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ABSTRACT

This dissertation is a conjunction of three essays on the Industrial Organization field, this

empirical work is applied to the Brazilian retail gasoline market. The first essay investigates

the existence of spillover effects from cartel activity. The second essay relates the well-known

economic puzzle of asymmetric cost pass through to prices with the existence of horizontal

coordination - cartels - in the relevant market. Finally, the third essay investigates the

effectiveness of antitrust interventions inside the offenders and the consequences of its

disclosure in related markets.

Keywords: Cartel, Cartel Spillover, Cost Pass Through Asymmetry, Disclosure of Antitrust

Enforcements.

JEL Classification: D22, L11, L41, L44 , L81.
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RESUMO

Esta tese é uma conjunção de três ensaios sobre no campo de organização industrial, o

trabalho empírico é aplicado ao mercado brasileiro de revenda de combustíveis, especificamente

gasolina. O primeiro ensaio investiga a existência de efeitos indiretos, repercussões para outros

mercados, resultantes da atividade do cartel. O segundo ensaio relaciona o conhecido tema

da literatura de repasse assimétrico de custos aos preços com a existência de coordenação

horizontal - cartéis - nos mercados em questão. Finalmente, o terceiro ensaio investiga a

eficácia das intervenções de defesa da concorrência dentre os infractores e as consequências da

sua divulgação em mercados relacionados.

Palavras-chave: Cartel, Efeitos Indiretos do Cartel, Assimetria de Transferência de Custos,

Divulgação de Intervenções Antitrust.
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CHAPTER 1

INTRODUCTION

The economic literature have extensively studied cartel agreements, how to prevent them,

how to screen and uncover them, how players actually sustain them. By and large, the

obstruction of competition caused by collusive agreements are seen as damaged to consumers

and as such are condemned by the competition authorities around the globe as a condemnation

per se, that is, if there is proof, no investigation is required, the condemnation is straightforward.

Nonetheless, cartels are still everywhere pervading the competitive market context. The

Brazilian antitrust agency have put a lot of effort into investigating and punishing cartels since

the mid-2000s, attacking the main source of complaints by consumers. More than 20% of the

complaints that arrive at the agency are related to cartel activity or the suspicion of such and the

retail gasoline market is by far the industry most called upon.

This dissertation is a conjunction of three essays on the Industrial Organization field which

we seek to study cartels and its consequences to the competitive environment where they

operate, pointing out market distortions yield by its activity. However, we do not focus solely

on the competitors that actually engaged in the offense. We attempt to look at its consequence

in a broader spacial range.

In order to address our research questions, we analyze data from the Brazilian retail gasoline

market, collected by the Brazilian National Petroleum Agency. Our data includes retail and

distribution prices at the retail pump level for a large sample of gasoline stations across Brazil’s

territory, from July 2001 to December 2011. During this period, many cases of cartel were

uncovered and examining the lawsuits we were able to merge the information contained in both

datasets, allowing us to assess the effect of cartel actions among members and other gas stations.

By studying the onset of cartels, in chapter 2, we investigate the existence and quantify

the impact of cartel agreements on pricing pattern not only within its members but also among

player outside the collusive agreement. Our results indicate that by interacting directly with

firms that are under a cartel agreement, non-collusive firms also increase the magnitude of

their prices as a result of direct Bertrand competition. The spillover effect from the cartel,
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however, is limited to firms that compete in the same market. It does not spread out to stations

located in nearby cities, which means that mutual distributors and commuters are insufficient

to generate any spillover effect of the cartel. The result is a direct effect from the Bertrand

competition model that predicts that firms taking part in the cartel set prices taking into account

their competitors strategies and have no incentive to deviate when playing an infinite Bertrand

game. Players in the vicinity - even if out of the cartel agreement - have no incentive to charge

prices equal to marginal cost either as they can have higher profit by charging just below the

cartel price. Thus, our results corroborate the common definition of the municipality as the

relevant market for the retail gasoline market.

Chapter 3 addresses a well-known puzzle in the economic literature that is the asymmetry of

cost pass through to prices. The empirical literature seem to contradict the classical theoretical

one, since the later states that prices should move symmetrically to accommodate cost increases

or decreases. In chapter 3 we provide an explanation for such asymmetry based on the existence

of cartel agreements preventing prices to move symmetrically. The knowledge of cartel activity

allows us to isolate price asymmetric behavior in cartelized from non-cartelized markets and

our results conclusively indicate that collusive agreements are responsible for the asymmetry of

cost pass through. We find strong evidence that retailers under collusion refrain from cutting

prices in response to a decrease in costs and would instead rely on current existing prices as a

focal point for coordination.

Following, in chapter 4, we assess the importance of antitrust enforcements as a deterrence

mechanism to future cartel-like prices. In fact, we go even further appraising the relevance of

the disclosure of the antitrust action among the offenders and also its spillover effects to other

submarkets. We look at firms that actively took part on cartel agreements as well as related

markets and investigate if firms react differently to publicly disclosed (dawn raids) as oppose to

private enclose (mail notifications) antitrust enforcements. We find that the deterrence effect of

a publicly displayed antitrust intervention is higher and immediate for the indicted stations but

it is also present among stations located in the same municipality and nearby cities that did not

partake on the offense. Additionally, stations seem to not care at all about the receipt of a mail

notification. We conclude that the public display of an intervention seem to have an important

role in preventing future cartel-like price behavior not only among offenders but also to set an

example to other possible offenders.

Finally, we present the conclusions for this dissertation in chapter 5.
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CHAPTER 2

CARTEL SPILLOVER: THE EFFECT OF CARTEL PROXIMITY ON PRICING

BEHAVIOR

Abstract

By studying the onset of cartels, we intend to test and quantify the impact of cartel

agreements on pricing pattern not only within its members but also among players outside the

collusive agreement. Using a large dataset from the Brazilian retail gasoline market, we look

at pricing behavior amid firms that actively took part on cartel agreements as well as related

markets. Our results indicate that by interacting directly with firms that are under a cartel

agreement, non-collusive firms also increase the magnitude of their prices as a result of direct

Bertrand competition. The spillover effect from the cartel, however, is limited to firms that

compete in the same market: mutual distributors and commuters are insufficient to generate

any spillover effect of the cartel. Our results also corroborate the common definition of the

municipality as the relevant market for the retail gasoline market.

1 Introduction

Collusive agreements have long been studied and pointed out as damaged to consumers.

The Brazilian antitrust agency have put a lot of effort into investigating and punishing cartels

since the mid-2000s, attacking the main source of complaints by consumers. More than 20% of

the complaints that arrive at the agency are related to cartel activity or the suspicion of one and

the retail gasoline market is by far the industry most called upon.

Cartel activity and the internal functioning of cartel agreements are often studied and a lot

is known based on extensive economic research. There is a large body of literature on cartel

screening; Harrington [2005], Abrantes-Metz et al. [2006] and Ellison [1994] among many

others suggest many different techniques on how to identify and uncover cartel activity. At

the same time, Porter and Zona [1993], Asker [2010], Clark and Houde [2014] analyze the

internal functioning of cartels and give detailed information on how cartels operate and how
3



they create incentives to sustain the agreement. In addition, influential theoretical and empirical

studies from Porter [1983], Green and Porter [1984], Rotemberg and Saloner [1986] and Ellison

[1994] have shown that large demand shocks impact cartel stability, duration and eventually can

lead to price wars. Yet, little is known about cartel’s development to related markets.

Our objective in this paper is to quantify the impact of cartel agreements on pricing not only

within, but also outside the collusive agreement by studying the onset of cartels. In order to

address our basic research question, we analyze data from the Brazilian retail gasoline market.

Our data includes retail and distribution prices at the retail pump level for a large sample of

gasoline stations across Brazil’s territory, from July 2001 to December 2011. During this period,

many cases of cartel were uncovered, therefore, active during this period.

In Brazil, retail gasoline prices are publicly displayed by law. The objective of this

regulation is to facilitate consumers’ search and prevent horizontal coordination. However, the

rule is faulty. If in the one hand it facilitates consumer search, in the other hand it also serves

as an information mechanism for cartel members to oversee the maintenance of the agreement.

The fact that undercutting is almost immediate, retaliation is instantaneous so it is more costly

to firms to incur in price cutting behavior, making collusion easier to sustain. It also favors

competitors strategy setting, when they are, in fact, competing.

Considering gasoline a homogeneous product and firms setting prices taking into account

an infinite Bertrand game, cartel members have no incentive to deviate so they play the cartel

(monopoly) price. In the meantime, players in the vicinity - even if out of the cartel agreement

- have no incentive to charge prices equal to marginal cost either as they can have higher profit

by charging just below the cartel price. In this scenario, the cartel agreements have impact not

only on cartel members, but also on firms in its relevant market.

In this study we want to test the existence of this spillover effect from the cartel and, if

existent, how far does it spread out. The above rationing is straight forward for stations in

the proximity of a cartel. Yet if we consider commuters and information passed along by

distributors, the effect of the cartel could be extrapolated to other related stations, causing the

cartel to have larger spillover effects. Whilst there are many paper studying cartels, and even

the effect of spillover from antitrust enforcements (Block and Feinstein [1986]), to the extent of

my acknowledge the spillover from the cartel activity has not been a topic of extensive study.

In the first part of the paper, we present the data and document the existence of a high retail

pricing pattern among cartels members. We corroborate the literature finding that the typical

feature of cartel behavior is to increase prices and margins, as well as to reduce price variance.
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Moreover, over the same period, we show that the higher prices and margins are not limited to

the cartel members but pass along to the other gas stations operating in the same market (same

municipality).

In the second part of the paper, we quantify the cartel effect whilst simultaneously testing

the existence of a spillover effect of the cartel on other markets.

Our results indicate that the spillover effect is restricted to stations inside the same

municipalities where the cartel took place, which confirm the result of the Bertrand game

and also the common definition of relevant market for the retail gasoline as the municipality.

No spillover effect was found among stations in nearby municipalities or elsewhere in the

State indicating that commuters and distributors are insufficient to influence the competitive

equilibrium of these markets.

2 The Data and The Market

The data used in this analysis comes from a weekly price survey conducted by the Brazilian

National Petroleum Agency (ANP, at the Brazilian acronym) called Sistema de Levantamento

de Preços (SLP). The agency surveys a sample of stations throughout the Brazilian territory

in order to monitor prices, covering 555 municipalities in Brazil, approximately 10% of the

municipalities in the country1. Our data comprises weekly data from July 2001 through

December 2011 (548 weeks).

The data corresponds to weekly gasoline prices at the gas-station level. Not all stations are

audited on a weekly basis, in fact the number of gas stations audited each week is previously

determined. The assortment of stations that will be audited each week is randomly assigned by

the Brazilian national agency, making the dataset an unbalanced panel. Note that the station’s

employees have no knowledge about which gas stations have been assigned until the agency’s

technician is at the designated stations.

It is important to mention that during the analyzed period sixteen cases of cartel activity

were uncovered in Brazil. Most were investigated by CADE (the Brazilian antitrust authority)

because of a previous criminal investigation by the local prosecutor authority. There has been

evidence of anti-competitive activity in Bauru (SP), the metropolitan area of Belo Horizonte

(MG), Caxias do Sul (RS), Cuiabá and Várzea Grande (MT), Goiânia (GO), Guaporé (RS), João

Pessoa (PB), Lages (SC), the metropolitan area of Londrina (PR), Manaus (AM), Natal (RN),

the metropolitan area of Recife (PE), Santa Maria (RS), Teresina (PI) and the metropolitan area

1Brazil has 5570 municipalities.
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of Vitória (ES). These cases were uncovered and then analyzed and in most cases condemned

by CADE2.

Among 5,285,052 observations compiled, 5,244,340 (99.23%)3 reported prices for gasoline.

Prices are reported in the national currency, the Reais. These gas stations had their prices

measured during 548 weeks (Jul/2001 through Dec/2011), covering on average 9,983.79 gas

stations per week (minimum of 1 and maximum of 12,685) and 555 municipalities, with 31,555

gas stations overall in the sample, 1,817 of which were part of a cartel at some point in time.

Each municipality had on average 66.52 gas stations audited each week (minimum of 1 and

maximum of 840), although that varies according to the size of the municipality as well as the

time within the survey. In the beginning, the survey had a much smaller scale than it has in the

more recent period.

The dataset contains information on prices of retail and acquisition of gasoline for each gas

station sampled. We will take the prices of which the retailer buys gasoline from the distributor

(the acquisition price) as a proxy for costs. We understand that there are many other costs related

to the operation of a gas station such as labor and rent but we believe this is the main cost. In

fact, this price represents, on average, 85.7% of the retail price (as indicated by table 2.1). That

is, with the acquisition price even if we do not know the exact cost function of the firm we

have the single most important variable cost of the business which is the price with which the

establishment acquires its main retail product. The cost data is not reported for every single data

entry. In this sample, 62.88% of the gas stations reported the price with which they acquired the

gasoline they were retailing4. From now on this price will be referred as the acquisition price.

The data also contains information on its location/address, company owner, and brand in

the case that the station is not independent and has a distributor associated with it. We paired

this dataset with the ANP registry of operating gas stations as a way to establish when this

gas station started/end its activity, so that we could compute the total number of gas stations

operating in each market. This pairing was also important to allow us to correct the stations

identifications, so we could follow the firm throughout the years. In fact, this is what makes

this dataset so unique. Whilst other studies use the same source of data, they either use the

2Goiania (GO) and Cuiabá and Várzea Grande (MT) were dismissed because of evidence contamination; João
Pessoa (PB), Natal (RN) and the metropolitan area of Belo Horizonte (MG) are still under investigation. In all
cases we consider the existence of the cartel because records of phone calls or documents give us strong belief that
there was a cartel operating in that market, and if the antitrust agency is unable to condemn the defendant, is due
to some judicial stratagem, that is, the cases were not dismissed on merits but on formal grounds.
30.77% are missing data.
4There is a topic in the literature arguing that there is an upper bias in the report of acquisition prices of gasoline,
pointing out that the stations that do not report are the ones paying the least. This would cause us to underestimate
the price margin as well as all estimates associated with it.

6



data as cross sections, or they use it as panel data but aggregated by municipality. We, on the

other hand, worked the raw data to be able to use it at the station-level and also in the panel

configuration, fixing each data entry’s identification and address according to ANP’s registry.

Finally, we obtain detailed information on each cartel case, including participants and

relevant dates, through the court files. We have the information of when, precisely, each gas

stations suffered an antitrust intervention and we will consider this the ending date of the

corresponding cartel. For the onset of the cartels, however, we use the earliest record of a

meeting or conversation between members, live or by phone, suggesting a price-fixing deal that

the lawsuit has records of. The period between these two dates will be considered the duration

time of each cartel for the purpose of this study. All other time periods will be considered off

cartel.

Figure 2.2 in the appendix presents the evolution of prices and costs for each municipality

where there has been a cartel case. To construct this figures we took the average of prices

and costs across all stations that took part in the cartel. The vertical lines are selected based

on information from the court documents. The solid red line is the date when the authority

intervened in the cartel, we assign this date as the end of the cartel. The dashed red line is

the first reported date of cartel activity according to the authority’s records. However, in our

empirical exercises, we also consider a few different longer windows of cartel activity extending

the initial date 4, 13 and 26 weeks pre-records - the equivalent of 1, 3 and 6 months, respectively.

In this study we focus our attention on the gas stations that were part of the collusive

agreement, and stations geographically connected to them. We consider the connection to be

stronger the closer the station is to the core of the cartel owing to the fact that retail gasoline

prices are publicly displayed so consumers (locals and commuters) can easily search prices and

purchase accordingly, but also due to sharing the same distributors, who may facilitate the flow

of information between stations, be it voluntarily or at the request of retailers. These stations

are observed for a large number of consecutive periods - despite the attrition - and experience

the same aggregate demand and cost shocks.

In what follows we will describe the variables that will be used as well as provide some

descriptive statistics of the sample.

2.1 Dependent Variables

Knowing that a typical feature of cartel behavior is to increase prices and margins, as well

as to reduce price variance, we will analyze the effect of a cartel on price levels, price margins
7



(we construct the price margin variable using our Cost variable which we will describe in the

following subsection) and price variance.

We also deflated all prices, that is, the retail and the acquisition prices. On the one hand,

Brazilian retail gasoline prices do not follow market inflation directly since they are controlled

by the government, this is also why crude oil prices cannot be used as a predictor of gasoline

prices in Brazil. On the other hand, we will be comparing different time periods, that is, period

with and without cartels, that are largely diffused along the over 10 years dataset we use.

Brazil has a long history of high inflation and from July 2001 to December 2011 inflation

was up to 80% in the consumer’s prices index (IPCA, for the Brazilian index). Prices of retail

and acquisition of gasoline increased during this period 65.6% and 63.2%, respectively.

Although we do not have data all the way through 2015, we deflated prices to September

2015 so that the magnitudes of the effects are up to date, during which inflation accumulated an

increase of 152% (from July 2001 to September 2015).

2.2 Independent Variables

We use the information contained in the court documents as well as other information

contained in the ANP data to create other relevant variables. We construct statistics on a weekly

basis, so we have information varying on periods before and after the implementation of the

cartel agreements.

For instance, we take the name of the defendants in each of the civil actions and we used

this information to create a dummy variable that define the group of stations that participated in

each of the collusive agreements - 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -, that is, the cartel members. There are cases in

which the union of gas stations was responsible for organizing and enforcing the cartel and, in

that case, we appointed as members of the cartel all gas stations that were part of the union at

the time of the cartel activity5.

We then compute three other dummies to define the other geographic variables of interest

which are all complementary to each other, such as: the variable 𝐺𝑀 includes all gas stations

located inside the market where the cartel took place - it can be one or more municipalities - but

that were out of the cartel agreement. These firms, expressed by the 𝐺𝑀 variable, are the ones

with the highest proximity to the collusive market. If there is indeed a spillover effect from the

cartel activity, these firms should capture the highest influence from the cartel without actually

participating in it.

5We obtained this information on the lawsuits through the list of gas stations affiliated to the union at the time of
cartel operation.
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Following, we compute the 𝐺𝑀𝑠𝑟 variable. The 𝐺𝑀𝑠𝑟 includes the gas stations that are

located in the same mesoregion6 as where the cartel took place, that is, all gas stations located in

nearby cities. We exclude the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 . Lastly, we compute

the 𝐺𝑆 variable which includes the gas stations that are located in the same State7 where the

cartel took place excluding the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 or 𝐺𝑀𝑠𝑟. Succinctly,

all stations located inside a State where a cartel took place will integrate one, and only one, of

these four variables/groups depending on their geographical proximity to the collusive market.

Although, the gas stations included in 𝐺𝑀𝑠𝑟 and 𝐺𝑆 are not directly connected to the cartel

firms since they are not even in the same municipality, we include them in our estimation to test

the hypothesis of how far does it go the spillover effect of the cartel. After all, they are supplied

mostly by the same distributors and also commuters may arbitrage these markets.

We also use the information contained in the lawsuits to estimate an approximate date of

cartel beginning; based on the records of a meeting between members, a phone call to fix prices,

etc. We do understand that the assignment of this date is less precise than the cartel ending, this

is why our main estimations do not consider the period before the first date mentioned in the

court files as control variables at all. As a robustness check to our results we test different

dates and control groups to make sure the omission of the exact date of cartel beginning do not

compromise our results8.

We use the information in the ANP data to construct our outcome variables as well as

measures of market structure at the municipality level. Specifically, we are interested in

measuring the total number of stations and the share of low branded or independent selling

stations9. We also construct measures of market structure in the gas station level such as:

dummies indicating the location of the gas station, i.e., if in a street, avenue, highway or

secondary road; a dummy variable indicating if the gas station is branded10 and dummies

indicating the eleven main brands operating nationally11.

6A mesoregion is a subdivision of the Brazilian states, grouping together various municipalities in proximity and
with common characteristics.
7Brazil is a federation composed by 26 states plus the Federal District.
8The cartel activity could have started before the dates reveled in the court files. In that case, the resulting control
period has higher average prices than it would if we knew the accurate commencement dates. Although not ideal,
this problem seems less important here because it would play against our results by weakening them.
9All brands except the ones that are part of Sindicom - the national union of fuel distributors - are considered
low brand stations in the context of this work, that means high branded are the ones associated to Sindicom and
independent stations are brand-less stations.
10The variable equal 1 to the gas stations that have any sort of brand associated with it and 0 to the independent
stations.
11These 11 dummies comprehend Ale, Air BP, BR Petrobras, Ipiranga, Chevron, Cosan, Esso, Repsol, Shell,
Texaco and Total
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Finally, we include as a control variable the marginal cost which is represented by the Cost

variable. Considering only 62.88% of the stations in the sample reported the acquisition price,

we input the weekly average of each municipality for the remaining stations. If no station in

that municipality reported an acquisition price for that week a missing value is assigned to that

entry. This could happen especially in small municipalities where fewer gas stations are audited

each week. We use this Cost variable to compute our margin outcome variable.

Table 2.1 provides descriptive statistics on the above mentioned variables for the whole

sample, whilst in table 2.2 we break down by on and off cartel activity for the subsample of

stations that ever participated in the offense and stations with geographical proximity to them.

The average price throughout the sampled period considering prices deflated for September

2015 is 401.65 cents, with 52.37 cents of which being the retailer margin, that is 13% of its

revenues12.

TABLE 2.1. Descriptive Statistics

Variable No Obs. Mean Std. Deviation Minimum Maximum

Price 5,244,340 401.65 36.76 211.33 632.03
Price Variance 5,241,373 113.12 127.89 0.00 9098.62
Margins 4,888,082 52.37 19.25 -313.23 356.62
Margins in p.p. 4,888,082 0.13 0.04 -0.79 0.79

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during Cartel) 5,244,340 0.008 0.09 0.00 1.00
𝐺𝑀 (during Cartel) 5,244,340 0.019 0.14 0.00 1.00
𝐺𝑀𝑠𝑟 (during Cartel) 5,244,340 0.010 0.10 0.00 1.00
𝐺𝑆 (during Cartel) 5,244,340 0.142 0.35 0.00 1.00

Acquisition price 3,323,350 350.29 28.22 89.83 707.90
Cost proxy 4,888,082 348.63 28.26 89.83 707.90
No stations in the market 5,244,340 63.58 115.92 0.00 809.00
No diff brands in the market 5,244,340 7.36 3.30 1.00 26.00
No stations branded in the market 5,244,340 44.35 75.66 0.00 520.00
Proportion of low brands and independents 5,235,449 0.46 0.39 0.00 42.00
Density of stations per municipality 5,235,449 0.46 0.39 0.00 42.00
Avenue (dummy) 5,244,340 0.34 0.47 0.00 1.00
Road (dummy 5,244,340 0.03 0.16 0.00 1.00
Highway (dummy) 5,244,340 0.13 0.33 0.00 1.00
Branded (dummy) 5,244,340 0.71 0.45 0.00 1.00

Note: All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.

Following we have each group variable (dummies). What calls our attention the most is

the fact that 𝐺𝑀 (during cartel) is almost twice the size of 𝐺𝑀𝑠𝑟 (during cartel), 1.87% versus

1.05% respectively, even though 𝐺𝑀𝑠𝑟 includes a much larger group of municipalities. This is

not surprising though, as we note that the municipalities where there were cartel agreements are

big cities (the biggest in their corresponding mesoregion) and so they include a higher number

12Note that this is margins before fixed costs.
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of stations. 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during cartel) represent only 0.85% of the sample points, although it is

not little when we consider it is 44,471 observation points.

Among the control variables we observe that, by construction, the number of observations

among the Cost variable is higher than the Acquisition price. As a result of our data imputation

we allowed an extra 1,564,732 observations to be used. There are on average 63.58 gas stations

per municipality and 7.36 different brands. A significant 45.6% of the stations are of low brands

or independent, that is, they are not part of a major gasoline brand. Just over 50% of the stations

are situated at streets (the base variable), followed by avenues with 34% and main roads and

highways with 13%. Approximately 30% of the market is constituted by independent stations,

as 70% are branded by either a high or low brand. Independent stations are known to increase

competition as they usually sell with lower retail prices, as shown by Hastings [2004]. The

objection is that they tend to sell lower quality fuel.

Table 2.2 displays the descriptive statistics for the period before and during the cartel

operation. As mentioned previously, cartels happened in different times throughout the ten

years analyzed, so the length of both periods, on and off cartel, are different for each cartel.

Table 2.2 also contains information on the outcome variables for the other submarkets.

Analyzing Panel A, we observe that the average price and margins are substantially higher

for stations during the cartel operation. Prices are, on average, 38 cents of Reais higher during

the agreement than off of it. Interesting to notice, though, that not all price increment is

converted into margin expansions as costs are also higher during the cartelized period. Still

margins are a staggering 24 cents higher which implies in an increment of over 50% in margins.

The fact that costs are higher (not statistically) during the period of cartel operation alludes to the

discussion that cartel’s emergence are endogenous and linked to a tougher market environment.

With respect to the other submarkets (Panels B, C and D), we observe that prices and

margins are higher for stations inside the municipality where the cartel took place and the

municipalities nearby (mesoregions), the opposite is true for stations located elsewhere in the

same State.

2.3 Comparing Gasoline Prices Before and During Cartel Activity

Following table 2.2, we show in this subsection price changes that occurred before and

during cartel activity for cartel members and stations inside the same municipalities.

In subfigure 2.1 (a) we present the distribution of prices taken across all cartel members for

the two periods: before the cartel operation (using the court documents date) and during cartel

operation. We also show the comparison of the distribution with the other stations inside the
11



TABLE 2.2. Descriptive Statistics - On and Off Cartel

Off (Before) On (during)

Variable No Obs. Mean Std. Deviation No Obs. Mean Std. Deviation

Panel A. Stations from the 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 group

Price 22,748 405.05 31.97 43,349 443.18 42.95
Price Variance 22,575 87.42 134.53 43,072 82.90 178.56
Margins 22,738 50.09 21.30 42,566 74.34 23.97
Margins in p.p. 22,738 0.12 0.05 42,566 0.16 0.04

Acquisition price 17,972 355.84 24.47 30,836 370.69 26.10
Cost proxy 22,738 354.95 24.52 42,566 369.62 27.05
No stations in the market 22,748 78.95 68.95 43,349 53.77 26.91
No diff brands in the market 22,748 8.97 1.92 43,349 7.36 2.17
No stations branded in the market 22,748 67.17 59.89 43,349 35.10 25.04
Proportion of low brands and independents 22,748 0.29 0.17 43,349 0.57 0.30
Density of stations per municipality 22,748 0.30 0.21 43,349 0.10 0.15
Avenue (dummy) 22,748 0.62 0.48 43,349 0.66 0.47
Road (dummy 22,748 0.01 0.10 43,349 0.01 0.11
Highway (dummy) 22,748 0.09 0.28 43,349 0.10 0.30
Branded (dummy) 22,748 0.89 0.32 43,349 0.64 0.48

Panel B. Stations from the 𝐺𝑀 group

Price 123,763 397.01 31.29 92,736 407.64 37.07
Price Variance 123,762 113.12 104.37 92,699 97.75 147.97
Margins 123,598 43.33 19.65 89,446 53.36 20.34
Margins in p.p. 123,598 0.11 0.04 89,446 0.13 0.04

Panel C. Stations from the 𝐺𝑀𝑠𝑟 group

Price 38,319 408.34 27.54 52,957 419.89 35.32
Price Variance 38,317 75.99 102.13 52,955 85.16 146.67
Margins 37,268 55.07 16.86 49,588 59.51 20.02
Margins in p.p. 37,268 0.13 0.04 49,588 0.14 0.04

Panel D. Stations from the 𝐺𝑆 group

Price 247,961 417.18 27.18 742,162 413.36 35.67
Price Variance 247,951 72.39 104.63 742,148 116.25 137.39
Margins 233,203 59.01 17.20 712,044 54.27 19.56
Margins in p.p. 233,203 0.14 0.04 712,044 0.13 0.04

Note: All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. We exclude cities, mesoregions and States with multiple cartels during
the sampled period because the definition of before and during (on and off) would be compromised.

same municipality but out of the cartel agreement, in subfigure (b). We observe a staggering

shift among cartel members, but we also observe a small movement in the distribution of prices

of the other stations inside the same municipality. In subfigure (c) we observe that even before

the cartel implementation, the stations that never took part in the cartel were charging prices

slightly below the ones that later would come to commit the offense.

We also perform mean tests comparing prices before and after (as seen on table 2.2) for each

group of stations as well as across them and we find average prices to be consistently different

over time (before and after the cartel implementation) and also over groups of stations.
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FIGURE 2.1. Price Distributions Before and During cartel Activity

(a) Cartel Members (b) Stations inside the municipality

(c) Before cartel activity (d) During cartel activity
All figures are in cents of Reais. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on
weekly basis. Weekly averages are taken across all gas stations.

3 Measuring the Impact of Cartel Spillover

Our objective in this paper is to quantify the impact of cartel spillover and implicit

information on retail price levels, margins and price variance. We do so by evaluating these

outcome variables on and off (before) cartel periods, and within submarkets with geographical

proximity to the cartelized market. We label this the indirect effect of cartel agreements.

There is no legal evidence of price coordination outside the stations directly involved in

the offense and the fact that station ownership in Brazil is typically local, in addition to the

separation of ownership between gasoline producers and retailers, allows us to measure the

spillover effect more accurately than in markets where production and retailing of gasoline are

owned by the same players, or when one or more players in one market have high insertion in

other markets.

We test the impact of cartel spillover in numerous ways in the next three subsections:

subsection 3.1 is a simple one difference analysis where we test each geographical niche
13



separately13. Following, we have our main estimation, subsection 3.2 where we test all

submarkets together. In both cases we discard the observations for the period before the cartel

allegedly started.

Allegedly, because this is the first record of a meeting or a phone call on the court

documents, but it does not necessarily mean that the cartel was not operating before that

without the knowledge of the authorities. Considering the period before this set date could

be contaminated by cartel activity, we discard it all together initially, this way we compare the

cartelized markets and submarkets with other stations in the Brazilian territory, that never took

part on a cartel agreement.

To mend this issue, in subsection 3.3 we perform four alternative exercises where we

assume: (i) the court dates are indeed the onset of the cartel and we use the period before

that as control observations, therefore performing a difference-in-difference analysis; we also

go back (ii) 4 weeks; (iii) 13 weeks, that is, 3 months; and (iv) 26 weeks, 6 months, prior to the

court documents dates thereby allowing the cartel to be functioning before the authorities start

their investigation. In all three cases we also perform a difference-in-difference analysis with

the corresponding period before as control observations14.

3.1 Simple Difference Analysis:

In this subsection we evaluate the effect of a cartel on our outcome variables for the stations

that took part on the offense as well as other geographically related markets. We employ a one

difference strategy in which we compare changes in prices, margins and price variance among

station during a cartel agreement. We estimate one equation for each market we are interested

on.

Because of the lack of precision to determine the onset of the cartel we do not consider the

period before the cartel in our basic estimation. We say it is a one difference analysis precisely

because for the interest groups - 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠, 𝐺𝑀 , 𝐺𝑀𝑠𝑟 and 𝐺𝑆 - we only use the period during

cartel operation. For the 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 regressions the base comparison group is all other stations

in the Brazilian territory. For the other submarkets - 𝐺𝑀 , 𝐺𝑀𝑠𝑟 and 𝐺𝑆 - we consider the base

13All other exercises described below are also performed by geographical niche separately and the results we
obtain are in line with the results presented for the main estimations presented in the paper, which regress all four
geographical niches jointly.
14It is important to mention that for the following regressions, presented in tables 2.3 and 2.4, we do not consider
the Teresina (PI) and Guapore and Caxias do Sul (RS) cases in the estimations because of the multiplicity of cartels
affecting these regions, causing a problem to establish the on and off cartel period in these cases since the pre-cartel
period for one case would be the post-cartel period for the other.
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comparison group all other stations except the ones that ever took part in a cartel agreement,

that is, we exclude the 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 group.

