ect what happens when a new station enters.

Many stations in Mexico are owned by rms that own multiple stations, with 30 percent
of stations belonging to a group with ten or more stations. We take advantage of the pattern
of station ownership to compare entry effects for new stations with either the same or
different owners to the incumbent. We assign stations to ownership groups using (i) the
legal name of the station and (ii) ownership identi ers from the statistical registry of all
business establishments in Mexico (INEGI, 2021). We supplement this information with
publicly available data on legal transfers of station permits (CRE, 2020) to construct a
panel of station ownership for our sample period. We also determine the relevant rm
for entrants using the same data and approach. We use this information to calculate the
number of stations with the same owner within three minutes. This variable allows us
to test whether the entry of a station with the same owner has a different effect from the
entry of an independent station.

3.4 Retall Prices

We are interested in how competition changes the way stations set prices. Our primary
outcome variable is the retail price, in Mexican pesos per liter, for the three main re ned
products sold in Mexico: regular gasoline, premium gasoline, and diesel.

Our retail price data comes from the regulator (CRE, 2022b). Since January 2017,
stations must report all price changes to the regulator within one hour of the change (CRE,
2018). Before March 2019, all price changes were posted on the CRE website with the exact

8. We treat all stations within three minutes equally, abstracting from potential heterogeneity in competitive effects
due to differences in the information that consumers have about prices. Recent work has explored how drivers learn
about gasoline prices as they pass each station (Wu et al., 2024; Dorsey et al., 2025) and how the share of informed
consumers affects the dispersion of gasoline prices (Pennerstorfer et al., 2020).
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date and time of the change. After March 2019, the prices posted on the CRE website have
been updated only once daily in the late afternoon. We use these publicly available data to
construct a panel of prices at the station-product-date level, using the last price reported
on or before a given date.

To check the accuracy of our price data, we used images from an online mapping
service to collect prices publicly displayed on price signs for a 10 percent random sample
of the stations that experienced entry. More than 98 percent of these price sign observations
exactly or partially matched the prices in our dataset. ° This result provides reassurance
that compliance with the price reporting regulation is high. Nevertheless, to reduce the
potential for measurement error from any stations that fail to update prices, we keep
price observations only when they fall within 30 days after a reported price change. 1°
These observations are more likely to be accurate because they re ect information from
stations regularly reporting price changes. In practice, this exclusion drops 12 percent of
all station-product-date observations. 11 To be clear, this price sample restriction does not
affect our measures of market competition; stations are counted among nearby stations
even when price data are unavailable for them.

In addition, to limit the effect of outliers on our estimation results, we use an interquar-
tile range (IQR) fence, excluding price observations that are lessthan Q1  3I1QR or greater
than Q3+ 3IQR, where Q1 is the rst quartile of price and Q3 s the third quartile of price.
This procedure eliminates 0.12 percent of the price observations for regular gasoline (Table
A2).

Our nal dataset includes 19.2 million station-day observations for regular gasoline,
17.1 million station-day observations for premium gasoline, and 13.4 million station-day
observations for diesel. Table 1 reports average retail prices by station type, product, and
year. For example, the average price for incumbents in 2017 was 15.68 pesos per liter for
regular gasoline, 17.60 pesos per liter for premium gasoline, and 17.06 pesos per liter for
diesel. These prices increased by about 35 percent between 2017 and 2022.

9. Appendix C provides details of our price validation procedure and results.

10. Figure A1l shows the distribution of the number of price changes per week per station in our dataset. In 2018, gas
stations changed their prices more than twice a week on average. This has subsequently declined to less than once
a week on average. Our validation procedure in Appendix C con rms that this decline re ects a change in pricing
practices, not in reporting behavior.

11. Appendix Table A2 describes the construction of our analysis sample in more detail. In Appendix E, we examine
the sensitivity of our results to changes in the 30-day cutoff.
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3.5 Quality measures

Our rst quality measure comes from customer complaints to PROFECO. Since July 2019,
PROFECO has offered a mobile app speci cally for the retail gasoline market called “Liter
for Liter” ( Litro por Litro). Users can search for nearby locations, view current gasoline
prices, and, if they wish, easily le a complaint against a particular station. The form for
ling a complaint is short and provides a selection of nine reasons for dissatisfaction, along
with an option to upload a photo as evidence. The app allows the user to include their
name and contact details or to remain anonymous.

We obtained all complaints submitted through the app by way of a public records
request. Table 1, Panel C, provides descriptive statistics for this and other quality measures.
Nearly 38,000 complaints were submitted between July 2019 and November 2022, and
62 percent of stations were the subject of at least one complaint. Interestingly, the table
also reveals that incumbents are more likely than entrants to be subject to complaints. For
example, incumbents have a 4.6 percent probability of being the subject of a complaint in
any given month, compared to just 2.4 percent for entrants.

The most common reason for a complaint is the perception of the station providing
chiquilitros, with nearly three-quarters of complaints falling in this category. As we ex-
plained above, it is common in Mexico for stations to sell “liters” with less volume than an
actual liter, a practice known as chiquilitros.'? Apart from the complaints about perceived
chiquilitros, other common reasons for complaints include the station not displaying the
price, not respecting the posted price, or adding additional charges.

