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Abstract

The appropriate definition of the relevant market is the main task in competition cases.

But this definition, and its application, has proved difficult in abuse of dominance cases,

mainly because of the cellophane fallacy. Also, in countries with less developed compe-

tition advocacy and less transparent private information, structural econometric analysis is

unfeasible. Some authors have proposed price tests to overcome some of these difficul-

ties, although they have rarely been systematically used. I apply price test to define the

beer market in Uruguay and analyze its key results. In doing this, some new theoretical

interpretations are offered for further development.
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1 Introduction

Competition policy sets a framework to avoid actions from firms with market power which

may reduce social welfare. As market power is difficult to measure directly, competition agen-

cies rely on indirect evidence to evaluate the competition effect of mergers or other business

practices by firms. In brief this procedure starts by defining the relevant market where firms

compete, taking into account barriers to entry, and finally measuring firms market shares. The

result of this various measures (narrow markets, high barriers to entry, high market shares of the

firms involved, high switching costs for consumers, atomistic competitors, and the like) should

presume the existence of market power, or dismiss it.

The “Horizontal Merger Guidelines” issued by the U.S. Department of Justice (DOJ) and the

Federal Trade Commission (FTC) in 1982, and its revisions in 1984, 1992 and 1997, has set the

standard to evaluate relevant antitrust markets in merger analysis. Although this framework is

highly abstract to be applied literally, -in particular, it requires a very sophisticated econometric

analysis of markets- it also establishes a very detailed framework to delimit markets in antitrust

analysis.

Nevertheless, in abuse of dominance or monopolization cases there is not a general rule

for relevant market delineation. Abuse of dominance cases are different in nature from merger

cases. In the latter the focus is made on the enhancement or creation of market power through

mergers between firms. In abuse of dominance cases, the focus is on actions by firms designed

to sustain existing market power, or to create it if firms do not already have it. In the last setting,

applying the “Merger” provisions is difficult because of the well known “cellophane fallacy”.

Instead, some authors have proposed price tests to define antitrust markets. These tests are

associated with the law of one price (LOP), and study the behavior of different product prices

in order to establish integration between markets. With a few exceptions these analysis have

hardly been used in antitrust cases for either relevant product or geographical market definition,

although it requires less information than structural analysis.

This paper briefly reviews different approaches to antitrust market definition, establishing

their advantages and limitations. Then it reviews price tests, and applies them to the Uruguayan
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beer sector. The focus is on their systematic application, looking for uniform interpretations. As

different tests convey different information about markets, a careful interpretation of the results

is needed. Also, some theoretical interpretations of empirical tests are advanced.

The paper is organized as follows. In the next section, traditional definitions of relevant

markets are reviewed. Next, price tests are presented, showing their limitations and introducing

some theoretical interpretations. In section 4, price tests are applied to the Uruguayan beer

sector, and results cast evidence that beer is an antitrust market for Uruguay. Section 5 shows

the main conclusions.

2 Traditional Definitions of Relevant Market and their Lim-

itations

The methodology set out in the “Horizontal Merger Guidelines” is now standard for relevant

market delineation in antitrust cases (see, among many others, Church and Ware (2000) chapter

19, and Motta (2004) chapter 3). The Guidelines established a framework for market delineation

in antitrust analysis, called antitrust markets, which differs from traditional market definition in

economics (Church and Ware (2000), Slade (1986), among others). In the first one, emphasis is

on establishing whether firms have -or have not- the ability to raise prices, whether in traditional

economic analysis markets are defined so as to study how prices are being set.

The Guidelines define a market as “a product or group of products and a geographic area

in which it is produced or sold such that a hypothetical profit-maximizing firm, not subject to

price regulation, that was the only present and future producer or seller of those products in

that area likely would impose at last a ’small but significant and non transitory’ increase in

price (SSNIP test), assuming the terms of trade of all other products are held constant” (U.S.

Department of Justice and Federal Trade Commission (1997) page 4). This idea, and further

elaborations included in the Guidelines are the main reference for relevant market definition for

various antitrust agencies.1

1For the UE see the “Commission Notice on the definition of the relevant market for the purposes of the
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This analysis, however, could be misguided if used on monopolization or abuse of dom-

inance cases, as shown in the 1956 Du Pont case,2 which give rise to the label “cellophane

fallacy”. The case was dismissed because the Supreme Court agreed with the firm that the mar-

ket was flexible packaging materials, instead of cellophane. The firm argued that there was high

substitution between cellophane and other flexible packaging materials. But high substitution

could be the result of firm already having market power: as its pricing policy approach that of

monopoly, substitution tend to become higher and substitute goods tend to show up as prices

increases.

The cellophane fallacy gives a word of caution when the SSNIP test is applied in monop-

olization cases, as it should not be applied to the prevailing market price, as in merger cases,

but to more competitive ones. This solution advances further problems such as how to establish

which should be the “competitive” price, as it is not observed in the market.3

As a result, the SSNIP test is not suitable for monopolization cases. This was established

either by defenders or detractors of the Guidelines (see White (2005), Werden (2000), Forni

(2002), and Geroski and Griffith (2003), among many others).4

Also in merger cases, the strict version of the SSNIP test in either its qualitative or quantita-

tive version are not widely used for relevant market definition. Copenhagen Economics (2003)

reports that only 4% of merger cases in the UE between 1990 and 2001 used this method as a

framework for geographic market definition, and 11% for product market definition. In USA,

Coate and Fischer (2007) study 116 cases of relevant market definition by the FTC, and report

that in 55% of those cases the relevant market analysis was relatively easy and did not require

any sophistication to be determined. Only in one case the SSNIP test was used as established

in the Guidelines.