Table 2.3 presents the average outcome difference across the four groups during a collusive

agreement. Panel A shows the difference in outcomes for those groups when there is an active

cartel. Estimations use panel data and consider station and time fixed effects. Table 2.3 gives us

a first indication that prices and margins are greater during the cartel for the stations that took

part on the agreement and for those located inside the same municipalities. We also observe

lower price variance among cartel members.

TABLE 2.3. Effect of a Cartel onset for Cartel Members and other Submarkets,
Simple Difference

Price Price Margin Price Variance

A. Differences

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 24.212*** 25.613*** -89.655**
(7.332) (7.921) (39.058)

𝐺𝑀 9.431* 8.792* -37.455
(4.967) (5.332) (37.749)

𝐺𝑀𝑠𝑟 5.397 4.918 11.647
(5.848) (4.929) (13.513)

𝐺𝑆 1.930* -0.624 10.361
(1.022) (0.775) (9.993)

B. Testing the Equality of the Differences:

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀 14.781 16.821 -52.200
* *

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀𝑠𝑟 18.815 20.695 -101.302
** ** **

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑆 22.282 26.237 -100.016
*** *** **

𝐺𝑀 −𝐺𝑀𝑠𝑟 4.034 3.874 -49.102

𝐺𝑀 −𝐺𝑆 7.501 9.416 -47.816
*

𝐺𝑀𝑠𝑟 −𝐺𝑆 3.467 5.542 1.286

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

Results indicate that prices and margins for cartel member stations are 24.2 and 25.6 cents

of Reais higher, respectively, and price variance is lower during cartel operation compared to

all other stations. Stations operating in the same market as the collusive stations also practice

price levels and margins 9.4 and 8.8 cents higher than the overall market, respectively.

Panel B tests the equality of the coefficients. Based on the results presented on table 2.3, we

have that estimates for cartel members tend to be distinct from the other submarkets, but even

though the stations inside the municipalities are also affected (as seen from Panel A), they are
15



not quite different from the other stations being considered. The same can be said about prices

for 𝐺𝑆 that present a small but significant increment, according to panel A.

Table 2.3 confirms the well-known result that cartel agreements increase prices and margins

and reduce price variances among its members. It also shows that the effect is not limited to the

firms that take part in the cartel, but there is a spillover effect in prices and margins to stations

situated in the same municipalities.

3.2 Regression Analysis:

In this subsection we perform an econometric analysis to disentangle the changes that are

due to the binding cartel agreement from those that were driven by market structure changes.

Also, to better approach our research question, we estimate all geographical niches together in

such a way that the control group is all the other stations out of the State where the collusion

was taking place, that is, all other stations in the Brazilian territory that were out of a cartel

agreement. Our proposed specification is:

𝑌𝑖𝑡 = 𝛽0 + 𝛽1 * 𝐼(𝑖 ∈ 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠) * 𝜏 + 𝛽2 * 𝐼(𝑖 ∈ 𝐺𝑀) * 𝜏 + 𝛽3 * 𝐼(𝑖 ∈ 𝐺𝑀𝑠𝑟) * 𝜏

+𝛽4 * 𝐼(𝑖 ∈ 𝐺𝑆) * 𝜏 + 𝛾𝑍𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡(2.1)

where 𝑌𝑖𝑡 is the outcome variables (price levels, margins or price variance) for station 𝑖 in

week 𝑡, I(·) is an indicator function that recalls each one of the appointed groups - 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠,

𝐺𝑀 , 𝐺𝑀𝑠𝑟 and 𝐺𝑆 and 𝜏 = 1 if cartel is operating and zero otherwise. 𝜇𝑖 is a station fixed

effect, 𝛿𝑡 is a time fixed effect set in weeks, 𝑍𝑖𝑡 is a vector of time-varying market structure as

described in the previous section, 𝜖𝑖𝑡 is the error term. We compute the described model using

panel data with gas station and time fixed effects.

The parameter 𝛽1 captures the effect of the cartel agreement among the stations that in

fact took part in the offense, 𝛽2 represents the effect on the stations that are part of the same

competitive market but do not partake in the collusion, the stations that are actually operating

in the same municipalities, while 𝛽3 captures the effect of the cartel on stations in nearby

municipalities and finally 𝛽4 captures the effect on the other stations located elsewhere in the

same State.

In this exercise, we continue to consider only the group observations for the period whilst

the cartel are active. We discard all information before the first date in the court documents that

evidence the existence of the cartel as well as all observations following the intervention of the

antitrust authority. We assume that once there is an intervention the collusive agreement ends,
16



that is, the cartel is dismembered. This way we know that during this period the cartel was

active and we do not contaminate our control group with a potential cartelized period. We will

come back to this shortly in the next subsection.

Results from the estimation of equation 2.1 are presented in table 2.4. We measure the

direct effect (effect on the Members) of a cartel on prices and margins to be approximate 25

cents per liter. All prices are measured in cents of local currency (Reais). Regarding the other

groups of interest, for the most part we find that the cartel activity has no spillover effects on

other submarkets with the exception of prices on stations located inside the same city. We do

find an economical and statistical increase in prices among the stations that compete within the

same market as the cartelized stations. Our estimates suggest this indirect effect of the cartel on

prices to be, on average, an increase of 10.15 cents per liter.

TABLE 2.4. Effect of a Cartel on Price Levels, Margins and Variance

Price Level Price Margin Price Variance

(1) (2) (1) (2) (1) (2)

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 25.836*** 25.340*** 24.680*** 24.733*** -113.572** -112.185**
(8.386) (8.292) (8.056) (8.038) (47.001) (46.722)

𝐺𝑀 10.152* 9.196* 8.320 8.468 -38.799 -37.239
(5.187) (5.215) (5.311) (5.283) (38.789) (36.679)

𝐺𝑀𝑠𝑟 3.511 3.602 3.588 3.672 15.396 12.440
(5.076) (4.559) (4.516) (4.457) (13.800) (14.653)

𝐺𝑆 1.657 0.306 -0.449 -0.765 11.187 14.730
(1.176) (1.022) (0.885) (0.922) (10.618) (11.323)

controls no yes no yes no yes
station FE yes yes yes yes yes yes
time FE yes yes yes yes yes yes

Constant 383.344*** 204.144*** 52.184*** 52.986*** 94.093*** 436.136***
(2.206) (13.641) (2.167) (2.495) (24.202) (71.366)

Observations 1,976,412 1,790,808 1,792,652 1,790,808 1,975,183 1,790,259
R-squared 0.766 0.797 0.118 0.120 0.046 0.068
Number of cod_id 19,452 19,312 19,312 19,312 19,446 19,307

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
The full table is presented in appendix 2.8.

The existence of this indirect effect comes as no surprise given that by competing in the

same market, prices are a complementary strategy for player playing a Bertrand game: each

station’s best strategy is to charge higher prices if its competitor is also charging higher prices.

Finally, when we compare the coefficients on table 2.5 we find that the coefficients for

our outcome variables on cartel members are statistically different than the other submarkets’.

However, we find that even though players inside the same market present an economical and
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TABLE 2.5. Tests of the difference in coefficients for the Effect of a Cartel

Price Level Price Margin Price Variance

(1) (2) (1) (2) (1) (2)

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀 15.684 16.144 16.36 16.265 -74.773 -74.946
*** *** *** ***

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀𝑠𝑟 22.325 21.738 21.092 21.061 -128.968 -124.625
** ** ** ** *** **

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑆 24.179 25.034 25.129 25.498 -124.759 -126.915
*** *** *** *** ** **

𝐺𝑀 −𝐺𝑀𝑠𝑟 6.641 5.594 4.732 4.796 -54.195 -49.679

𝐺𝑀 −𝐺𝑆 8.495 8.89 8.769 9.233 -49.986 -51.969

𝐺𝑀𝑠𝑟 −𝐺𝑆 1.854 3.296 4.037 4.437 4.209 -2.29

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

statistical spillover effect of cartel on prices, as seen on table 2.4, the effect cannot be said to be

different than the non-significant effect of the other submarkets.

Broadly, we see that results from table 2.4 are very similar to table 2.3. Adding market

structure and estimating all groups together have not changed our results significantly.

Overall, our results suggest that by interacting directly with firms that are under a cartel

agreement, non-collusive firms also increase the magnitude of their prices as a result of direct

Bertrand competition. The spillover effect of the cartel, however, is limited to firms that compete

in the same market. Mutual distributors and commuters are insufficient to generate this spillover

effect.

3.3 Robustness Check:

In this subsection we perform a difference-in-difference analysis considering four different

periods of cartel operation15. First we consider the period described in the court documents, but

instead of discarding the observations for the period before the supposed onset of the cartel (as

we did in the previous subsection), we consider it as off cartel period. This way we can perform

the double difference estimation. Following, we test for three additional windows allowing for

the cartels to have started before the date the authorities began their investigation.

Table 2.6 report our estimated results using panel data with gas station and week fixed

effects. We observe from panel A that for all cartel operation windows, prices are higher for

cartel members and stations located in the same municipalities, the magnitude, however, is

15All previous exercises disregarded the period before and after the cartel. The period before because we argued it
could be contaminated by active cartel operation; the period after because stations suffered an antitrust enforcement
and could be behaving accordingly.

18



about half what we estimated on table 2.4. Panel B and C display the results for price margins

and variance, respectively. As seen in table 2.4, margins are still significantly higher for cartel

members but not other operating stations. However, the same can not be said about price

variance that are no longer significantly smaller for cartel member.

When we compare and test the difference of the estimated coefficients on table 2.7 we

find the coefficients for prices and margins on cartel members to be statistically different than

stations in the same municipality and elsewhere in the State, but not when contrasted to stations

in nearby municipalities. The effect seems the same among all other stations analyzed except

for prices for stations inside the same municipality that are consistently higher than for stations

elsewhere in the State.

Despite some differences concerning the stations inside the mesoregion, the results

emerging from the robustness exercises tend to confirm our main result that the effect of a

cartel agreement is strongly restricted to stations that took part in the offense and have a small

but significant effect on prices among stations operating in the same municipality. That is, the

cartel has a spillover effect limited to increasing prices in station competing inside the same

relevant market.

4 Conclusion

In this paper, we intended to test the existence of cartel spillover effect, and if existent,

how far does it spread out. Our objective in this paper was to quantify the impact of cartel

agreements on pricing patterns not only within the members of the collusive agreement but also

among players outside of it by investigating price behavior on related markets.

We investigated if the existence of an operating cartel in a market has any effect on price

levels, price margins and price variance in other nearby and related retail gasoline stations. We

believe our dataset is particularly apt to study this research question because we have multiple

cases of price fixing cartels in the retail gasoline market in Brazil for which we have extensive

information based on court documents and the national petroleum agency’s data. In addition,

the separation of ownership in Brazil between gasoline producers and retailers allows us to

separate and measure the spillover effect more accurately than in markets where production and

retailing of gasoline are owned by the same players.

Overall, we confirm the established pattern of higher price levels and margins, and lower

price variance for cartel members. More importantly, our results suggest that by interacting

directly with firms that are under a cartel agreement, non-collusive firms also increase the

magnitude of their prices as a result of direct Bertrand competition. The spillover effect of
19



TABLE 2.6. Robustness Check: Effect of a Cartel on Price Levels, Margins and
Variance

Court docs date 4 weeks prior 13 weeks prior 26 weeks prior

A: Price Level

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 13.907** 13.859** 13.775** 13.394**
(6.349) (6.302) (6.252) (6.278)

𝐺𝑀 3.397** 3.198** 3.161** 2.880*
(1.501) (1.469) (1.446) (1.472)

𝐺𝑀𝑠𝑟 4.425 4.210 3.825 3.040
(3.024) (3.129) (3.385) (3.713)

𝐺𝑆 -0.511 -0.554 -0.590 -0.390
(1.027) (1.023) (1.045) (1.056)

controls yes yes yes yes
station FE yes yes yes yes
time FE yes yes yes yes

Constant 206.542*** 206.520*** 206.496*** 206.396***
(11.671) (11.672) (11.672) (11.675)

Observations 2,298,131 2,298,190 2,298,190 2,298,190
R-squared 0.787 0.787 0.787 0.787
Number of cod_id 20,621 20,621 20,621 20,621

B: Price Margins

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 11.418* 11.360* 11.248* 10.836*
(6.562) (6.515) (6.469) (6.498)

𝐺𝑀 0.793 0.614 0.555 0.275
(1.669) (1.610) (1.570) (1.618)

𝐺𝑀𝑠𝑟 3.411 3.152 2.723 1.842
(2.807) (2.902) (3.108) (3.353)

𝐺𝑆 -0.831 -0.912 -1.033 -1.008
(1.001) (0.991) (1.009) (1.029)

controls yes yes yes yes
station FE yes yes yes yes
time FE yes yes yes yes

Constant 50.978*** 51.018*** 51.050*** 51.121***
(1.720) (1.723) (1.719) (1.717)

Observations 2,298,131 2,298,190 2,298,190 2,298,190
R-squared 0.123 0.123 0.123 0.123
Number of cod_id 20,621 20,621 20,621 20,621

C: Price Variance

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -12.164 -12.534 -11.838 -11.731
(23.416) (23.105) (23.004) (22.923)

𝐺𝑀 5.205 6.894 8.355 8.826
(12.978) (12.964) (12.760) (12.702)

𝐺𝑀𝑠𝑟 -31.664** -31.965*** -30.606** -30.828**
(12.256) (12.084) (12.350) (12.271)

𝐺𝑆 -4.523 -3.579 -1.799 -1.435
(7.946) (7.948) (7.796) (7.869)

controls yes yes yes yes
station FE yes yes yes yes
time FE yes yes yes yes

Constant 497.272 325.672 344.870 334.518
(.) (.) (.) (.)

Observations 2,297,415 2,297,474 2,297,474 2,297,474
R-squared 0.065 0.065 0.065 0.065
Number of cod_id 20,616 20,616 20,616 20,616

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
The full table is presented in appendix 2.9. 20



TABLE 2.7. Robustness Check: Tests of the difference in coefficients for the
Effect of a Cartel

Court docs date 4 weeks prior 13 weeks prior 26 weeks prior

Price Level

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀 10.51 10.661 10.614 10.514
** ** ** **

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀𝑠𝑟 9.482 9.649 9.95 10.354

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑆 14.418 14.413 14.365 13.784
** ** ** **

𝐺𝑀 −𝐺𝑀𝑠𝑟 -1.028 -1.012 -0.664 -0.16

𝐺𝑀 −𝐺𝑆 3.908 3.752 3.751 3.27
** ** ** **

𝐺𝑀𝑠𝑟 −𝐺𝑆 4.936 4.764 4.415 3.43

Price Margins

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀 10.625 10.746 10.693 10.561
* ** ** *

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀𝑠𝑟 8.007 8.208 8.525 8.994

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑆 12.249 12.272 12.281 11.844
* * * *

𝐺𝑀 −𝐺𝑀𝑠𝑟 -2.618 -2.538 -2.168 -1.567

𝐺𝑀 −𝐺𝑆 1.624 1.526 1.588 1.283

𝐺𝑀𝑠𝑟 −𝐺𝑆 4.242 4.064 3.756 2.85

Price Variance

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀 -17.369 -19.428 -20.193 -20.557

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑀𝑠𝑟 19.5 19.431 18.768 19.097

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 −𝐺𝑆 -7.641 -8.955 -10.039 -10.296

𝐺𝑀 −𝐺𝑀𝑠𝑟 36.869 38.859 38.961 39.654
** ** ** **

𝐺𝑀 −𝐺𝑆 9.728 10.473 10.154 10.261

𝐺𝑀𝑠𝑟 −𝐺𝑆 -27.141 -28.386 -28.807 -29.393
** ** ** **

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

the cartel, however, is limited to firms that compete in the same market. Mutual distributors

and commuters are insufficient to generate any spillover effect of the cartel. Our results also

corroborate the common definition of the municipality as the relevant market in the retail

gasoline market.

In terms of magnitudes, a cartel increases prices among members, on average, 26 cents of

Reais per liter compared to the national average. The spillover effect among stations in the

same municipalities is much smaller, enhancing prices, on average, 9 cents per liter above the
21



national average. No spillover effect is observed on margins or price variance, or in stations in

other related markets.
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5 Appendix

FIGURE 2.2. Evolution of prices and costs for Cartelized stations

(a) Manaus (b) Teresina

(c) Recife (d) Joao Pessoa

(e) Natal (f) Goiania
All figures are in cents of Reais. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on
weekly basis. Weekly averages are taken across all gas stations.

23



Continued from previous page

(g) Cuiaba (h) Varzea Grande

(i) Belo Horizonte (j) Vitoria

(k) Bauru (l) Londrina

(m) Santa Maria (n) Caxias do Sul
All figures are in cents of Reais. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on
weekly basis. Weekly averages are taken across all gas stations.



TABLE 2.8. Effect of a Cartel on Price Levels, Margins and Variance (complete)

Price Level Price Margin Price Variance

(1) (2) (1) (2) (1) (2)

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 25.836*** 25.340*** -113.572** -112.185** 24.680*** 24.733***
(8.386) (8.292) (47.001) (46.722) (8.056) (8.038)

𝐺𝑀 10.152* 9.196* -38.799 -37.239 8.320 8.468
(5.187) (5.215) (38.789) (36.679) (5.311) (5.283)

𝐺𝑀𝑠𝑟 3.511 3.602 15.396 12.440 3.588 3.672
(5.076) (4.559) (13.800) (14.653) (4.516) (4.457)

𝐺𝑆 1.657 0.306 11.187 14.730 -0.449 -0.765
(1.176) (1.022) (10.618) (11.323) (0.885) (0.922)

Cost Proxy 0.539*** -1.079***
(0.040) (0.188)

No stations in the market -0.053** 0.165 -0.058**
(0.021) (0.122) (0.024)

No diff brands in the market 0.082 2.352 0.073
(0.228) (1.496) (0.207)

No stations branded in the market 0.039 -0.307 0.067**
(0.024) (0.226) (0.027)

Proportion of low brands and independents -0.436 2.745 0.016
(0.403) (2.838) (0.329)

Density of stations per municipality 3.141 12.925 -6.829
(10.858) (58.721) (8.345)

Branded (dummy) 0.075 1.872 -0.642
(0.547) (3.162) (0.487)

Ale brand 1.051 0.162 0.441
(0.869) (4.872) (0.844)

BP brand -2.848 -11.133 -4.662
(3.341) (12.147) (3.151)

BR brand -0.005 -2.326 0.050
(0.733) (3.512) (0.682)

Ipiranga brand 0.678 -4.150 0.435
(0.597) (3.549) (0.568)

Chevron brand 0.654 -9.256 0.629
(0.849) (6.098) (0.800)

Cosan brand 1.538 4.272 0.817
(0.957) (5.899) (0.935)

Esso brand -1.579*** 3.891 -1.686***
(0.552) (3.195) (0.548)

Repsol brand -0.582 1.749 -1.308
(1.120) (11.364) (1.087)

Shell brand 1.277 -4.636 1.004
(1.422) (7.523) (1.278)

Texaco brand 0.579 0.764 0.558
(0.713) (4.450) (0.692)

Total brand 0.656 -7.324 1.278
(1.396) (4.947) (1.319)

station FE yes yes yes yes yes yes
time FE yes yes yes yes yes yes

Constant 383.344*** 204.144*** 94.093*** 436.136*** 52.184*** 52.986***
(2.206) (13.641) (24.202) (71.366) (2.167) (2.495)

Observations 1,976,412 1,790,808 1,975,183 1,790,259 1,792,652 1,790,808
R-squared 0.766 0.797 0.046 0.068 0.118 0.120
Number of cod_id 19,452 19,312 19,446 19,307 19,312 19,312

.

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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TABLE 2.9. Robustness Check: Effect of a Cartel on Price Levels, Margins and
Variance (complete)

Court docs date 4 weeks prior 13 weeks prior 26 weeks prior

A: Price Level

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 13.907** 13.859** 13.775** 13.394**
(6.349) (6.302) (6.252) (6.278)

𝐺𝑀 3.397** 3.198** 3.161** 2.880*
(1.501) (1.469) (1.446) (1.472)

𝐺𝑀𝑠𝑟 4.425 4.210 3.825 3.040
(3.024) (3.129) (3.385) (3.713)

𝐺𝑆 -0.511 -0.554 -0.590 -0.390
(1.027) (1.023) (1.045) (1.056)

Cost Proxy 0.521*** 0.521*** 0.521*** 0.522***
(0.035) (0.035) (0.035) (0.035)

No stations in the market -0.031 -0.032 -0.032 -0.032
(0.024) (0.024) (0.023) (0.023)

No diff brands in the market 0.177 0.177 0.180 0.178
(0.207) (0.206) (0.205) (0.205)

No stations branded in the market 0.014 0.015 0.015 0.015
(0.027) (0.027) (0.027) (0.027)

Proportion of low brands and independents -0.388 -0.390 -0.397 -0.397
(0.409) (0.410) (0.413) (0.414)

Density of stations per municipality 3.599 3.456 3.443 3.189
(6.851) (6.861) (6.868) (6.890)

Branded (dummy) -0.066 -0.067 -0.060 -0.058
(0.426) (0.426) (0.426) (0.427)

Ale brand 1.407** 1.407** 1.403** 1.392**
(0.589) (0.589) (0.589) (0.589)

BP brand -0.880 -0.879 -0.892 -0.901
(3.044) (3.045) (3.048) (3.050)

BR brand 0.088 0.093 0.097 0.098
(0.580) (0.580) (0.580) (0.581)

Ipiranga brand 0.918* 0.925* 0.932* 0.939*
(0.500) (0.499) (0.498) (0.498)

Chevron brand 0.473 0.482 0.486 0.496
(0.787) (0.786) (0.785) (0.785)

Cosan brand 1.957** 1.961** 1.954** 1.944**
(0.913) (0.913) (0.915) (0.916)

Esso brand -1.272** -1.269** -1.271** -1.269**
(0.532) (0.532) (0.533) (0.532)

Repsol brand 0.164 0.160 0.152 0.153
(1.038) (1.037) (1.037) (1.037)

Shell brand 0.967 0.968 0.969 0.974
(1.186) (1.186) (1.185) (1.185)

Texaco brand 0.592 0.596 0.599 0.604
(0.627) (0.626) (0.625) (0.624)

Total brand 0.793 0.830 0.841 0.795
(1.279) (1.276) (1.275) (1.289)

station FE yes yes yes yes
time FE yes yes yes yes

Constant 206.542*** 206.520*** 206.496*** 206.396***
(11.671) (11.672) (11.672) (11.675)

Observations 2,298,131 2,298,190 2,298,190 2,298,190
R-squared 0.787 0.787 0.787 0.787
Number of cod_id 20,621 20,621 20,621 20,621

.

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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Court docs date 4 weeks prior 13 weeks prior 26 weeks prior

B: Price Margin

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 11.418* 11.360* 11.248* 10.836*
(6.562) (6.515) (6.469) (6.498)

𝐺𝑀 0.793 0.614 0.555 0.275
(1.669) (1.610) (1.570) (1.618)

𝐺𝑀𝑠𝑟 3.411 3.152 2.723 1.842
(2.807) (2.902) (3.108) (3.353)

𝐺𝑆 -0.831 -0.912 -1.033 -1.008
(1.001) (0.991) (1.009) (1.029)

No stations in the market -0.042 -0.042 -0.042 -0.042
(0.030) (0.030) (0.030) (0.030)

No diff brands in the market 0.166 0.165 0.166 0.162
(0.180) (0.179) (0.179) (0.178)

No stations branded in the market 0.040 0.040 0.041 0.042
(0.035) (0.035) (0.035) (0.035)

Proportion of low brands and independents 0.122 0.120 0.115 0.114
(0.376) (0.376) (0.375) (0.376)

Density of stations per municipality -1.807 -1.950 -2.011 -2.288
(5.325) (5.320) (5.324) (5.329)

Branded (dummy) -0.781** -0.781** -0.777* -0.777*
(0.396) (0.396) (0.396) (0.396)

Ale brand 0.948 0.946 0.938 0.922
(0.604) (0.604) (0.604) (0.603)

BP brand -0.692 -0.686 -0.688 -0.692
(3.836) (3.834) (3.827) (3.823)

BR brand 0.251 0.257 0.260 0.262
(0.551) (0.552) (0.552) (0.552)

Ipiranga brand 0.622 0.629 0.634 0.637
(0.491) (0.490) (0.490) (0.490)

Chevron brand 0.341 0.348 0.352 0.360
(0.751) (0.750) (0.750) (0.749)

Cosan brand 0.911 0.916 0.911 0.905
(0.920) (0.920) (0.920) (0.921)

Esso brand -1.522*** -1.517*** -1.517*** -1.512***
(0.541) (0.541) (0.542) (0.542)

Repsol brand -0.217 -0.221 -0.231 -0.241
(1.031) (1.030) (1.029) (1.030)

Shell brand 0.671 0.670 0.668 0.668
(1.067) (1.066) (1.066) (1.065)

Texaco brand 0.525 0.531 0.536 0.543
(0.625) (0.625) (0.624) (0.623)

Total brand 1.164 1.196 1.207 1.189
(1.325) (1.321) (1.320) (1.325)

station FE yes yes yes yes
time FE yes yes yes yes

Constant 50.978*** 51.018*** 51.050*** 51.121***
(1.720) (1.723) (1.719) (1.717)

Observations 2,298,131 2,298,190 2,298,190 2,298,190
R-squared 0.123 0.123 0.123 0.123
Number of cod_id 20,621 20,621 20,621 20,621

.

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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Court docs date 4 weeks prior 13 weeks prior 26 weeks prior

C: Price Variance

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -12.164 -12.534 -11.838 -11.731
(23.416) (23.105) (23.004) (22.923)

𝐺𝑀 5.205 6.894 8.355 8.826
(12.978) (12.964) (12.760) (12.702)

𝐺𝑀𝑠𝑟 -31.664** -31.965*** -30.606** -30.828**
(12.256) (12.084) (12.350) (12.271)

𝐺𝑆 -4.523 -3.579 -1.799 -1.435
(7.946) (7.948) (7.796) (7.869)

Cost Proxy -1.083*** -1.084*** -1.085*** -1.085***
(0.161) (0.161) (0.161) (0.161)

No stations in the market 0.203* 0.204* 0.206* 0.206*
(0.121) (0.122) (0.122) (0.123)

No diff brands in the market 2.742** 2.743** 2.730** 2.706**
(1.326) (1.322) (1.322) (1.322)

No stations branded in the market -0.400* -0.403* -0.408* -0.409*
(0.237) (0.237) (0.238) (0.239)

Proportion of low brands and independents 2.988 3.014 3.084 3.107
(2.843) (2.861) (2.895) (2.911)

Density of stations per municipality 36.581 37.597 38.920 39.328
(48.804) (48.215) (48.185) (48.231)

Branded (dummy) 1.346 1.344 1.308 1.269
(2.549) (2.548) (2.551) (2.551)

Ale brand 3.826 3.780 3.735 3.681
(5.525) (5.536) (5.547) (5.551)

BP brand -23.330 -23.428 -23.542* -23.528*
(14.319) (14.312) (14.268) (14.257)

BR brand -2.882 -2.915 -2.960 -2.979
(2.676) (2.679) (2.682) (2.682)

Ipiranga brand -2.135 -2.180 -2.223 -2.248
(3.147) (3.149) (3.151) (3.145)

Chevron brand -6.318 -6.358 -6.409 -6.406
(5.746) (5.735) (5.725) (5.717)

Cosan brand 4.395 4.308 4.242 4.219
(5.472) (5.472) (5.471) (5.471)

Esso brand 2.643 2.615 2.574 2.557
(2.779) (2.781) (2.786) (2.787)

Repsol brand -4.255 -4.244 -4.193 -4.156
(9.140) (9.139) (9.134) (9.130)

Shell brand -3.499 -3.469 -3.399 -3.356
(6.109) (6.109) (6.108) (6.106)

Texaco brand 1.233 1.198 1.134 1.114
(3.525) (3.530) (3.536) (3.540)

Total brand -3.931 -3.986 -3.957 -3.985
(4.597) (4.578) (4.585) (4.577)

station FE yes yes yes yes
time FE yes yes yes yes

Constant 497.272 325.672 344.870 334.518
(.) (.) (.) (.)

Observations 2,297,415 2,297,474 2,297,474 2,297,474
R-squared 0.065 0.065 0.065 0.065
Number of cod_id 20,616 20,616 20,616 20,616

.

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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CHAPTER 3

COST PASS THROUGH: DOES COLLUSION POTENTIATE PRICE ASYMMETRY?

Abstract

Consumers perceive that the prices they pay reflect input price increases more quickly than

price decreases. Contrary to this perception, classic economic theory states that prices should

move symmetrically to accommodate cost increases or decreases. Our aim in this paper is

to precisely test if collusive agreements are the mechanisms generating the price asymmetries

that consumer perceive and economic theory fails to explain. We do this by investigating the

behavior of costs pass through in the Brazilian retail gasoline market with prior knowledge

of which markets had a cartel in existence, using a unique long panel of station-level data

and law court documents. This allows us to isolate price asymmetric behavior in cartelized

from non-cartalized markets. Our results conclusively indicate that collusive agreements are

responsible for the asymmetry of cost pass through. We find evidence that retailers under

collusion refrain from cutting prices in response to a decrease in costs and would instead rely

on current existing prices as a focal point for coordination. Our results suggest that consumers

perception of price asymmetry may reflect cartelized behavior and not a failure of economic

theory.

1 Introduction

Consumers tend to think that the prices they pay reflect input price increases more quickly

than price decreases. The economic literature has long investigated the issue and promptly the

existence of a cartel or market power is raised by scholars and consumers alike. Menu and

adjustment costs are also explanations broadly used.

Peltzman [2000] opens his influential paper with the following heading: "The Great Pork

Gap: Hog Prices Have Plummeted. Why Haven’t Store Prices? [New York Times, January 9,

1999] This headline and accompanying story articulate a common view among consumers. It

is that the prices they pay promptly reflect input price increases but not decreases. And there is
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something vaguely sinister about this asymmetry. This particular story is not half over before

the c(ollusion)-word is mentioned—and obligatorily pooh-poohed by an academic economist".

The question still pending is: does collusion really potentiate price asymmetries?

The mechanism goes as follows: retailers under collusion would refrain from cutting prices

in response to a decrease in costs and would instead rely on current existing prices as a focal

point for coordination, the old retail price, after a change in input prices, serves as a natural focal

point. When costs fall, collusion is easier to sustain because firms can coordinate by simply not

changing their price, as a result retailers would experiment higher margins and, therefore, higher

profits. Meanwhile, costs increases will be transmitted faster to prevent losses, since continuing

to charge past prices would be less profitable. Cost increases should lead to immediate price

increases because retail margins are squeezed. The asymmetric adjustment results because

collusion delays price cuts, but not price increments. Additionally, the market power imposed

by the cartel can explain a long lasting asymmetry in the magnitude of adjustment to positive

and negative input price changes.

Our aim in this paper is exactly to test the behavior of costs pass through taking into account

the existence of cartels.

Classic economic theory suggests no reason for prices to respond more quickly to cost

increases than cost decreases. In reality, the economic price theory holds that input price

increases or decreases move marginal costs and then prices upward or downward symmetrically

in both directions. Price asymmetries in response are normally associated with search or

adjustment cost. But there is no general explanation for prices to respond to costs changes,

of equal magnitude, asymmetrically.

First documented by Bacon [1991], studies involving gasoline (Karrenbrock [1991];

Borenstein et al. [1997]) as well as other products find that retail prices respond more quickly

to input price increases than to decreases. Peltzman [2000] generalize the finding pointing to a

gap in the economic theory. He analyses hundred of markets, consumers and producers markets,

and finds that the speed and magnitude with which prices respond to cost changes is different.

According to the study more often than not prices rise faster than they fall, contradicting

economic theory.

Peltzman [2000] elaborates further, including measures of competitive market structure such

as HHI, market size, etc; but his results do not stress the imperfect competition measures as

the mechanism for asymmetric responses to cost changes. The author also focus on menu-cost
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explanations of price rigidities and inflation induced asymmetries in menu costs, but his findings

are non-conclusive.