Our second measure of station quality is an indicator variable for whether a station
passed the pump inspections by PROFECO. Inspectors from PROFECO visit stations to
verify that they sell complete liters and otherwise comply with all federal standards. These
unannounced inspections include accurate measurements of the quantity and quality of the
products dispensed at each pump. We compiled inspection data from 2017 until November
2022 using publicly available station-level records from PROFECO (2022). We consider a
station to have passed the inspection if the PROFECO inspectors did not immobilize any
of the station's pumps. Inspectors seal off a pump if it fails to provide complete liters, if
there is variation in the quantity between repeated measurements, or if there are leaks or
other malfunctions. We consider all of these cases to be failing the inspection. In addition,
we treat a refusal by the station to be inspected as failing the inspection.

12. Guerrero (2012) reports that in 2006, 30 percent of stations inspected had violations. Liu et al. (2018) tests for
peer effects in compliance behavior, nding that when one Mexican station passes its inspection, this increases the
probability that nearby stations pass their inspections.
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The table shows that more than 11,000 stations were inspected at least once during our
sample period. Incumbents and entrants were inspected at similar rates, 5 percent and
4 percent per month, respectively. Incumbents pass 81 percent of inspections, whereas
entrants pass 79 percent.

We use our inspection data to show that PROFECO responds to customer complaints.
Speci cally, following Colmer et al. (2023), we estimate the following regression speci ca-
tion for different time horizons k:

Dy;+x = b*Complainf; + gst+ €. 1)

The dependent variable Dy; 4 is the difference between month t + k and month t 1
in the likelihood of station i being inspected or failing an inspection. ¥ Complaint; is 1
if station i receives one or more complaints in month t, and O otherwise. The regression
includes state-by-month xed effects gsi. Standard errors are clustered at the municipality
level.

Figure 3 shows the estimates of equation 1. Receiving a complaint about a station
increases the probability that the station is inspected by 3.2 percentage points in the month
of the complaint and 8.5 percentage points in the following month, relative to the baseline
inspection probability of about 5 percent. The total increase in the inspection probability
in the six months after the complaint is more than 21 percentage points. Similar results are
observed for the probability of failing an inspection, which increases by nearly 4 percentage
points in the six months after a complaint. Reassuringly, there is no effect on the probability
of being inspected or failing an inspection in the months before a complaint.

Our nal measure of station quality is based on inspections of gasoline station bath-
rooms, also by PROFECO. These inspections began in October 2019 and are used by
PROFECO to calculate summary statistics about bathroom conditions to include in a
weekly presentation about gasoline stations by the head of PROFECO and the Mexican
president.* The selection of stations for the bathroom inspections is independent of the
pump inspections. Unlike the pump inspections, there are no legal sanctions for gasoline
stations with unclean bathrooms. However, there is a small risk of public shaming if
photos of the bathroom are included in the weekly presentation.

We obtained the results of the bathroom inspections through a public records request.

13. Colmer et al. (2023) suggest that this speci cation, known as a panel-data local projections estimator, is appropriate
for a setting with a staggered, transitory, and repeated shock such as receiving a customer complaint.
14. Appendix Figure A2 provides an example of one of the bathroom quality slides from these presentations.
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Figure 3: The effect of complaints on inspections

Notes: This gure plots coef cient estimates and 95 percent con dence intervals from estimating Equation (1) for the
change in the likelihood of being inspected (top panel) and failing an inspection (bottom panel). Each coef cient
represents a separate regression for a different time horizon before or after a complaint. The sample period for the
regressions is January 2020 to June 2022, allowing six months of customer complaints before and after the inspections.
During this period, the mean monthly inspection rate for stations was 0.055. The mean monthly inspection failure rate
was 0.0085. Standard errors are clustered at the municipality level.
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As shown in the table, there were nearly 26,000 bathroom inspections during our sample
period and about 40 percent of stations received at least one inspection. The inspected
stations received an average of ve visits. Entrants were more than twice as likely as in-
cumbents not to have bathrooms. However, conditional on having a bathroom, the quality
of entrants was higher. 5.3 percent of the entrants had unclean bathrooms, compared to 6.6
percent of incumbents, and entrants were much less likely than incumbents to be missing
toilet paper or soap.

Compared to our price data, a limitation of our quality data is that not all stations
are included, and the sample period for the complaint and bathroom inspection data is
shorter. Table A3 shows the characteristics of gas stations subject to inspections or customer
complaints. Although stations that received a complaint have slightly more competitors
and are more likely to be in a metropolitan area, the characteristics of the inspected stations
are similar to the full sample. This is con rmed by Table A4, showing no economically
meaningful effect of our competition measures on the probability of inspection. These
results reassure us that sample selection bias is unlikely to be a problem for our empirical
results on quality.

4 Empirical strategy

In this section, we describe our empirical approach for estimating a causal effect of compe-
tition on prices using difference-in-differences and event study designs. We then discuss
how we adapt our analysis to estimate a causal effect of competition on service quality.