The detailed information needed to perform the SSNIP test (prices and quantities of involved

Community competition law” available at http://ec.europa.eu/comm/competition/antitrust/relevma_en.html (ac-
cessed the 6 of September, 2008). For the UK, see the Office of Fair Trading ”Market Definition”, available at
http://www.oft.gov.uk/shared_oft/business_leaflets/ca98_guidelines/oft403.pdf (accessed the 22 of June 2008).

2U.S. v. E.I. du Pont de Nemours & Co., 351 U.S. 377 (1956). See Church and Ware (2000) pages 599 - 600.
3Motta (2004) page 105.
4Justice been said that the Guidelines were though to be applied in merger cases.
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products, and cost and demand shifters for a long enough period of time),5 and the statistical

sophistication implied, made this analysis the exception rather than the rule in antitrust analysis.

The consensus is that the Guidelines set a framework to study market definition issues, rather

than set the SSNIP test as a rule for quantitative analysis.

Taking into account these limitations, some authors’ advice is to use price tests to establish

if products or geographical areas belong to the same relevant market. Stigler and Sherwin

(1985) define a market as the area in which the price is determined, and two products should be

in the same market if their prices tend to co-move. This methodology has its roots in the LOP

which establish that if two commodities belong to the same market arbitrage should equate their

prices in the long run or. If we allow for transportation costs, the difference should be stable.

Nonetheless, Geroski and Griffith (2003) point that there is no obvious relationship between

market limits obtained applying this definition and the one set in the Guidelines.6

Caution should be the main advice in using price tests, as the results are complementary to

qualitative evidence at hand. As the next section shows, price tests also have their problems and

as such its conclusions should be carefully evaluated.

3 Price Tests

The literature points to four price tests, which can be divided into descriptive tests and analytical

ones. Descriptive tests are correlation analysis, and unit root tests. Analytical test are those

associated with vector error correction: cointegration, weak exogeneity and Granger causality.

A detailed exposition of each of these tests can be found in Haldrup (2003).

Starting with Stigler and Sherwin (1985) price tests have been advocated either as an al-

ternative test for the one proposed in the Guidelines, or as a means to implement the SSNIP

methodology. Haldrup (2003) notes that the Guidelines establish an attractive framework for

thinking about markets in antitrust, but this methodology is not operative. Although price tests

5See the analysis of Hausman, Leonard, and Zona (1994) for the USA beer market, Nevo (2000) and Nevo
(2001) for the ready-to-eat breakfast cereal, and Scheffman and Spiller (1996) for margarine and butter.

6See also Froeb and Werden (1993) and the reply of Sherwin (1993) and the discussion in Haldrup (2003) pages
4 - 7.
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have received criticism, he points out that they are convenient tools for market delimitation.

At the onset analysis is carried out the integration order of the price series should be tested.

Haldrup (2003) established that a necessary condition, although not sufficient, for goods to

belong to the same relevant market is that price series have the same integration order. The idea

is very simple; if one series is a white noise and the other is a random walk, then there is not

arbitrage between them that bind the path of these goods, and they could not belong to the same

market.

3.1 Descriptive tests

The first test was proposed by Stigler and Sherwin (1985) who study the correlation between

the logarithm of the price of goods candidates to be in the same geographic market and their

first differences. If correlation is not high enough, one could presume that goods should not

belong to the same product market.7

But in order to have coherent results when using a correlation test series need to be station-

ary.8 As the distribution of the t-statistic is derived from the normal distribution -which is by

definition stationary-, if series are non stationary they need to be differentiated enough times

so that they become stationary. Then, it could be checked if correlation exists or not between

them. But even if they are stationary, correlation between two products could be high because

a third one, like a common input, moves the prices of the other two. In this case, the correlation

is spurious in the sense that is not driven by arbitrage between substitutes, but by movements

in the common input. This problem could appear either if series are stationary or not, although

when series are non stationary its effects are exacerbated because of the time trend in the series.

A related problem is that if the adjustment between product prices occur with delay, the cor-

relation coefficient might not capture this influence especially if data is of high frequency; e.g.

weekly.

Although the literature points towards the use of this test in order to exclude goods from the

7See also the discussion in Motta (2004) pages 107 - 109.
8Fernando Lorenzo pointed me this issue.
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market when series are not stationary (see Motta (2004) pages 108-9), the only conclusion that

can be draw from this test is if there is or not a lineal relationship between stationary series.

Besides the statistical threshold for rejection of the zero value of the correlation, a high or low

value is just a matter of interpretation.

A second test was proposed by Forni (2002) who analyzes the stationarity of the log of the

price ratio of products candidates to belong to the same relevant market. If two goods belong

to the same market we would expect that their price ratio should be stationary. If not, prices are

driven away from each other and there is no arbitrage mechanism that binds them. This test is

similar to the cointegration test of the log of nominal prices with an [1,−1] cointegration vector,

but if deflated series are used instead of nominal ones, then it is useful to check the consistency

of results from both tests.

Hosken and Taylor (2004) make the point that the lack of relevant information in the unit

root test as proposed by Forni (2002), could result in misguided results. The authors advocate

for collecting adequate institutional information, and use this test as a complement of qualitative

information.

3.2 Analytical tests

The main analytical test is cointegration between product prices. Two or more product prices

are cointegrated if the series co-move, that is there exists a long run relationship between them

that sets at least one common path for the series. This analysis has been used for geographic

market delimitation for fed cattle (Shroeder (1997) among others), to study financial market

integration, and in antitrust analysis to delineate -product and- geographic market for salmon in

a merger case.9 As already noted this test encompasses unit root test.