The theoretical literature since then has studied factors that can induce an asymmetric

adjustment of prices such as search costs (Yang and Ye [2008] and Cabral and Fishman [2012]),

price adjustment costs, inventories, collusion in heterogeneous commodity markets Damania

and Yang [1998] and etc.

Specifically in the context of retail gasoline markets, Borenstein et al. [1997] tests and

confirms that retail gasoline prices respond more quickly to increases than to decreases in crude

oil prices. The authors also encounter that asymmetries appear in the response of retail prices

to wholesale price changes and argue that it possibly indicates a short-run market power among

retailers. Inventory adjustment effects are also a possible source of asymmetry for the authors.

Deltas [2008] also shows that retail gasoline markets respond faster to wholesale price

increases than to equivalent wholesale price decreases. Inquiring into the market power issue,

the author finds that markets with high average retail-wholesale margins experience a slower

adjustment and a more asymmetric response. With these results in hand, he argues that sticky

prices and response asymmetries in the gasoline market are, at least partially, a consequence of

retail market power.

The link between gas station market power and response asymmetries and sticky prices is

also seen on the literature that addresses bank rates, such as Neumark and Sharpe [1992]. In

the market of consumer deposits, Neumark and Sharpe [1992] suggests that downward price

rigidity and upward price flexibility are a consequence of market concentration.

Recent work from Lewis [2011] and Verlinda [2008] also investigate the retail gasoline

market using station-level data. Whilst Lewis [2011] determines that the response asymmetry

in the San Diego area is more consistent with a reference-price search model than with models

of implicit collusion or adaptive consumer search, Verlinda [2008] finds that the degree of

asymmetric response in southern California correlates with some characteristics that could

proxy for pricing power.

Our unique contribution is that while other papers infer and conjecture that the explanation

for price asymmetry is the existence of market power and/or collusive agreements, our unique

data set, which contains periods on and off cartel, allows us to test if the existence of a cartel

is indeed the motive behind price asymmetry in cost pass through. Furthermore, our setting is

particularly apt to answer this question as menu costs are fixed in the analysis and what indeed

varies in our dataset is solely the existence or not of cartel agreements. This allow us to isolate
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the effects on price behavior caused by menu costs from those coming from cartelized activity.

The paper also moves beyond the existing literature in that it uses a particularly long panel of

station-level data as well as detailed data on cartel related lawsuits.

Our results show that a collusive agreement is responsible for asymmetry of cost pass

through on cartel members’ pricing in the retail gasoline market. Gas station retailers under

collusion refrain from cutting prices in response to a decrease in costs and would instead rely on

current existing prices as a focal point for coordination. They follow market norms with respect

to cost increases. We consistently found symmetric response among competitive markets even

when we expanded to related submarkets, which takes us to conclude that indeed the asymmetry

comes strictly from a collusive behavior. We also found that the existence of a cartel deal

induces prices to change less often than under a competitive environment especially if the price

change is descent.

This paper is organized as follows. Section 2 describes the data used in this study and

reports some fact and descriptive statistics. Section 3 presents the model estimated and reports

the estimation results. The paper ends with a few concluding remarks in section 4.

2 The Data and The Market

The data used in this analysis comes from a weekly price survey conducted by the Brazilian

National Petroleum Agency (ANP, at the Brazilian acronym) called Sistema de Levantamento

de Preços (SLP). The agency surveys a sample of stations throughout the Brazilian territory

in order to monitor prices, covering 555 municipalities in Brazil, approximately 10% of the

municipalities in the country1. Our data comprises weekly data from July 2001 through

December 2011 (548 weeks).

The data corresponds to weekly gasoline prices at the gas-station level. Not all stations are

audited on a weekly basis, in fact the number of gas stations audited each week is previously

determined. The assortment of stations that will be audited each week is randomly assigned by

the Brazilian national agency, making the dataset an unbalanced panel. Note that the station’s

employees have no knowledge about which gas stations have been assigned until the agency’s

technician is at the designated stations.

It is important to mention that during the analyzed period sixteen cases of cartel activity

were uncovered in Brazil. Most were investigated by CADE (the Brazilian antitrust authority)

because of a previous criminal investigation by the local prosecutor authority. There has been

evidence of anti-competitive activity in Bauru (SP), the metropolitan area of Belo Horizonte

1Brazil has 5570 municipalities.
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(MG), Caxias do Sul (RS), Cuiabá and Várzea Grande (MT), Goiânia (GO), Guaporé (RS), João

Pessoa (PB), Lages (SC), the metropolitan area of Londrina (PR), Manaus (AM), Natal (RN),

the metropolitan area of Recife (PE), Santa Maria (RS), Teresina (PI) and the metropolitan area

of Vitória (ES). These cases were uncovered and then analyzed and in most cases condemned

by CADE2.

Among 5,285,052 observations compiled, 5,244,340 (99.23%)3 reported prices for gasoline.

Prices are reported in the national currency, the Reais. These gas stations had their prices

measured during 548 weeks (Jul/2001 through Dec/2011), covering on average 9,983.79 gas

stations per week (minimum of 1 and maximum of 12,685) and 555 municipalities, with 31,555

gas stations overall in the sample, 1,817 of which were part of a cartel at some point in time.

Each municipality had on average 66.52 gas stations audited each week (minimum of 1 and

maximum of 840), although that varies according to the size of the municipality as well as the

time within the survey. In the beginning, the survey had a much smaller scale than it has in the

more recent period.

The dataset contains information on prices of retail and acquisition of gasoline for each gas

station sampled. We will take the prices of which the retailer buys gasoline from the distributor

(the acquisition price) as a proxy for costs. We understand that there are many other costs

related to the operation of a gas station such as labor and rent but we believe this is the main

cost. In fact, this price represents, on average, 85.7% of the retail price (as indicated by table

3.1). That is, with the acquisition price even if we don’t know the exact cost function of the

firm we have the single most important variable cost of the business which is the price with

which the establishment acquires its main retail product. The cost data is not reported for every

single data entry. In this sample, 62.88% of the gas stations reported the price with which they

acquired the gasoline they were retailing4. From now on this price will be referred to as the

acquisition price.

The data also contains information on its location/address, company owner, and brand in

the case that the station is not independent and has a distributor associated with it. We paired

this dataset with the ANP registry of operating gas stations as a way to establish when this

gas station started/end its activity, so that we could compute the total number of gas stations
2Goiania (GO) and Cuiabá and Várzea Grande (MT) were dismissed because of evidence contamination; João
Pessoa (PB), Natal (RN) and the metropolitan area of Belo Horizonte (MG) are still under investigation. In all
cases we consider the existence of the cartel because records of phone calls or documents give us strong belief that
there was a cartel operating in that market, and if the antitrust agency is unable to condemn the defendant, is due
to some judicial stratagem, that is, the cases were not dismissed on merits but on formal grounds.
30.77% are missing data.
4There is a topic in the literature arguing that there is an upper bias in the report of acquisition prices of gasoline,
pointing out that the stations that do not report are the ones paying the least.
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operating in each market. This pairing was also important to allow us to correct the stations

identifications, so we could follow the firm throughout the years. In fact, this is what makes

this dataset so unique. Whilst other studies use the same source of data, they either use the

data as cross sections, or they use it as panel data but aggregated by municipality. We, on the

other hand, worked the raw data to be able to use it at the station-level and also in the panel

configuration, fixing each data entry’s identification and address according to ANP’s registry.

Finally, we obtain detailed information on each cartel case, including participants and

relevant dates, through the court files. We have the information of when, precisely, each gas

stations suffered an antitrust intervention and we will consider this the ending date of the

corresponding cartel. For the onset of the cartels, however, we use the earliest record of a

meeting or conversation between members, live or by phone, suggesting a price-fixing deal that

the lawsuit has records of. The period between these two dates will be considered the duration

time of each cartel for the purpose of this study. All other time periods will be considered off

cartel.

In what follows we will describe the variables that will be used as well as provide some

descriptive statistics of the sample.

2.1 Dependent Variables

We construct the variation of prices as in: ∆𝑃𝑖,𝑡 = 𝑃𝑖,𝑡 − 𝑃𝑖,𝑡−1, which is our outcome

variable of interest, where 𝑖 denotes gas station and 𝑡 is time set in weeks. The data is an

unbalanced panel so in many cases ∆𝑃𝑖,𝑡 is not available.

2.2 Independent Variables

Our main independent variable is the variation in Costs which is computed out of the

variation of the acquisition prices. The fact that there are many missing points for the acquisition

price variable in conjunction with the fact that the data is an unbalanced panel is compounded

when we take the differences, that is, when we calculate the change in costs. Out of our

5,244,340 observations, we obtain 2,004,344 cost changing points. Because the cost and price

variations are the main focus in this study, we do not input any data for the missing points. This

is also the reason why we do not deflate prices and costs, because we do not want to alter the

variations in question.

We use the information contained in the lawsuits to create other relevant variables. We take

the name of the defendants in each of the civil actions and we use this information to create

a dummy variable that define the group of stations that participated in each of the collusive
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agreements - 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -, that is, the cartel members. There are cases in which the union of gas

stations was responsible for organizing and enforcing the cartel and, in that case, we appointed

as members of the cartel all stations that were part of the union at the time of the cartel activity5.

We then compute three other dummies to define the other geographic variables which are all

complementary to each other, such as: the variable 𝐺𝑀 includes all gas stations located inside

the market where the cartel took place - it can be one or more municipalities - but that were out

of the cartel agreement. Following, we compute the 𝐺𝑀𝑠𝑟 variable. The 𝐺𝑀𝑠𝑟 includes the gas

stations that are located in the same mesoregion6 as where the cartel took place, that is, all gas

stations located in nearby cities. We exclude the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 .

Lastly, we compute the 𝐺𝑆 variable which includes the gas stations that are located in the same

State7 where the cartel took place excluding the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 or

𝐺𝑀𝑠𝑟. Succinctly, all stations located inside a State where a cartel took place will integrate one,

and only one, of these four variables/groups depending on their geographical proximity to the

collusive market.

We use the information in the ANP data to construct our outcome variables as well as

measures of market structure at the municipality level. Specifically, we are interested in

measuring the total number of stations and the share of low branded or independent selling

stations8. We also construct measures of market structure in the gas station level such as:

dummies indicating the location of the gas station, i.e., if in a street, avenue, highway or

secondary road; a dummy variable indicating if the gas station is branded9 and dummies

indicating the eleven main brands operating nationally10.

Table 3.1 provides descriptive statistics on the above mentioned variables. Over the sample

period retail prices averaged 235 cents. Prices have also been rising over this period, with a

drift of 0.8 cents. The standard deviation from the changes in costs are 4.5 cents, and that of the

retail price is 9.4 cents. The fact that the standard deviation of retail prices is larger than that of

costs suggests that the retail price series enlarge retailer’s cost changes.

5We obtained this information on the lawsuits through the list of gas stations affiliated to the union of gas stations
at the time.
6A mesoregion is a subdivision of the Brazilian states, grouping together various municipalities in proximity and
with common characteristics.
7Brazil is a federation composed by 26 states plus the Federal District.
8All brands except the ones that are part of Sindicom - the national union of fuel distributors - are considered
low brand stations in the context of this work, that means high branded are the ones associated to Sindicom and
independent stations are brand-less stations.
9The variable equal 1 to the gas stations that have any sort of brand associated with it and 0 to the independent
stations.
10These 11 dummies comprehend Ale, Air BP, BR Petrobras, Ipiranga, Chevron, Cosan, Esso, Repsol, Shell,
Texaco and Total.
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Figure 3.1 presents the weekly movement of retail prices and costs over our sample period.

The figure indicates that retail gasoline prices are slightly more volatile than the cost of

acquisition, but overall they move in strict syntony. Analyzing figure 3.2, we observe overall

cartel members present higher volatility especially for their retail price variable and the pattern

of retail gasoline prices being more volatile than the cost of acquisition still stands.

FIGURE 3.1. Average prices and costs for the Retail Gasoline Market

(a) Level (b) Volatility
All figures are in cents of Reais. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on
weekly basis. Weekly averages are taken across all gas stations.

FIGURE 3.2. Average prices and costs for the Retail Gasoline Market for Cartel
Members

(a) Level (b) Volatility
All figures are in cents of Reais. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on
weekly basis. Weekly averages are taken across gas stations involved in a cartel agreement. The volatility is equal to zero for
the series when there is no cartel operating in that point in time.

Following we have each group variable (dummies), what calls our attention the most is the

fact that 𝐺𝑀 (during cartel) is almost twice the size of 𝐺𝑀𝑠𝑟 (during cartel), 1.87% versus

1.05% respectively, even though 𝐺𝑀𝑠𝑟 includes a much larger group of municipalities. This is

not surprising though, as we note that the municipalities where there were cartel agreements are
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big cities (the biggest in their corresponding mesoregion) and so they include a higher number

of stations. 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during cartel) represent only 0.85% of the sample points, although it is

not little when we consider it is 4,447,095 observation points.

From the control variables we note that there are on average 63.58 gas stations per

municipality, on average 44.35 of them are branded by 7.36 different brands. A significant

45.6% of the stations are of low brands or independent, that is, they are not part of a major

gasoline brand. Just over 50% of the stations are situated at streets (the base variable), followed

by avenues with 34% and main roads and highways with 13%. Approximately 30% of the

market is constituted by independent stations, as 70% are branded by either a high or low

brand. Independent stations are known to increase competition as they tend to sell with lower

retail prices, as shown by Hastings [2004]. The objection is that they tend to sell lower quality

fuel.

TABLE 3.1. Descriptive Statistics

Variable No observations Mean Std. Deviation Minimum Maximum

Price 5,244,340 235.427 35.757 117.000 371.900
Costs 3,323,350 201.741 28.959 37.585 390.840
Change in Price* 906,516 0.796 9.357 -102.000 100.000
Change in Costs* 1,259,259 0.225 4.544 -191.920 191.920
Change in Price (abs value)* 906,516 6.638 6.643 0.010 102.000
Change in Costs (abs value)* 1,259,259 2.737 3.634 0.000 191.920

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during Cartel) 5,244,340 0.008 0.092 0.000 1.000
𝐺𝑀 (during Cartel) 5,244,340 0.019 0.136 0.000 1.000
𝐺𝑀𝑠𝑟 (during Cartel) 5,244,340 0.011 0.104 0.000 1.000

No stations in the market 5,244,340 63.578 115.925 0.000 809.000
No diff brands in the market 5,244,340 7.365 3.299 1.000 26.000
No branded stations in the market 5,244,340 44.350 75.658 0.000 520.000
Proportion of low brands and independents 5,235,449 0.456 0.391 0.000 42.000
Branded (dummy) 5,244,340 0.708 0.455 0.000 1.000
Avenue (dummy) 5,244,340 0.342 0.474 0.000 1.000
Road (dummy 5,244,340 0.027 0.161 0.000 1.000
Highway (dummy) 5,244,340 0.125 0.331 0.000 1.000

All figures are in cents of Reais. * indicates that we excluded changes equal to zero. Data are from 555 municipalities in
Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. Changes in price and costs are a simple average across the
variables, where negative variations are offset by positive ones.

From table 3.2 we find indications of the relationship between margins and asymmetry

described by Deltas [2008]. Cartel Members exhibit a much higher margin than non-members

(41.89 cents versus 30.63 cents) and a much broader adjustment. The ratio between changes

of retail prices and acquisition prices for members come up to 4.65 whilst non-members pass

through on average 3.53 of the changes in costs, we do observe, however, that cost changes are

more frequent than price changes.
40



TABLE 3.2. Change in Prices and Costs for Cartel Members and Non-Members

Variable No observations Mean Std. Deviation

Members:

Margin 31,668 41.892 14.673
Change in Price* 6,307 0.218 11.468
Change in Costs* 7,277 0.047 3.604

Non-members:

Margin 3,291,682 30.634 11.765
Change in Price* 900,209 0.800 9.340
Change in Costs* 1,251,982 0.226 4.549

All figures are in cents of Reais. * indicates that we excluded changes equal to zero. Data are from 555 municipalities in
Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. Changes in price and costs are a simple average across the
variables, where negative variations are offset by positive ones.

3 Measuring the Asymmetry on Cost Pass Through

We begin the empirical analysis of cost pass through asymmetry on gasoline pricing by

testing the common belief that retail gasoline prices adjust more quickly to increases than to

decreases in costs.

To estimate the rate at which gasoline prices adjust to cost changes, we start by assuming a

simple linear relationship between retail gasoline prices and costs, where 𝑃 is the retail gasoline

price and 𝐶 is the cost, both expressed in cents of Reais11 per liter.

Defining ∆𝐶𝑖,𝑡 = 𝐶𝑖,𝑡 − 𝐶𝑖,𝑡−1 and ∆𝑃𝑖,𝑡 as seen above, the cost pass through could be

modeled as

(3.1) ∆𝑃𝑖,𝑡 = 𝛽+
1 ∆𝐶+

𝑖,𝑡−1 + 𝛽−
1 ∆𝐶−

𝑖,𝑡−1 + 𝜇𝑖 + 𝜖𝑖,𝑡

where 𝜖𝑖,𝑡 is the error term and 𝜇𝑖 is the station’s fixed effects.

Equation 3.2 allows asymmetric responses to increases and decreases in costs since we

enable the adjustment process to be different for increases than for decreases when we assume

that

(3.2) ∆𝐶+
𝑖,𝑡 = 𝑚𝑎𝑥{∆𝐶𝑖,𝑡, 0} and ∆𝐶−

𝑖,𝑡 = 𝑚𝑖𝑛{∆𝐶𝑖,𝑡, 0}

admitting that 𝛽+
1 could be different than 𝛽−

1 .

To better fit our investigation of the asymmetry of cost pass through generated by cartel

activity, we modify equation 3.2 as follows

11Brazil’s national currency.
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∆𝑃𝑖,𝑡 = 𝛽+
1 ∆𝐶+

𝑖,𝑡−1 + 𝛽−
1 ∆𝐶−

𝑖,𝑡−1 +

𝛽+
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶+

𝑖,𝑡−1 ×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 + 𝛽−
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶−

𝑖,𝑡−1 ×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 +

+𝜇𝑖 + 𝛿𝑡 + 𝛼× 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝑖,𝑡(3.3)

The first part of the equation - 𝛽+
1 ∆𝐶+

𝑖,𝑡−1 + 𝛽−
1 ∆𝐶−

𝑖,𝑡−1 - accounts for the relationship of

cost changes on price changes in the market as a whole. The following term on the equation -

𝛽+
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶+

𝑖,𝑡−1×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠+𝛽−
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶−

𝑖,𝑡−1×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 - set aside the influence the cartel

has on price asymmetry whilst setting the collusive prices. 𝜇𝑖 is the station 𝑖 fixed effect, 𝛿𝑡 is

the time fixed effect, where 𝑡 is expressed in weeks, 𝛼 is a vector of coefficients that represents

the control variables and 𝜖𝑖,𝑡 is the error term. All standard errors are estimated clustered by

municipality.

The regression results are presented in table 3.3. Columns (1) and (2) indicate that the

upstream and downstream coefficients representing the contemporaneous response of retail

prices to cost changes are very similar. As shown in table 3.4, the difference of −0.005 is

not significantly different than zero, indicating symmetric pass through in the overall market.

Columns (1) and (2) differ in the inclusion or not of control variables as indicated above in

the data section of this paper. Once we incorporate the existence of cartels - equation (3)

-, we still have the same response for the overall market, but the cartelized markets present

a much smaller reaction to cost decreases. Computing the total reaction to cost variation in

collusive markets, the difference of 0.054 is significant at the 5% level indicating an asymmetry

of approximately 0.05 cents per liter in response to cost variations. It is interesting to notice

that the cartel imposes asymmetries in prices not through the upstream effect, but through the

downstream effect. Namely, the mechanism is through the deprivation of price falls as oppose

to enlargements on price increases. Relative to the competitive market, for a 1 cent decay on

costs, competitive gas stations will reduce prices in 0.097 cents per liter whilst cartel members

will reduce it measly 0.038 cents, that is, 60% less. This results corroborate the disclosure of

current existing prices as a focal point for coordination when costs decay.

We now extend our equation allowing asymmetry of cost pass through on nearby markets.

We modify equation 3.3 as follows
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TABLE 3.3. Estimates of Cost Pass Through

Δ𝑃 Δ𝑃 Δ𝑃

Variables (1) (2) (3)

Δ𝐶+
1 0.092*** 0.092*** 0.092***

(0.006) (0.006) (0.006)
Δ𝐶−

1 0.097*** 0.097*** 0.097***
(0.006) (0.006) (0.006)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.012

(0.044)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.059**
(0.028)

controls no yes yes
gas station FE yes yes yes
time FE yes yes yes

Constant 0.379 -0.061 -0.062
(0.298) (0.138) (0.138)

Observations 2,004,344 2,002,013 2,002,013
R-squared 0.203 0.203 0.203
Number of cod_id 24,693 24,672 24,672

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

TABLE 3.4. Test of Difference Between the Sum of Coefficients

A: Equations (1) (2) (3)

(A). (𝛽+)− (𝛽−) -0.005 -0.005 -0.005

(B). (𝛽+ + 𝛽+
𝑀𝑒𝑚𝑏𝑒𝑟𝑠)− (𝛽− + 𝛽−

𝑀𝑒𝑚𝑏𝑒𝑟𝑠) 0.054
**

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

∆𝑃𝑖,𝑡 = 𝛽+
1 ∆𝐶+

𝑖,𝑡−1 + 𝛽−
1 ∆𝐶−

𝑖,𝑡−1 +

𝛽+
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶+

𝑖,𝑡−1 ×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 + 𝛽−
1,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶−

𝑖,𝑡−1 ×𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 +

𝛽+
1,𝑀∆𝐶+

𝑖,𝑡−1 ×𝐺𝑀 + 𝛽−
1,𝑀∆𝐶−

𝑖,𝑡−1 ×𝐺𝑀 +

𝛽+
1,𝑀𝑠𝑟∆𝐶+

𝑖,𝑡−1 ×𝐺𝑀𝑠𝑟 + 𝛽−
1,𝑀𝑠𝑟∆𝐶−

𝑖,𝑡−1 ×𝐺𝑀𝑠𝑟 +

𝛽+
1,𝑆∆𝐶+

𝑖,𝑡−1 ×𝐺𝑆 + 𝛽−
1,𝑆∆𝐶−

𝑖,𝑡−1 ×𝐺𝑆 +

𝜇𝑖 + 𝛿𝑡 + 𝛼× 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝑖,𝑡(3.4)

The idea behind this extension is that gas station prices are publicly displayed so the price

a station charges could be influenced by another one’s. Considering the former station could be

a member of a cartel, being their pricing behavior one of asymmetric pass through as shown in
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table 3.3, means it could be influencing an asymmetric pass through among nearby and related

stations.

Equations (1), (2) and (3) in table 3.5 includes the effect on the gas stations inside the same

market where the collusion took place but out of the cartel agreement captured by the variable

𝐺𝑀 , the effect on stations located in nearby municipalities (belonging to the same mesoregion)

- 𝐺𝑀𝑠𝑟 - and the stations located elsewhere in the same State where the cartel took place - 𝐺𝑆
12.

Columns (1) till (3) on table 3.5 show us that apart from the stations that took part

in the collusive agreement, other stations seem to pass along cost increases and decreases

symmetrically, except for stations located in the other municipalities inside the same State that

appear to increase prices more than they decrease them. However, when we test if the difference

for the in-State stations is statistically different than the overall market - equation (3) table 3.6 -

we find that the difference is not statistically significant.

TABLE 3.5. Estimates of Cost Pass Through, Extended Reach Market

Δ𝑃 Δ𝑃 Δ𝑃

Variables (1) (2) (3)

Δ𝐶+
1 0.092*** 0.092*** 0.087***

(0.006) (0.006) (0.007)
Δ𝐶−

1 0.097*** 0.097*** 0.093***
(0.006) (0.006) (0.006)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.013 0.013 0.017

(0.044) (0.044) (0.044)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.059** -0.058** -0.055*
(0.028) (0.028) (0.028)

Δ𝐶+
1 *𝐺𝑀 0.056 0.056 0.060

(0.037) (0.037) (0.037)
Δ𝐶−

1 *𝐺𝑀 0.038 0.039 0.043
(0.033) (0.033) (0.033)

Δ𝐶+
1 *𝐺𝑀𝑠𝑟 -0.010 -0.026

(0.020) (0.022)
Δ𝐶−

1 *𝐺𝑀𝑠𝑟 0.030 0.014
(0.035) (0.037)

Δ𝐶+
1 *𝐺𝑆 0.021*

(0.011)
Δ𝐶−

1 *𝐺𝑆 0.019
(0.015)

controls yes yes yes
gas station FE yes yes yes
time FE yes yes yes

Constant -0.062 -0.062 -0.061
(0.138) (0.138) (0.137)

Observations 2,002,013 2,002,013 2,002,013
R-squared 0.203 0.203 0.203
Number of cod_id 24,672 24,672 24,672

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

12The composition of all four geographical groups were explained in detail on section 2
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TABLE 3.6. Test of Difference Between the Sum of Coefficients, Extended
Reach Market

A: Equations (1) (2) (3)

(A). (𝛽+)− (𝛽−) -0.005 -0.005 -0.006

(B). (𝛽+ + 𝛽+
𝑀𝑒𝑚𝑏𝑒𝑟𝑠)− (𝛽− + 𝛽−

𝑀𝑒𝑚𝑏𝑒𝑟𝑠) 0.053 0.054 0.049
* * *

(C). (𝛽+ + 𝛽+
𝑆 )− (𝛽− + 𝛽−

𝑆 ) 0.015

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. We only consider
(𝛽+ + 𝛽+

𝑆 )− (𝛽− + 𝛽−
𝑆 ) due to the fact that the coefficients for the other geographical cohorts were non-significants.

From tables 3.5 and 3.6 we conclude that apart from cartel members, other stations in

related geographical areas transfer costs increases and decreases to prices symmetrically. The

asymmetry generated by cartel members, however, is still statistically significant and stable

around 0.054 considering the inclusion of other geographical niches.

Overall, we observe from the estimated regression coefficients shown in table 3.3 and 3.5

that a collusive agreement, and only the stations taking part in the agreement, is responsible

for the asymmetry of cost pass through to prices. Comparing the asymmetries between

geographical levels, we find no evidence of asymmetric pricing behavior among other stations

outside the cartel agreement.

3.1 Longer Adjustment Period

We have establish in the previous subsection that the source of asymmetry in cost pass

through on the retail gasoline market comes from the existence of a cartel agreement. In this

subsection we investigate if by allowing a longer price adjustment period of time there is any

alteration to the pattern of asymmetry. We verify if perhaps the asymmetry is present only

because a single period is not enough for the whole adjustment process to take place, so when

we allow for a longer adjustment period the asymmetry would disappear.

To accommodate this modification we modify equation 3.1 as below

(3.5) ∆𝑃𝑖,𝑡 =
𝑛∑︁

𝑥=1

(𝛽+
𝑥 ∆𝐶+

𝑖,𝑡−𝑥 + 𝛽−
𝑥 ∆𝐶−

𝑖,𝑡−𝑥) + 𝜇𝑖 + 𝜖𝑖,𝑡

allowing multiple time periods, where 𝜖𝑖,𝑡 is the error term and 𝜇𝑖 is the station fixed effects,

and 𝑥 is unlimited. We estimate
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∆𝑃𝑖,𝑡 =
∑︀𝑛

𝑥=1(𝛽
+
𝑥 ∆𝐶+

𝑖,𝑡−𝑥 + 𝛽−
𝑥 ∆𝐶−

𝑖,𝑡−𝑥) +∑︀𝑛
𝑥=1(𝛽

+
𝑥,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶+

𝑖,𝑡−𝑥 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 + 𝛽−
𝑥,𝑀𝑒𝑚𝑏𝑒𝑟𝑠∆𝐶−

𝑖,𝑡−𝑥 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠) +

+𝜇𝑖 + 𝛿𝑡 + 𝛼 * 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝑖,𝑡(3.6)

which is analogous to equation 3.3 except that it allows 𝑥 adjustment periods.

The results for the overall market are presented in table 3.7 columns (1) till (5), where we

include each additional period at a time. We observe that although significant the results after

period 𝑥 = 3 are not intuitive and add no explanation to the dynamic of cost pass through. Not

only the coefficient of increase of cost ∆𝐶+
2 looses its significance, but also all cost increases

after that seem to reflect as price decreases, which does not add up to the rationale of the

problem. For that reason, we restrain the adjustment period to 𝑥 = 3. Still, when we add up the

significant coefficients to estimate the total asymmetry figure, displayed in table 3.8, we observe

that we find no indication of an asymmetric cost pass through in the overall competitive market

even when we allow a longer adjustment period.

In equations (6) till (8), table 3.7, we incorporate the effect of the cartel agreement on price

asymmetry. Again we find that the origin of the asymmetry is due to the cartel. We also verify

that the cartel’s influence on cost pass through to prices happen all in the first period. Cartel

members behave differently than the competitive stations immediately after the cost change.

All its leverage is enforced straight away simply by not cutting prices following a cost cut. We

still have the same response for cost increases but a much smaller reaction to cost decreases,

meaning that cartel members act to maximize profits by refraining from passing along cost

decreases not by over taking cost increases. Again we corroborate the argument of the easiness

of coordination by sticking to the focal point and enjoying higher margins.

From table 3.8 we observe that when we allow a longer adjustment period the asymmetry

generated by the cartel agreement is deepened. Computing the total reaction to cost variation

in collusive markets, the difference of 0.134 cents per liter is significant at the 5% level and

substantially higher than the 0.054 presented on table 3.4. We take from this findings that the

0.054 could be the lower bound from the effect of the cartel in the asymmetry of cost pass

through.

Since the total cost asymmetry during a collusive agreement rises to around 0.134 cents per

liter per 1 cent of cost change, considering a consumer that uses 50 liters per week (average

fuel tank of a compact car), a 2.74 cent per liter cost increase to the gas station retailer (average
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TABLE 3.7. Estimates of Cost Pass Through, Longer Adjustment Period

Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃
Variables (1) (2) (3) (4) (5) (6) (7) (8)

Δ𝐶+
1 0.088*** 0.082*** 0.082*** 0.079*** 0.079*** 0.082*** 0.082*** 0.082***

(0.006) (0.006) (0.005) (0.005) (0.005) (0.006) (0.006) (0.006)
Δ𝐶−

1 0.097*** 0.097*** 0.095*** 0.096*** 0.096*** 0.098*** 0.098*** 0.098***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

Δ𝐶+
2 0.010*** 0.005* 0.003 0.001 0.002 0.005* 0.005** 0.005**

(0.002) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.003)
Δ𝐶−

2 -0.013* -0.016** -0.020** -0.021** -0.022** -0.016** -0.016** -0.016**
(0.007) (0.008) (0.009) (0.009) (0.009) (0.008) (0.008) (0.008)

Δ𝐶+
3 -0.005 -0.009** -0.011** -0.012** -0.005 -0.005 -0.005

(0.003) (0.004) (0.005) (0.005) (0.003) (0.003) (0.003)
Δ𝐶−

3 -0.012** -0.017** -0.019** -0.020** -0.012** -0.012** -0.012**
(0.006) (0.007) (0.008) (0.008) (0.006) (0.006) (0.006)

Δ𝐶+
4 -0.011** -0.015*** -0.016***

(0.004) (0.005) (0.006)
Δ𝐶−

4 -0.010** -0.012*** -0.013***
(0.004) (0.005) (0.005)

Δ𝐶+
5 -0.007** -0.009***

(0.003) (0.003)
Δ𝐶−

5 -0.008** -0.010**
(0.003) (0.004)

Δ𝐶+
6 -0.004

(0.003)
Δ𝐶−

6 -0.005
(0.004)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.002 0.006 0.004

(0.056) (0.063) (0.064)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.109* -0.115** -0.116**
(0.056) (0.053) (0.053)

Δ𝐶+
2 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.033 -0.041

(0.051) (0.056)
Δ𝐶−

2 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.033 0.030
(0.064) (0.066)

Δ𝐶+
3 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.016

(0.034)
Δ𝐶−

3 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.028
(0.052)

controls yes yes yes yes yes yes yes yes
gas station FE yes yes yes yes yes yes yes yes
time FE yes yes yes yes yes yes yes yes

Constant -0.054 -0.164 -3.324 -1.875 0.543*** -0.165 -0.165 -0.165
(0.393) (0.315) (1,311.736) (213.174) (0.150) (0.315) (0.315) (0.315)

Observations 1,687,148 1,489,653 1,345,135 1,230,653 1,135,723 1,489,653 1,489,653 1,489,653
R-squared 0.210 0.209 0.215 0.220 0.225 0.209 0.209 0.209
Number of cod_id 21,976 20,195 18,846 17,851 16,957 20,195 20,195 20,195

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

absolute value change in costs during the analyzed period as from table 3.1) costs the consumer

18.4 cents more over a week than a 2.74 cent per liter cost decrease saves her.
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TABLE 3.8. Test of Difference Between the Sum of Coefficients, Longer
Adjustment Period

A: Equations (1) (2) (3) (4) (5) (6) (7) (8)

(A). (𝛽+)− (𝛽−) 0.013 0.019 0.013 0.010 0.010 0.018 0.018 0.018

(B). (𝛽+ + 𝛽+
𝑀𝑒𝑚𝑏𝑒𝑟𝑠)− (𝛽− + 𝛽−

𝑀𝑒𝑚𝑏𝑒𝑟𝑠) 0.127 0.133 0.134
** ** **

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.