Di erence-in-Di erences

Our empirical strategy uses a staggered difference-in-differences design to isolate shocks
to competition from the entry of new competitors. We exploit the rich geographical and
temporal variation in the data to estimate the causal effects of a new entrant on both the
pricing and quality choices of incumbent gas stations.

Our baseline estimating equation takes the following form:

Pt = biNS;; + boNS Same Owner+ a + gst+ ft + €. (2)

The dependent variable Py is the retail price for station i on day t. We estimate separate
regressions for regular gasoline, premium gasoline, and diesel. The independent variable
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of interest is NS;;, the number of stations within three minutes of station i as of day t.
Some speci cations include NS Same Ownegy, the number of stations within three minutes
with the same owner. 1> We also show results for alternative distance bins and interactions
between NS;; and the initial level of competition.

We include a wide variety of control variables. Station xed effects, a;, control for
time-invariant station characteristics like location, size, and whether a station has a store
or bathrooms. Terminal-by-month-of-sample xed effects, gst, control for regional changes
over time in prices, for example, driven by regional trends in demand for re ned products,
or wholesale price discounts set by Pemex at a terminal level.1® Finally, day-of-sample
xed effects, f ¢, control for national-level day-to-day price changes, for example, due to
predictable changes in demand during holidays and weekends. 1/

Thus, the coef cient of interest b, is identi ed using within-station variation in the
number of competitors. Controlling for terminal-by-month and day-of-sample xed effects,
the regression describes how prices change as entrants begin operation nearby or, less
commonly, as existing stations cease operations. As we explained earlier, 1,072 stations
entered the Mexican market during this period, providing the variationin ~ NS;; we need
to identify the coef cient of interest. In all regressions we include the thousands of gas
stations that did not experience entry. These stations provide a pure control for estimating
the terminal-by-month and day-of-sample xed effects, avoiding many of the pitfalls of
estimating treatment effects in staggered designs.

Event Studies

We also estimate an event study speci cation that exploits the exact timing of entry and
allows us to test for parallel pre-trends. In particular, we are interested in the d; estimates
obtained from the following regression:

Pt= 4 d1l[EventTime = t]+ a+ g+ f+ €. (3)

15. Arcidiacono et al. (2020) use a similar speci cation in their study of Walmart entry, but they use straight-line
distance (rather than driving distance) and, given their context, are not able to distinguish between same-owner and
independent owners.

16. There are 78 Pemex terminals. Appendix B describes our procedure for matching each station to its corresponding
wholesale terminal.

17. By including terminal-by-month and day-of-sample xed effects, we control for several forms of price dynamics
that have been explored in previous papers. For example, Borenstein and Shepard (1996) nd that gasoline markups
tend to be higher during summer months with anticipated increases in demand, consistent with collusive pricing. As
another example, Borenstein et al. (1997) document that gasoline prices respond more quickly to increases than to
decreases in crude oil prices.
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This estimating equation is identical to equation 2, including all the same control variables,
except the equation includes a vector of relative event time indicator variables. Event time
ranges from 6 for six or more quarters before entry to + 6 for six or more quarters after
entry in incumbent station i's market.

A minority of the 2,130 incumbents that experience entry in their local market expe-
rience more than one entrant during our sample period. To avoid contaminating our
pre-event trends with the effects of any previous entry, we only use the rst entry as the
event in our analysis. This implies that the post-entry coef cients include the effect of the
rst and any subsequent entries.

Quality Analysis

Our empirical strategy for the effect of competition on quality parallels the differences-
in-differences speci cation for prices in Equation (2) and the event study speci cation
for prices in Equation (3). The dependent variable is one of the three quality measures
described in Section 3.5. We aggregate these measures to a station-month level. The
customer complaint variable is one if there was at least one complaint about the station
led using the PROFECO application during the month and zero otherwise. The pump
and bathroom inspection variables are one if there was at least one failed inspection during
the month and zero otherwise. We aggregate the inspection variables to a monthly level to
place less weight on repeated inspections following an initial failed inspection.

As in Equations (2) and (3), our quality regressions include station and terminal-by-
month-of-sample xed effects so that we identify the effect of competition using within-
station variation created by the entry of new competitors. Given the monthly frequency
of our data, day-of-sample xed effects are not required, and the terminal-by-month-of-
sample xed effects absorb time-varying unobservables.

5 The E ect of Competition on Prices

This section describes our results for the effect of competition on gasoline prices. We start
with our baseline difference-in-differences estimates (Section 5.1), event study analysis
(Section 5.2), and robustness and heterogeneity analysis (Section 5.3), before nishing with
an overall interpretation of our price results (Section 5.4).
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5.1 Dierencein Dierences Results

Table 2 reports our baseline estimates of equation 2. Odd-numbered columns describe
regressions with only the single measure of market competition, NS;;. One additional
nearby competitor reduces prices by 0.069 pesos per liter for regular gasoline, 0.050
pesos per liter for premium gasoline, and 0.045 pesos per liter for diesel. The table
reports standard errors clustered at the municipality level to account for serial and spatial
correlation. All three point estimates are statistically signi cant at the 0.5 percent (half of 1
percent) level.