The key element is to determine the number of cointegration relationships -if any- that exist

in the system, in order to establish if there is one or more common stochastic trends in the series.

If there are q series, and r cointegration relationships, then there are q− r common stochastic

9UK Competition Commission (2000): Nutreco Holding NV and Hydro Seafood GSP Ltd: A report on the
proposed merger.
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trends that set in motion the whole price system. Haldrup (2003) points that in order to define

one relevant market the key element is to establish that only one common stochastic trend exists;

e.g q− r = 1. But this is not the only interpretation: Alexander and Wyeth (1994) maintain that

the main point is to find if there is at last one cointegration relationship between the price series

to establish one market.

Cointegration tests suffer some of the same problems of correlation analysis (McNew and

Fackler (1997), among others). In particular the common trend could be the result of the move-

ments of a common input or demand factor and not the effect of arbitrage forces. But either if

one product market exists, or if transportation costs are too volatile (either between geographic

regions or between products if they are differentiated), then cointegration tests could fail to de-

tect it. This volatility could be important if the market being defined is geographic, but it may

be less relevant if the product market is under analysis because consumer preferences should be

more stable in the short run.

A related test is Granger causality, that explains the channels through which the price series

interact dynamically. If lagged values of one price series do not add new information to a

second price series, other than information included in lagged values of this second one, then

we should not view both goods as substitutes. We should expect two goods to belong to the

same market if there is bi-directional Granger causality between them. Slade (1986) studies a

stringent requirement as is the exogeneity of price series, and applies it to define the relevant

market in the petroleum sector in USA. She proposes that two goods belong to the same market

if exogeneity is rejected for both goods.

All price tests have been seriously attacked by Coe and Krause (2008). The authors design

an experiment in order to test the empirical performance of all the tests defined above. Their

results show that price tests fail to correctly discern antitrust markets, with the exception of the

correlation test. It should be noted that their experiment is constructed upon small samples -up

to 260 observations-, and this critique is directed to the well known power problems of unit root

and cointegration tests in small samples, see Lütkepohl (2005). Most of the problems of these

tests in small samples is that, as the analyst does not know the data generating process, it cannot
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be discerned wether the series are stationary or not.

This conclusion should not ban using price tests in antitrust analysis, but to put a word

of advice in drawing strong conclusions out of them.10 They should be used in addition of

qualitative evidence, and the conclusions be adequately weighted. This is also the claim of

some authors that have used these tests, see Haldrup (2003) pages 4 - 5 and Slade (1986) page

292.

With the results of Coe and Krause (2008) in mind, in the following analysis we include the

correlation test in order to check the consistency of the results, mainly driven because of the

small sample of data that will be used in the analysis.

3.3 Some theoretical interpretations

This section try to advance informally some new directions for interpreting price tests. Cointe-

gration analysis was mainly done in macroeconomics and finance, and its link with industrial

organization awaits further developments.

Competition in differentiated products industries have been simply formalized through Bertrand

and Hotelling models (see Shy (1996), pages 135 and following). This models find equilibrium

relations between prices in differentiated industries, mainly through reaction functions of prices

which could be written as pi = f (p−i,θ), where p−i is a vector of all prices less pi and θ are

cost and demand parameters. If ∂ pi
∂ p−i

> 0 then products are said to be substitutes, otherwise they

are complements.11

In empirical analysis, if two products are cointegrated they share one long run relation-

ship, and can be represented by a vector error correction model (VECM) which shows short

run adjustment to the long run relationship.12 Suppose two goods with prices p1 and p2 are

10In this regard, Coate and Fischer (2007) (pages 30 and 31) said that ”To reject this classic techniques of market
definition, because special cases exist in which the models might possibly generate misleading results is to set too
high a bar for empirical analysis.”

11See Singh and Vives (1984), page 548.
12Lütkepohl (2005) section 6.3.
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cointegrated. Then the VECM is:


p1t− p1t−1 = m1 +α11(p1t−1 +β21 p2t−1)+ ε1t

p2t− p2t−1 = m2 +α21(p1t−1 +β21 p2t−1)+ ε2t

where mi is a constant, αi j are the loading coefficients, β ′ = (1, β21) is the cointegration

vector, and εit is a stochastic error term. These equations show the equilibrium relationship

between prices, and the short run adjustment process to arrive to that equilibrium. Note that if

β21 =−1, then we have the LOP in its relative version if m1, m2 6= 0, or in its absolute version

if m1, m2 = 0. In this case, price differences are stable in the long run, in the first case because

its difference is constant, and in the second case because prices are equal.

In this setting, the cointegration vector in the VECM could be reinterpreted as a reaction

function in prices, as the equilibrium relationship shows how prices react to each other in the

defined market. Goods will be substitutes if β21 < 0 and complements otherwise.

The VECM shows also the dynamic of the adjustment process between prices. But reaction

functions in traditional models of competition in differentiated goods markets show a long run

relationship, and there is no short run maladjustment. That is, there are no lags in the reaction

function. Some models explicitly show the dynamic of the short run analysis, see Eberwein and

To (1998).

But the VECM also conveys additional information besides the sign of the cointegration

relation. The loading coefficients (αi j) indicate the speed of the adjustment to the long run

equilibrium. Suppose now that there are two endogenous variables and one of the loading

coefficients is zero, then this variable, say 1, is weakly exogenous in statistical terms. Now the

VECM can be rewritten as,


p1t− p1t−1 = m1 + ε1t

p2t− p2t−1 = m2 +α21(p1t−1 +β21 p2t−1)+ ε2t

This means that although both variables are linked in the long run, variable 1 do not adjust to
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the long run equilibrium and as a result it drives the whole system. In this setting, variable 1 puts

competitive pressures to variable 2, but not the opposite. Note that testing weakly exogeneity of

one variable is a way to detect the existence of the cellophane fallacy. Let’s show this through

one simple example.