3.2 Calculating the Probability of Price Change

We argued previously that the reason for asymmetric price adjustments is that retailers under

collusion refrain from cutting prices in response to a decrease in costs and rely on current

existing prices as a focal point for coordination. In this subsection we attempt to estimate the

probability of price change given the status of the station, that is, if it is on or off a collusive

agreement. If our argument is correct, stations under collusion should cut prices less often than

their competitive counterpart.

We estimate a logistic function, where the dependent variable is an indicator function that

assumes value 1 or 0 depending on the assigned condition. Column (1) in table 3.9 presents the

results for the dependent variable that assumes value 1 when ∆𝑃𝑖,𝑡 = 𝑃𝑖,𝑡 − 𝑃𝑖,𝑡−1 is different

than 0. Column (2) restricts the price variation to be negative, that is, the dependent variable is

an indicator function that assumes 1 when ∆𝑃𝑖,𝑡 = 𝑃𝑖,𝑡 − 𝑃𝑖,𝑡−1 < 013.

We have, from table 3.9 column (1), that stations during cartel change prices with probability

8.9% lower than stations out of the cartel agreement. When we take into consideration only

negative price variations - column (2) -, the difference is outstanding: when prices drop,

cartelized stations change prices 33.6% less often than their competitive rival. This result

corroborates our argument of current existing price as a focal point for coordination when there

is a cut in costs and a subsequent price drop.

Table 3.10 presents the results for a variation of table 3.9, where we estimate the probability

of price change considering each station’s last period’s price. We create indicator functions for

each last digit number, where the last digit is the price’s nine-tenth of a cent. We do that to

investigate if prices ending in any specific termination are more prone to change than others.

More importantly, we observe from table 3.10 that cartel stations’ prices are less inclined to

change than competitive stations for any price termination.

13We estimate our logistic function using panel data with station fixed effects this is why no constant is estimated.
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TABLE 3.9. Probability of Price Change given the Cartel Agreement

I (Δ𝑃 ) I (Δ𝑃−)
Variables (1) (2)

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during Cartel) -0.093*** -0.409***
(0.016) (0.024)

station FE yes yes

Observations 5,122,296 4,960,859
Number of cod_id 27,421 24,137

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.

TABLE 3.10. Probability of Price Change given the Last Digit of Prices

Variables I (Δ𝑃 )

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 0) -1.302***
(0.007)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 1) -1.171***
(0.007)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 2) -1.292***
(0.006)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 3) -1.292***
(0.005)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 4) -1.348***
(0.005)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 5) -1.418***
(0.004)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 6) -1.401***
(0.005)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 7) -1.428***
(0.005)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 8) -1.369***
(0.005)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 0) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.909***
(0.107)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 1) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.651***
(0.058)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 2) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.241***
(0.070)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 3) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.527***
(0.045)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 4) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.273***
(0.056)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 5) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.505***
(0.043)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 6) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.171***
(0.066)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 7) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.559***
(0.052)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 8) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -1.145***
(0.062)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡𝑡−1 = 9) *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -2.053***
(0.040)

station FE yes

Observations 5,122,296
Number of cod_id 27,421

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.
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Following, we estimate a logistic function, where the dependent variable is an indicator

function that assumes value 1 for cartel members during the cartel agreement and 0 otherwise.

Column (1) in 3.11 presents the results for the regression based in all stations that were ever

part of a cartel, during the whole sampled period. Column (2) restricts the sample only for the

period during and after a cartel agreement, it does not consider the period before and stations

located in municipalities where multiple cartels happened throughout the sample period. This

is because it would be impracticable to define the time separation in this cases of multiplicity14.

Results from table 3.11 indicate that stations with prices ending in 1, 2, 3, 4 and 5 have

much higher probability of integrating a cartel than stations with prices ending in 0. Stations

with prices ending in 7, 8 and 9, on the other hand, seem to be more competitive. This exercise

indicates that for all intents and purposes, cartel members tend to choose prices ending in low

digit numbers.

TABLE 3.11. Probability of Cartel Agreement given the Last Digit of Prices

𝐼(𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 − 𝑑𝑢𝑟𝑖𝑛𝑔 𝑐𝑎𝑟𝑡𝑒𝑙) 𝐼(𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 − 𝑑𝑢𝑟𝑖𝑛𝑔 𝑐𝑎𝑟𝑡𝑒𝑙)
Variables (1) (2)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 1) 0.693*** 1.067***
(0.054) (0.068)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 2) 0.381*** 0.824***
(0.050) (0.064)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 3) 0.559*** 0.918***
(0.047) (0.059)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 4) 0.038 0.222***
(0.048) (0.060)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 5) 0.290*** 0.516***
(0.045) (0.057)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 6) -0.063 0.032
(0.050) (0.064)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 7) -0.176*** -0.157***
(0.047) (0.059)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 8) -0.451*** -0.614***
(0.047) (0.060)

𝐼(𝐿𝑎𝑠𝑡𝐷𝑖𝑔𝑖𝑡 = 9) -0.434*** -0.739***
(0.045) (0.057)

station FE yes yes

Observations 158,476 120,778
Number of cod_id 773 669

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.

Overall, in this subsection, we corroborate our argument that cartel stations change their

prices less often than competitive ones, especially when prices are changing down. This is true

14The only cartel case where this was an actual problem was Teresina (PI) and it would be impracticable because
the after period for the first cartel would also be the before period for the second cartel, therefore it is not feasible
to clearly delimit the time periods.
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for all price’s terminations (last digit numbers). Finally, we find indications that stations under

cartel agreements tend to set their prices in low last digit numbers, such as 1, 2, 3, 4 and 5.

4 Conclusion

Consumers perceive that the prices they pay reflect input price increases more than input

price decreases. The classic economic theory has no grounds to support this fact since

price theory states that prices should move symmetrically to accommodate cost increases or

decreases. Economists have considered multiple explanations for this difference between theory

and empirical evidence: menu and adjustment costs, market power and collusion among them.

Our aim in this paper was to specifically test if collusive agreements potentiate price

asymmetries. To accomplish that, we investigated the behavior of costs pass through taking into

account the existence of cartel activity. Our setting is unique because whilst other papers infer

and conjecture that the explanation for price asymmetry is the existence of market power and/or

collusive agreements, we are able to boldly test it. Our long panel of station-level dataset as

well as detailed data on cartel related lawsuits allow us to isolate the effect of cartel agreements

on price asymmetries and thereby properly test the hypothesis.

This paper shows that a collusive agreement is responsible for asymmetry of cost pass

through on cartel members’ pricing in the retail gasoline market. We find strong evidence

that retailers under collusion refrain from cutting prices in response to a decrease in costs and

would instead rely on current existing prices as a focal point for coordination. We consistently

found symmetric response among non-cartel members even when we expanded to other related

submarkets, which takes us to conclude that indeed the asymmetry comes strictly from a

collusive behavior.

We also allowed for a longer adjustment period, to ascertain that the asymmetry was not

a matter of speed. Our longer adjustment period investigation confirmed the results found

previously: (i) the basis to asymmetry of cost pass through is within the cartelized market;

(ii) the asymmetric response is not fixed by allowing a longer adjustment period.

Finally, we looked at the pattern of price change among cartel members and we found that

cartel stations change their prices less often than competitive ones, especially when prices are

changing downwards, which corroborates our argument of price stickiness with respect to cost

decreases. This is true for all price’s terminations (last digit numbers).
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5 Appendix

TABLE 3.12. Estimates of Cost Pass Through (complete)

Δ𝑃 Δ𝑃 Δ𝑃

VARIABLES (1) (2) (3)

Δ𝐶+
1 0.092*** 0.092*** 0.092***

(0.006) (0.006) (0.006)
Δ𝐶−

1 0.097*** 0.097*** 0.097***
(0.006) (0.006) (0.006)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.012

(0.044)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.059**
(0.028)

No stations in the city -0.001 -0.001
(0.009) (0.009)

No brands in the city -0.013 -0.012
(0.008) (0.008)

No stations branded 0.001 0.001
(0.008) (0.008)

share of independent stations -0.045 -0.045
(0.034) (0.034)

branded (dummy) -0.025 -0.025
(0.016) (0.016)

Ale brand -0.013 -0.013
(0.029) (0.029)

BP brand -0.148 -0.148
(0.267) (0.267)

BR brand -0.002 -0.002
(0.019) (0.019)

Ipiranga brand 0.034* 0.034*
(0.019) (0.019)

Chevron brand 0.000 0.000
(0.028) (0.028)

Cosan brand 0.062 0.062
(0.039) (0.039)

Esso brand 0.010 0.010
(0.025) (0.025)

Repsol brand -0.021 -0.021
(0.047) (0.047)

Shell brand 0.037 0.037
(0.025) (0.025)

Texaco brand 0.004 0.004
(0.024) (0.024)

Total brand -0.337 -0.336
(0.300) (0.299)

gas station FE yes yes yes
time FE yes yes yes

Constant 0.379 -0.061 -0.062
(0.298) (0.138) (0.138)

Observations 2,004,344 2,002,013 2,002,013
R-squared 0.203 0.203 0.203
Number of cod_id 24,693 24,672 24,672

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from
555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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TABLE 3.13. Estimates of Cost Pass Through, Extended Reach Market (complete)

Δ𝑃 Δ𝑃 Δ𝑃

Variables (1) (2) (3)

Δ𝐶+
1 0.092*** 0.092*** 0.087***

(0.006) (0.006) (0.007)
Δ𝐶−

1 0.097*** 0.097*** 0.093***
(0.006) (0.006) (0.006)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.013 0.013 0.017

(0.044) (0.044) (0.044)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.059** -0.058** -0.055*
(0.028) (0.028) (0.028)

Δ𝐶+
1 *𝐺𝑀 0.056 0.056 0.060

(0.037) (0.037) (0.037)
Δ𝐶−

1 *𝐺𝑀 0.038 0.039 0.043
(0.033) (0.033) (0.033)

Δ𝐶+
1 *𝐺𝑀𝑠𝑟 -0.010 -0.026

(0.020) (0.022)
Δ𝐶−

1 *𝐺𝑀𝑠𝑟 0.030 0.014
(0.035) (0.037)

Δ𝐶+
1 *𝐺𝑆 0.021*

(0.011)
Δ𝐶−

1 *𝐺𝑆 0.019
(0.015)

No stations in the city -0.001 -0.001 -0.001
(0.009) (0.009) (0.009)

No brands in the city -0.013 -0.012 -0.012
(0.008) (0.008) (0.008)

No stations branded 0.001 0.001 0.001
(0.008) (0.008) (0.008)

share of independent stations -0.045 -0.045 -0.045
(0.034) (0.034) (0.034)

branded (dummy) -0.025 -0.025 -0.025
(0.016) (0.016) (0.016)

Ale brand -0.013 -0.014 -0.014
(0.029) (0.029) (0.029)

BP brand -0.148 -0.146 -0.148
(0.267) (0.268) (0.269)

BR brand -0.002 -0.002 -0.002
(0.019) (0.019) (0.019)

Ipiranga brand 0.034* 0.034* 0.034*
(0.019) (0.019) (0.019)

Chevron brand 0.000 0.001 0.001
(0.028) (0.028) (0.028)

Cosan brand 0.062 0.062 0.062
(0.039) (0.039) (0.039)

Esso brand 0.010 0.011 0.011
(0.025) (0.025) (0.025)

Repsol brand -0.021 -0.020 -0.020
(0.047) (0.047) (0.047)

Shell brand 0.037 0.037 0.037
(0.025) (0.025) (0.025)

Texaco brand 0.004 0.004 0.004
(0.024) (0.024) (0.024)

Total brand -0.335 -0.336 -0.334
(0.300) (0.300) (0.300)

gas station FE yes yes yes
time FE yes yes yes

Constant -0.062 -0.062 -0.061
(0.138) (0.138) (0.137)

Observations 2,002,013 2,002,013 2,002,013
R-squared 0.203 0.203 0.203
Number of cod_id 24,672 24,672 24,672

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are
from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.



TABLE 3.14. Estimates of Cost Pass Through, Longer Adjustment Period (complete)

Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃 Δ𝑃

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Δ𝐶+
1 0.088*** 0.082*** 0.082*** 0.079*** 0.079*** 0.082*** 0.082*** 0.082***

(0.006) (0.006) (0.005) (0.005) (0.005) (0.006) (0.006) (0.006)
Δ𝐶−

1 0.097*** 0.097*** 0.095*** 0.096*** 0.096*** 0.098*** 0.098*** 0.098***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

Δ𝐶+
2 0.010*** 0.005* 0.003 0.001 0.002 0.005* 0.005** 0.005**

(0.002) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.003)
Δ𝐶−

2 -0.013* -0.016** -0.020** -0.021** -0.022** -0.016** -0.016** -0.016**
(0.007) (0.008) (0.009) (0.009) (0.009) (0.008) (0.008) (0.008)

Δ𝐶+
3 -0.005 -0.009** -0.011** -0.012** -0.005 -0.005 -0.005

(0.003) (0.004) (0.005) (0.005) (0.003) (0.003) (0.003)
Δ𝐶−

3 -0.012** -0.017** -0.019** -0.020** -0.012** -0.012** -0.012**
(0.006) (0.007) (0.008) (0.008) (0.006) (0.006) (0.006)

Δ𝐶+
4 -0.011** -0.015*** -0.016***

(0.004) (0.005) (0.006)
Δ𝐶−

4 -0.010** -0.012*** -0.013***
(0.004) (0.005) (0.005)

Δ𝐶+
5 -0.007** -0.009***

(0.003) (0.003)
Δ𝐶−

5 -0.008** -0.010**
(0.003) (0.004)

Δ𝐶+
6 -0.004

(0.003)
Δ𝐶−

6 -0.005
(0.004)

Δ𝐶+
1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.002 0.006 0.004

(0.056) (0.063) (0.064)
Δ𝐶−

1 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.109* -0.115** -0.116**
(0.056) (0.053) (0.053)

Δ𝐶+
2 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.033 -0.041

(0.051) (0.056)
Δ𝐶−

2 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 0.033 0.030
(0.064) (0.066)

Δ𝐶+
3 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.016

(0.034)
Δ𝐶−

3 *𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -0.028
(0.052)

No stations in the city 0.003 -0.000 -0.008 -0.011 -0.003 -0.000 -0.000 -0.000
(0.009) (0.008) (0.012) (0.013) (0.011) (0.008) (0.008) (0.008)

No brands in the city -0.017* -0.015 -0.017 -0.020 -0.022* -0.015 -0.015 -0.015
(0.010) (0.011) (0.011) (0.012) (0.013) (0.011) (0.011) (0.011)

No stations branded -0.003 0.000 0.008 0.010 0.002 0.000 0.000 0.000
(0.009) (0.008) (0.012) (0.013) (0.010) (0.008) (0.008) (0.008)

share of independent stations -0.075** -0.036 -0.034 -0.037 -0.048 -0.036 -0.036 -0.036
(0.032) (0.042) (0.043) (0.048) (0.040) (0.042) (0.042) (0.042)

branded (dummy) -0.037** -0.026 -0.031* -0.032* -0.031 -0.026 -0.026 -0.026
(0.019) (0.017) (0.018) (0.019) (0.020) (0.017) (0.017) (0.017)

Ale brand 0.025 -0.017 -0.040 -0.043 -0.040 -0.017 -0.017 -0.017
(0.030) (0.029) (0.031) (0.028) (0.030) (0.029) (0.029) (0.029)

BP brand -0.079 -0.009 0.193*** 0.153*** 0.182*** -0.010 -0.010 -0.010
(0.302) (0.278) (0.036) (0.047) (0.044) (0.277) (0.277) (0.277)

BR brand -0.002 -0.006 0.016 0.018 0.009 -0.006 -0.006 -0.006
(0.020) (0.021) (0.022) (0.022) (0.023) (0.021) (0.021) (0.021)

Ipiranga brand 0.040* 0.048** 0.051** 0.042* 0.041* 0.048** 0.048** 0.048**
(0.022) (0.021) (0.023) (0.024) (0.024) (0.021) (0.021) (0.021)

Chevron brand 0.027 0.015 0.033 0.024 0.016 0.015 0.015 0.015
(0.031) (0.031) (0.030) (0.034) (0.036) (0.031) (0.031) (0.031)

Cosan brand 0.042 0.040 0.057 0.047 0.008 0.040 0.039 0.039
(0.044) (0.051) (0.053) (0.057) (0.057) (0.051) (0.051) (0.051)

Esso brand -0.000 -0.009 0.011 0.029 -0.003 -0.010 -0.010 -0.010
(0.028) (0.029) (0.031) (0.035) (0.037) (0.029) (0.029) (0.029)

Repsol brand 0.044 -0.002 0.036 0.101* 0.086 -0.002 -0.002 -0.002
(0.044) (0.043) (0.045) (0.057) (0.056) (0.043) (0.043) (0.042)

Shell brand 0.028 0.045* 0.032 0.027 0.031 0.045 0.045 0.045
(0.032) (0.028) (0.027) (0.029) (0.032) (0.028) (0.028) (0.028)

Texaco brand 0.020 0.008 0.038 0.021 0.019 0.007 0.007 0.007
(0.026) (0.024) (0.025) (0.027) (0.027) (0.024) (0.024) (0.024)

Total brand -0.276 -0.289 -0.120 -0.129 0.195 -0.289 -0.289 -0.289
(0.281) (0.271) (0.232) (0.255) (0.293) (0.271) (0.271) (0.271)

Constant -0.054 -0.164 -3.324 -1.875 0.543*** -0.165 -0.165 -0.165
(0.393) (0.315) (1,311.736) (213.174) (0.150) (0.315) (0.315) (0.315)

Observations 1,687,148 1,489,653 1,345,135 1,230,653 1,135,723 1,489,653 1,489,653 1,489,653
R-squared 0.210 0.209 0.215 0.220 0.225 0.209 0.209 0.209
Number of cod_id 21,976 20,195 18,846 17,851 16,957 20,195 20,195 20,195

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All figures are in cents of Reais. Data are from 555
municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. Estimations include gas-station and week fixed effects.
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CHAPTER 4

PUBLIC DISPLAYED VS. PRIVATE ENCLOSED: THE EFFECT OF THE

PUBLICIZATION OF ANTITRUST ENFORCEMENTS

Abstract

In this paper we intend to focus on the impact that disclosure of an antitrust enforcement

has on firms’ pricing patterns and its spillover effect into other submarkets. We look at firms

that actively took part on cartel agreements as well as related markets and investigate if firms

react differently to publicly disclosed as oppose to private enclosed antitrust enforcements. We

do that comparing the effects from dawn raids (publicly displayed) versus mail notifications

(private enclosed). We use a large dataset from the Brazilian retail gasoline market and test the

results from the estimates of the effect of each type of intervention on each of the geographical

ranges separately. Our results indicate that the deterrence effect of a publicly displayed antitrust

intervention is immediate and higher for the indicted stations but it is also statistically significant

and economically meaningful among stations located in the same municipality and nearby cities

that did not partake on the offense. Meanwhile, absolutely no significant deterrence effect

was found after a private enclosed notification, not even among the receiver stations. In other

words, the public display of an intervention seems to have an important role in preventing future

cartel-like price behavior.

1 Introduction

The impact of regulatory activities is believed to be of great importance to law enforcement,

especially one of price-fixing. The main channel through which antitrust enforcement

prevents collusion is through a deterrence mechanism. From 2001 through 2011 the Brazilian

competition authority (Conselho Administrativo de Defesa Econômica, or CADE for the

Brazilian acronym) has intervened in over sixteen cases of cartel activity in the retail gasoline

market in an effort to uncover evidence of cartel activity in those markets. While there is
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a federal competition authority, retail gasoline price-fixing cases are typically initiated at the

municipal level by the local prosecutor as a criminal act.

The probability of being indicted and charged fines and/or prison acts as a dissuasive

element for competitors to engage in collusive agreements. There is also an exposure effect

coming from antitrust agencies that actively pursue anti-competitive offenses serving as a signal

for firms as to the probability of being caught should they decide to engage in an illicit activity.

Although the prevention of private rights is of prime concern, the idea behind this paper

is that by publicly displaying the enforcement, the authorities send a message to potential

offenders, who may alter their behavior based on their belief of being seized. In that case,

the publicization of antitrust actions would work as a deterrence mechanism to prevent future

or restrain ongoing transgressions. Therefore, there is a cost to society in preserving private

right as oppose to publicly exposing the wrongdoer, this might be true not only for crimes of

competition, but also at many other levels, such as corruption and administrative offenses.

Our objective in this paper is to evaluate the effectiveness of the publicization of antitrust

actions as a deterrence mechanism of anti-cartel policy interventions. Specifically, we ask the

following question: are public displayed enforcements (dawn raids) more effective in stopping

cartel-like price behavior than private enclosed interventions (mail notifications)?

Going back to the Brazilian cases, in times the authorities have taken publicly displayed

actions to restrain cartels by performing dawn raids, in others, it has been a private enclosed

action, through mail notifications to the defendants. The difference between these two forms of

intervention is not merely the publicization of the competition authority’s actions. In terms of

attainment of evidences, the former is used when there is a strong belief but no evidence against

the offenders, whilst the latter is carried out when the authorities already have enough evidence

against the defendants. The two actions are exclusive to one another as judges will not issue

permits for raids if the authorities already have all the evidence necessary to build the case in

hands.

A dawn raid is a very invasive process for the businesses and also for the individuals who

are being publicly exposed. It is also a very resourceful operation for the public sector as well

as for the businesses being investigated. It involves many officials and also more often than not

the establishments remain closed for a few days until getting back in order to operate. However

different in many aspects, the evidences obtained in either type of lawsuits are of equal quality,

that is, mail notification cases are equally strong as dawn raid ones. As we can see from figure
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4.1, the rate of dismissal among the cases analyzed in this study is the same for cases of both

groups of cartel enforcements.

FIGURE 4.1. Result from the cases analyzed in the study, by type of Intervention

Note: Data comes from CADE’s lawsuits.

Knowing that a typical feature of cartel behavior is to increase price levels and margins, as

well as to reduce price variance, we can ask the question of whether cartel interventions of these

sort have an effect on price levels, price margins and price volatility. We do that looking not only

at the players that actively committed the offense, but also at other submarkets. In other words,

we investigate if the effect of an antitrust enforcement spreads from one submarket to another,

we examine the existence of a spillover effect from the publicization of antitrust enforcements.

We believe that the deterrence effect is stronger the closer the markets are to the indicted

one. Inasmuch as, in one hand, the investigation is more likely to uncover evidences in related

markets. On the other hand, the flow of information on an antitrust enforcement tend to be

closely linked to the proximity of the submarkets. Nearby markets are prone to have common

distributors and business connections and also share the same local media coverage.

In order to address our basic research question, we analyze data from the Brazilian gasoline

retail market. Our data includes retail and distribution prices at the retail pump level for a large

sample of gasoline stations across Brazil’s territory, from July 2001 to December 2011. During

this period, many cases of cartel were uncovered, most were punished. Most of them were

originally investigated by the local authorities and then subsequently sent to investigation to the

federal antitrust agency.

The Brazilian market is particularly interesting to study the research question at hand

because gasoline producers and retailers have separate ownership by law; and while some
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retailers own multiple stations, downstream ownership is typically local. As a results, other

players will not know about private enclosed interventions unless the receivers are willing to

share it, however, they will easily get informed about publicly displayed actions. In addition,

Brazil is a large country, and while all states share the same language and national media,

there is also considerable separation across states in the way news are presented (for example,

a considerable fraction of newspapers readership is at the state and local levels) which means

that the closer the market is to the focal point the fastest it comes across with news of publicly

displayed antitrust enforcements.

Figure 4.2 presents the share of local newspaper readership by State. It separates the local,

that is, State newspapers from out-of-State newspapers and take the average share across the

sampled period (2001-2011). As we can see local newspaper readership ranges from 73% in

MS to nearly 100% in RS, proving that newspaper circulation is foremost local.

FIGURE 4.2. Share of Local Newspaper Circulation - average 2001-2011

Note: Data comes from IVC (Instituto Verificador de Comunicação). The States that do not present statistics is because no
local newspaper is affiliated to the Institution. Although data is not global, since the institution only audits its affiliates, even
the National Association of Newspapers (ANJ) uses their figures as reference as oppose to auditing themselves.

The impact of regulatory activities is believed to be of great importance to law enforcement,

which on its turn can influence the companies pricing behavior. This idea was first introduced by

Stigler [1966] in which the author presents a quantitative notion of the effects of the introduction

of antitrust laws. Stigler [1966] states that the introduction of the Sherman Act had a modest

effect in reducing concentration, but it restricted the most efficient methods of collusion and

thereby reduced the total quantities and effects of collusion.
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Theoretical and empirical works have predicted that the increased probability of prosecution

and subsequent penalty works as a deterrence mechanism to anticompetitive behavior, with

deterrence effects declining over time. Feinberg [1980] and Block et al. [1981] present models

demonstrating this features. The first finds that an antitrust indictment have an impact in

lowering the firms’ market power. The second finds that the cartel price depends on the levels

of antitrust enforcement efforts and the penalties charged by the antitrust authority in case of

conviction.

Analyzing the bread industry, Block et al. [1981] finds that: (i) increasing antitrust

enforcement capacity or filing a price-fixing complaint had the deterrent effect of reducing

industry’s markups; (ii) a price-fixing case against bakers in one city induces bakers in

neighboring cities to reduce markups; and (iii) if discovered and prosecuted, convicted firms

tend to reduce their markups in the following year. Importantly, the authors find that the

effective deterrent mechanism to price fixing was not the ordinary government-imposed fines

but the credible threat of large damage awards to private class actions (treble damage1 in the

case of the U.S. antitrust authority ruling2).

In line with Feinberg [1980] and Block et al. [1981] arguing to the benefits of the antitrust

activity, Feinberg [1986] found evidence of relatively short-term deterrence effects but little

long-term impact when examining European antitrust cases. Feinberg [1984] suggests that

different industries should bring different deterrence effects on future prices and indicates that

the deterrence effect of an indictment weakens over time and depends on the industry being

analyzed. Coatney and Tack [2014] analyze the time frame of an antitrust investigation and find

that auction prices in the targeted auctions: (i) significantly increased as soon as the targets were

made aware they were under investigation; (ii) remained higher as long as the investigation was

open; and (iii) systematically declined to the same low pre-knowledge state after the closure of

the investigation without prosecution.

Block and Feinstein [1986] evaluate how the threat of antitrust enforcement spills over

from one industrial submarket to another through a formal model later applied to the highway

construction industry. This study is closer related to ours regarding its objective. The authors

find that primary states - a state which has suppliers in common with at least one state where an

indictment has already occurred - are more responsive than the remaining states. Surprisingly,

1Treble damage is a recovery of three times the amount of individuals’ actual financial losses suffered which is
provided by statute for certain kinds of cases.
2Notice that the Brazilian legislation does not allow for treble damage claims.
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the authors do not find stronger deterrent effect of antitrust enforcement in states where an

indictment occurred when comparing to non-indictment states3.

Finally, whilst Baker [2003], Ciarreta [2012] and Cyrenne [1999] find mixed evidences

regarding the advantages of a competition agency, others such as Newmark [1988], Smith et al.

[1987] and Thompson and Kaserman [2001] find evidence against the competition authority’s

practices.

Our work is closely related to the group of papers that are in favor of an active

antitrust agency. We believe that an antitrust enforcement should change a firms’ perception

regarding the probability of detection and conviction for charges of anti-competitive activities.

Furthermore, we believe that through the flow of information the result of an antitrust action is

not restricted to the indicted market, as other firms, guilty or not, could also change their beliefs

about being charged themselves. For that matter, we expect prices to fall across all players that

took part in the collusion and we do not discard the chances of prices falling in other submarkets

as well. In short, the greatest the perception players have over the effectiveness of the antitrust

agency the greater we expect markets to respond to an antitrust enforcement.

In this paper, we focus on the effect an antitrust enforcement has on pricing patterns of cartel

members and other gas stations operating in the retail gasoline market, we call this the spillover

effect of the antitrust enforcement. Geographically, we look at four different niches: the stations

that took part in the cartel; the ones located inside the same municipalities where the collusive

activity was uncover but out of the cartel agreement; the municipalities nearby; and the other

municipalities inside the same State.

More importantly, we do that comparing the effects of publicly displayed versus private

enclosed interventions. We define two types of antitrust interventions: (i) a publicly displayed

enforcement: a dawn raid is a very disruptive and public event; and (ii) a private enclosed

enforcement: a mail notifications is sent to each establishment separately requesting the

responsible to provide information on a specific case under investigation. This latter kind of

intervention is private and unless the receiver wants to make it public no one will know about

it, and for that reason we expect lower, if any, spillover effect. We estimate the effect of each

type of intervention on each of the geographical ranges separately.

Our results indicate that the effect of a publicly displayed antitrust intervention is indeed

immediate and higher for the indicted markets but it is also statistically significant and

economically meaningful among the gas stations inside the same municipality. Our results

3Other papers that defend the benefit of an active competition agency are: Clarke and Evenett [2003], Baarsma
et al. [2012], Werden [2003], Werden [2008], among others.
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suggest that, immediately after a publicly displayed enforcement (dawn raid), price levels

and margins drop 2.0% (9.4 cents) and 12% (9.7 cents), respectively, for cartel members in

comparison with the average price charged during the cartel operation, reaching up to 4.6%

(21.2 cents) and 26.1% (21.1 cents) after 6 weeks which is still above market average. Stations

involved in cartel investigations that suffered dawn raids continue to reduce prices after the sixth

week as the average post-intervention price for the twenty six-weeks following a raid is 15.3

cents below market average. This figure represents as much as 338 Reais over a year - 43%

of the monthly minimum wage of 2015 - for the average 50 liters per week consumer. This is

a conservative estimate considering the member stations’ consumers will find a much higher

difference between the price during cartel operation and post-intervention than the difference

between the overall market and the post-intervention price.

Gas stations operating inside the same municipality but out of the cartel agreement also

change their pricing behavior, although it takes four weeks for the change to be statistically

different than zero. By the fourth week, these gas stations have prices and margins 2.2% and

17.9% lower than during the cartel operation, respectively, which represents 2.6 cents below

market average. When we consider a longer period of time, the twenty six-weeks estimate

post-raid is of approximate 8.4 and 6.7 cents of price and margins reduction, respectively,

compared to the market average. Stations belonging to nearby cities present a twenty six-weeks

deterrence effect of 6.4 and 5.5 cents on price and margins below market average, respectively,

but no immediate effect.