Although our estimated effects of competition are highly statistically signi cant, they
are small from the perspective of gasoline consumers. An additional competitor reduces
retail prices by 0.22 to 0.36 percent, with the largest effect on regular gasoline prices. Given
the volatility in other components of gasoline prices, including wholesale oil prices and
government tax rates, the effects of competition are unlikely to be particularly salient for
consumers. However, from the perspective of the station owners, our effects imply large
reductions in pro tability from the entry of a nearby competitor. Our estimates imply
that each additional competitor reduces the retail price spread (the difference between the
retail and wholesale price) by an average of 6.0 percent for regular gasoline, 3.4 percent for
premium gasoline, and 3.5 percent for diesel.1®

Even-numbered columns in Table 2 describe regressions including the number of nearby
stations with the same owner, NS Same Ownegy. As expected, the coef cient estimates
corresponding to NS Same Owney are positive in all three columns, consistent with same-
owner stations having less effect than stations with independent owners. The effect of
same-owner stations is less precisely estimated but nonetheless statistically signi cant at
the 0.5 percent level for premium gasoline and the 5 percent level for diesel.

The even-numbered columns also report estimates for the sum of the two coef cients.
This sum re ects, everything else equal, the effect on prices of the entry of a same-owner
station. In theory, stations belonging to the same ownership group should not compete
with each other, so we expect that these estimates would be zero. If anything, we might
expect a positive effect on incumbent prices from the entry of a nearby station with the
same owner, as some customers lost due to a higher price will substitute to the new
station. Indeed, the estimates for the sum are closer to zero than the estimates for NS;;, and
statistically indistinguishable from zero in columns (4) and (6) for premium gasoline and
diesel. In later sections, we will show stronger evidence for a zero or positive effect on price

18. Appendix B describes our wholesale price data and the calculation of the retail price spreads.
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Table 2: The effect of competition on retail prices

Regular gasoline Premium gasoline Diesel
@) 2 3 4 ®) (6)
Stations within 3 min. -0.069 -0.070 -0.050 -0.053 -0.045 -0.046
(0.0112) (0.011) (0.011) (0.011) (0.010) (0.010)
Same-owner stations within 3 min. 0.022 0.064 0.045
(0.018) (0.022) (0.019)
Sum of coef cients -0.047 0.010 -0.001
p-value for sum of coef cients 0.020 0.633 0.958
Fixed effects
Station Y Y Y Y Y Y
Day-of-sample Y Y Y Y Y Y
Terminal-by-Month Y Y Y Y Y Y
Observations 19,153,395 19,153,395 17,063,321 17,063,321 13,409,833 13,409,833
Dep. variable mean 19.26 19.26 20.68 20.68 20.68 20.68
Number of stations:
Total 12,612 12,612 11,777 11,777 9,431 9,431
Entrants 1,052 1,052 1,035 1,035 867 867
Experienced entry 2,130 2,130 2,079 2,079 1,487 1,487
Experienced same-owner entry 392 392 380 380 215 215

Notes: This table reports coef cient estimates and standard errors from six regressions of our baseline difference-in-
differences speci cation described in equation 2. Regressions are estimated for three different re ned products, as
indicated in the column headings. In all regressions, the dependent variable is the retail price in pesos per liter. Re-
gressions are estimated using station-by-day data from 2017 to 2022. The number of observations is smaller in columns
3-6 because not all stations sell premium gasoline or diesel. See the paper for details. For convenience, the table also
reports the total number of stations, the number of stations that opened during our sample period (“entrants”), the
number of stations that experienced at least one entrant within three minutes driving time during our sample period,
and the number of stations that experienced an entry by a station with the same owner. Standard errors are clustered
at the municipality level. Signi cance codes: ***; 0.005, **: 0.01, *: 0.05
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from same-owner entry for all three products. Overall, the results from our same-owner
speci cation conform with expectations and demonstrate the importance of ownership
structure for understanding competition between gas stations.

5.2 Event Study Evidence

Figure 4 plots coef cient estimates corresponding to the event study speci cation de-
scribed in equation 3. We include plots for regular gasoline, premium gasoline, and diesel.
The horizontal axis shows time in quarters before and after the entry of a competitor,
normalized so that the quarter of entry is equal to zero.

During the quarters leading up to entry, prices tend to be at. There is no discernible
pre-trend for any of the three products. After entry, prices decrease signi cantly for
all three re ned products. With regular gasoline, prices decrease sharply by 0.05 pesos
per liter in the rst quarter after entry and continue to decline in subsequent quarters.
Similar decreases occur after entry for premium gasoline, while the decreases for diesel
are somewhat smaller. The magnitude of the implied impacts in the event study gures is
similar to the magnitudes in Table 2.

The gure also shows 95 percent con dence intervals. During the pre-period, the event
time indicators are not statistically signi cant, and we cannot rule out the null hypothesis
that those coef cients are equal to zero. However, after entry, the point estimates are
consistently negative and statistically signi cant for all three re ned products.

The event study gures provide reassurance that the impacts estimated in Table 2 are
causal effects. If these results were instead driven by differential trends between locations
with and without entry, we would expect to see pre-trends in the event study gures.
Moreover, the timing of the price decrease aligns with entry, with signi cant drops in
the rst quarter after entry for all three re ned products. Finally, the price decrease is
persistent, with negative and statistically signi cant estimates throughout the six quarters
after entry.