Suppose that a monopolist faces potential product competition from the next best alternative

in the country. Suppose that competition is more intense in this second market. If products are

substitutes enough, then we could find cointegration between markets, as goods should share

a common long run trend. Suppose now that we find that the monopolist product is weakly

exogenous in the system. This means that the competition between firms in those markets is

asymmetric. If we are interested in delimitating the competitive pressures, then the competitive

fringe does not set a competitive constrain on the monopolist’s ability to set prices, and as a

result the market is the product produced by the monopolist. But instead we could also estab-

lish that the competitive fringe and the monopoly constitute a single market, when analyzing

competitive forces in the second market. As a result of weakly exogeneity, the whole system

price is set in motion by the monopolist and the competitive fringe adapts. The monopolist acts

as a price leader.

This example points to the fact that if two markets are integrated, then firms in this single

market should compete on the same grounds. Price competition models of product differentia-

tion show that competition in these markets should have at last two empirical results. First, all

but one coefficients of the cointegration relationship should be negative, and second weakly ex-

ogenous variables are not present. The first one points to the reaction function in this models; if

both products are substitutes then they have to have opposite sign. The second one establishes

how competition takes place, and which firm, if any, acts as a price leader and sets the price

system in motion.

These informal interpretations are designed to ground empirical analysis with theoretic

background, and do not exhaust the richer settings that can be found in market analysis.
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3.4 Related Empirical Work

Price tests have been rarely used in antitrust analysis, and they have not been reported by an-

titrust agencies. Exceptions are Copenhagen Economics (2003) which analyze geographic rel-

evant market at the UE level for Scottish and Norwegian salmon, beer, tobacco, electricity and

facial tissue. For the beer market, they test the existence of one single market in the United

Kingdom, Sweden, Holland, Italy, France and Germany through price tests at both the producer

and the consumer level. They do not find evidence that support the existence of one rele-

vant geographic market at the consumer level either for all countries or for groups of countries

(Copenhagen Economics (2003) page 58).

Forni (2002) uses a unit root test to delineate the geographic market for Italian milk at the

producer level, and Boshoff (2007) does the same for South Africa.

4 An Application to the Uruguayan Beer Market

This section applies price tests to the beer market in Uruguay, testing wine and soft drinks as

possible substitutes, in order to establish the relevant product market for beer. This analysis is

an extension of the one made in an antitrust case in the beer market.13 All price tests are applied

in order to check if contradictory information arises from each one, as each test makes emphasis

on different issues, and a coherent interpretation of all of them is needed.

A major beer producer exists in Uruguay - FNC S.A. (FNC)- as a result of the international

merger of firms that owned the three main local producers. FNC has 96% of local beer sales,

and the remaining 4% represent imports and sales of other local producers. Beer consumption

is highly seasonal, mainly in summer -December, January and February, in that order-, with

a pronounced drop in winter. Beer sales have suffered a sharp drop in annual sales after the

2002‘s Uruguayan economic crisis, growing thereafter but without reaching its previous levels.

In 2006 beer consumption per capita was 21.7 liters per year.

The wine market has very different characteristics. It is highly atomized (268 wine cellars in

13The author was working at the Uruguayan Antitrust Office at that time.
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2007, according to the “Instituto Nacional de Vitivinicultura”) and local sales account for 97%

of total sales. Although wine consumption also dropped in 2002, it has rapidly stabilized in 85

million liters, which represents 25 liters per capita per year.14 Uruguayan wine has two very

marked quality markets: one high quality market (called VCP “Vino de calidad Preferente” Pre-

ferred Quality Wine) which is sold in bottle of less than a liter, and one of lower quality mainly

sell in bulk for resale. The high quality wine accounts just for 5,6% of total consumption, and

the lower quality wine for the rest, although in different presentations.15 No public information

is available for the Uruguayan’s soft drink market, but it should be noted that FNC also owns

the Pepsi brand in Uruguay.

Data was obtained from the web site of the “Instituto Nacional de Estadística” (INE, file:

IPC 5 gral rubagsubarfa M[1].xls)16 which contains an index of articles that conform the Con-

sumer Index Price (Indice de Precios al Consumo, IPC) for the period March 1997 - May 2008

(135 observations). The products were Soft Drinks (Refrescos), Beer (Cerveza) and Wine

(Vino). All series were log transformed, in order to eliminate scale effects associated with

each one. Econometric testing was performed using Gretl and JMulti softwares.17 From now

on reference to the series of logs of price index of each product will be either as series, price

series or products indifferently.

The span of time is rather long and characterized by high inflation in Uruguay, compared

to international standards. This poses some problems to perform price tests, in the sense that

spurious relationships could emerge due to inflation. In order to manage these issues, tests will

be conducted first for nominal variables and then for IPC deflated variables, in order to correct

for inflation inertia in the period and avoid spurious relationships.

14Source: www.inavi.com.uy
15Data for 2006, but percentages figures are rather stable.
16Available at: http://www.ine.gub.uy/banco %20de %20datos/ipc/IPC %205 %20gral %20rubagsubarfa %20M.xls,

accessed on June 9th 2008.
17Gretl available at http://gretl.sourceforge.net/win32/index_es.html, and Jmulti at

http://www.jmulti.com/download.html
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4.1 Previous Work

There is just one previous study of the beer sector in Uruguay, by Melgar and Rovegno (2004).