Meanwhile, absolutely no significant effect was found after a mail notification, not even

among the cartel members. In other words, only dawn raids seem to have an impact on

preventing cartel-like prices among members and the publicization of the action has important

outspreads to other related markets.

We believe our work contributes to the literature that assess the effectiveness and

significance of the antitrust agencies as a restrain mechanism to cartels and other

anti-competitive activities. Our contribution is relevant as we assess the contrast of a publicly

displayed versus a private enclosed enforcement and we also investigate the spillover effects

the interventions have in other submarkets. We find that antitrust enforcements affect price

levels and margins among the cartel players and the gas stations inside the same municipalities

and nearby cities where the cartel took place. These deterrence effects are achieved if the

method of intervention is through a dawn raid, a public disclosed action, as mail notifications

had no apparent effect on any of the outcome variables. Despite the fact that the effect is
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geographically limited it is sustained over time (twenty six-weeks following an intervention)

and it is economically significant even for the average gasoline consumer.

This paper is organized as follows. Section 2 describes the data used in this study and

reports some facts and descriptive statistics, we also describe the variables to be used in the

analysis. Section 3 presents the model estimated and reports the estimation results for the

twenty six-weeks period following a cartel, as well as showing graphically and numerically the

immediate effect of each enforcement. It also includes a robustness check to our results. The

paper ends with a few concluding remarks in section 4.

2 Data

The data used in this analysis comes from a weekly price survey conducted by the Brazilian

National Petroleum Agency (ANP, at the Brazilian acronym) called Sistema de Levantamento

de Preços (SLP). The agency surveys a sample of stations throughout the Brazilian territory

in order to monitor prices, covering 555 municipalities in Brazil, approximately 10% of the

municipalities in the country4. Our data comprises weekly data from July 2001 through

December 2011 (548 weeks).

The data corresponds to weekly gasoline prices at the gas-station level. Not all stations are

audited on a weekly basis, in fact the number of gas stations audited each week is previously

determined. The assortment of stations that will be audited each week is randomly assigned by

the Brazilian national agency, making the dataset an unbalanced panel. Note that the station’s

employees have no knowledge about which gas stations have been assigned until the agency’s

technician is at the designated stations.

It is important to mention that during the analyzed period sixteen cases of cartel activity

were uncovered in Brazil. Most were investigated by CADE (the Brazilian antitrust authority)

because of a previous criminal investigation by the local prosecutor authority. There has been

evidence of anti-competitive activity in Bauru (SP), the metropolitan area of Belo Horizonte

(MG), Caxias do Sul (RS), Cuiabá and Várzea Grande (MT), Goiânia (GO), Guaporé (RS), João

Pessoa (PB), Lages (SC), the metropolitan area of Londrina (PR), Manaus (AM), Natal (RN),

the metropolitan area of Recife (PE), Santa Maria (RS), Teresina (PI) and the metropolitan area

of Vitória (ES). These cases were uncovered and then analyzed and in most cases condemned

by CADE5, as seen on figure 4.1.

4Brazil has 5570 municipalities.
5Goiania (GO) and Cuiabá and Várzea Grande (MT) were dismissed because of evidence contamination; João
Pessoa (PB), Natal (RN) and the metropolitan area of Belo Horizonte (MG) are still under investigation. In all
cases we consider the existence of the cartel because records of phone calls or documents give us strong belief that
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Among 5,285,052 observations compiled, 5,244,340 (99.23%)6 reported prices for gasoline.

Prices are reported in the national currency, the Reais. These gas stations had their prices

measured during 548 weeks (Jul/2001 through Dec/2011), covering on average 9,983.79 gas

stations per week (minimum of 1 and maximum of 12,685) and 555 municipalities, with 31,555

gas stations overall in the sample, 1,817 of which were part of a cartel at some point in time.

Each municipality had on average 66.52 gas stations audited each week (minimum of 1 and

maximum of 840), although that varies according to the size of the municipality as well as the

time within the survey. In the beginning, the survey had a much smaller scale than it has in the

more recent period.

The dataset contains information on prices of retail and acquisition of gasoline for each gas

station sampled. We will take the prices of which the retailer buys gasoline from the distributor

(the acquisition price) as a proxy for costs. We understand that there are many other costs

related to the operation of a gas station such as labor and rent but we believe this is the main

cost. In fact, this price represents, on average, 85.7% of the retail price (as indicated by table

4.1). That is, with the acquisition price even if we don’t know the exact cost function of the

firm we have the single most important variable cost of the business which is the price with

which the establishment acquires its main retail product. The cost data is not reported for every

single data entry. In this sample, 62.88% of the gas stations reported the price with which they

acquired the gasoline they were retailing7. From now on this price will be referred to as the

acquisition price.

The data also contains information on its location/address, company owner, and brand in

the case that the station is not independent and has a distributor associated with it. We paired

this dataset with the ANP registry of operating gas stations as a way to establish when this

gas station started/end its activity, so that we could compute the total number of gas stations

operating in each market. This pairing was also important to allow us to correct the stations

identifications, so we could follow the firm throughout the years. In fact, this is what makes

this dataset so unique. Whilst other studies use the same source of data, they either use the

data as cross sections, or they use it as panel data but aggregated by municipality. We, on the

other hand, worked the raw data to be able to use it at the station-level and also in the panel

configuration, fixing each data entry’s identification and address according to ANP’s registry.

there was a cartel operating in that market, and if the antitrust agency is unable to condemn the defendant, is due
to some judicial stratagem, that is, the cases were not dismissed on merits but on formal grounds.
60.77% are missing data.
7There is a topic in the literature arguing that there is an upper bias in the report of acquisition prices of gasoline,
pointing out that the stations that do not report are the ones paying the least. This would cause us to underestimate
the price margin as well as all estimates associated with it.
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Finally, we obtain detailed information on each cartel case, including participants and

relevant dates, through the court files. Primarily, we are interested in identifying the exact

date when the cartel was uncover. This means not necessarily when the antitrust agency or the

local court started investigating it but rather when the participants of the collusive agreement

learned that they were being indicted. We have the information of when, precisely, each gas

stations received a mail notification, and when a dawn raid was executed. The idea is that

at these dates the retailers’ beliefs with respect to its probability of being caught might have

changed, and with it their behavior with respect to price formation. For the onset of the cartels,

however, we use the earliest record of a meeting or conversation between members, live or by

phone, that the lawsuit has records of. The period between these two dates will be considered

the duration of each cartel, respectively, for the purpose of this study. All other time periods will

be considered off cartel. Bearing in mind that we do not know exactly when the cartel initiated

its activities, for cartel markets and submarkets we exclude the period before the date we assign

as the starting point, this way we prevent this data to be used as a control group.

In what follows we will describe the variables that will be used as well as provide some

descriptive statistics of the sample.

2.1 Dependent Variables

Knowing that a typical feature of cartel behavior is to increase prices and margins, as well

as to reduce price variance, we will analyze the effect of an intervention on price levels, price

margins (we construct the price margin variable using our Cost variable which we will describe

in the following subsection) and price variance.

We also deflated all prices, that is, the retail and the acquisition prices. On the one hand,

Brazilian retail gasoline prices do not follow market inflation directly since they are controlled

by the government, this is also why crude oil prices cannot be used as a predictor of gasoline

prices in Brazil. On the other hand, we will be comparing different time periods, that is, period

with and without cartels, that are largely diffused along the over 10 years dataset we use.

Brazil has a long history of high inflation and from July 2001 to December 2011 inflation

was up to 80% in the consumer’s prices index (IPCA, for the Brazilian index). Prices of retail

and acquisition of gasoline increased during this period 65.6% and 63.2%, respectively.

Although we do not have data all the way through 2015, we deflated prices to September

2015 so that the magnitudes of the effects are up to date, during which inflation accumulated an

increase of 152% (from July 2001 to September 2015).
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2.2 Independent Variables

We use the information contained in the court documents as well as other information

contained in the ANP data to create other relevant variables. We construct statistics on a weekly

basis, so we have information varying on periods before and after the antitrust interventions.

For instance, we take the name of the defendants in each of the civil actions and we used

this information to create a dummy variable that define the group of stations that participated in

each of the collusive agreements - 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 -, that is, the cartel members. There are cases in

which the union of gas stations was responsible for organizing and enforcing the cartel and, in

that case, we appointed as members of the cartel all gas stations that were part of the union at

the time of the cartel activity8.

We then compute three other dummies to define the other geographic variables of interest

which are all complementary to each other, such as: the variable 𝐺𝑀 includes all gas stations

located inside the market where the cartel took place - it can be one or more municipalities - but

that were out of the cartel agreement. These firms, expressed by the 𝐺𝑀 variable, are the ones

with the highest proximity to the collusive market.

Following, we compute the 𝐺𝑀𝑠𝑟 variable. The 𝐺𝑀𝑠𝑟 includes the gas stations that are

located in the same mesoregion9 as where the cartel took place, that is, all gas stations located in

nearby cities. We exclude the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 . Lastly, we compute

the 𝐺𝑆 variable which includes the gas stations that are located in the same State10 where the

cartel took place excluding the gas stations that are part of 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 or 𝐺𝑀 or 𝐺𝑀𝑠𝑟. Succinctly,

all stations located inside a State where a cartel took place will integrate one, and only one, of

these four variables/groups depending on their geographical proximity to the collusive market.

Although, the gas stations included in 𝐺𝑀𝑠𝑟 and 𝐺𝑆 are not directly connected to the cartel

firms since they are not even in the same municipality, we include them in our estimation to test

the hypothesis of how far does it go the spillover effect of the intervention. After all, they are

supplied mostly by the same distributors and also commuters may arbitrage these markets11.

We also consider this geographical segmentation due to media coverage. As seen from

figure 4.2, the vast majority of newspaper circulation is inside State news. This is relevant in

8We obtained this information on the lawsuits through the list of gas stations affiliated to the union at the time of
cartel operation.
9A mesoregion is a subdivision of the Brazilian states, grouping together various municipalities in proximity and
with common characteristics.
10Brazil is a federation composed by 26 states plus the Federal District.
11It has been shown in chapter 2 that the issue of contamination is not a threaten in this context as stations in nearby
cities and elsewhere in the States have not suffered spillover effects from the cartel activity.
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the case of dawn raids which get a lot of publicity and by that the gas stations that share the same

media become well aware of an antitrust interventions of this type within that State12, therefore

acting as an agent in the spread of information throughout the State, making the spillover of the

public displayed intervention a possibility.

We also use the information contained in the lawsuits to estimate an approximate date of

cartel beginning; based on the records of a meeting between members, a phone call to fix prices,

etc. We do understand that the assignment of this date is less precise than the cartel ending, this

is why to prevent the contamination of the control group we exclude the observations from the

period before what we called the start of the cartel for the four geographical groups13.

Our main independent variable is called Intervention and it is a dummy that represents the

period following an intervention of some sort. The length and the group of firms will depend

on the specific estimation. Intervention can cover twenty six-weeks following an intervention,

or week by week. We also segregate for the type of intervention.

As mention before, Brazil is a large country, and while all states share the same language and

national media, there is also considerable separation across states in the way news are presented

(for example, a considerable fraction of newspapers readership is at the state and local levels as

seen of figure 4.2). For the few newspaper with higher national circulation we created a media

index variable that we use as a control in our regressions. In what follows we will explain each

and all of our controls and market structure variables.

We use the information in the ANP data to construct our outcome variables as well as

measures of market structure at the municipality level. Specifically, we are interested in

measuring the total number of stations, different brands in the market and the share of low

branded or independent selling stations14. We also construct measures of market structure in

the gas station level such as: dummies indicating the location of the gas station, i.e., if in a

street, avenue, highway or secondary road, and a dummy variable indicating if the gas station is

branded15.
12The base variable would be the gas stations situated in States where there was never an incident of cartel and the
ones that at that point in time were not under collusion.
13We did estimate all equations with this observations included in the sample and the results are very similar, with
small variations in the magnitude of the coefficients. This is expected because if the cartel activity started before
the date we assigned, the resulting control period has higher average prices than it would if we knew the accurate
commencement date. Although not ideal, this problem seems less important here because for once we do not
consider the period before the date we find in the lawsuits, but also because the regressions that do consider this
period (not shown) only weakens our results but does not invalidate them.
14All brands except the ones that are part of Sindicom - the national union of fuel distributors - are considered
low brand stations in the context of this work, that means high branded are the ones associated to Sindicom and
independent stations are brand-less stations.
15The variable equal 1 for the gas stations that have any sort of brand associated with it and 0 for the independent
stations.
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The media index variable mentioned above is a dummy variable that is equal to 1 every

time there is a newspaper piece on gas stations cartel formation or irregularities on prices for all

gas stations since we only considered newspapers that have the highest national circulation16,

therefore it only varies in time not in the individual.

Finally, we include as a control variable the marginal cost which is represented by the Cost

variable. Considering only 62.88% of the stations in the sample reported the acquisition price,

we input the weekly average of each municipality for the remaining stations. If no station in

that municipality reported an acquisition price for that week a missing value is assigned to that

entry. This could happen especially in small municipalities where fewer gas stations are audited

each week. We use this Cost variable to compute our margin outcome variable.

Table 4.1 provides descriptive statistics on the above mentioned variables for the whole

sample, whilst in table 4.2 we break down by type of intervention for the subsample of stations

that ever participated in the offense and stations with geographical proximity to them, and

consider only the period whilst the cartels are operating. The average price throughout the

sample period considering prices deflated for September 2015 is 401.65 cents, with 52.37 cents

of which is the retailer margin, that is 13% of its revenues17.

TABLE 4.1. Descriptive Statistics

Variable No observations Mean Std. Deviation Minimum Maximum

Price 5,244,340 401.65 36.76 211.33 632.03
Price Variance 5,241,373 113.12 127.89 0.00 9098.62
Margins 4,888,082 52.37 19.25 -313.23 356.62
Margins in p.p. 4,888,082 0.13 0.04 -0.79 0.79

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during Cartel) 5,244,340 0.008 0.09 0.00 1.00
𝐺𝑀 (during Cartel) 5,244,340 0.019 0.14 0.00 1.00
𝐺𝑀𝑠𝑟 (during Cartel) 5,244,340 0.010 0.10 0.00 1.00
𝐺𝑆 (during Cartel) 5,244,340 0.142 0.35 0.00 1.00

Acquisition price 3,323,350 350.29 28.22 89.83 707.90
Cost proxy 4,888,082 348.63 28.26 89.83 707.90
Media index 5,244,340 0.10 0.30 0.00 1.00
No stations in the market 5,244,340 63.58 115.92 0.00 809.00
No diff brands in the market 5,244,340 7.36 3.30 1.00 26.00
Proportion of low brands and independents 5,235,449 0.46 0.39 0.00 42.00
Avenue (dummy) 5,244,340 0.34 0.47 0.00 1.00
Road (dummy) 5,244,340 0.03 0.16 0.00 1.00
Highway (dummy) 5,244,340 0.13 0.33 0.00 1.00
Branded (dummy) 5,244,340 0.71 0.45 0.00 1.00

Note: All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.

Following we have each group variable (dummies). What calls our attention the most is

the fact that 𝐺𝑀 (during cartel) is almost twice the size of 𝐺𝑀𝑠𝑟 (during cartel), 1.87% versus
16Folha de São Paulo and O Estado de São Paulo.
17Note that this is margins before fixed costs.
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1.05% respectively, even though 𝐺𝑀𝑠𝑟 includes a much larger group of municipalities. This is

not surprising though, as we note that the municipalities where there were cartel agreements are

big cities (the biggest in their corresponding mesoregion) and so they include a higher number

of stations. 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during cartel) represent only 0.85% of the sample points, although it is

not little when we consider it is 44,471 observation points.

Among the control variables we observe that, by construction, the number of observations

among the Cost variable is higher than the Acquisition price. As a result of our data imputation

we allowed an extra 1,564,732 observations to be used. There are on average 63.58 gas stations

per municipality and 7.36 different brands. A significant 45.6% of the stations are of low brands

or independent, that is, they are not part of a major gasoline brand. Just over 50% of the stations

are situated at streets (the base variable), followed by avenues with 34% and main roads and

highways with 13%. Approximately 30% of the market is constituted by independent stations,

as 70% are branded by either a high or low brand. Independent stations are known to increase

competition as they tend to sell with lower retail prices, as shown by Hastings [2004]. The

objection is that they tend to sell lower quality fuel.

Table 4.2 displays the descriptive statistics of each cartel subsample, that is, the ones ending

in a dawn raid and the ones ending in a mail notification. It also contains information on the

outcome variables for the other submarkets.

Analyzing Panel A, we observe that the average price is substantially higher for cartels

ending on a dawn raid as oppose to a mail notification, and so are margins. Cartels that suffered

a raid also have a higher acquisition price of gasoline which means not all the pricing difference

is reflected into higher margins, comparatively. In reality, mail notification prices and margins

are fairly similar to the whole sample estimates. With respect to the other submarkets (Panels

B, C and D), we observe that prices and margins are very much alike, a bigger difference is seen

on the price variance statistic.

With regards to the control variables they seem to be balanced across all samples. Interesting

to notice that dawn raid-ending cartels have 71% of low brands and independents and 57% of

branded stations, which means 43% of the market is of independents, 28% is of low brands,

and 29% of high brands, the mail notification-ending cartels, on the other hand, have 17% of

independents, 6% of low brands and 77% of high brands.

3 Measuring the Effect of the Publicization of Antitrust Enforcements

We are interested in evaluating the effect different types of antitrust interventions disclosure

have on price, price margin and price variability. The question we want to answer is if a public
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TABLE 4.2. Descriptive Statistics, by type of Intervention

Dawn Raid Mail Notification

Variable No Obs. Mean Std. Deviation No Obs. Mean Std. Deviation

Panel A. 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠 (during Cartel)

Price 31,657 456.82 36.81 12,814 408.42 35.96
Price Variance 31,582 84.37 176.18 12,613 81.70 192.59
Margins 31,652 80.78 22.46 12,036 56.85 18.62
Margins in p.p. 31,652 0.17 0.04 12,036 0.14 0.04

Acquisition price 23,699 375.76 22.51 7,969 354.70 28.52
Cost proxy 31,652 376.05 22.60 12,036 352.06 28.96
Media index 31,657 0.08 0.28 12,814 0.15 0.35
No stations in the market 31,657 57.58 25.04 12,814 43.97 28.75
No diff brands in the market 31,657 7.14 2.23 12,814 7.77 1.90
Proportion of low brands and independents 31,657 0.71 0.22 12,814 0.23 0.14
Avenue (dummy) 31,657 0.71 0.45 12,814 0.56 0.50
Road (dummy 31,657 0.01 0.10 12,814 0.02 0.13
Highway (dummy) 31,657 0.08 0.27 12,814 0.15 0.36
Branded (dummy) 31,657 0.57 0.50 12,814 0.83 0.37

Panel B. 𝐺𝑀 (during Cartel)

Price 52,199 408.13 36.91 46,665 407.87 35.68
Price Variance 52,163 102.75 121.53 46,664 89.57 167.17
Margins 52,155 51.87 22.21 43,418 54.74 17.70
Margins in p.p. 52,155 0.12 0.05 43,418 0.13 0.04

Panel C. 𝐺𝑀𝑠𝑟 (during Cartel)

Price 36,938 419.38 34.01 17,917 423.18 37.27
Price Variance 36,936 65.81 142.40 17,917 118.06 143.06
Margins 34,154 57.92 21.06 16,746 64.21 17.09
Margins in p.p. 34,154 0.14 0.04 16,746 0.15 0.03

Panel D. 𝐺𝑆 (during Cartel)

Price 227,087 415.64 32.27 519,809 412.70 37.05
Price Variance 227,085 91.54 99.28 519,797 126.14 149.63
Margins 215,652 53.96 20.33 500,605 54.66 19.37
Margins in p.p. 215,652 0.13 0.04 500,605 0.13 0.04

Note: All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis.

disclosed antitrust intervention (represented by a dawn raid) is more effective in deterring

cartel-like behavior than a private enclosed one (represented by a mail notification)? We

investigate that by looking not only at the effect in the members of the cartel, who directly

suffered the intervention, but also on the players in the markets that did not directly partake on

the collusion. We look at the effect in the members, other gas stations in the municipality, in

the mesoregion (closer cities) and in the state, which, as we mention above, we segmented as

𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠, 𝐺𝑀 , 𝐺𝑀𝑠𝑟 and 𝐺𝑆 , respectively.

We estimate this effect for each of the four geographical scopes over the twenty six-weeks

period (six month) following an intervention and also week-by-week immediately after an
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intervention18. In addition, we break down by type of intervention, separating between: (i)

a dawn raid and (ii) a mail notification19.

A dawn raid is an unexpected event and can cause not only disruptions on the collusive

agreement but also harm the businesses involved, it implies the seizure of documents and

sometimes imprisonment of individuals. A notification is a mail note asking the receiver to

provide clarifications in a judicial matter. Figure 4.9 in the appendix represents an example of

a dawn raid and of a mail notification. The first was extracted from a newspaper that reported

the intervention, the second was taken from the corresponding lawsuit.

We estimate equations 4.1 below to compute the overall effect of an antitrust intervention in

each geographical extract, that is, we estimate the equation considering one geographical group

at a time.

(4.1) 𝑌𝑖𝑡 = 𝛽0 + 𝛽1 × 𝐼(𝐺𝑗) × 𝜏 + 𝛽2 × 𝐼(𝐺𝑗) × 𝜂 + 𝛾 × 𝑍𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡

where 𝑗 ∈ {𝑀𝑒𝑚𝑏𝑒𝑟𝑠,𝑀,𝑀𝑠𝑟, 𝑆}, 𝜏 = 1 if 𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑 < 𝜏 6 𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑+26 and 𝜂 = 1 if

𝑡𝑁𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 < 𝜂 6 𝑡𝑁𝑜𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛+26. 𝑌𝑖𝑡 is the outcome variables (level of prices, price margins

or price variance) for station 𝑖 in week 𝑡, I(·) is an indicator function which assigns a 1 to the

stations that belong to one of the four geographical groups: 𝐺𝑀𝑒𝑚𝑏𝑒𝑟𝑠, 𝐺𝑀 , 𝐺𝑀𝑠𝑟 or 𝐺𝑆 and 0

otherwise. The expression 𝐼(𝐺𝑗)×𝜏 means all stations belonging to the specific group from the

time of the dawn raid until twenty six-weeks after are assigned a 1, analogous to the 𝐼(𝐺𝑗) × 𝜂

for the mail notification. 𝜇𝑖 is a station fixed effect, 𝛿𝑡 is a time fixed effect, 𝑍𝑖𝑡 is a vector

of time-varying market structure as described in the previous section, 𝜖𝑖𝑡 is the error term. The

parameter 𝛽1 and 𝛽2 capture the direct effect of a dawn raid and a mail notification, respectively,

on the outcome variable for that group of gas stations during the assigned period. We compute

the described model using panel data with gas station and week fixed effects.

18We have also performed the exercise considering a thirteen-weeks (three months) and fifty two-weeks (one year)
windows after the intervention that are displayed in tables 4.7 and 4.8 in the appendix. In addition, we have
performed the exercise considering all periods up till the end of the dataset (December 2011), but then decided it is
unfitting in this context because we can only register the change in the station’s management and ownership if the
new proprietor does not but the company’s permit/registry, so there is too much turmoil to be considered a valid
post-intervention exercise.
19We estimated equations allowing for heterogeneous effects of the media index on the interventions too, but
they were not robust. We believe this is due to the fact that the media index variable only contemplates the two
newspapers with the highest circulation outside their home States. However, they are not equally relevant in all
States and in most cases their readership is negligible, confirming the relevance of the in-State analysis.
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Table 4.3 reports the results for the effect of an antitrust enforcement during a twenty

six-weeks period following an intervention20. Results presented in table 4.3 indicate that once

the offenders (cartel members) have experienced a dawn raid they have lower prices and margins

as well as higher price variance. The average effect is a cutback of approximate 15 cents of Reais

in prices, that directly affect their margins. We also observe that even among the stations that

did not partake in the cartel agreement the dawn raid still serve as a deterrence effect. Stations

situated in the same municipality and in the same mesoregion have a reduction of approximate 8

to 6 and 6 to 5 cents in prices and margins, respectively. No effect of retrenchment in prices and

margins or increase in price variance are noted among stations elsewhere in the State, proving

the effect of the dawn raid in a twenty six-weeks time-frame to be restricted to Members,

same-municipality and nearby cities stations.

When it comes to the aftermath of a mail notification, this type of enforcement seems very

ineffective during the twenty six-weeks time-frame not only among stations that did not partake

in the collusion, which was expected considering the private nature of the intervention, but also

among the receivers. As a matter of fact, we observe a small, but still significant, increase in

margins among cartel members. This result goes against expected showing that not only stations

receiving a mail notification do not care to stop cartel-like behavior, but they increase margins

even further.

We see two possible reasons for this to occur: for once the stations might not see a mail

notification as high as a threat as they find a dawn raid. Station owners do not care enough about

notifications to change their price-fixing agreement because they do not believe their chance of

conviction is substantial enough to change their behavior. This is intuitive considering a raid is

much more intense, involving a lot of armed officials and the seizure of documents and objects,

whilst a mail notification is just a simple letter asking some clarifications. The second reasoning

would be that the station owners seek to take advantage of the agreement for as long as they can

hold it because they know they will most likely be condemned.

As mentioned before, we can see from figure 4.1 that both methods seem equally effective

in condemning the offenders, that is, proofs obtained by either type of intervention - on the

spot in the case of dawn raid, and previous evidence in the case of mail notification - are of

equal caliber. By no means, the proofs obtained on a previous investigation followed by a mail

notification is of worse quality than the ones acquired through a dawn raid. Offenders who

20It is important to mention that for the following regressions, presented in tables 4.3 and in the appendix 4.6, 4.7
and 4.8, we do not consider the Teresina (PI) and Guapore and Caxias do Sul (RS) cases in the estimations because
of the multiplicity of cartels affecting these regions, causing a problem to establish the period after an intervention
in these cases since the post-intervention period for one case would be the pre-cartel period for the other.
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TABLE 4.3. Effect of an Antitrust Enforcement 26 weeks following an Intervention

Members Municipality Mesoregion State

Price Level

Dawn Raid -15.312*** -8.350*** -6.382*** -0.215
(5.162) (1.661) (1.440) (0.877)

Notification 0.928 0.522 3.473*** -3.102***
(0.783) (1.243) (1.236) (1.007)

controls yes yes yes yes
time FE yes yes yes yes
gas station FE yes yes yes yes

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.809 0.814 0.814 0.815
Number of cod_id 28,774 27,577 27,971 27,413

Price Margin

Dawn Raid -14.915*** -6.721*** -5.450*** 0.852
(4.606) (1.581) (1.282) (0.874)

Notification 3.582*** 1.491 4.122** -3.055***
(1.060) (2.405) (1.611) (0.969)

controls yes yes yes yes
time FE yes yes yes yes
gas station FE yes yes yes yes

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.114 0.114 0.114 0.115
Number of cod_id 28,774 27,577 27,971 27,413

Price Variance

Dawn Raid 77.772** 29.998** 10.310 7.864
(31.599) (12.144) (9.003) (5.350)

Notification -12.752 5.615 -42.923*** 43.328***
(12.217) (19.155) (9.690) (12.444)

controls yes yes yes yes
time FE yes yes yes yes
gas station FE yes yes yes yes

Observations 4,485,908 4,206,325 4,320,174 4,080,312
R-squared 0.082 0.090 0.084 0.090
Number of cod_id 28,773 27,576 27,970 27,412

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
The full table is presented in appendix 4.6.

received a mail notifications are condemned in the same fashion as the ones that suffered a

dawn raid, if not even more, as some of the dawn raid cases are still ongoing.

In addition, we see from the results in table 4.3 a rise in prices and margins and a decrease

of price variance in the group of stations situated in the same mesoregion, something that goes

against the expected procedure after an antitrust action. We do observe a decrease in prices and

margins and an increase in price variance for the in-State stations, but since we do not observe

any other expected result among the other geographical markets, that should be more strongly
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affected by the enforcement, we believe this to be due to another phenomenon not related to the

mail notification.

Taking the average twenty six-weeks reduction in prices and considering a consumer that

uses 50 liters per week (average fuel tank of a compact car), a 15.3 cents per liter21, costs the

consumer 7.65 Reais less over a week, which means nearly 398 Reais over a year (50.5% of the

monthly minimum wage as of 2015). This number is especially relevant considering in 2012

43.1% of the brazilian families subsisted with an average monthly per capita income below

minimum wage22.

3.1 Immediately after an Antitrust Enforcement

We now modify equation 4.1 as to segment both types of intervention in the following way:

(4.2) 𝑌𝑖𝑡 = 𝛽0 + 𝛽1 × 𝐼(𝐺𝑗) × 𝜏 + 𝛾 × 𝑍𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡

and

(4.3) 𝑌𝑖𝑡 = 𝛽0 + 𝛽1 × 𝐼(𝐺𝑗) × 𝜂 + 𝛾 × 𝑍𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜖𝑖𝑡

we also modify 𝜏 and 𝜂 to evaluate equations 4.2 and 4.3 one week at a time starting from

the first week after an intervention. 𝜏 becomes 𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑+𝑘 < 𝜏 6 𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑+𝑘+1 and 𝜂 is the

analogous to a notification where 𝑘 = 0, 1, ..., 6. We take the six weeks following an antitrust

intervention and compare its prices against the average prices during collusion23. Since the

comparison base is always the same (the cartel period for each corresponding geographical

group) the results for each week post-cartel intervention are directly comparable.

The post-intervention effects on price levels can be seen on figure 4.3 below. Analyzing

subfigure (a) we observe that an antitrust intervention is effective in reducing future retail prices

of cartel members only when it is done through a dawn raid. The mail notification, in the other

hand, is not effective at all: until four weeks after a notification prices are still in the same level

as they were during the cartel operation, after that, they increase even further. We observe a

21Figure representing the decrease in cartel members prices in the twenty six-weeks estimates.
22The estimate comes from the Brazilian Federal Statistical Institute (IBGE)
23Each equation is estimated only within its group of stations, for example, when we estimate the post-intervention
effect for the cartel members we compare the post-intervention period with the cartel period only for cartel
members, the same is true for each of the other three geographical groups, which means that all other observations
are not being used, not even as a control group.
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decreasing trend among stations that suffered a dawn raid which is in accordance to the higher

decrease in prices observed in the result estimations shown in table 4.3.

Subfigure (b) depicts results for the group of stations located on municipalities where there

was an operating cartel but they were out of the collusive agreement. We observe similar pattern

as from the cartel members, but with smaller magnitudes. The effect also takes longer to take

place, being statistically significant starting from the fourth week after a dawn raid. From

subfigure (c) we see that the municipalities inside the same mesoregion do not seem to suffer any

significant downward pressure in prices, neither do the ones located in municipalities elsewhere

in the same State (subfigure (d)). We do see, however, a decrease in prices for the mesoregion

group starting from the fourth week, but it is not statistically significant, whilst prices for the

in-State municipalities in fact increase after an intervention of any sort.

FIGURE 4.3. Price Levels after an Antitrust Enforcement, by type of Intervention

(a) Members (b) Municipalities

(c) Mesoregions (d) States

Similar pattern is observed with respect to the margins results, retracted on figure 4.4.

The effectiveness of an antitrust intervention is mostly seen on cartel members and still only

with respect to dawn raids. A little decrease in margins is seen on the inside-municipality

out-of-cartel stations four weeks after a dawn raid and absolutely no significant effect is retained

on in-mesoregions and in-States stations.
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FIGURE 4.4. Price Margins after an Antitrust Enforcement, by type of Intervention

(a) Members (b) Municipalities

(c) Mesoregions (d) States

Our results suggest that, immediately after a publicly displayed enforcement (dawn raid),

price levels and margins drop 2.0% (9.4 cents) and 12% (9.7 cents), respectively, for cartel

members in comparison with the cartel period’s average price (seen in table 4.2, Panel A, Dawn

Raid section). Prices in fact reduce further with time, reaching up to 4.6% (21.2 cents) and

26.1% (21.1 cents) after 6 weeks, which brings prices to about 34 cents above the whole sample

average price (seen in table 4.1). Nevertheless, we do know from table 4.3 that the average

twenty six-weeks post-intervention effect is approximately 15 cents of Reais below market

average, which means that member stations continue to reduce prices after the sixth week.