Figure 5 shows the event study results for the entry of a station with the same owner as
the incumbent. All but one of the point estimates for the effect of same-owner entry on
the price of regular gasoline are near zero. The point estimates for the effect on premium
gasoline and diesel are mostly positive, with a long-run effect after six quarters of about
0.05 pesos per liter. There is evidence of an increasing trend in prices for premium gasoline
the year before entry, consistent with existing rms knowing more about local market
conditions and investing in additional stations where pro tability is growing. Overall,
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Figure 4: The effect of entry on retail prices

Notes: This gure plots coef cient estimates and 95 percent con dence intervals corresponding to the event study
speci cation described in equation 3, where the event is the rst entry of a new station within a three-minute driving
time of an existing station. As described in the text, time is normalized relative to the quarter of entry ( t = 0), and
the excluded category ist = 1. The dependent variable is the retail price of the re ned product (regular gasoline,
premium gasoline, or diesel) in pesos per liter. Regressions are estimated using station-by-day data from 2017 to 2022,
and all regressions include station, terminal-by-month, and day-of-sample xed effects. Standard errors are clustered

at the municipality level.
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Figure 5: The effect of same-owner entry on retail prices

Notes: This gure plots coef cient estimates and 95 percent con dence intervals corresponding to the event study
speci cation described in equation 3, where the event is the rst entry of a new station with the same owner within a
three-minute driving time of an existing station. See also the notes to Figure 4.
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these results provide even stronger evidence than in Table 2 of the importance of ownership
structure in determining competitive outcomes in retail gasoline markets, with new entries
by existing rms not affecting prices.

5.3 Robustness and Heterogeneity

This subsection explores heterogeneity in our Table 2 results by driving time, initial market
structure, and area. We then show the robustness of the main results to alternative sample
criteria and estimation methodologies.

Heterogeneity by Driving Time

Figure 6 explores alternative market de nitions. Whereas our baseline results use a three-
minute driving time, this gure is based on a more exible speci cation in which we

de ne fteen driving-time bins. The speci cation is similar to our baseline estimation in
Column 1 of Table 2, except we replace the single measureNS;; with 15 separate variables
corresponding to non-overlapping driving-time bins as indicated by the horizontal axis
label.

The gure illustrates a clear pattern, with the effect of entry attenuating with driving
time. Within one minute, a new competitor reduces regular gasoline prices by more
than 0.10 pesos per liter. The effect declines to 0.04 pesos per liter for new competitors
within a two to three-minute driving time, the limit of our base case market de nition.
Effects are smaller but still statistically signi cant for entry up to nine minutes driving
time. Past nine minutes, the effect of an additional competitor is close to zero and (in
most cases) not statistically signi cant. These results corroborate our ndings and provide
further reassurance that the main estimates are not driven, for example, by differential
municipal-level trends.

Heterogeneity by Number of Incumbents

Figure 7 explores the effects by initial market structure. The gure plots results for a similar
regression to Column 1 of Table 2, in which the number of competitors is interacted with
the initial number of competitors at the beginning of the sample period. 1° We might expect

19. Because the markets in which the incumbent was initially a monopolist are likely to be different to the markets in
which the incumbent initially had six or more competitors, we might expect very different time trends (say, between
rural and metropolitan areas). For that reason, we also interact the day-of-sample and terminal-by-month-of-sample
xed effects with the number of initial competitors.
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Figure 6: The effect of competition on the retail price of regular gasoline, by
driving-time distance

Notes: This gure plots coef cient estimates and 95 percent con dence intervals from a single regression where the
dependent variable is the retail price of regular gasoline. The speci cation is identical to our baseline difference-in-
differences speci cation described in equation 2, except that instead of a single variable measuring the number of
competitors within three minutes NS;;, we include 15 separate variables corresponding to non-overlapping driving-
time bins as indicated in the horizontal axis label. The regression is estimated using station-by-day data from 2017

to 2022 and includes station, terminal-by-month, and day-of-sample xed effects. Standard errors are clustered at the
municipality level.
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Figure 7: The effect of competition on the retail price of regular gasoline, by number
of incumbents

Notes: This gure plots coef cient estimates and 95 percent con dence intervals from a single regression where the
dependent variable is the retail price of regular gasoline. The speci cation is identical to equation 2, except that the
number of competitors is interacted with the number of competitors at the beginning of our sample period in 2017.
The “0” category comprises stations that were monopolists and thus faced zero competitors within their local market
at the start of the sample period. Regressions are estimated using station-by-day data from 2017 to 2022, and all
regressions include station, terminal-by-month-by-initial-competitors, and day-of-sample-by-initial-competitors xed
effects. Standard errors are clustered at the municipality level.
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a nonlinear relationship between the initial number of competitors and the price effect of
entry (Bresnahan and Reiss, 1991), with the largest effect when a market goes from zero
competitors (that is, a monopoly incumbent) to one competitor (a duopoly).