They study the effects of a 2003 merger in the beer sector and its impact on price. They use

price and quantity data to estimate the price elasticity of beer, and the cross price elasticity of

wine and soft drinks, and finally the income elasticity. Their analysis span from January 1992

to June 2003. It is worth noting that the Uruguayan economy suffered a huge economic crisis

in 2002 with a 10% drop in GDP, so it is difficult to disentangle the effects of the merger from

the crisis in their analysis.

They estimate a VECM for beer quantity and price, using price of wine and soft drinks

as substitutes for beer, and a wage index as a demand shifter. The estimated cointegration

relationship between deflated variables, rejects wine as a substitute for beer. They show that

beer has a price elasticity of -0.79, a cross price elasticity between beer and soft drinks of 0.64,

and an income elasticity of 0.91.

This result shows an unusual low own price elasticity of beer: Hausman, Leonard, and

Zona (1994) estimate for the USA beer market is -1.36, although the analysis is rather different.

Also, the analysis of Melgar and Rovegno (2004) estimate a long run relationship corrected for

seasonality, and so the estimated own price elasticity does not reflect the changing conditions

in the market. In this regard, it is likely that the firm exercised market power in periods of high

demand -mainly December to March- while in the rest of the year when demand is much lower

the pricing policy was more accommodating.18

4.2 Descriptive analysis

4.2.1 Integration Order of Series

The first step in the analysis of the relevant market is to check whether series have the same

integration order. Figures 1 and 2 show the price series in levels and first differences, and

deflated series in levels and first differences.
18As nominal prices are sticky, the Lerner Index should be binding in summer and not binding in the rest of the

year.
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Figure 1: Series in logs and in first differences of logs.
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Figure 2: Deflated series in logs and first differences of logs.
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Visual inspection of the series in levels shows that wine and beer prices grow in the period,

with a sharp impulse at the end of the year 2002. Soft drinks show an irregular pattern at the

beginning of the period, a similar impulse at the end of 2002 and later increases slowly.

The wine deflated price shows a slow decrease until the end of the year 2002 -when it

exhibits a jump- and then it continues decreasing. Beer price do not show a changing pattern

until the end of 2002, when it slowly decreases. Soft drinks deflated prices show a decreasing

pattern throughout the period.
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Three unit root tests were run for each series: i- ADF; ii- KPSS; iii- ADF with structural

change. Tests were chosen in order to limit problems in small samples, as in this case. In this

regard, two different null hypothesis were chosen -stationarity, unit root- in order to limit bias,

see Forni (2002). ADF test with structural change was used in order to avoid non rejection of

the null when there is no unit root but structural change in the series.19 As previously shown,

at the end of the year 2002 there was a sharp increase in all price indexes, as a result of a sharp

depreciation of the peso, the Uruguayan currency. In the case of Wine and Soft Drinks the

dummy variable takes a zero value up to August 2002 and one afterwards, and for Beer the zero

value goes up to October 2002.

ADF tests were run in its three variants -no time trend zero mean, no time trend but nonzero

mean, trend and nonzero mean-. If the null hypothesis was not rejected in none of the three test,

then the unit root was not rejected. Akaike Information Criteria (AIC) was used to establish the

optimal number of lags.

As the KPSS test is highly sensitive to lag inclusion 12 lags were chosen for all tests, see

Haldrup (2003). As the number of lags increases, the estimated parameter is lower and closer to

the rejection area. If stationarity was rejected in the worst case scenario with a large number of

lags, then it will also be rejected with a lower number of lags. In this case, the null hypothesis

was rejected if rejected in any of KPSS tests -level stationary or trend stationary-.20

Tests were run for series in levels and deflated by IPC, and results show that all of them are

I(1), as shown in the following table.21

Table 1: Unit root tests for series in level.

Series/Test ADF KPSS ADF with structural change

Beer non stationary* non stationary** non stationary*

Wine non stationary* non stationary* non stationary*

Soft Drinks non stationary* non stationary** non stationary*

Critical values: *** 1%, ** 5%, * 10%.
19See Enders (1995) pages 243 and following.
20All tests are available upon requested.
21As ADF and ADF with structural change are non rejection tests its significance is the inverse of the KPSS test;

e.g. the worst scenario is when non rejection is at the 1% critical value.
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Table 2: Unit root tests for deflated series.

Series/Test ADF KPSS ADF with structural change

Beer non stationary* non stationary*** non stationary*

Wine non stationary* non stationary** non stationary**

Soft Drinks non stationary*** non stationary** non stationary*

Critical values: *** 1%, ** 5%, * 10%.

The results shows that all series are I(1). In the case of the series in levels, they show clearly

that there is a stochastic trend in the series. For the deflated series, this seems also the case,

although for Soft Drinks the evidence is less clear.

The main point of this section is that all series are non-stationary. This means that traditional

econometric analysis could lead to erroneous results because of the spurious regression problem

pointed by Granger and Newbold (1974). This is the main explanation of why cointegration

analysis is needed, see Engle and Granger (1987).

4.2.2 Correlation Analysis

This section is guided by the results of Coe and Krause (2008) and the small sample problems

of the unit root tests, although some of the theoretical problems associated with the correlation

test were reviewed in section 3.1. Next I introduce two tables with contemporary correlation

between price series in logs, and in first differences of logs.

Table 3: Correlation Matrix: variables in logs.

SoftDrinks Beer Wine

SoftDrinks 1.0000 0.8450 0.8705

Beer 1.0000 0.9806

Wine 1.0000

Observations: 1997:03 - 2008:05

5% critical value (two-tailed) = 0.1690 for n=135
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Table 4: Correlation Matrix: series in first differences of logs.