Gas stations operating inside the same municipality but out of the cartel agreement also

change their pricing behavior, although it takes four weeks for the change to be statistically

different than zero. By the fourth week, these gas stations have prices and margins 2.2% and

17.9% lower than during the cartel operation, respectively, which represents 2.6 cents below

market average.

As a matter of fact, it is interesting to notice that the other gas stations inside the same

municipality also change their pricing strategy after a few weeks even though they were not
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participating in the price fixing deal. This means that although in small scale and magnitude a

publicly displayed enforcement has spillover effects in other markets. This spillover effect is

also present, yet takes longer to take place, in the nearby cities, as seen in tables 4.3.

Finally, when it comes to price variance, no clear pattern can be observed on figure 4.5.

Mostly prices seem to maintain the same variability as they did during the cartel operations.

FIGURE 4.5. Price Variance After an Antitrust Enforcement, by type of Intervention

(a) Members (b) Municipalities

(c) Mesoregions (d) States

The results depicted on figures 4.3, 4.4 and 4.5 can be seen, numerically, on table 4.4. Table

4.4 reports the results from our estimates. The full results report for the regressions, including

control variables, can be found in table 4.9 in the appendix. The table is divided by week,

demonstrating the effect of the intervention for each week following a dawn raid or a mail

notification of our three outcome variables. All models displayed in table 4.4 are estimated

using panel data at the station-level with gas station and time fixed effects.

We also find evidence that mail notifications by the antitrust agency have no effect

whatsoever in price levels, price margins and price variances in any geographical market likely

affected by a cartel agreement. This had been evidenced in the twenty six-weeks estimates and

now corroborated in the short-term estimates.
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TABLE 4.4. After an Antitrust Enforcement, by type of Intervention

Dawn Raid Mail Notification

Price Margin Price Variance Price Margin Price Variance

1st week after intervention

Members -9.361** -9.749** 55.119*** 5.558** 6.602*** -88.332
(4.252) (4.326) (17.783) (2.426) (2.186) (70.109)

Municipality -5.603 -5.521 27.975 6.836** 7.439** -53.041
(4.126) (3.825) (17.087) (3.082) (2.758) (36.997)

Mesoregion 5.593 4.067 -16.448 3.512 0.148 -7.279
(3.669) (3.118) (13.334) (2.636) (2.210) (19.337)

State 3.638** 0.919 0.889 2.425** 1.726 -8.953
(1.803) (1.770) (10.232) (1.103) (1.132) (10.318)

2nd week after intervention

Members -10.087*** -10.633*** 17.599* -0.461 1.213 -1.395
(3.360) (3.547) (10.127) (3.809) (4.388) (28.105)

Municipality -5.841 -5.561 51.372** 0.706 1.257 -20.962
(4.026) (3.736) (23.359) (3.633) (4.110) (23.606)

Mesoregion 5.205 3.452 -21.618 2.257 -0.942 5.205
(3.493) (3.233) (18.824) (2.769) (2.166) (16.559)

State 4.437*** 2.408 -3.984 2.663** 1.764 -9.505
(1.666) (1.504) (9.934) (1.111) (1.141) (10.919)

3rd week after intervention

Members -14.383*** -14.579*** 23.707 2.276 3.621 -31.896
(3.753) (3.658) (16.604) (3.071) (3.496) (47.359)

Municipality -8.057 -8.019 -5.469 1.508 2.291 -26.273
(5.059) (4.752) (15.755) (2.965) (3.094) (26.371)

Mesoregion 3.630 1.469 -17.114 1.938 -0.980 4.362
(3.599) (3.275) (19.580) (2.867) (2.226) (17.301)

State 4.405** 1.742 -10.046 2.589** 1.529 -10.278
(1.765) (1.679) (12.183) (1.067) (1.088) (10.760)

4th week after intervention

Members -15.642*** -15.599*** 23.346 -3.041 0.057 143.735*
(3.459) (3.096) (29.659) (4.183) (4.190) (71.834)

Municipality -9.112* -9.302** 21.628 -1.932 -0.696 46.602
(4.654) (4.242) (19.099) (4.346) (4.436) (36.239)

Mesoregion -1.173 -3.578 1.458 1.746 -1.164 -9.557
(4.151) (3.921) (18.623) (3.051) (2.382) (18.621)

State 4.823*** 2.380 0.492 2.446** 1.503 -10.419
(1.795) (1.700) (10.517) (1.123) (1.127) (11.185)

5th week after intervention

Members -20.279*** -20.401*** 6.399 16.016* 18.684** -74.437
(4.186) (3.684) (31.586) (7.861) (7.987) (65.243)

Municipality -11.277** -11.252** -8.066 6.793 7.912* 4.330
(5.086) (4.572) (21.293) (4.159) (4.059) (18.956)

Mesoregion -3.934 -6.465 37.473 1.674 -2.144 -11.792
(4.317) (3.905) (23.890) (3.976) (3.291) (18.939)

State 4.835*** 2.453 -12.056 2.041* 1.233 -8.156
(1.848) (1.782) (11.104) (1.118) (1.111) (11.306)

6th week after intervention

Members -21.168*** -21.104*** 57.753** 10.715** 12.161*** -89.253
(4.095) (3.464) (25.056) (4.728) (4.014) (79.709)

Municipality -10.038** -10.022** 14.508 6.215 7.175* -86.573
(4.808) (4.238) (24.500) (4.000) (4.058) (78.577)

Mesoregion -1.631 -4.134 5.235 1.617 -1.498 -8.060
(3.743) (3.988) (15.317) (3.779) (2.903) (16.694)

State 4.434** 1.933 -13.584 1.904 1.328 -15.643
(1.836) (1.690) (10.925) (1.159) (1.135) (11.274)

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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Overall, we conclude that: (i) mail notifications are non efficient with respect to reducing

future price level, margins or increasing variance among offenders; (ii) cartel members reduce

their price levels and margins immediately after a dawn raid and the decrease is sustained

and deepened within the course of six weeks post-intervention and aggravated between the

sixth and the twenty-sixth week; (iii) dawn raids are also effective in reducing price levels

and margins within the stations that did not participate on the cartel agreement but are located

in the same municipality where the cartel happened, the effect, however, takes longer to be

noticed. It happens after four weeks, but it is significant statistically and economically, and

it still holds for twenty six-weeks after the intervention; (iv) there is a spillover effect from

dawn raids also among nearby cities, yet they take longer than six weeks to surface, the effect,

nonetheless, is significant statistically and economically for twenty six-weeks following a raid.

Item (iii) and (iv) are strong evidences of the existence of spillover effects from the antitrust

publicly displayed intervention even if in a very geographically restricted area, same and nearby

municipalities.

3.2 Robustness Check

In this subsection we attempt to check if the antitrust enforcements are exogenous. We test

how our outcome variables respond six weeks before the antitrust intervention. For that, once

again, we modify 𝜏 and 𝜂 to evaluate equations 4.2 and 4.3 one week at a time starting from

the sixth week until the week before an intervention. We define 𝜏 as 𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑−𝑘−1 6 𝜏 <

𝑡𝐷𝑎𝑤𝑛𝑅𝑎𝑖𝑑−𝑘 and 𝜂 analogously, where 𝑘 = 0, 1, ..., 6 and so the comparison group which was

the period whilst the cartel was operating is still the same except that it is reduced by these last

six weeks, that is, we continue to compare each of the six preceding weeks with the average

during the cartel period (minus these six weeks).

The remainder of the model is still the same, we go on to compute the described model

using panel data with gas station and week fixed effects and each equation is still estimated

only within its group of stations, so the control group consider only the same group of stations.

The pre-intervention results on price levels and margins can be seen on figures 4.6 and

4.7, respectively. The results from subfigures (a) indicate that before the intervention prices

and margins from cartel members that underwent a dawn raid were above the preceding cartel

period. This not only indicates that the raid was unexpected, but it has an even higher magnitude

effect if compared only with the last week preceding the intervention, as prices and margins

were greater in these last six weeks than in the previous. With regards to the mail notification,

prices and margins seem to maintain the values observed during the cartel period in the six
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FIGURE 4.6. Price Levels Before an Antitrust Enforcement, by type of Interventiont

(a) Members (b) Municipalities

(c) Mesoregions (d) States

weeks before an intervention. Figure 4.8 also shows no sign of prior reaction to a mail

notification on price variances.

The results depicted on figures 4.6, 4.7 and 4.8 can be seen, numerically, on table 4.5. Table

4.5 reports the results from our estimates. The full results report for the regressions, including

control variables, can be found in table 4.10 in the appendix. The table is divided by week,

demonstrating the effect of the intervention for each week preceding a dawn raid or a mail

notification of our three outcome variables. All models displayed in 4.5 are estimated using

panel data at the station-level with gas station and time fixed effects.

As noted from figures 4.6, 4.7 and 4.8 no forethought by members or other stations of an

public intervention can be inferred analyzing the data, as either they follow the cartel period

norm or they present an increase in prices and margins which means even deepening the

cartel-like pricing behavior. As a robustness check, we conclude that indeed the dawn raid is

unexpected. With regards to the mail notification we cannot evidence a non-cartel behavior

which would indicate that the intervention is expected, so for all intents and purposes the

notification is unexpected but inefficient in reducing future prices and margins or increasing

future price variance.
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TABLE 4.5. Before an Antitrust Enforcement, by type of Intervention

Dawn Raid Mail Notification

Price Margin Price Variance Price Margin Price Variance

6th week before intervention

Members -0.098 -0.554** 3.386 0.915 1.149 -8.161
(0.229) (0.217) (2.416) (1.186) (1.131) (7.518)

Municipality - - - 1.328 1.498 -13.845**
(1.170) (1.128) (6.098)

Mesoregion 0.343 0.379 -7.841 0.655 -0.239 -3.151
(0.551) (0.458) (10.127) (0.628) (0.530) (2.247)

State 0.537** -0.293 6.521 -0.564* -0.487* -0.897
(0.269) (0.192) (5.912) (0.304) (0.261) (1.315)

5th week before intervention

Members 1.326*** 1.158*** -2.158 0.511 0.641 0.142
(0.375) (0.362) (1.592) (0.966) (0.955) (7.279)

Municipality 0.383 0.275 3.878 0.082 0.143 -4.235
(0.627) (0.613) (5.917) (0.992) (0.988) (7.704)

Mesoregion 1.515** 1.382*** -3.427 0.553 0.016 -0.543
(0.577) (0.436) (3.215) (0.481) (0.416) (2.254)

State 0.052 -0.261 0.371 -0.636** -0.504** -0.145
(0.198) (0.184) (2.483) (0.267) (0.225) (1.156)

4th week before intervention

Members 2.097*** 2.005*** 2.887 0.749 0.991 -4.284
(0.418) (0.362) (4.824) (0.916) (0.844) (11.000)

Municipality 0.687 0.599 0.847 0.642 0.818 -18.981**
(0.642) (0.627) (5.036) (0.770) (0.694) (9.189)

Mesoregion 1.300** 1.104* -2.346 0.749 0.310 -1.782
(0.637) (0.542) (2.523) (0.516) (0.515) (1.968)

State 0.172 -0.205 0.892 -0.620*** -0.484** -0.087
(0.209) (0.193) (1.781) (0.234) (0.202) (1.088)

3rd week before intervention

Members 1.698*** 1.640*** 4.175 0.406 0.518 -24.306
(0.470) (0.480) (6.496) (0.747) (0.613) (15.704)

Municipality 0.547 0.460 2.685 0.232 0.304 -18.176*
(0.623) (0.623) (5.391) (0.611) (0.508) (9.075)

Mesoregion 1.376** 1.254** -2.062 0.271 -0.290 -7.234
(0.672) (0.586) (2.887) (0.446) (0.457) (4.690)

State 0.325 0.008 0.234 -0.763*** -0.564** -0.779
(0.216) (0.199) (1.555) (0.241) (0.222) (2.010)

2nd week before intervention

Members 1.507*** 1.520** 6.090 1.920 2.059 25.958
(0.538) (0.570) (9.736) (1.742) (1.723) (39.633)

Municipality 0.422 0.358 2.265 1.186 1.335 16.934
(0.622) (0.611) (4.847) (1.312) (1.319) (20.842)

Mesoregion 1.172 0.976 0.167 0.561 0.066 -5.555
(0.887) (0.792) (3.049) (0.637) (0.793) (5.044)

State 0.348* 0.081 0.910 -0.752*** -0.535** -1.617
(0.179) (0.162) (2.073) (0.215) (0.210) (1.079)

1st week before intervention

Members 1.661*** 1.633*** 0.963 1.208 0.819 -17.190
(0.591) (0.578) (6.310) (1.365) (1.428) (11.985)

Municipality 0.651 0.602 -0.586 2.095** 1.939* -26.196***
(0.553) (0.534) (4.959) (1.001) (0.970) (8.964)

Mesoregion 1.285* 1.195* 0.361 0.932 0.728 -8.606
(0.750) (0.610) (3.447) (0.796) (0.898) (5.764)

State 0.263 -0.069 0.102 -0.693*** -0.344** -2.537**
(0.264) (0.248) (1.847) (0.181) (0.174) (1.138)

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated
for September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis.
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FIGURE 4.7. Price Margins Before an Antitrust Enforcement, by type of Intervention

(a) Members (b) Municipalities

(c) Mesoregions (d) States

4 Conclusion

In this paper, we intended to evaluate the efficiency of different types of antitrust

interventions as a deterrence mechanism to cartel-like pricing behavior. We investigated if

antitrust interventions, such as dawn raids and mail notifications, have any effect on price

levels, price margins and price variance knowing that a typical feature of cartel behavior is

to increase prices and margins, as well as to reduce price variance. We were interested in both

the effectiveness of different types of disclosure of interventions and their spillover effect on

other submarkets.

We believe our dataset is particularly apt to study this research question because we have

multiple cases of antitrust intervention on price fixing indictments in the retail gasoline market

in Brazil, using in times a publicly displayed intervention and in others a private enclosed one.

In addition, the separation of ownership in Brazil between gasoline producers and retailers

allows us to measure the spillover effect more accurately than in markets where production and

retailing of gasoline are owned by the same players.
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FIGURE 4.8. Price Variances Before an Antitrust Enforcement, by type of Intervention

(a) Members (b) Municipalities

(c) Mesoregions (d) States

Taking all our results into account, we observe that a mail notification has no evident effect

in terms of preventing cartel-like prices on either cartel members or out-of-cartel stations. The

result for out-of-cartel stations is not surprising since it is a private enclosed intervention and

other stations would only take notice of the enforcement if the receivers would inform them.

But the fact that there is no effect among members signalize that offenders perceive this method

of enforcement as less threatening, something that is not confirmed by the outcomes of the

lawsuits at hand.

Dawn raids, on the other hand, are very effective in reducing prices level and margins,

and increase price variance for cartel members as well as station situated inside the same

municipality but out of the cartel agreement. We also found an effect in prices and margins

in the stations located in nearby cities, however this effect was not uncovered immediately

(within six weeks) after the intervention.

As the results clearly indicate, cartel members are more responsive to dawn raids than

the remaining gas stations. The linkage of markets by distributors and media appears to be

important in undertaking the effects of publicly displayed antitrust enforcements within the

same municipalities (specially) and mesoregions, with the impact happening faster in the former
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than in the latter. Ergo corroborating the existence of a spillover effect coming from the public

disclose of antitrust interventions.

Our robustness check evaluate the outcome variables before the interventions and we find

evidence that lead us to believe that gas stations in general do not anticipate the intervention,

allowing us to believe that the intervention is exogenous especially in the case of dawn raids.

We conclude that, the publicization of antitrust actions works as an effective deterrence

mechanism to prevent future or restrain ongoing transgressions. Overall, there is a cost to

society in preserving private rights as oppose to publicly exposing the wrongdoer. We evidenced

that for crimes of competition, but it could unfold in a similar manner in crimes of corruption

and other administrative offenses as well.
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5 Appendix

FIGURE 4.9. Types of Interventions

(a) Dawn Raid

(b) Mail Notification
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TABLE 4.6. Effect of an Antitrust Enforcement 26 weeks following an Intervention (complete)

Members Municipality Mesoregion State

Price Level

Dawn Raid -15.312*** -8.350*** -6.382*** -0.215
(5.162) (1.661) (1.440) (0.877)

Notification 0.928 0.522 3.473*** -3.102***
(0.783) (1.243) (1.236) (1.007)

Cost Proxy 0.567*** 0.545*** 0.550*** 0.567***
(0.029) (0.027) (0.027) (0.029)

Media Index -0.165 -0.067 -0.084 0.067
(0.254) (0.217) (0.223) (0.225)

No stations in the market -0.023*** -0.023*** -0.022*** -0.023***
(0.003) (0.004) (0.003) (0.004)

No diff brands in the market 0.015 0.044 0.040 0.022
(0.109) (0.104) (0.103) (0.102)

No stations branded in the market 0.026*** 0.028*** 0.026*** 0.026***
(0.005) (0.004) (0.005) (0.005)

Proportion of low brands and independents -1.034 -1.295* -1.203 -1.011
(0.658) (0.772) (0.730) (0.664)

Branded (dummy) 0.698*** 0.746*** 0.728*** 0.773***
(0.153) (0.156) (0.154) (0.158)

Constant -244.717 -138.427 1,040.198 79.884
(.) (231.734) (10,006.023) (.)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.809 0.814 0.814 0.815
Number of cod_id 28,774 27,577 27,971 27,413

Price Margin

Dawn Raid -14.915*** -6.721*** -5.450*** 0.852
(4.606) (1.581) (1.282) (0.874)

Notification 3.582*** 1.491 4.122** -3.055***
(1.060) (2.405) (1.611) (0.969)

Media Index -0.145 -0.032 -0.074 0.101
(0.248) (0.218) (0.221) (0.222)

No stations in the market -0.021*** -0.021*** -0.020*** -0.021***
(0.005) (0.006) (0.006) (0.006)

No diff brands in the market -0.112 -0.097 -0.099 -0.109
(0.093) (0.084) (0.082) (0.083)

No stations branded in the market 0.022*** 0.022*** 0.021*** 0.023***
(0.006) (0.007) (0.006) (0.006)

Proportion of low brands and independents -1.501 -1.790 -1.640 -1.468
(0.972) (1.138) (1.052) (0.999)

Branded (dummy) 0.098 0.115 0.102 0.182
(0.153) (0.159) (0.156) (0.158)

Constant 25.227 20.030 225.563 37.670
(.) (302.441) (5,697.705) (102.449)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.114 0.114 0.114 0.115
Number of cod_id 28,774 27,577 27,971 27,413

Price Variance

Dawn Raid 77.772** 29.998** 10.310 7.864
(31.599) (12.144) (9.003) (5.350)

Notification -12.752 5.615 -42.923*** 43.328***
(12.217) (19.155) (9.690) (12.444)

Cost Proxy -0.791*** -0.736*** -0.699*** -0.736***
(0.212) (0.195) (0.194) (0.204)

Media Index 1.567 1.611 1.545 1.110
(2.358) (2.257) (2.265) (2.327)

No stations in the market -0.038 -0.050 -0.043 -0.038
(0.068) (0.054) (0.062) (0.060)

No diff brands in the market 2.955** 3.185** 3.324** 3.211**
(1.325) (1.366) (1.407) (1.428)

No stations branded in the market 0.054 0.096 0.063 0.052
(0.148) (0.105) (0.135) (0.134)

Proportion of low brands and independents 22.288 22.620 21.751 19.757
(13.740) (14.051) (13.504) (12.839)

Branded (dummy) 0.353 0.281 0.425 0.538
(1.091) (1.092) (1.083) (1.109)

Constant -70.903 303.328*** -17.387 300.053***
(.) (63.631) (18,144.394) (64.684)

Observations 4,485,908 4,206,325 4,320,174 4,080,312
R-squared 0.082 0.090 0.084 0.090
Number of cod_id 28,773 27,576 27,970 27,412

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for
September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. All regressions
have weekly time fixed effects and station fixed effects.



TABLE 4.7. Effect of an Antitrust Enforcement 13 weeks following an Intervention (complete)

Members Municipality Mesoregion State

Price Level

Dawn Raid -11.574* -8.153*** -6.475** 0.683
(6.009) (2.741) (2.577) (1.339)

Notification 0.326 -0.114 3.306*** -1.213
(0.841) (1.431) (1.219) (0.955)

Cost Proxy 0.567*** 0.546*** 0.550*** 0.567***
(0.029) (0.027) (0.027) (0.028)

Media Index -0.156 -0.043 -0.077 0.075
(0.250) (0.217) (0.223) (0.226)

No stations in the market -0.023*** -0.023*** -0.022*** -0.023***
(0.003) (0.004) (0.003) (0.004)

No diff brands in the market 0.017 0.046 0.041 0.013
(0.109) (0.104) (0.103) (0.100)

No stations branded in the market 0.026*** 0.028*** 0.026*** 0.026***
(0.005) (0.004) (0.005) (0.005)

Proportion of low brands and independents -1.057 -1.301* -1.205* -1.059
(0.665) (0.775) (0.731) (0.686)

Branded (dummy) 0.696*** 0.743*** 0.729*** 0.774***
(0.153) (0.156) (0.154) (0.159)

Constant -245.062 -138.723 1,047.359 79.760
(.) (142.277) (.) (.)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.809 0.814 0.814 0.815
Number of cod_id 28,774 27,577 27,971 27,413

Price Margin

Dawn Raid -10.974** -6.300** -5.349** 1.688
(5.217) (2.558) (2.279) (1.303)

Notification 3.816** 0.625 3.773*** -1.976**
(1.602) (2.949) (1.316) (0.900)

Media Index -0.139 -0.013 -0.068 0.106
(0.245) (0.218) (0.221) (0.223)

No stations in the market -0.021*** -0.021*** -0.020*** -0.021***
(0.005) (0.006) (0.006) (0.006)

No diff brands in the market -0.110 -0.095 -0.098 -0.117
(0.093) (0.084) (0.082) (0.083)

No stations branded in the market 0.022*** 0.022*** 0.021*** 0.023***
(0.006) (0.007) (0.006) (0.007)

Proportion of low brands and independents -1.525 -1.797 -1.642 -1.508
(0.983) (1.142) (1.054) (1.020)

Branded (dummy) 0.096 0.114 0.102 0.184
(0.153) (0.159) (0.156) (0.159)

Constant 24.956 19.900 230.725 37.455
(.) (.) (2,166.221) (.)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.114 0.114 0.114 0.114
Number of cod_id 28,774 27,577 27,971 27,413

Price Variance

Dawn Raid 85.605 42.911 -9.551 2.332
(75.918) (28.082) (15.950) (8.955)

Notification 12.175 1.540 -52.876*** 44.098***
(41.042) (33.663) (10.882) (13.655)

Cost Proxy -0.789*** -0.737*** -0.699*** -0.745***
(0.211) (0.195) (0.194) (0.202)

Media Index 1.553 1.522 1.513 0.956
(2.352) (2.258) (2.262) (2.335)

No stations in the market -0.038 -0.050 -0.043 -0.040
(0.068) (0.054) (0.062) (0.062)

No diff brands in the market 2.952** 3.177** 3.317** 3.285**
(1.329) (1.365) (1.407) (1.446)

No stations branded in the market 0.053 0.096 0.064 0.053
(0.148) (0.105) (0.135) (0.137)

Proportion of low brands and independents 22.398 22.617 21.769 20.183
(13.802) (14.053) (13.515) (13.115)

Branded (dummy) 0.356 0.288 0.421 0.520
(1.091) (1.094) (1.083) (1.118)

Constant -74.787 303.473*** -15.929 302.260***
(.) (63.652) (13,694.976) (64.377)

Observations 4,485,908 4,206,325 4,320,174 4,080,312
R-squared 0.082 0.090 0.084 0.089
Number of cod_id 28,773 27,576 27,970 27,412

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for
September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. All regressions
have weekly time fixed effects and station fixed effects.



TABLE 4.8. Effect of an Antitrust Enforcement 52 weeks following an Intervention (complete)

Members Municipality Mesoregion State

Price Level

Dawn Raid -17.814*** -10.411*** -6.287*** -1.509*
(3.863) (2.097) (1.227) (0.833)

Notification -1.003 -3.472*** 2.320** -2.672***
(1.322) (1.188) (0.948) (0.902)

Cost Proxy 0.566*** 0.544*** 0.549*** 0.566***
(0.029) (0.027) (0.027) (0.029)

Media Index -0.153 -0.092 -0.088 0.059
(0.244) (0.216) (0.223) (0.226)

No stations in the market -0.023*** -0.023*** -0.022*** -0.023***
(0.003) (0.004) (0.003) (0.003)

No diff brands in the market 0.015 0.037 0.040 0.037
(0.109) (0.104) (0.103) (0.101)

No stations branded in the market 0.026*** 0.028*** 0.026*** 0.025***
(0.005) (0.004) (0.005) (0.005)

Proportion of low brands and independents -1.004 -1.296* -1.200 -0.957
(0.649) (0.772) (0.729) (0.639)

Branded (dummy) 0.703*** 0.754*** 0.729*** 0.760***
(0.152) (0.156) (0.154) (0.157)

Constant -243.695 -138.233*** 1,037.220 80.324
(.) (52.395) (11,873.398) (.)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.810 0.815 0.814 0.815
Number of cod_id 28,774 27,577 27,971 27,413

Price Margin

Dawn Raid -16.632*** -8.234*** -4.828*** -0.077
(3.491) (1.851) (1.285) (0.771)

Notification 2.756*** -1.151 3.771*** -2.522***
(0.984) (2.079) (1.302) (0.912)

Media Index -0.130 -0.052 -0.077 0.101
(0.238) (0.218) (0.221) (0.222)

No stations in the market -0.021*** -0.021*** -0.020*** -0.021***
(0.005) (0.006) (0.006) (0.006)

No diff brands in the market -0.117 -0.103 -0.100 -0.093
(0.092) (0.083) (0.082) (0.084)

No stations branded in the market 0.022*** 0.022*** 0.021*** 0.022***
(0.006) (0.007) (0.006) (0.006)

Proportion of low brands and independents -1.468 -1.787 -1.637 -1.420
(0.958) (1.136) (1.051) (0.976)

Branded (dummy) 0.103 0.119 0.102 0.167
(0.152) (0.159) (0.156) (0.157)

Constant 25.517 19.471 222.378 37.868
(369.911) (234.160) (2,982.545) (607.538)

Observations 4,486,470 4,206,696 4,320,544 4,080,679
R-squared 0.115 0.115 0.114 0.115
Number of cod_id 28,774 27,577 27,971 27,413

Price Variance

Dawn Raid 84.431*** 36.550*** 14.781 10.269*
(11.824) (9.289) (9.910) (5.351)

Notification 35.155 75.148** -22.718*** 31.792***
(46.469) (29.367) (7.742) (7.990)

Cost Proxy -0.779*** -0.720*** -0.699*** -0.730***
(0.208) (0.193) (0.194) (0.204)

Media Index 1.565 1.677 1.560 1.134
(2.346) (2.246) (2.265) (2.323)

No stations in the market -0.038 -0.052 -0.043 -0.040
(0.069) (0.054) (0.063) (0.059)

No diff brands in the market 2.928** 3.200** 3.324** 3.030**
(1.313) (1.361) (1.407) (1.491)

No stations branded in the market 0.052 0.096 0.063 0.060
(0.150) (0.106) (0.136) (0.134)

Proportion of low brands and independents 22.250 22.943 21.757 19.246
(13.717) (14.219) (13.507) (12.567)

Branded (dummy) 0.334 0.185 0.412 0.707
(1.093) (1.091) (1.084) (1.091)

Constant -83.921 298.062*** -13.650 299.330***
(.) (63.102) (11,389.409) (64.465)

Observations 4,485,908 4,206,325 4,320,174 4,080,312
R-squared 0.083 0.092 0.084 0.090
Number of cod_id 28,773 27,576 27,970 27,412

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for
September 2015. Data are from 555 municipalities in Brazil from 2001:7 - 2011:12 at the station-level on weekly basis. All regressions
have weekly time fixed effects and station fixed effects.