The results in Figure 7 match these theoretical predictions. For the case of a monopoly
incumbent, an additional entrant reduces prices by  0.101pesos per liter. This effect
declines by more than 20 percent for the case of a duopoly market ( 0.080, and a further
20 percent for markets with three initial competitors ( 0.057. The point estimate is similar
in magnitude for markets with three, four, or ve initial competitors. Additional entry has
no effect on prices for markets with six or more initial competitors. Although the pattern
of the point estimates is as expected, the con dence intervals on our estimates are wide, so
we cannot reject a null hypothesis that several of the coef cients on initial market structure
are identical.?°

Heterogeneity by Area

Appendix D reports our Table 2 results separately for urban and rural areas. We classify
stations as urban (71 percent of the total) or rural (29 percent) using a satellite-based
de nition of urban areas. The impact of competition on prices is smaller in urban areas
but still statistically signi cant, with one additional station within three minutes reducing
regular gasoline prices by 0.047 pesos/liter. Notably, an additional nearby station with
the same owner has no statistically signi cant effect on incumbent prices for any fuel
type in urban areas. Rural areas show larger competitive effects, particularly for diesel,
where an additional nearby station reduces prices by 0.092 pesos/liter. The larger effect in
rural areas may be due to more intense competition among stations located along a single
highway, compared to the dispersed markets in urban areas.

Alternative Sample Definitions

Appendix E shows the robustness of the Table 2 results to alternative sample de nitions.
These include dropping the stations near the U.S. border, expanding the criteria for the
de nition of outlier price observations, keeping only the price observations from the same
day as the price change, and keeping observations for up to 60 days after each price change.
In all cases, these results are qualitatively similar to those in Table 2, and in most cases, the

20. Table A6 examines whether price responses to entry differ for stations that belong to a large holding group, de ned
as a retail chain with ten or more stations owned by the same rm. We nd responses are similar to our base case
estimates in Table 2.
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guantitative values are almost identical too.

Alternative Estimation Methodologies

An extensive literature has documented the shortcomings of the two-way xed effects
estimator for estimating average effects in the presence of heterogeneous treatment effects
(Chaisemartin and D'Haultfeeuille, 2020; Goodman-Bacon, 2021; Callaway and Sant'Anna,
2021; Sun and Abraham, 2021). Many of these criticisms relate to the changing composition
of the control group in a staggered adoption design. Although our “treatment” of gasoline
station entry is staggered through time, and we show evidence of heterogeneity in the
effects of entry on prices (Figures 6 and 7), we believe that our results are likely to be
robust under the recently proposed estimation methodologies. Because we have a large
group of stations that do not experience entry (more than 80 percent of our sample), the
composition of our control sample changes little over time.
Nevertheless, for robustness, in Appendix F we replicate our results using the two-stage

imputation estimator proposed by Gardner (2022) and Borusyak et al. (2024). Our results
are even stronger using this alternative methodology. The effect of the rst new entry
on the price of incumbents is larger in magnitude than the competition results in Table 2.
Importantly, for same-owner entry, we nd positive effects on price from the entry of a
new station with the same owner as the incumbent, for all three products. These positive
effects are large in magnitude and statistically signi cant for premium gasoline and diesel.
Event study analyses based on the same new methodology are also consistent with these
ndings for the competitive effects of entry and same-owner entry. Further details on the
methodology and results are provided in the appendix.

5.4 Interpretation

Our results show small but precisely estimated effects of competition on the retail prices
of gasoline and diesel. As discussed above, although our price effects are unlikely to
be particularly salient for consumers, they indicate potentially large effects of increased
competition on the pro tability of gasoline stations.

Our results are consistent with the existing literature about the effect of competition on
gasoline prices. Most of this literature nds small negative effects of competition on price
(Eckert, 2013). Hastings (2004) studies the effect on incumbent retailers of a reduction in
the number of independent competitors as the result of a merger. Although her original
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results are an order of magnitude larger than ours (a 4 percent increase in price from one
less competitor), a subsequent analysis of the merger using a different price dataset nds a
much smaller effect: the loss of a competitor increased prices by 0.3 percent (Taylor et al.,
2010). In a similar setting to ours, Bernardo (2018) uses the deregulation of entry in the
diesel market in Barcelona to study the effect of new entry on incumbents. Incumbents
exposed to new entry reduced their prices by 1.0 percent, with a 0.6 percent reduction for
each additional competitor. Finally, in Germany, Fischer et al. (2023) nd that a gas station
entry induces a 7 percent reduction in price margins, close to our estimate of a 6 percent
reduction in the retail price spread for regular gasoline.

Although our results for the effect of competition on prices are close in magnitude to
the previous gasoline market studies, they are small compared to several recent papers
that estimate the effect of competition in the grocery market. Busso and Galiani (2019)
use a randomized experiment to vary the number of competitors of small neighborhood
grocery stores in the Dominican Republic. An increase in the number of competitors
reduces incumbent prices by up to 6 percent, with the largest effects found for entry by
more than one rm. Also in a middle-income country context, Atkin et al. (2018) use the
entry of foreign supermarket chains, most notably Walmart, into the Mexican grocery
market to estimate the effect on the prices of existing rms. The rst foreign entry in a
market leads to a long-run reduction in the price of incumbents of 3 percent. This result
sharply contrasts with the results of Arcidiacono et al. (2020), who also study the effect of
Walmart entry on the prices of existing supermarkets, this time for the United States. They

nd no effect of Walmart entry on the incumbent prices.