Dif SoftDrinks Dif Beer Dif Wine

Dif SoftDrinks 1.0000 0.2917 0.1987

Dif Beer 1.0000 0.4605

Dif Wine 1.0000

Observations: 1997:03 - 2008:05 (missing values were skipped)

5% critical value (two-tailed) = 0.1690 for n=135

The series in levels have all highly significant correlation coefficients, and the highest value

is between Beer and Wine (0.98). As series are non stationary, no inference could be drawn

from this test. Correlation in first differences of the series in logs are much lower than those

in levels, all of them lower than 0.5, although significant. As these results could be driven by

inflation inertia in the period, correlation of logs of deflated price series are presented next.

Table 5: Correlation Matrix: deflated variables in logarithms.

Def SoftDrinks Def Beer Def Wine

Def SoftDrinks 1.0000 -0.0860 0.5545

Def Beer 1.0000 0.3392

Def Wine 1.0000

Observations: 1997:03 - 2008:05 (missing values skipped)

5% critical value (two-tailed) = 0.1690 for n=135

As shown on the above tables, correlation now is much lower than nominal prices. First, the

correlation coefficient between Wine and Beer is 0.34, lower than that of Wine and Soft Drinks

(0.55). Secondly, the correlation between Beer and Soft Drinks is not significant any more.

These results show low correlation between variables, and it should also be considered the high

inflation in the period. Next are the correlation coefficient between deflated series in logs. It

should be noted that the previous section shows that deflated series are also not stationary, so

the next table shows the correlation matrix for the first differences of the deflated series.
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Table 6: Correlation Matrix: first differences of logs of deflated series.

Dif Def SoftDrinks Dif Def Beer Dif Def Wine

Dif Def SoftDrinks 1.0000 0.2685 0.0747

Dif Def Beer 1.0000 0.2417

Dif Def Wine 1.0000

Observations: 1997:03 - 2008:05 (missing values were skipped)

5% critical value (two-tailed) = 0.1690 for n=135

The correlation coefficient between the first differences also shows a sharp decrease, with

Soft Drinks and Wine being not any more significant, and the rest with a correlation of around

0.25. As a comparison Stigler and Sherwin (1985) find correlation coefficients for monthly

data of differences of price series of flour for four cities in the USA to be at least 0.773. The

correlation results for deflated series seem to be too low for products belonging to the same

market, either as a set or pairwise.

In order to check the results obtained for deflated series, a regression by OLS was run for

each of the log of price series on the log of IPC. The residuals of each regression could be

interpreted as the unexplained component of the linear relationship with IPC. Each correlation

coefficient of the residual regression against IPC are presented in the next table.

Table 7: Correlation Matrix: residuals of regressions by OLS for log of each price series against
log of IPC.

Res SoftDrinks Res Beer Res Wine

Res SoftDrinks 1.0000 -0.2880 0.1309

Res Beer 1.0000 0.3744

Res Wine 1.0000

Observations: 1997:03 - 2008:05

5% critical value (two-tailed) = 0.1690 for n=135

Results do not differ much from those of the deflated series. The correlation coefficient

between residuals of the regression of Wine, and those of Beer increase slightly in comparison to
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those found for deflated series. Also, stands out the sharp decrease of the correlation coefficient

of Wine and Soft Drinks that result not significant, as compared with the one obtained with

deflated series that was round 0.55. The correlation coefficient of Soft Drinks and Beer remains

negative, although significant.

4.2.3 Unit root ratio series test

Unit root tests were carried out for logs of the ratio of all series in levels. This ratio allows

eliminating common effects in series, in particular the inflation inertia, see Forni (2002). Ratios

are: Beer_Wine; Beer_SoftDrinks; Wine_SoftDrinks, and the plot of the log of each series

follows.

Figure 3: Ratio of series.
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Results of unit root test follows.22

Table 8: Unit root test for ratio of series.

Series/Test ADF KPSS ADF with structural change

Beer_SoftDrinks non stationary*** non stationary*** -

Beer_Wine non stationary* non stationary** non stationary*

Wine_SoftDrinks non stationary** non stationary** non stationary***

Critical values: *** 1%, ** 5%, * 10%.
22As ADF and ADF with structural change are non rejection test its significance is the inverse of the KPSS test;

e.g. worst scenario is when non rejection is at the 1% critical value. All results are available upon request to the
author.
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The ADF test for Beer_SoftDrink rejects stationarity at the 1% level,23 but KPSS rejects

stationarity also at the 1% level. This series is the most complicated one because of the regular

jumps at the beginning of the period and its seemingly stabilization at the end. A cautionary in-

terpretation is that the series is not stationary, although this in not supported by strong evidence.

Nor Beer_Wine or Wine_SoftDrinks ratios are stationary.

It should be noted that no ADF test with structural change was performed for the se-

ries Beer_SoftDrinks because of its irregular pattern at the beginning of the period. For the

Beer_Wine and Wine_SoftDrinks series a shift in the intercept was included in August 2002.

For the first series, including changes in the intercept do not change results, but for Wine_SoftDrinks

unit root rejection is at the 1% level.

These results seem to reinforce the conclusion that the goods belong to different product

markets, as suggested by Forni (2002).

4.3 Cointegration analysis

Results in previous sections show that inflation has played a mayor role in explaining actual

correlation between price series. To check these results, cointegration analysis is performed in

two different levels: first for the nominal series and then for the deflated ones. But cointegration

analysis was also carried out because series are all non stationary.