TABLE 4.9. After an Antitrust Enforcement, by type of Intervention (complete)

Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

1st week before intervention - Dawn Raid

Intervention -9.361** -9.749** 55.119*** -5.603 -5.521 27.975 5.593 4.067 -16.448 3.638** 0.919 0.889
(4.252) (4.326) (17.783) (4.126) (3.825) (17.087) (3.669) (3.118) (13.334) (1.803) (1.770) (10.232)

Cost 0.657*** -2.018*** 0.733*** -1.859*** 0.605*** -1.652** 0.452*** -0.782***
(0.157) (0.684) (0.092) (0.531) (0.085) (0.639) (0.036) (0.150)

Media index -3.597 -2.389 159.330 1.163 2.085 11.547 -2.368 -2.183 -61.345*** -0.213 0.899 -19.250
(2.850) (2.255) (133.262) (2.402) (2.442) (37.281) (1.975) (2.333) (14.577) (0.970) (0.895) (12.475)

No stations in the market 0.043 0.033 0.372 0.042 0.045 -0.363 0.049 0.004 -2.531 -0.040** -0.029* 0.089
(0.066) (0.059) (0.460) (0.045) (0.041) (0.385) (0.138) (0.092) (1.699) (0.016) (0.016) (0.156)

No diff brands -1.826*** -1.778*** 1.306 -0.061 -0.020 0.558 -1.333 -1.043 15.165 -0.241 -0.202 1.386
(0.636) (0.587) (4.014) (0.450) (0.380) (2.241) (0.969) (0.894) (14.142) (0.196) (0.188) (1.284)

Share of low brands and independents 10.852 6.646 150.965*** -0.976 -1.893 75.775* -4.603 -3.087 13.577 -1.411 0.237 5.793
(7.090) (7.070) (50.602) (8.598) (7.852) (37.329) (6.958) (7.328) (74.613) (1.667) (1.320) (10.229)

Branded stations -1.060 -1.499 -1.503 -1.065* -1.118** -1.284 0.422 -0.076 -0.775 -0.202 -0.893*** 2.284
(0.906) (0.885) (3.711) (0.597) (0.541) (3.144) (0.721) (0.866) (4.944) (0.335) (0.334) (1.974)

Constant 181.901*** 66.266*** 522.916** 130.607*** 42.316*** 690.173*** 178.912*** 52.651*** 420.999*** 213.249*** 40.222*** 291.388***
(52.249) (6.642) (204.187) (30.255) (4.249) (156.147) (23.476) (6.771) (145.156) (11.848) (5.529) (58.219)

Observations 47,288 47,288 47,210 103,231 103,231 103,195 53,087 53,087 53,087 723,093 723,093 723,088
R-squared 0.763 0.302 0.475 0.780 0.201 0.321 0.814 0.268 0.227 0.836 0.173 0.117
Number of cod_id 804 804 804 1,817 1,817 1,816 725 725 725 10,268 10,268 10,267

1st week before intervention - Mail Notification

Intervention 5.558** 6.602*** -88.332 6.836** 7.439** -53.041 3.512 0.148 -7.279 2.425** 1.726 -8.953
(2.426) (2.186) (70.109) (3.082) (2.758) (36.997) (2.636) (2.210) (19.337) (1.103) (1.132) (10.318)

Cost 0.659*** -1.926*** 0.734*** -1.933*** 0.603*** -1.648** 0.452*** -0.780***
(0.157) (0.654) (0.091) (0.559) (0.086) (0.632) (0.036) (0.149)

Media index -3.701 -2.517 52.811 1.025 1.928 51.836 -2.378 -2.185 -61.322*** -0.223 0.893 -19.216
(2.875) (2.269) (108.317) (2.435) (2.445) (59.510) (2.011) (2.335) (14.547) (0.975) (0.899) (12.466)

No stations in the market 0.040 0.030 0.550 0.039 0.041 -0.432 0.043 0.002 -2.516 -0.041** -0.030* 0.091
(0.065) (0.058) (0.502) (0.043) (0.039) (0.387) (0.136) (0.092) (1.696) (0.017) (0.017) (0.158)

No diff brands -1.795*** -1.743*** 0.838 -0.072 -0.033 -0.563 -1.359 -1.041 15.215 -0.210 -0.180 1.273
(0.635) (0.585) (3.890) (0.437) (0.368) (2.512) (0.975) (0.893) (14.182) (0.199) (0.192) (1.364)

Share of low brands and independents 11.031 6.869 116.712*** -0.560 -1.433 79.520* -4.954 -3.132 14.343 -1.444 0.220 5.877
(7.132) (7.100) (41.078) (8.727) (7.971) (41.471) (6.978) (7.469) (75.048) (1.664) (1.315) (10.225)

Branded stations -1.038 -1.474 -2.478 -1.027* -1.076* -1.089 0.450 -0.081 -0.823 -0.192 -0.886*** 2.236
(0.911) (0.889) (3.110) (0.590) (0.536) (3.323) (0.726) (0.866) (4.975) (0.334) (0.334) (1.984)

Constant 181.402*** 66.143*** 624.513** 130.049*** 42.531*** 701.547*** 180.069*** 52.739*** 418.705*** 214.163*** 40.095*** 291.212***
(52.241) (6.607) (223.017) (30.081) (4.122) (173.840) (23.735) (6.874) (143.019) (11.702) (5.533) (58.225)

Observations 47,288 47,288 47,068 103,231 103,231 103,231 53,087 53,087 53,087 723,093 723,093 723,088
R-squared 0.763 0.302 0.448 0.780 0.203 0.322 0.814 0.268 0.227 0.836 0.173 0.117
Number of cod_id 804 804 801 1,817 1,817 1,817 725 725 725 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

2nd week before intervention - Dawn Raid

Intervention -10.087*** -10.633*** 17.599* -5.841 -5.561 51.372** 5.205 3.452 -21.618 4.437*** 2.408 -3.984
(3.360) (3.547) (10.127) (4.026) (3.736) (23.359) (3.493) (3.233) (18.824) (1.666) (1.504) (9.934)

Cost 0.655*** -2.005*** 0.729*** -1.911*** 0.604*** -1.636** 0.452*** -0.778***
(0.156) (0.666) (0.094) (0.532) (0.085) (0.630) (0.036) (0.151)

Media index -3.875 -2.639 163.866 0.920 1.863 13.900 -2.368 -2.181 -61.330*** -0.216 0.896 -19.188
(2.911) (2.304) (135.579) (2.467) (2.506) (38.094) (1.971) (2.322) (14.660) (0.968) (0.892) (12.457)

No stations in the market 0.038 0.029 0.415 0.041 0.044 -0.367 0.049 0.002 -2.547 -0.041** -0.029* 0.093
(0.065) (0.059) (0.459) (0.044) (0.040) (0.381) (0.138) (0.092) (1.690) (0.016) (0.016) (0.154)

No diff brands -1.851*** -1.801*** 1.330 -0.094 -0.047 0.590 -1.331 -1.042 14.930 -0.242 -0.201 1.382
(0.629) (0.581) (3.989) (0.438) (0.367) (2.291) (0.966) (0.891) (14.224) (0.196) (0.189) (1.280)

Share of low brands and independents 10.548 6.306 152.788*** -0.732 -1.590 74.708* -4.658 -3.146 12.880 -1.363 0.287 5.795
(7.259) (7.213) (51.120) (8.577) (7.797) (37.119) (7.003) (7.366) (75.354) (1.660) (1.309) (10.169)

Branded stations -1.078 -1.518* -1.579 -1.021* -1.071* -1.294 0.372 -0.140 -0.606 -0.203 -0.893*** 2.243
(0.898) (0.879) (3.637) (0.592) (0.534) (3.142) (0.716) (0.866) (4.928) (0.336) (0.335) (1.968)

Constant 183.287*** 66.812*** 653.081*** 131.832*** 42.536*** 705.375*** 179.262*** 52.746*** 418.539*** 213.460*** 39.431*** 290.002***
(52.042) (6.627) (232.718) (30.754) (4.230) (156.992) (23.489) (6.771) (142.637) (11.647) (4.404) (58.382)

Observations 47,203 47,203 47,126 102,940 102,940 102,903 53,074 53,074 53,074 721,939 721,939 721,934
R-squared 0.764 0.303 0.478 0.781 0.201 0.322 0.814 0.268 0.226 0.836 0.173 0.117
Number of cod_id 804 804 804 1,817 1,817 1,816 726 726 726 10,268 10,268 10,267

2nd week before intervention - Mail Notification

Intervention -0.461 1.213 -1.395 0.706 1.257 -20.962 2.257 -0.942 5.205 2.663** 1.764 -9.505
(3.809) (4.388) (28.105) (3.633) (4.110) (23.606) (2.769) (2.166) (16.559) (1.111) (1.141) (10.919)

Cost 0.654*** -1.880*** 0.729*** -1.967*** 0.603*** -1.643** 0.452*** -0.775***
(0.156) (0.645) (0.094) (0.555) (0.086) (0.622) (0.036) (0.150)

Media index -3.893 -2.670 56.092 0.905 1.841 53.309 -2.373 -2.172 -61.387*** -0.228 0.890 -19.152
(2.929) (2.317) (110.260) (2.474) (2.502) (60.192) (1.979) (2.304) (14.728) (0.973) (0.896) (12.447)

No stations in the market 0.039 0.028 0.533 0.041 0.043 -0.445 0.044 0.001 -2.541 -0.041** -0.030* 0.095
(0.065) (0.058) (0.493) (0.044) (0.039) (0.379) (0.137) (0.092) (1.685) (0.017) (0.017) (0.157)

No diff brands -1.827*** -1.771*** 1.248 -0.093 -0.047 -0.530 -1.342 -1.026 14.834 -0.209 -0.179 1.267
(0.624) (0.574) (3.880) (0.435) (0.365) (2.534) (0.975) (0.892) (14.285) (0.200) (0.192) (1.363)

Share of low brands and independents 10.670 6.460 121.000*** -0.737 -1.563 81.447* -4.769 -3.008 12.048 -1.403 0.263 5.905
(7.194) (7.146) (42.369) (8.616) (7.840) (42.366) (6.978) (7.446) (75.905) (1.655) (1.304) (10.170)

Branded stations -1.069 -1.507* -2.531 -1.021* -1.068* -0.895 0.394 -0.150 -0.539 -0.193 -0.886*** 2.195
(0.894) (0.876) (3.183) (0.594) (0.538) (3.316) (0.723) (0.867) (4.923) (0.335) (0.335) (1.979)

Constant 183.215*** 66.494*** 606.901** 131.693*** 42.558*** 712.032*** 179.813*** 52.634*** 421.564*** 213.538*** 39.336*** 289.639***
(52.104) (6.515) (220.882) (30.735) (4.221) (173.059) (23.725) (6.847) (139.803) (11.634) (4.404) (58.302)

Observations 47,203 47,203 46,983 102,940 102,940 102,940 53,074 53,074 53,074 721,939 721,939 721,934
R-squared 0.763 0.302 0.450 0.781 0.201 0.322 0.814 0.268 0.226 0.836 0.174 0.117
Number of cod_id 804 804 801 1,817 1,817 1,817 726 726 726 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

3rd week before intervention - Dawn Raid

Intervention -14.383*** -14.579*** 23.707 -8.057 -8.019 -5.469 3.630 1.469 -17.114 4.405** 1.742 -10.046
(3.753) (3.658) (16.604) (5.059) (4.752) (15.755) (3.599) (3.275) (19.580) (1.765) (1.679) (12.183)

Cost 0.664*** -2.042*** 0.744*** -1.916*** 0.605*** -1.641** 0.454*** -0.794***
(0.156) (0.666) (0.088) (0.529) (0.085) (0.631) (0.037) (0.152)

Media index -3.533 -2.384 160.385 1.018 1.887 12.881 -2.337 -2.149 -61.278*** -0.226 0.882 -19.233
(2.797) (2.206) (133.669) (2.407) (2.456) (37.711) (1.968) (2.319) (14.534) (0.970) (0.895) (12.496)

No stations in the market 0.045 0.036 0.388 0.042 0.044 -0.349 0.053 0.007 -2.575 -0.041** -0.030* 0.093
(0.065) (0.059) (0.466) (0.044) (0.040) (0.383) (0.140) (0.093) (1.714) (0.016) (0.016) (0.154)

No diff brands -1.831*** -1.784*** 1.227 -0.084 -0.042 0.558 -1.324 -1.029 15.128 -0.256 -0.213 1.395
(0.627) (0.581) (4.037) (0.445) (0.377) (2.256) (0.969) (0.893) (14.266) (0.196) (0.188) (1.275)

Share of low brands and independents 10.840 6.716 149.738*** -1.034 -1.823 74.734* -4.579 -3.022 14.741 -1.443 0.196 6.056
(7.284) (7.189) (50.808) (8.681) (7.947) (36.808) (7.018) (7.356) (76.044) (1.664) (1.308) (10.262)

Branded stations -1.047 -1.476 -1.465 -1.029* -1.073** -1.206 0.396 -0.111 -0.623 -0.195 -0.881*** 2.219
(0.897) (0.880) (3.711) (0.581) (0.526) (3.098) (0.714) (0.863) (4.891) (0.338) (0.338) (1.972)

Constant 179.735*** 76.231*** 668.382*** 127.056*** 47.016*** 681.986*** 178.708*** 52.505*** 418.259*** 214.004*** 40.895*** 320.203***
(52.094) (7.993) (231.818) (29.290) (3.631) (159.539) (23.428) (6.804) (142.518) (11.597) (4.276) (58.698)

Observations 47,126 47,126 47,049 102,858 102,858 102,822 53,024 53,024 53,024 720,803 720,803 720,798
R-squared 0.764 0.303 0.478 0.781 0.202 0.323 0.814 0.268 0.226 0.835 0.173 0.117
Number of cod_id 804 804 804 1,817 1,817 1,816 727 727 727 10,268 10,268 10,267

3rd week before intervention - Mail Notification

Intervention 2.276 3.621 -31.896 1.508 2.291 -26.273 1.938 -0.980 4.362 2.589** 1.529 -10.278
(3.071) (3.496) (47.359) (2.965) (3.094) (26.371) (2.867) (2.226) (17.301) (1.067) (1.088) (10.760)

Cost 0.664*** -1.917*** 0.745*** -1.989*** 0.605*** -1.648** 0.453*** -0.791***
(0.156) (0.641) (0.088) (0.556) (0.086) (0.626) (0.036) (0.151)

Media index -3.567 -2.442 52.674 0.987 1.840 52.786 -2.335 -2.143 -61.330*** -0.236 0.877 -19.193
(2.817) (2.226) (109.196) (2.423) (2.453) (59.939) (1.980) (2.305) (14.566) (0.975) (0.898) (12.485)

No stations in the market 0.046 0.036 0.526 0.042 0.044 -0.438 0.049 0.007 -2.570 -0.041** -0.030* 0.095
(0.064) (0.057) (0.497) (0.043) (0.039) (0.380) (0.139) (0.093) (1.706) (0.017) (0.017) (0.158)

No diff brands -1.803*** -1.753*** 1.084 -0.084 -0.045 -0.578 -1.330 -1.018 15.046 -0.228 -0.196 1.281
(0.623) (0.575) (3.877) (0.441) (0.373) (2.513) (0.973) (0.891) (14.285) (0.199) (0.191) (1.346)

Share of low brands and independents 10.944 6.829 116.734** -0.860 -1.616 81.471* -4.745 -2.944 14.381 -1.490 0.173 6.213
(7.264) (7.179) (42.747) (8.707) (7.976) (41.727) (7.019) (7.464) (76.537) (1.664) (1.303) (10.272)

Branded stations -1.022 -1.447 -2.479 -1.016* -1.056* -0.821 0.412 -0.122 -0.551 -0.183 -0.874** 2.167
(0.897) (0.880) (3.191) (0.581) (0.528) (3.268) (0.720) (0.863) (4.875) (0.338) (0.338) (1.982)

Constant 179.281*** 75.924*** 561.662*** 126.813*** 46.933*** 718.420*** 179.105*** 52.422*** 420.696*** 214.102*** 40.815*** 319.744***
(52.077) (7.947) (185.274) (29.189) (3.631) (172.936) (23.632) (6.872) (140.090) (11.583) (4.281) (58.596)

Observations 47,126 47,126 46,906 102,858 102,858 102,858 53,024 53,024 53,024 720,803 720,803 720,798
R-squared 0.763 0.301 0.449 0.781 0.201 0.323 0.814 0.268 0.226 0.836 0.173 0.117
Number of cod_id 804 804 801 1,817 1,817 1,817 727 727 727 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

4th week before intervention - Dawn Raid

Intervention -15.642*** -15.599*** 23.346 -9.112* -9.302** 21.628 -1.173 -3.578 1.458 4.823*** 2.380 0.492
(3.459) (3.096) (29.659) (4.654) (4.242) (19.099) (4.151) (3.921) (18.623) (1.795) (1.700) (10.517)

Cost 0.665*** -2.085*** 0.747*** -2.009*** 0.605*** -1.644** 0.454*** -0.781***
(0.158) (0.677) (0.088) (0.537) (0.085) (0.631) (0.037) (0.152)

Media index -3.975 -2.756 169.038 0.879 1.768 16.106 -2.369 -2.166 -61.585*** -0.215 0.893 -19.262
(2.857) (2.258) (133.524) (2.477) (2.529) (38.040) (1.976) (2.319) (14.698) (0.967) (0.894) (12.505)

No stations in the market 0.037 0.030 0.482 0.041 0.043 -0.344 0.058 0.012 -2.608 -0.041** -0.029* 0.086
(0.064) (0.058) (0.480) (0.044) (0.039) (0.386) (0.140) (0.094) (1.704) (0.016) (0.016) (0.156)

No diff brands -1.858*** -1.807*** 1.600 -0.114 -0.073 0.465 -1.353 -1.054 14.998 -0.244 -0.205 1.400
(0.627) (0.581) (4.042) (0.423) (0.357) (2.207) (0.958) (0.881) (14.269) (0.197) (0.190) (1.293)

Share of low brands and independents 10.595 6.585 164.272*** -0.798 -1.595 77.647* -4.813 -3.247 11.030 -1.348 0.288 5.867
(7.312) (7.235) (48.795) (8.518) (7.808) (38.222) (6.963) (7.300) (75.029) (1.656) (1.308) (10.164)

Branded stations -1.070 -1.494 -1.682 -1.004* -1.047* -1.132 0.350 -0.160 -0.551 -0.211 -0.899*** 2.259
(0.897) (0.875) (3.827) (0.579) (0.527) (3.071) (0.711) (0.859) (4.892) (0.336) (0.335) (1.972)

Constant 180.059*** 68.476*** 525.062** 127.724*** 42.796*** 735.274*** 179.257*** 52.787*** 422.168*** 212.830*** 39.454*** 291.718***
(52.722) (6.758) (207.696) (31.002) (4.220) (158.291) (23.447) (6.666) (142.574) (11.893) (4.424) (58.647)

Observations 47,109 47,109 47,032 102,671 102,671 102,635 52,945 52,945 52,945 719,601 719,601 719,596
R-squared 0.763 0.303 0.483 0.780 0.201 0.322 0.814 0.266 0.226 0.835 0.170 0.116
Number of cod_id 804 804 804 1,817 1,817 1,816 727 727 727 10,268 10,268 10,267

4th week before intervention - Mail Notification

Intervention -3.041 0.057 143.735* -1.932 -0.696 46.602 1.746 -1.164 -9.557 2.446** 1.503 -10.419
(4.183) (4.190) (71.834) (4.346) (4.436) (36.239) (3.051) (2.382) (18.621) (1.123) (1.127) (11.185)

Cost 0.663*** -1.836** 0.746*** -2.056*** 0.603*** -1.638** 0.454*** -0.778***
(0.159) (0.651) (0.088) (0.565) (0.086) (0.629) (0.037) (0.151)

Media index -3.982 -2.787 59.828 0.889 1.767 54.755 -2.375 -2.159 -61.551*** -0.224 0.888 -19.229
(2.881) (2.276) (108.602) (2.482) (2.525) (60.140) (1.990) (2.307) (14.656) (0.972) (0.897) (12.496)

No stations in the market 0.040 0.030 0.506 0.042 0.044 -0.464 0.058 0.014 -2.602 -0.041** -0.030* 0.088
(0.064) (0.057) (0.485) (0.043) (0.039) (0.369) (0.139) (0.094) (1.693) (0.017) (0.017) (0.159)

No diff brands -1.825*** -1.766*** 1.866 -0.106 -0.067 -0.802 -1.369 -1.050 15.075 -0.217 -0.188 1.284
(0.615) (0.567) (3.940) (0.424) (0.358) (2.428) (0.962) (0.878) (14.295) (0.199) (0.192) (1.370)

Share of low brands and independents 10.764 6.751 129.495*** -0.732 -1.466 87.082* -4.953 -3.125 11.832 -1.381 0.269 5.982
(7.260) (7.171) (41.262) (8.552) (7.841) (43.862) (6.941) (7.414) (75.657) (1.651) (1.304) (10.165)

Branded stations -1.058 -1.481 -2.598 -1.012* -1.049* -0.410 0.369 -0.167 -0.646 -0.200 -0.892*** 2.194
(0.888) (0.869) (3.382) (0.588) (0.537) (3.227) (0.718) (0.862) (4.949) (0.336) (0.335) (1.982)

Constant 180.158*** 67.977*** 588.117** 127.867*** 42.630*** 725.948*** 179.847*** 52.632*** 419.202*** 212.881*** 39.388*** 291.338***
(52.961) (6.634) (225.094) (31.026) (4.213) (171.290) (23.647) (6.765) (141.430) (11.891) (4.422) (58.586)

Observations 47,109 47,109 46,891 102,671 102,671 102,671 52,945 52,945 52,945 719,601 719,601 719,596
R-squared 0.762 0.301 0.456 0.780 0.200 0.324 0.814 0.266 0.226 0.836 0.170 0.116
Number of cod_id 804 804 801 1,817 1,817 1,817 727 727 727 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

5th week before intervention - Dawn Raid

Intervention -20.279*** -20.401*** 6.399 -11.277** -11.252** -8.066 -3.934 -6.465 37.473 4.835*** 2.453 -12.056
(4.186) (3.684) (31.586) (5.086) (4.572) (21.293) (4.317) (3.905) (23.890) (1.848) (1.782) (11.104)

Cost 0.648*** -1.927*** 0.741*** -1.877*** 0.600*** -1.640** 0.454*** -0.822***
(0.160) (0.648) (0.091) (0.515) (0.086) (0.630) (0.037) (0.153)

Media index -3.076 -1.735 159.947 1.284 2.227 13.530 -2.341 -2.148 -61.420*** -0.204 0.904 -19.452
(2.653) (2.015) (133.093) (2.299) (2.352) (37.539) (1.962) (2.310) (14.494) (0.972) (0.900) (12.720)

No stations in the market 0.050 0.041 0.382 0.043 0.046 -0.327 0.064 0.015 -2.689 -0.040** -0.029* 0.082
(0.065) (0.059) (0.459) (0.045) (0.041) (0.400) (0.141) (0.094) (1.690) (0.017) (0.016) (0.159)

No diff brands -1.817*** -1.770*** 1.334 -0.063 -0.021 0.877 -1.365 -1.067 15.258 -0.249 -0.206 1.273
(0.628) (0.578) (4.019) (0.444) (0.376) (2.336) (0.963) (0.883) (14.180) (0.197) (0.190) (1.273)

Share of low brands and independents 11.460 7.350 147.838*** -0.594 -1.362 77.854* -4.589 -2.996 13.661 -1.386 0.243 5.848
(7.322) (7.161) (49.472) (8.641) (7.867) (38.655) (7.007) (7.309) (75.350) (1.648) (1.305) (10.199)

Branded stations -1.031 -1.471 -1.792 -1.055* -1.102** -1.414 0.434 -0.060 -0.698 -0.209 -0.882*** 2.139
(0.896) (0.871) (3.680) (0.600) (0.542) (3.210) (0.711) (0.857) (4.918) (0.339) (0.337) (1.985)

Constant 192.076*** 67.536*** 628.981** 128.868*** 41.946*** 690.659*** 177.158*** 51.155*** 348.919** 213.644*** 40.725*** 297.497***
(51.733) (6.775) (225.774) (32.274) (4.224) (149.947) (24.774) (4.139) (139.479) (11.789) (4.287) (57.529)

Observations 47,090 47,090 47,013 102,604 102,604 102,568 52,887 52,887 52,887 718,364 718,364 718,359
R-squared 0.760 0.299 0.476 0.780 0.204 0.324 0.815 0.277 0.227 0.836 0.191 0.134
Number of cod_id 804 804 804 1,817 1,817 1,816 726 726 726 10,268 10,268 10,267

5th week before intervention - Mail Notification

Intervention 16.016* 18.684** -74.437 6.793 7.912* 4.330 1.674 -2.144 -11.792 2.041* 1.233 -8.156
(7.861) (7.987) (65.243) (4.159) (4.059) (18.956) (3.976) (3.291) (18.939) (1.118) (1.111) (11.306)

Cost 0.657*** -1.828*** 0.744*** -1.951*** 0.598*** -1.622** 0.454*** -0.820***
(0.159) (0.627) (0.091) (0.541) (0.087) (0.625) (0.037) (0.153)

Media index -3.306 -2.047 52.871 1.172 2.086 52.919 -2.354 -2.156 -61.313*** -0.211 0.901 -19.427
(2.743) (2.125) (109.125) (2.349) (2.377) (59.542) (1.981) (2.299) (14.405) (0.976) (0.903) (12.716)

No stations in the market 0.041 0.031 0.551 0.040 0.042 -0.424 0.065 0.020 -2.697 -0.041** -0.029* 0.084
(0.063) (0.056) (0.498) (0.043) (0.038) (0.386) (0.140) (0.095) (1.677) (0.017) (0.017) (0.162)

No diff brands -1.721** -1.667*** 1.052 -0.060 -0.021 -0.298 -1.390 -1.073 15.461 -0.226 -0.192 1.182
(0.617) (0.567) (3.881) (0.436) (0.369) (2.553) (0.962) (0.877) (14.174) (0.199) (0.192) (1.350)

Share of low brands and independents 11.509 7.498 115.175** -0.278 -1.007 86.032* -4.796 -2.912 15.270 -1.416 0.227 5.955
(7.331) (7.223) (42.041) (8.761) (8.003) (44.495) (6.947) (7.370) (75.563) (1.647) (1.302) (10.204)

Branded stations -1.005 -1.430 -2.777 -1.034* -1.077* -0.917 0.451 -0.071 -0.828 -0.201 -0.877*** 2.101
(0.900) (0.878) (3.178) (0.589) (0.534) (3.345) (0.720) (0.862) (4.983) (0.339) (0.337) (1.995)

Constant 189.158*** 65.714*** 530.907*** 128.074*** 42.075*** 687.962*** 177.976*** 51.051*** 342.455** 213.613*** 40.664*** 297.476***
(51.572) (6.336) (182.293) (32.159) (4.137) (164.231) (25.177) (4.183) (138.100) (11.810) (4.292) (57.561)

Observations 47,090 47,090 46,872 102,604 102,604 102,604 52,887 52,887 52,887 718,364 718,364 718,359
R-squared 0.761 0.301 0.449 0.780 0.204 0.324 0.815 0.276 0.227 0.836 0.191 0.134
Number of cod_id 804 804 801 1,817 1,817 1,817 726 726 726 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

6th week before intervention - Dawn Raid

Intervention -21.168*** -21.104*** 57.753** -10.038** -10.022** 14.508 -1.631 -4.134 5.235 4.434** 1.933 -13.584
(4.095) (3.464) (25.056) (4.808) (4.238) (24.500) (3.743) (3.988) (15.317) (1.836) (1.690) (10.925)

Cost 0.662*** -2.044*** 0.739*** -1.954*** 0.600*** -1.633** 0.449*** -0.785***
(0.158) (0.671) (0.093) (0.541) (0.085) (0.629) (0.037) (0.151)

Media index -3.718 -2.512 161.788 0.992 1.897 12.461 -2.364 -2.163 -61.473*** -0.216 0.910 -19.171
(2.929) (2.321) (135.907) (2.479) (2.522) (38.140) (1.950) (2.294) (14.638) (0.968) (0.895) (12.511)

No stations in the market 0.050 0.042 0.348 0.044 0.047 -0.360 0.053 0.004 -2.584 -0.040** -0.029* 0.088
(0.064) (0.059) (0.451) (0.045) (0.041) (0.379) (0.142) (0.094) (1.705) (0.017) (0.016) (0.155)

No diff brands -1.831*** -1.780*** 1.231 -0.074 -0.023 0.680 -1.339 -1.029 15.010 -0.255 -0.220 1.435
(0.627) (0.580) (4.064) (0.443) (0.377) (2.377) (0.968) (0.891) (14.258) (0.198) (0.190) (1.266)

Share of low brands and independents 10.911 6.858 148.206*** -0.522 -1.324 74.271* -4.488 -2.852 12.421 -1.373 0.273 6.228
(7.457) (7.317) (51.121) (8.671) (7.928) (36.619) (7.000) (7.306) (75.029) (1.657) (1.299) (10.255)

Branded stations -1.062 -1.486 -1.544 -1.077* -1.132** -1.044 0.419 -0.085 -0.575 -0.212 -0.907*** 2.090
(0.904) (0.881) (3.734) (0.584) (0.524) (3.214) (0.712) (0.861) (4.893) (0.337) (0.335) (1.973)

Constant 180.285*** 67.859*** 670.602*** 129.928*** 42.280*** 693.005*** 180.425*** 52.515*** 417.175*** 215.329*** 40.843*** 283.670***
(52.847) (6.801) (232.803) (32.756) (4.345) (162.813) (23.663) (6.738) (141.516) (11.786) (4.290) (56.912)

Observations 47,072 47,072 46,995 102,426 102,426 102,390 52,834 52,834 52,834 717,226 717,226 717,221
R-squared 0.764 0.304 0.476 0.781 0.204 0.310 0.815 0.268 0.227 0.837 0.173 0.116
Number of cod_id 804 804 804 1,817 1,817 1,816 725 725 725 10,268 10,268 10,267

6th week before intervention - Mail Notification

Intervention 10.715** 12.161*** -89.253 6.215 7.175* -86.573 1.617 -1.498 -8.060 1.904 1.328 -15.643
(4.728) (4.014) (79.709) (4.000) (4.058) (78.577) (3.779) (2.903) (16.694) (1.159) (1.135) (11.274)

Cost 0.666*** -1.944*** 0.741*** -2.036*** 0.599*** -1.626** 0.449*** -0.783***
(0.158) (0.660) (0.093) (0.574) (0.086) (0.624) (0.037) (0.151)

Media index -3.861 -2.683 54.453 0.934 1.825 52.396 -2.367 -2.153 -61.451*** -0.222 0.906 -19.128
(2.934) (2.330) (110.541) (2.488) (2.521) (60.202) (1.960) (2.280) (14.603) (0.972) (0.898) (12.504)

No stations in the market 0.044 0.034 0.539 0.041 0.044 -0.420 0.053 0.008 -2.582 -0.040** -0.029* 0.091
(0.063) (0.056) (0.495) (0.043) (0.038) (0.394) (0.140) (0.094) (1.703) (0.017) (0.017) (0.159)

No diff brands -1.767*** -1.714*** 0.851 -0.082 -0.034 -0.311 -1.351 -1.022 15.068 -0.237 -0.207 1.277
(0.607) (0.558) (3.923) (0.433) (0.367) (2.681) (0.974) (0.891) (14.285) (0.198) (0.191) (1.337)

Share of low brands and independents 11.145 7.137 115.159** -0.117 -0.872 77.908* -4.605 -2.693 13.034 -1.410 0.252 6.434
(7.386) (7.264) (41.899) (8.753) (8.009) (40.914) (6.964) (7.410) (75.622) (1.655) (1.294) (10.254)

Branded stations -1.027 -1.445 -2.562 -1.039* -1.089** -0.943 0.436 -0.094 -0.659 -0.202 -0.900*** 1.996
(0.898) (0.875) (3.223) (0.586) (0.527) (3.416) (0.723) (0.863) (4.974) (0.337) (0.335) (1.978)

Constant 178.871*** 67.682*** 631.057** 129.365*** 42.350*** 717.805*** 180.964*** 52.310*** 414.611*** 215.259*** 40.775*** 284.059***
(52.768) (6.452) (224.081) (32.761) (4.227) (173.484) (24.038) (6.825) (140.029) (11.809) (4.294) (57.071)

Observations 47,072 47,072 46,858 102,426 102,426 102,426 52,834 52,834 52,834 717,226 717,226 717,221
R-squared 0.763 0.302 0.448 0.781 0.204 0.313 0.815 0.268 0.227 0.837 0.174 0.116
Number of cod_id 804 804 801 1,817 1,817 1,817 725 725 725 10,268 10,268 10,267

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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TABLE 4.10. Before an Antitrust Enforcement, by type of Intervention (complete)

Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

6th week before intervention - Dawn Raid

Intervention -0.098 -0.554** 3.386 - - - 0.343 0.379 -7.841 0.537** -0.293 6.521
(0.229) (0.217) (2.416) (0.551) (0.458) (10.127) (0.269) (0.192) (5.912)

Cost 0.684*** -2.075*** 0.760*** -1.785*** 0.611*** -1.645** 0.458*** -0.778***
(0.161) (0.691) (0.082) (0.487) (0.083) (0.604) (0.035) (0.161)

Media index -4.657 -3.567 164.296 0.778 1.561 12.186 -2.435 -2.223 -61.190*** -0.183 0.883 -18.666
(3.096) (2.445) (137.792) (2.670) (2.723) (37.003) (1.922) (2.266) (14.720) (0.959) (0.883) (12.329)

No stations in the market 0.040 0.033 0.442 0.034 0.038 -0.177 0.066 0.019 -2.623 -0.040** -0.029* 0.097
(0.063) (0.057) (0.567) (0.043) (0.039) (0.482) (0.147) (0.099) (1.782) (0.016) (0.017) (0.155)

No diff brands -1.825*** -1.782*** 0.752 -0.158 -0.098 2.602 -1.451 -1.141 15.732 -0.213 -0.185 1.235
(0.583) (0.540) (3.482) (0.407) (0.353) (2.968) (1.008) (0.918) (14.712) (0.204) (0.196) (1.308)

Share of low brands and independents 11.154 7.256 155.459*** -1.029 -1.917 84.370* -4.305 -2.992 33.649 -1.398 0.204 6.382
(7.113) (7.222) (54.082) (8.390) (7.894) (42.067) (7.165) (7.763) (79.665) (1.686) (1.357) (10.763)

Branded stations -1.317 -1.732* -1.188 -1.109* -1.176** -3.359 0.409 -0.053 0.018 -0.223 -0.849** 2.165
(0.901) (0.870) (2.941) (0.622) (0.562) (3.742) (0.690) (0.835) (5.118) (0.364) (0.367) (2.144)

Constant 182.258*** 78.521*** 670.103*** 124.605*** 43.866*** 617.416*** 177.858*** 53.243*** 405.578*** -158.828 -35.829 322.538***
(51.687) (5.863) (231.046) (29.394) (4.245) (141.423) (23.159) (6.468) (137.020) (.) (.) (69.893)

Observations 44,740 44,740 44,672 97,819 97,819 97,786 50,267 50,267 50,267 688,589 688,589 688,585
R-squared 0.776 0.312 0.485 0.790 0.204 0.335 0.814 0.267 0.235 0.837 0.160 0.110
Number of cod_id 781 781 781 1,796 1,796 1,795 636 636 636 10,122 10,122 10,121