What explains the difference between our results for gasoline and the Busso and Galiani
(2019) and Atkin et al. (2018) results for supermarkets? We rst note that gasoline retailing
is a lower margin business than food retailing. In the United States, the gross margin for
supermarkets in 2021 was 27 percent compared to 17 percent for gasoline stations (U.S.
Census Bureau, 2022). This difference was similar to that observed for Mexico in 2018, the
most recent year that data is available: 24.6 percent for food retailers and 13.2 percent for
gasoline retailers (INEGI, 2023a). Given the lower pro t margins in gasoline retailing, a
small reduction in the price of gasoline still translates into an economically meaningful
effect on pro ts.

The lower pro t margins in gasoline may re ect structural differences between the
gasoline and food retailing markets that increase the competitiveness of gasoline markets.
For example, price comparisons are simpler for gasoline consumers than for grocery
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purchasers. There are only three products and the prices of each are posted on a sign that
is visible without having to enter the store. In contrast, supermarkets sell thousands of
products, and consumers would have to enter multiple stores in order to compare their
prices. Moreover, from the viewpoint of the rm, menu costs are lower in gasoline, as it is
relatively cheap and simple to change prices. Because gasoline markets are already more
competitive, we might expect that the marginal effect of an additional competitor is likely

to be smaller.

One way to reconcile our results with the previous literature on grocery entry is by
differences in transportation costs (Ramos-Menchelli and Sverdlin-Lisker, 2022). Busso
and Galiani (2019) and Atkin et al. (2018) study settings in which most consumers do not
have their own car. Higher transportation costs reduce the effective market size, increasing
the market power of incumbent retailers and creating more scope for larger price reduc-
tions when a new competitor enters. For our gasoline retail setting, all customers have
their own transport, so the effective market size is larger than for food retail markets in
middle-income countries. By contrast, in the U.S. grocery markets studied by Arcidia-
cono et al. (2020), almost all consumers have their own car, so incumbents already faced
competitive pressure from other retailers that were located further away.

A novel contribution of our analysis is that we show that the entry of an additional
nearby station with the same owner has no effect on the incumbent price (Figure 5). The
existing papers on the effect of entry either do not consider the ownership of the entrant
(Busso and Galiani, 2019), or study settings in which all entrants are owned by a different

rm from the incumbents (Arcidiacono et al., 2020; Atkin et al., 2018). Conversely, the
papers studying the decrease in competition caused by a merger are unable to compare
their results to the change in competition due to the entry or exit of unrelated rms
(Hastings, 2004). Our results demonstrate how cross-ownership of nearby stations reduces
the competitiveness of gasoline markets. This nding implies that ownership structure is a
crucial input for merger and antitrust analysis in local retail markets.

6 The E ect of Competition on Quality

Table 3 reports difference-in-difference estimates for the three measures of service quality
discussed in Section 3.5. The unit of observation in these regressions is station-by-month
and all regressions include station and terminal-by-month xed effects. Overall, the results
for station quality are mixed, with considerably less statistical precision than the results
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Table 3: The effect of competition on station quality

Customer complaints Pump inspection Bathroom inspection
One or more Failed Failed
(1) (2) (3)
Stations within 3 minutes -0.008 -0.004 -0.018
(0.003) (0.010) (0.035)
Fixed effects
Station Y Y Y
Terminal-by-Month Y Y Y
Observations 513,031 43,224 12,856
Dep. variable mean 0.045 0.187 0.170
Number of stations:
Total 12,684 11,071 4,844
Entrants 565 1,076 487
Experienced entry 1,207 1,382 57

Notes: This table shows results for two-way xed effects regressions of quality measures on the number of nearby
competitors and station and terminal-by-month-of-sample xed effects. Each column shows a separate measure of
station quality (higher values correspond to lower quality). Column 1 shows results for an indicator variable for having

at least one complaint in the month. Column 2 shows the results for pump veri cation inspections. Column 3 shows
the results for bathroom inspections, where failure is considered to be an unclean bathroom or one with missing toilet
paper or soap. Columns 2 and 3 exclude station-by-month observations without inspections. The sample period for
complaints begins in July 2019, for pump inspections in 2017, and for bathroom inspections in October 2019. The sample
period for all three regressions ends in November 2022. Standard errors in all regressions are clustered by municipality.
Signi cance codes: ***: 0.005, **: 0.01, *: 0.05

for prices.

Column 1 shows that an additional nearby competitor reduces the probability of
receiving at least one customer complaint by 0.008. The baseline rate of complaints is
0.045 (i.e. 4.5% of stations receive at least one complaint in a given month), so this is an
18 percent decrease. Column 2 reports a point estimate of 0.004 indicating that one
additional nearby competitor reduces the probability of failing a pump inspection by 0.4
percent (i.e. less than 1 percent). The baseline failure rate is 18.7 percent, so this is a 2
percent decrease. Finally, column 3 shows that each additional nearby competitor reduces
the probability of failing a bathroom inspection by 0.018. The baseline failure rate for
this measure is 0.170 (17%), so this is an 11 percent decrease. Only the rst of these three
estimates is statistically signi cant at the 5% level.