For each series -nominal and deflated- the analysis was made in order to establish if there

exists one common trend for the three series jointly, then if there is one in pairs. Only the Jo-

hansen test with constant was used, as testing a trend implies that cointegration vectors have

also a trend and this results in price differences growing without bounds, which in this setting

does not make economic sense (see Haldrup (2003), page 48). As with unit root tests, cointe-

gration tests with and without structural change were run. This allows some flexibility in the

testing stage and is used to check consistency of results. Results are detailed in the Annex and

briefly sketched in the following paragraphs. All results show that residuals are not normal

distributed, but Johansen cointegration test is robust to this result (see Gonzalo (1994)).

23Only when an intercept is included.
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The tests for the three jointly series in levels show that a single cointegration relationship

exists between them. The same analysis for pairwise series also shows one cointegration rela-

tionship for the three combination of series. Results are consistent and show a single long run

relationship between the three series and two stochastic trends between them.

But these results might be driven by inflation inertia, and the relationship could be spuri-

ous. Just as an example, the author run a cointegration test between Beer, Wine and Common

Chopped Meat and found one cointegration relationship.24 This result puts a word of advice

when dealing with nominal variables, because spurious relationships are prone to arise.

To check these results the same analysis was carried out using deflated series in order to iso-

late the inflationary phenomena. No cointegration between the three deflated series was found,

either with or without structural break in the tests. But when analyzed pairwise, cointegration is

found between Beer and Wine, and Beer and Soft Drinks only if structural breaks are included

in the cointegration test. For Wine and Soft Drinks no cointegration was found.

Results between pairwise analysis and joint series might seem incoherent, and differences

arise because of the introduction of structural breaks in the tests. Leybourne and Newbold

(2003) analyze the effect of structural breaks in cointegration analysis, and conclude that spuri-

ous cointegration results could be found if these breaks are not included in the analysis. As long

as the Wine and Beer series have a structural change, it should be incorporated to the analysis.

Nevertheless, Cook (2004) adds that a cointegration test permitting structural breaks in the

cointegration relationship might spuriously reject the null of no cointegration more frequently

than a standard test if applied to independent unit root process. In the case of cointegration

relationships found using cointegration tests that incorporate structural breaks, this result could

be due to the finite sample properties of the test as described by Cook (2004), as a more general

analysis has not found cointegration between three deflated variables even if structural breaks

are allowed.
24Common Chopped Meat is I(1). All results are available if requested to the author.
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4.3.1 VECM, Granger Causality and weakly exogeneity

Although its not clear that cointegration exists between deflated variables, this section is in-

tended to shed more light on this issue for Beer and Wine deflated series, analyzing VECM and

Granger causality for both series. The analysis of the previous section shows that cointegration

between both variables exists only if structural change is incorporated in the analysis. VECM

of both series without structural break and four lags, shows that Wine is not significant in the

cointegration relationship.25

Then a VECM including one dummy variable in the analysis was estimated. This variable

takes 0 value before August 2002, when wine price jump, and 1 after that. In this case, the coin-

tegration relationship became significant with four lagged differences. Then a restricted version

of the model was estimated, excluding those lags that were not significant.26 The restricted

model is significant using standard tests, and the following analysis uses the restricted model.

The two equations estimated in the VECM analysis are presented in the following chart.

Table 9: VECM representation of restricted model: Beer and Wine Deflated Series.

Deflated Beer Deflated Wine

lag Coef. t-stat pval lag Coef. t-stat pval

beer (t-1) - - - beer (t-1) -0.279 -2.552 0.011

beer (t-2) -0.247 -2.982 0.003 beer (t-2) - - -

beer (t-3) - - - beer (t-3) -0.325 -2.889 0.004

beer (t-4) -0.292 -3.344 0.001 beer (t-4) -0.251 -2.227 0.026

wine (t-4) 0.189 3.013 0.003 wine (t-4) - - -

load. coef. 0.001 1.669 0.095 load. coef. 0.071 2.433 0.015

Cointegration Relationship

Beer 1.000 0.000 0.000 Wine -0.540 -2.063 0.039

T 130 AIC Endogenous lags 4

The dummy variable is significant in both equations, and the constant only in the Wine

25Beer coefficient: 1.000, pvalue = 0.000; Wine coefficient: -0.332, pvalue = 0.292.
26LR test of the restricted model (H0) = 10.8625, pvalue=0.4549.

23



equation.27 The cointegration relationship shows that the estimated parameters have the right

signs -positive for Beer, and negative for Wine-. The cointegration vector could be interpreted

as a reaction function in prices, and the results show that products are substitutes. One caveat

to this conclusion is that information is aggregated at the industry level, and theoretical reaction

functions are at the firm level.

In the Wine equation, only Beer lags are significant -first, third and fourth- but none of the

Wine lags are, and the short run adjustment parameter is also significant. In the Beer equation,

the second and fourth lags of beer are significant and the fourth lag of Wine is, but interestingly

the loading coefficient is nearly zero and hardly significant at the 90% level (pvalue=0.095).

This means that Beer is weakly exogenous in the VECM.

This is an interesting result, because it shows that the whole price system is set in motion

by Beer, as showed in section 3.3. This means that the Beer market should be considered as a

separate market, but should be included when analyzing the Wine market because prices are set

in the long run taking into account Beer.