6th week before intervention - Mail Notification

Intervention 0.915 1.149 -8.161 1.328 1.498 -13.845** 0.655 -0.239 -3.151 -0.564* -0.487* -0.897
(1.186) (1.131) (7.518) (1.170) (1.128) (6.098) (0.628) (0.530) (2.247) (0.304) (0.261) (1.315)

Cost 0.685*** -1.924*** 0.761*** -1.883*** 0.609*** -1.637** 0.457*** -0.779***
(0.161) (0.647) (0.082) (0.518) (0.083) (0.606) (0.035) (0.161)

Media index -4.660 -3.573 53.173 0.755 1.531 53.507 -2.434 -2.224 -61.196*** -0.172 0.893 -18.649
(3.099) (2.448) (110.859) (2.666) (2.713) (59.846) (1.933) (2.260) (14.706) (0.957) (0.881) (12.320)

No stations in the market 0.039 0.032 0.551 0.033 0.037 -0.260 0.065 0.020 -2.616 -0.040** -0.029* 0.098
(0.063) (0.057) (0.586) (0.042) (0.039) (0.469) (0.146) (0.099) (1.778) (0.016) (0.017) (0.155)

No diff brands -1.816*** -1.771*** 0.482 -0.158 -0.098 1.442 -1.462 -1.137 15.783 -0.218 -0.190 1.229
(0.583) (0.540) (3.363) (0.405) (0.351) (3.095) (1.009) (0.919) (14.720) (0.204) (0.195) (1.308)

Share of low brands and independents 11.215 7.341 119.077** -0.885 -1.749 90.453* -4.386 -2.962 34.022 -1.402 0.201 6.380
(7.123) (7.231) (43.723) (8.404) (7.906) (48.256) (7.145) (7.759) (79.722) (1.693) (1.361) (10.759)

Branded stations -1.317 -1.732* -2.342 -1.102* -1.168** -2.850 0.419 -0.057 -0.028 -0.232 -0.857** 2.151
(0.903) (0.872) (2.317) (0.619) (0.560) (3.749) (0.690) (0.838) (5.135) (0.366) (0.369) (2.138)

Constant 182.064*** 78.501*** 619.452*** 124.252*** 43.889*** 641.782*** 178.497*** 53.201*** 402.497*** -158.378 -35.251 322.555***
(51.721) (5.851) (211.394) (29.380) (4.203) (143.899) (23.138) (6.483) (138.076) (.) (.) (69.946)

Observations 44,740 44,740 44,540 97,819 97,819 97,819 50,267 50,267 50,267 688,589 688,589 688,585
R-squared 0.776 0.312 0.453 0.790 0.205 0.335 0.814 0.267 0.235 0.837 0.160 0.110
Number of cod_id 781 781 778 1,796 1,796 1,796 636 636 636 10,122 10,122 10,121

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

5th week before intervention - Dawn Raid

Intervention 1.326*** 1.158*** -2.158 0.383 0.275 3.878 1.515** 1.382*** -3.427 0.052 -0.261 0.371
(0.375) (0.362) (1.592) (0.627) (0.613) (5.917) (0.577) (0.436) (3.215) (0.198) (0.184) (2.483)

Cost 0.683*** -2.018*** 0.753*** -1.740*** 0.608*** -1.651** 0.457*** -0.779***
(0.160) (0.670) (0.086) (0.462) (0.083) (0.611) (0.035) (0.162)

Media index -4.573 -3.526 164.192 0.743 1.530 12.525 -2.454 -2.251 -61.579*** -0.194 0.867 -18.557
(2.898) (2.290) (135.944) (2.573) (2.635) (37.116) (1.934) (2.277) (14.930) (0.958) (0.882) (12.318)

No stations in the market 0.042 0.035 0.417 0.036 0.040 -0.219 0.067 0.018 -2.624 -0.039** -0.029* 0.093
(0.063) (0.057) (0.561) (0.043) (0.039) (0.453) (0.147) (0.099) (1.794) (0.015) (0.016) (0.155)

No diff brands -1.790*** -1.747*** 0.726 -0.132 -0.073 1.828 -1.463 -1.154 15.450 -0.239 -0.203 1.264
(0.587) (0.545) (3.434) (0.415) (0.356) (2.718) (1.002) (0.911) (14.761) (0.206) (0.195) (1.291)

Share of low brands and independents 11.448 7.515 154.486*** -0.683 -1.630 79.672* -4.429 -3.020 33.841 -1.316 0.263 6.393
(7.163) (7.199) (55.133) (8.440) (7.911) (41.424) (7.143) (7.737) (79.906) (1.680) (1.361) (10.799)

Branded stations -1.306 -1.724* -1.165 -1.062* -1.132** -2.683 0.424 -0.026 -0.088 -0.221 -0.854** 2.124
(0.908) (0.877) (3.001) (0.605) (0.543) (3.423) (0.694) (0.839) (5.110) (0.366) (0.368) (2.139)

Constant 173.083*** 75.950*** 510.953** 126.494*** 43.459*** 631.379*** 178.693*** 51.609*** 408.903*** 214.751*** 38.906*** 290.289***
(52.986) (7.477) (192.875) (30.648) (4.246) (127.739) (23.207) (3.901) (140.517) (11.024) (3.165) (63.199)

Observations 44,711 44,711 44,642 97,788 97,788 97,756 50,231 50,231 50,231 687,471 687,471 687,467
R-squared 0.776 0.312 0.488 0.789 0.203 0.335 0.814 0.267 0.234 0.837 0.160 0.110
Number of cod_id 775 775 775 1,797 1,797 1,796 653 653 653 10,139 10,139 10,138

5th week before intervention - Mail Notification

Intervention 0.511 0.641 0.142 0.082 0.143 -4.235 0.553 0.016 -0.543 -0.636** -0.504** -0.145
(0.966) (0.955) (7.279) (0.992) (0.988) (7.704) (0.481) (0.416) (2.254) (0.267) (0.225) (1.156)

Cost 0.684*** -1.867*** 0.753*** -1.827*** 0.607*** -1.651** 0.457*** -0.779***
(0.160) (0.630) (0.086) (0.491) (0.083) (0.612) (0.035) (0.162)

Media index -4.577 -3.532 53.203 0.743 1.528 53.840 -2.443 -2.245 -61.599*** -0.183 0.876 -18.554
(2.899) (2.292) (109.109) (2.576) (2.634) (60.076) (1.941) (2.270) (14.898) (0.957) (0.882) (12.313)

No stations in the market 0.041 0.034 0.537 0.036 0.040 -0.304 0.065 0.016 -2.619 -0.039** -0.028* 0.093
(0.063) (0.057) (0.579) (0.043) (0.039) (0.441) (0.146) (0.099) (1.794) (0.015) (0.016) (0.154)

No diff brands -1.795*** -1.750*** 0.560 -0.133 -0.074 0.751 -1.466 -1.154 15.452 -0.245 -0.208 1.263
(0.590) (0.549) (3.351) (0.412) (0.354) (2.876) (1.004) (0.913) (14.764) (0.206) (0.194) (1.290)

Share of low brands and independents 11.425 7.509 119.401** -0.692 -1.632 86.855* -4.450 -2.962 33.773 -1.309 0.271 6.394
(7.200) (7.224) (44.395) (8.454) (7.923) (47.804) (7.178) (7.776) (80.117) (1.688) (1.364) (10.799)

Branded stations -1.304 -1.720* -2.305 -1.061* -1.130** -2.200 0.438 -0.026 -0.099 -0.235 -0.866** 2.120
(0.911) (0.880) (2.384) (0.604) (0.544) (3.527) (0.691) (0.839) (5.109) (0.367) (0.369) (2.134)

Constant 173.014*** 76.056*** 450.188 126.474*** 43.474*** 629.987*** 178.964*** 51.630*** 408.831*** 214.930*** 38.893*** 290.309***
(53.021) (7.516) (.) (30.668) (4.227) (138.741) (23.064) (3.957) (140.800) (10.980) (3.166) (63.220)

Observations 44,711 44,711 44,509 97,788 97,788 97,788 50,231 50,231 50,231 687,471 687,471 687,467
R-squared 0.776 0.312 0.455 0.789 0.203 0.334 0.814 0.266 0.234 0.837 0.161 0.110
Number of cod_id 775 775 772 1,797 1,797 1,797 653 653 653 10,139 10,139 10,138

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

4th week before intervention - Dawn Raid

Intervention 2.097*** 2.005*** 2.887 0.687 0.599 0.847 1.300** 1.104* -2.346 0.172 -0.205 0.892
(0.418) (0.362) (4.824) (0.642) (0.627) (5.036) (0.637) (0.542) (2.523) (0.209) (0.193) (1.781)

Cost 0.678*** -2.009*** 0.759*** -1.735*** 0.606*** -1.657** 0.456*** -0.779***
(0.161) (0.672) (0.082) (0.482) (0.083) (0.614) (0.035) (0.162)

Media index -4.745 -3.622 168.723 0.686 1.474 13.918 -2.478 -2.261 -61.523*** -0.196 0.868 -18.567
(3.083) (2.425) (136.704) (2.686) (2.738) (37.472) (1.919) (2.258) (14.808) (0.957) (0.880) (12.266)

No stations in the market 0.042 0.034 0.477 0.037 0.041 -0.243 0.068 0.017 -2.600 -0.040*** -0.029* 0.096
(0.063) (0.057) (0.535) (0.043) (0.040) (0.436) (0.147) (0.099) (1.778) (0.015) (0.016) (0.153)

No diff brands -1.827*** -1.788*** 0.850 -0.149 -0.095 1.872 -1.478 -1.155 15.628 -0.227 -0.191 1.282
(0.582) (0.539) (3.549) (0.413) (0.358) (2.624) (1.005) (0.915) (14.681) (0.200) (0.191) (1.273)

Share of low brands and independents 11.446 7.452 155.684*** -0.802 -1.728 82.480* -4.255 -2.869 32.320 -1.361 0.251 5.933
(7.147) (7.238) (53.960) (8.417) (7.913) (41.496) (7.100) (7.709) (78.836) (1.680) (1.353) (10.628)

Branded stations -1.279 -1.703* -1.286 -1.072* -1.139** -2.574 0.392 -0.079 0.039 -0.262 -0.891** 2.294
(0.911) (0.879) (3.044) (0.615) (0.558) (3.424) (0.689) (0.836) (5.039) (0.364) (0.366) (2.134)

Constant 175.290*** 68.125*** 645.513*** 123.507*** 47.841*** 608.656*** 175.703*** 51.550*** 340.694** -506.239 -28.985 289.544***
(53.261) (6.062) (225.649) (27.443) (3.371) (142.781) (24.154) (3.921) (137.924) (3,870.472) (.) (63.268)

Observations 44,661 44,661 44,593 97,645 97,645 97,612 50,210 50,210 50,210 686,340 686,340 686,336
R-squared 0.776 0.314 0.490 0.791 0.204 0.335 0.815 0.266 0.235 0.837 0.160 0.111
Number of cod_id 759 759 759 1,793 1,793 1,792 690 690 690 10,157 10,157 10,156

4th week before intervention - Mail Notification

Intervention 0.749 0.991 -4.284 0.642 0.818 -18.981** 0.749 0.310 -1.782 -0.620*** -0.484** -0.087
(0.916) (0.844) (11.000) (0.770) (0.694) (9.189) (0.516) (0.515) (1.968) (0.234) (0.202) (1.088)

Cost 0.678*** -1.856*** 0.759*** -1.836*** 0.605*** -1.655** 0.456*** -0.779***
(0.161) (0.632) (0.082) (0.513) (0.083) (0.614) (0.035) (0.162)

Media index -4.751 -3.632 57.220 0.673 1.453 55.509 -2.480 -2.262 -61.516*** -0.187 0.876 -18.566
(3.085) (2.428) (109.738) (2.688) (2.734) (60.553) (1.936) (2.262) (14.789) (0.956) (0.880) (12.263)

No stations in the market 0.041 0.032 0.576 0.036 0.040 -0.305 0.065 0.015 -2.596 -0.039** -0.029* 0.096
(0.064) (0.058) (0.566) (0.043) (0.039) (0.434) (0.146) (0.098) (1.779) (0.015) (0.016) (0.152)

No diff brands -1.837*** -1.796*** 0.547 -0.152 -0.099 0.897 -1.492 -1.164 15.657 -0.242 -0.202 1.279
(0.588) (0.546) (3.433) (0.410) (0.355) (2.845) (1.009) (0.918) (14.679) (0.203) (0.192) (1.275)

Share of low brands and independents 11.384 7.413 120.022** -0.781 -1.692 88.846* -4.327 -2.863 32.539 -1.349 0.262 5.935
(7.169) (7.261) (43.486) (8.424) (7.916) (47.744) (7.134) (7.748) (79.093) (1.687) (1.357) (10.627)

Branded stations -1.276 -1.699* -2.429 -1.064* -1.127* -2.340 0.421 -0.065 -0.027 -0.274 -0.901** 2.291
(0.914) (0.881) (2.436) (0.613) (0.556) (3.572) (0.689) (0.840) (5.070) (0.365) (0.367) (2.131)

Constant 175.232*** 68.325*** 532.640*** 123.308*** 47.876*** 651.951*** 176.029*** 51.598*** 339.803** -505.865 -29.034 289.523***
(53.338) (6.129) (176.304) (27.446) (3.342) (155.434) (24.039) (3.963) (137.709) (6,612.796) (1,516.986) (63.323)

Observations 44,661 44,661 44,460 97,645 97,645 97,645 50,210 50,210 50,210 686,340 686,340 686,336
R-squared 0.776 0.313 0.457 0.791 0.204 0.336 0.815 0.265 0.235 0.837 0.160 0.111
Number of cod_id 759 759 756 1,793 1,793 1,793 690 690 690 10,157 10,157 10,156

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

3rd week before intervention - Dawn Raid

Intervention 1.698*** 1.640*** 4.175 0.547 0.460 2.685 1.376** 1.254** -2.062 0.325 0.008 0.234
(0.470) (0.480) (6.496) (0.623) (0.623) (5.391) (0.672) (0.586) (2.887) (0.216) (0.199) (1.555)

Cost 0.681*** -2.088*** 0.760*** -1.813*** 0.603*** -1.665** 0.454*** -0.802***
(0.161) (0.694) (0.080) (0.506) (0.084) (0.617) (0.035) (0.159)

Media index -4.754 -3.614 169.313 0.533 1.329 16.989 -2.434 -2.214 -61.661*** -0.213 0.871 -19.063
(2.965) (2.310) (137.409) (2.693) (2.735) (39.422) (1.933) (2.275) (14.787) (0.964) (0.889) (12.554)

No stations in the market 0.042 0.034 0.462 0.037 0.040 -0.246 0.074 0.024 -2.576 -0.040** -0.029* 0.082
(0.063) (0.057) (0.538) (0.043) (0.040) (0.431) (0.148) (0.100) (1.771) (0.016) (0.016) (0.158)

No diff brands -1.855*** -1.818*** 0.821 -0.135 -0.089 1.561 -1.470 -1.138 15.727 -0.222 -0.186 1.222
(0.577) (0.536) (3.414) (0.418) (0.361) (2.593) (1.001) (0.908) (14.572) (0.202) (0.194) (1.292)

Share of low brands and independents 11.195 7.260 157.186*** -0.859 -1.829 80.846* -4.520 -3.122 31.153 -1.383 0.232 6.928
(7.246) (7.323) (54.088) (8.463) (7.940) (41.885) (7.155) (7.740) (79.217) (1.686) (1.351) (10.892)

Branded stations -1.309 -1.724* -1.494 -1.114* -1.167** -2.357 0.411 -0.058 -0.064 -0.224 -0.879** 1.948
(0.900) (0.865) (3.157) (0.604) (0.545) (3.391) (0.693) (0.840) (5.134) (0.361) (0.365) (2.135)

Constant 174.497*** 68.464*** 672.903*** 124.555*** 43.834*** 653.501*** 176.749*** 51.481*** 342.339** 215.733*** 38.481*** 312.387***
(53.608) (5.985) (235.550) (28.720) (4.316) (141.425) (24.363) (3.945) (138.487) (11.020) (3.121) (65.816)

Observations 44,661 44,661 44,592 97,584 97,584 97,552 50,164 50,164 50,164 685,144 685,144 685,140
R-squared 0.777 0.315 0.488 0.792 0.209 0.333 0.815 0.272 0.234 0.837 0.172 0.115
Number of cod_id 773 773 773 1,801 1,801 1,800 700 700 700 10,165 10,165 10,164

3rd week before intervention - Mail Notification

Intervention 0.406 0.518 -24.306 0.232 0.304 -18.176* 0.271 -0.290 -7.234 -0.763*** -0.564** -0.779
(0.747) (0.613) (15.704) (0.611) (0.508) (9.075) (0.446) (0.457) (4.690) (0.241) (0.222) (2.010)

Cost 0.681*** -1.978*** 0.760*** -1.874*** 0.602*** -1.650** 0.453*** -0.803***
(0.161) (0.659) (0.080) (0.523) (0.083) (0.623) (0.035) (0.159)

Media index -4.758 -3.619 61.707 0.531 1.326 55.634 -2.430 -2.214 -61.711*** -0.197 0.883 -19.047
(2.966) (2.312) (111.625) (2.694) (2.734) (61.184) (1.933) (2.260) (14.779) (0.964) (0.889) (12.535)

No stations in the market 0.041 0.033 0.575 0.037 0.040 -0.314 0.073 0.023 -2.572 -0.039** -0.028* 0.083
(0.064) (0.057) (0.576) (0.043) (0.040) (0.430) (0.148) (0.100) (1.772) (0.015) (0.016) (0.157)

No diff brands -1.859*** -1.822*** 0.292 -0.136 -0.091 0.625 -1.474 -1.142 15.739 -0.228 -0.191 1.215
(0.580) (0.540) (3.359) (0.416) (0.359) (2.824) (1.004) (0.911) (14.564) (0.203) (0.193) (1.295)

Share of low brands and independents 11.163 7.236 120.702** -0.866 -1.831 87.482* -4.450 -2.967 32.260 -1.391 0.230 6.921
(7.277) (7.347) (42.971) (8.481) (7.955) (48.191) (7.207) (7.789) (79.197) (1.696) (1.354) (10.884)

Branded stations -1.312 -1.726* -2.664 -1.113* -1.164** -2.077 0.424 -0.060 -0.270 -0.239 -0.891** 1.933
(0.902) (0.866) (2.520) (0.604) (0.546) (3.610) (0.691) (0.840) (5.136) (0.363) (0.366) (2.129)

Constant 174.527*** 68.585*** 638.119*** 124.524*** 43.862*** 644.562*** 176.799*** 51.458*** 337.220** 216.024*** 38.501*** 312.687***
(53.646) (6.058) (219.109) (28.704) (4.303) (147.636) (24.221) (4.007) (140.782) (10.975) (3.125) (65.897)

Observations 44,661 44,661 44,461 97,584 97,584 97,584 50,164 50,164 50,164 685,144 685,144 685,140
R-squared 0.777 0.314 0.457 0.792 0.209 0.335 0.815 0.271 0.234 0.837 0.173 0.115
Number of cod_id 773 773 770 1,801 1,801 1,801 700 700 700 10,165 10,165 10,164

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Continued from previous page

Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

2nd week before intervention - Dawn Raid

Intervention 1.507*** 1.520** 6.090 0.422 0.358 2.265 1.172 0.976 0.167 0.348* 0.081 0.910
(0.538) (0.570) (9.736) (0.622) (0.611) (4.847) (0.887) (0.792) (3.049) (0.179) (0.162) (2.073)

Cost 0.670*** -1.876*** 0.747*** -1.667*** 0.601*** -1.650** 0.449*** -0.760***
(0.159) (0.649) (0.083) (0.491) (0.084) (0.618) (0.035) (0.158)

Media index -4.489 -3.339 162.017 0.746 1.579 12.562 -2.483 -2.266 -61.484*** -0.220 0.868 -18.537
(3.148) (2.493) (137.529) (2.663) (2.697) (36.933) (1.912) (2.252) (14.857) (0.967) (0.889) (12.265)

No stations in the market 0.042 0.035 0.441 0.036 0.039 -0.234 0.063 0.016 -2.331 -0.043** -0.031* 0.103
(0.064) (0.057) (0.537) (0.044) (0.040) (0.429) (0.147) (0.100) (1.717) (0.017) (0.017) (0.157)

No diff brands -1.826*** -1.785*** 1.257 -0.136 -0.086 1.810 -1.487 -1.154 15.550 -0.221 -0.192 1.305
(0.580) (0.537) (3.441) (0.414) (0.356) (2.560) (1.006) (0.913) (14.493) (0.201) (0.194) (1.303)

Share of low brands and independents 11.381 7.310 155.049*** -0.607 -1.589 80.063* -4.142 -2.759 24.622 -1.315 0.325 6.433
(7.288) (7.307) (55.418) (8.435) (7.880) (42.428) (7.061) (7.643) (77.300) (1.668) (1.341) (10.669)

Branded stations -1.262 -1.691* -1.602 -1.100* -1.162** -2.575 0.429 -0.047 -0.327 -0.249 -0.892** 2.176
(0.909) (0.880) (3.148) (0.606) (0.547) (3.552) (0.694) (0.845) (5.174) (0.364) (0.366) (2.144)

Constant 178.003*** 68.235*** 459.907** 127.167*** 43.571*** 587.710*** 180.798*** 53.204*** 406.730*** 213.415*** 38.842*** 282.815***
(52.685) (6.046) (187.814) (27.541) (4.256) (143.739) (23.643) (6.494) (143.101) (11.223) (3.172) (62.449)

Observations 44,630 44,630 44,560 97,459 97,459 97,426 50,052 50,052 50,052 683,859 683,859 683,855
R-squared 0.773 0.306 0.477 0.789 0.200 0.329 0.814 0.265 0.234 0.838 0.160 0.112
Number of cod_id 779 779 779 1,803 1,803 1,802 675 675 675 10,218 10,218 10,217

2nd week before intervention - Mail Notification

Intervention 1.920 2.059 25.958 1.186 1.335 16.934 0.561 0.066 -5.555 -0.752*** -0.535** -1.617
(1.742) (1.723) (39.633) (1.312) (1.319) (20.842) (0.637) (0.793) (5.044) (0.215) (0.210) (1.079)

Cost 0.671*** -1.722** 0.748*** -1.738*** 0.601*** -1.640** 0.449*** -0.762***
(0.159) (0.615) (0.083) (0.532) (0.084) (0.619) (0.035) (0.159)

Media index -4.499 -3.351 50.977 0.721 1.547 53.197 -2.481 -2.262 -61.449*** -0.206 0.879 -18.507
(3.155) (2.499) (110.686) (2.659) (2.682) (59.714) (1.926) (2.256) (14.820) (0.966) (0.889) (12.255)

No stations in the market 0.041 0.033 0.538 0.035 0.038 -0.340 0.064 0.016 -2.334 -0.042** -0.030* 0.104
(0.064) (0.058) (0.558) (0.043) (0.039) (0.409) (0.147) (0.100) (1.718) (0.017) (0.017) (0.157)

No diff brands -1.828*** -1.786*** 1.215 -0.142 -0.094 0.548 -1.491 -1.156 15.576 -0.227 -0.196 1.292
(0.585) (0.542) (3.374) (0.409) (0.351) (2.670) (1.007) (0.915) (14.476) (0.201) (0.194) (1.302)

Share of low brands and independents 11.368 7.306 120.116** -0.596 -1.569 87.716* -4.243 -2.778 25.547 -1.322 0.323 6.418
(7.319) (7.338) (44.785) (8.429) (7.868) (48.702) (7.129) (7.724) (77.183) (1.676) (1.343) (10.658)

Branded stations -1.264 -1.693* -2.739 -1.086* -1.146** -1.784 0.440 -0.047 -0.465 -0.264 -0.903** 2.145
(0.912) (0.882) (2.508) (0.603) (0.544) (3.631) (0.692) (0.846) (5.186) (0.364) (0.367) (2.135)

Constant 178.003*** 68.394*** 545.407** 126.963*** 43.679*** 623.987*** 180.989*** 53.244*** 403.338*** 213.687*** 38.874*** 283.416***
(52.755) (6.097) (201.413) (27.450) (4.175) (160.651) (23.468) (6.541) (143.687) (11.191) (3.175) (62.605)

Observations 44,630 44,630 44,431 97,459 97,459 97,459 50,052 50,052 50,052 683,859 683,859 683,855
R-squared 0.773 0.306 0.443 0.789 0.200 0.332 0.814 0.265 0.234 0.838 0.160 0.112
Number of cod_id 779 779 776 1,803 1,803 1,803 675 675 675 10,218 10,218 10,217

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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Continued from previous page

Members Municipality Mesoregion State

Variables Price Margin Variance Price Margin Variance Price Margin Variance Price Margin Variance

1st week before intervention - Dawn Raid

Intervention 1.661*** 1.633*** 0.963 0.651 0.602 -0.586 1.285* 1.195* 0.361 0.263 -0.069 0.102
(0.591) (0.578) (6.310) (0.553) (0.534) (4.959) (0.750) (0.610) (3.447) (0.264) (0.248) (1.847)

Cost 0.677*** -1.991*** 0.754*** -1.713*** 0.605*** -1.650** 0.454*** -0.746***
(0.161) (0.683) (0.083) (0.503) (0.083) (0.623) (0.035) (0.160)

Media index -4.475 -3.335 161.909 0.959 1.779 10.430 -2.464 -2.251 -61.427*** -0.227 0.850 -18.395
(2.995) (2.351) (135.004) (2.556) (2.598) (36.698) (1.912) (2.239) (14.837) (0.964) (0.884) (12.229)

No stations in the market 0.042 0.034 0.496 0.040 0.043 -0.299 0.063 0.020 -2.185 -0.044** -0.033* 0.110
(0.063) (0.057) (0.499) (0.044) (0.040) (0.413) (0.144) (0.098) (1.679) (0.018) (0.017) (0.158)

No diff brands -1.806*** -1.762*** 1.257 -0.111 -0.065 1.420 -1.472 -1.149 15.416 -0.223 -0.186 1.309
(0.583) (0.541) (3.551) (0.426) (0.367) (2.385) (0.989) (0.900) (14.334) (0.202) (0.194) (1.304)

Share of low brands and independents 11.097 7.191 157.895*** -0.785 -1.712 79.360* -4.059 -2.508 25.412 -1.325 0.297 6.468
(7.195) (7.190) (55.683) (8.308) (7.732) (41.753) (7.008) (7.545) (78.185) (1.674) (1.337) (10.629)

Branded stations -1.253 -1.669* -1.123 -1.102* -1.156** -1.911 0.402 -0.075 -0.060 -0.242 -0.897** 2.436
(0.914) (0.886) (3.328) (0.607) (0.547) (3.297) (0.696) (0.843) (5.054) (0.358) (0.361) (2.115)

Constant 175.456*** 66.327*** 632.687** 125.855*** 43.122*** 606.103*** 175.928*** 51.230*** 336.315** 215.876*** 38.942*** 277.712***
(53.675) (5.898) (229.335) (29.424) (4.197) (150.844) (24.118) (4.015) (139.540) (10.887) (3.185) (62.697)

Observations 44,817 44,817 44,746 97,783 97,783 97,750 50,325 50,325 50,325 685,475 685,475 685,470
R-squared 0.776 0.316 0.495 0.790 0.203 0.341 0.815 0.266 0.233 0.839 0.160 0.113
Number of cod_id 779 779 779 1,810 1,810 1,809 722 722 722 10,256 10,256 10,255

1st week before intervention - Mail Notification

Intervention 1.208 0.819 -17.190 2.095** 1.939* -26.196*** 0.932 0.728 -8.606 -0.693*** -0.344** -2.537**
(1.365) (1.428) (11.985) (1.001) (0.970) (8.964) (0.796) (0.898) (5.764) (0.181) (0.174) (1.138)

Cost 0.677*** -1.816** 0.752*** -1.779*** 0.604*** -1.643** 0.453*** -0.751***
(0.161) (0.642) (0.082) (0.515) (0.083) (0.623) (0.035) (0.161)

Media index -4.490 -3.345 51.413 0.924 1.751 51.985 -2.455 -2.242 -61.442*** -0.219 0.855 -18.370
(3.000) (2.353) (108.639) (2.538) (2.576) (59.179) (1.923) (2.248) (14.843) (0.964) (0.884) (12.221)

No stations in the market 0.040 0.032 0.597 0.037 0.040 -0.352 0.066 0.023 -2.196 -0.043** -0.032* 0.113
(0.064) (0.057) (0.540) (0.043) (0.040) (0.425) (0.144) (0.097) (1.682) (0.018) (0.017) (0.158)

No diff brands -1.828*** -1.784*** 1.019 -0.140 -0.091 0.670 -1.464 -1.142 15.357 -0.232 -0.190 1.275
(0.592) (0.550) (3.517) (0.412) (0.354) (2.713) (0.993) (0.904) (14.330) (0.203) (0.194) (1.302)

Share of low brands and independents 10.958 7.049 123.271** -0.892 -1.817 87.427* -4.168 -2.572 27.656 -1.337 0.296 6.440
(7.249) (7.238) (45.449) (8.326) (7.737) (48.762) (7.202) (7.748) (78.310) (1.682) (1.337) (10.611)

Branded stations -1.254 -1.672* -2.215 -1.066* -1.123** -1.863 0.424 -0.058 -0.300 -0.256 -0.904** 2.387
(0.916) (0.886) (2.841) (0.605) (0.544) (3.556) (0.687) (0.836) (5.098) (0.359) (0.361) (2.112)

Constant 176.053*** 76.659*** 516.358*** 126.681*** 43.406*** 617.421*** 175.992*** 51.206*** 333.925** 216.326*** 38.991*** 279.450***
(53.728) (7.602) (178.335) (29.122) (4.060) (147.207) (23.956) (4.063) (139.765) (10.827) (3.189) (63.046)

Observations 44,817 44,817 44,616 97,783 97,783 97,783 50,325 50,325 50,325 685,475 685,475 685,470
R-squared 0.776 0.315 0.464 0.791 0.204 0.343 0.815 0.265 0.233 0.839 0.160 0.113
Number of cod_id 779 779 776 1,810 1,810 1,810 722 722 722 10,256 10,256 10,255

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All currency figures are in cents of Reais deflated for September 2015. Data are from 555 municipalities in Brazil from
2001:7 - 2011:12 at the station-level on weekly basis. All regressions have weekly time fixed effects and station fixed effects.
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CHAPTER 5

CONCLUSION

This dissertation seeks to contribute to the Industrial Organization field, specifically on

matters of collusive agreements.

We started by confirming the increase in prices and margins resulting from cartel agreements

on competitors that take part in the offense. We then evidence that as a side-effect from the

cartel, due to the reduction of competition in the relevant markets, even stations out of the

agreement, but operating in the same market, suffered consequences of the offense. Stations

operating in the same market had a higher average price as a result of the cartel activity. We

observed that this spillover effect of the cartel activity is restricted to stations situated in the

same municipalities where the collusion operated which corroborates the usual definition of

municipality as the relevant market for the retail gasoline market.

We then look into the effects the cartel could have in terms of adjustment of prices. We

observed that markets under cartel operation tend to refrain from cutting prices in response

to a decrease in costs and would instead rely on current existing prices as a focal point for

coordination. We also allowed for a longer adjustment period, to ascertain that the asymmetry

was not a matter of speed. This is a well-known puzzle in the economic literature and we

contributed by providing a valid explanation for asymmetric cost pass through to prices.

Finally, we compare the effects of a publicly disclosed antitrust enforcement from a private

enclosed one and we evidenced that indicted and related stations are not responsive to private

enclosed enforcements, but they are to public displayed ones. Not only did the offenders reacted

by reducing prices and margins immediately after an intervention, but also stations inside the

same municipalities and the ones located in nearby cities also reduced their prices and margins

compared to the market average. The main take away from this is that by respecting private

rights and not exposing offenders we let go of an important demonstration effect coming from

the public disclose of enforcement acts, this effect is not only important for the offenders but

also to set example and inhibit possible current or future offenders.
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