The appendix includes additional results. Appendix Figure A3 provides event study
gures for all three measures. The event study gures tend not to show pre-existing trends,
but they also do not show de nitive visual evidence of a shift in service quality. Appendix
F shows our results for quality using the imputation estimator of Borusyak et al. (2024).
Using this alternative methodology, the estimate for customer complaints is larger in
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magnitude and remains statistically signi cant. The estimate for pump inspections is
larger in magnitude, but remains statistically insigni cant, and the estimate for bathroom
inspections changes sign and becomes less precisely estimated.

Our results suggest that quality, measured by customer complaints about chiquilitros,
increases as a result of greater competition. The magnitude of our complaints result is
larger than the results of Matsa (2011) for the effect of Walmart entry on stockout rates
of incumbent supermarkets. Using a similar empirical methodology to ours, he nds
that stockouts decline by 0.52 percentage points, or 12 percent of the mean, after entry by
Walmart into a market. For comparison, our results show a decline in complaints by 18-27
percent after an additional competitor enters.

Perhaps a surprising aspect of our results is that we nd a signi cant effect of compe-
tition on a seemingly unobservable component of quality (complaints about chiquilitros)
but not on an observable component of quality (bathroom cleanliness). This is the oppo-
site of what we might expect: if there are multiple dimensions of quality, an increase in
competition may cause rms to overproduce the observable component of quality and
underproduce the unobservable component (Dranove and Satterthwaite, 1992). One ex-
planation is that, given the ubiquity of concerns about chiquilitrosin the Mexican gasoline
market, consumers are more attentive to purchase and consumption quantities than in
other markets. Another possible explanation is that few drivers use station bathrooms so
this is not, in practice, an effective means of differentiation. Alternatively, bathroom clean-
liness may only matter for gasoline markets along highways rather than in metropolitan
areas.

An important caveat for our quality results is that we do not observe station volumes,
S0 we are unable to estimate the effect of increased competition on the number of customers
or quantities. We expect that an increase in the number of competitors will reduce the
number of customers per station. This reduction in customer traf ¢ could mechanically
lead to higher measured quality, even without a strategic response by the incumbent. For
example, if each customer has a xed probability of complaining after a station visit, then
fewer customers from increased competition could lead to fewer complaints. Similarly,
it may be easier to keep bathrooms cleaned and restocked with fewer customer visits.
Separating the mechanical effect of fewer customers from the strategic response by the
incumbent remains an open question for the literature on competition and quality.
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7 Conclusion

Given that a large share of household consumption occurs at small local retail establish-
ments, understanding the causes and consequences of market structure in retail industries
has important implications for consumer welfare. The theoretical literature in economics
on the effect of competition provides few de nitive answers. There may be too much entry
or too little entry, quality may be inef ciently high or inef ciently low, and competition

can decrease or even increase prices. Consequently, empirical work is required in multiple
settings to determine the characteristics of retail markets in which competition is most
likely bene cial.

We contribute to the empirical literature on the causal effect of competition using a
comprehensive panel dataset we compiled on the universe of gas stations in Mexico over
ve years. We exploit plausibly exogenous geographical and time variation in station
entry to identify the causal effects of the entry of competitors on the prices and quality of
incumbent stations. We nd that each additional nearby competitor leads to lower prices
for regular gasoline, premium gasoline, and diesel. We validate our results by showing
that effects are largest for the entry of closer stations and decline to zero for more distant
entrants, as measured by driving time along the road network. Moreover, we nd larger
effects for markets with fewer initial competitors. Our results for quality are less clear,
with suggestive evidence of improved service quality in some speci cations.

While our empirical estimates for the effect of competition on price are robust and
statistically signi cant, they are small in magnitude compared to the overall level of fuel
prices. This nding aligns with the earlier literature on competition in retail gasoline
markets, which typically relied on a small number of markets over a short period. How-
ever, our results point to a large negative effect of competition on the pro tability of gas
stations, given the low margins in gasoline retailing. The corollary of this result is that
anticompetitive behavior by rms may be highly pro table—but challenging to detect
if the price increases are small. A related novel contribution of our empirical work is
distinguishing between entries by stations with the same owner and with a different owner
to the incumbent. We nd that same-owner entry has no effect and, in some cases, even a
positive effect on incumbent prices. This result implies that ownership consolidation in
local retail markets, while often “below the radar” of antitrust authorities, can negatively
affect consumers.
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Appendix A Additional tables and figures referenced in paper
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——FOR ONLINE PUBLICATION——

Figure AlDistribution of the number of price changes per week, 2018 to 2022

Notes: Each histogram shows the distribution of the mean number of price changes per week per station, by re ned
product type and year-of-sample.
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——FOR ONLINE PUBLICATION——

Figure A2:Example of the bathroom conditions slide from the weekly presentation
on gasoline stations

Source: https://combustibles.profeco.gob.mx/qgpgasolina/2022/QQPGASOLINA_120522.pdf
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