Granger causality test results are somehow strange in the light of previous results. First,

we reject that Beer Granger cause Wine at 5% of significance,28 which is inconsistent with just

Beer lags being significant in the Wine equation. Wine Granger cause Beer,29 and this result

is consistent with the Wine fourth lag being significant in the Beer equation. Note that as we

are dealing with monthly data, fourth lag of Wine being significant in the Beer equation might

seem economically irrelevant, although statistically correct. Instantaneous Granger causality is

not rejected for both series.30

In conclusion, this section seems to confirm that some relationship between Beer and Wine

exist, although results might be distorted by the inclusion of the -statistically significant- dummy

variable that incorporates structural change into the analysis. First, the signs of the cointegra-

tion relationship shows competition between substitute products. Second, Beer is weakly ex-

27Dummy Beer coefficient: -0.004, pvalue=0.015; Dummy Wine coefficient: -0.007, pvalue=0.006; Constant
Wine coefficient: -0.153, pvalue=0.016.

28Test statistic H0 (Beer do not Granger-cause Wine): 2.2225, pvalue=0.0529.
29Test statistic H0 (Wine do not Granger-cause Beer): coefficient 2.4062, pvalue=0.0376.
30Both test have the same result. Test statistic H0 (No instantaneous causality between Wine (Beer) and Beer

(Wine)): coefficient 5.8101, pvalue=0.0159.
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ogenous, as shown by the loading coefficient, and as a result it influences price setting in the

Wine market. Third, lag significance seems to contradict Granger causality results.

4.4 Summary of Results

The tests defined in section 3 were used to define the relevant market of Beer, considering

Wine and Soft Drinks as hypothetical substitutes. Results first show that the analysis should

be carried out with deflated series, as nominal series are influenced by inflation, as shown by

both correlation and cointegration analysis. When deflated series were used, correlation sharply

decreased and cointegration seems to vanish.

As cointegration between deflated Wine and Beer series was found when structural breaks

were incorporated to the analysis, VECM and Granger causality tests were carried out. I found

some interesting results, as competition between the two products are in substitutes, and Beer

set the price for the long run relation between both prices.

Lastly, stationarity of the ratio of the series was tested, and compared with those results

found for deflated series. Results show that all ratios are non stationary.

As a whole, all tests seem to confirm that beer is a separate antitrust market from wine and

soft drinks.

5 Concluding Remarks

Technical difficulties exist for defining relevant antitrust markets in monopolization cases, using

either structural analysis or price tests. These difficulties are exacerbated in small economies

with highly concentrated markets and strong limitations for obtaining and processing the de-

tailed information needed in order to make structural analysis.31Different views of market def-

inition in antitrust analysis were reviewed, establishing their pros and cons when applied to

monopolization cases.

31It should be noted that these limitations have nothing to do with antitrust agencies, as in the vast majority of
cases firms do not have the information needed - desegregation, periodicity, etc.- for this analysis.
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In this setting, price tests might have a practical advantage for defining relevant antitrust

markets in monopolization cases, as information requirements are lower than those for structural

analysis. Also, VECM could be interpreted consistently with the conclusions of theoretical

models, although they are inherently static.

Price tests were applied to define the relevant market of beer in Uruguay. The evidence

points to the conclusion that beer is a different antitrust market than wine and soft drinks.

Although there are problems involved with any statistical test used in antitrust analysis,

price tests remain a valid instrument to be used in monopolization cases. They present different

perspectives of the market under analysis, and can be consistently compared in order to get a

unified picture. Nevertheless, their conclusions should be used with caution and balanced with

other qualitative information.
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A Annex: Cointegration Tests

Table 10: Cointegration Test for Joint Nominal Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 43.17 0.0047 0 45.57 0.0030

1 16.82 0.1412 1 18.18 0.3342

2 7.26 0.1161 2 6.81 0.4061

T 132 T 133

AIC Endogenous lags 3 AIC Endogenous lags 2

Table 11: Pairwise Cointegration Test: Beer and Wine Nominal Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 27.87 0.0029 0 37.48 0.0000

1 4.87 0.3085 1 8.04 0.2824

T 132 T 132

AIC Endogenous lags 3 AIC Endogenous lags 3

Table 12: Pairwise Cointegration Test: Beer and Soft Drinks Nominal Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 27.40 0.0035 0 35.66 0.0001

1 8.46 0.0683 1 8.40 0.2514

T 133 T 133

AIC Endogenous lags 2 AIC Endogenous lags 2
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Table 13: Pairwise Cointegration Test: Wine and Soft Drinks Nominal Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 15.40 0.2085 0 22.46 0.0829

1 5.66 0.2268 1 10.20 0.1363

T 133 T 133

AIC Endogenous lags 2 AIC Endogenous lags 2

Table 14: Cointegration Test for Joint Deflated Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 22.02 0.5973 0 31.32 0.8076

1 9.57 0.6857 1 15.36 0.8603

2 1.40 0.8785 2 3.91 0.9186

T 133 T 133

AIC Endogenous lags 2 AIC Endogenous lags 2

Table 15: Pairwise Cointegration Test: Beer and Wine Deflated Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 6.59 0.9146 0 30.62 0.0017

1 0.46 0.9876 1 6.10 0.4910

T 130 T 130

AIC Endogenous lags 5 AIC Endogenous lags 5
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Table 16: Pairwise Cointegration Test: Beer and Soft Drinks Deflated Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 12.81 0.3877 0 33.91 0.0196

1 2.24 0.7291 1 13.85 0.1054

T 133 T 132

AIC Endogenous lags 2 AIC Endogenous lags 3

Table 17: Pairwise Cointegration Test: Wine and Soft Drinks Deflated Series.

No structural change Structural Change

r0= LR pval r0= LR pval

0 13.10 0.3642 0 28.23 0.1058

1 2.99 0.5919 1 9.27 0.3849

T 133 T 131

AIC Endogenous lags 2 AIC Endogenous lags 4
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