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Abstract

We analyze a specific source of bias in the estimation of the border effect in international
trade: competitive conditions in local markets. We present a simple extension of the Hotelling
(1929) distance model that incorporate quality and show that the availability of different
quality of goods in different countries is another source of non convergence of prices. The
availability of proxy quality substitutes reduces the incentives for firms for price arbitrage
between identical goods. We show that this effect translate mainly to the estimation of the
border effect, but not affect transportation cost. Competition reduces the estimation of the
border, in some cases by four times, relative to less competitive settings. We conclude that
the border effect could be partially due to different competitive settings.

JEL CODE: F14; F15; L13.
Keywords: border effect, price dispersion, competition.

1 Introduction

Political borders can have a significant impact on relative prices. The degree of price segmentation
caused by such boundaries was empirically documented in a seminal paper by Engel and Rogers
(1996), who showed with CPI data that the US–Canadian border had an effect on price dispersion
equivalent to adding a distance of at least 1,780 miles between locations (approximately the dis-
tance between Miami and Quebec). Their work spurred a large literature that found similarly large
“border effects” across countries, states, and even cities.1 These results have been heavily debated
∗We thank Juan Dubra and Nicolás González Pampillón for very helpful comments and suggestions.
†Banco Central del Uruguay and Departamento de Economía, Facultad de Ciencias Sociales, Universidad de la

República. fborraz@bcu.gub.uy
‡Departamento de Economía, Facultad de Ciencias Sociales, Universidad de la República and Universidad de
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1For example, see Parsley and Wei (2001) for results between the US and Japan and Ceglowski (2003) for the

effects of provincial borders in Canada.
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over the years. The emphasis of the following papers was on measurement and methodological
issues.

The debate over measurement include papers that have argued that distances between cities
have been mis-measured (see Head and Mayer (2002)), and that regressions suffer from aggregation
bias (see Evans (2003) and Broda and Weinstein (2008)). Methodological issues include the mis-
specification of the gravity equation implied in the standard specification (see Anderson and van
Wincoop (2003) and Hillberry and Hummels (2003)), and that the regressions do not have a proper
benchmark due to the fact that country distributions of prices are very different across countries
(see Gorodnichenko and Tesar (2009)). Borraz, Cavallo, Rigobon, and Zipitria (2016) also point
to measurement bias in the estimation of the border effect due to the need to use maximum price
distance (ie. the upper quantile of price differences) as the right benchmark. Most papers find
upward bias in the estimation of the border effect, and a few found it equal to zero (Broda and
Weinstein (2008) and Borraz, Cavallo, Rigobon, and Zipitria (2016).

The literature on border estimation moved from cities to stores, and from basket of goods
to precisely defined goods –mainly at the UPC code. Therefore a typical analysis should be to
estimate the distance between two stores, either in the same city or across cities. Then, identify
the same item in both cities (ie. regular coke sold in can) and compare both prices in the same
monetary unit using the exchange rate if goods are in different countries.

However this analysis have two caveats. First, the comparison leaves out those goods that are
not sold in both countries. In turn, this leaves out potential useful information to explain how the
border is composed. Secondly, the mere presence of goods in one country but not in other should
be enough evidence of the existence of a border. Why is Coke available worldwide while there exist
several brands that are only consumed locally? There should be some barrier that limits other
brands to go globally.

This paper disentangle the origin of the border effect. At each point (city/country) the basket
of goods may be different, and the available substitutes could be different to. This is one of the
sources of bias in the estimation of the border effect that identify Gorodnichenko and Tesar (2009).
The main idea of the paper is simple. The comparison of prices of identical goods across different
physical locations do not control for -among other things- the availability of proximate substitutes
for each good in each location. That is, this estimation does not control for the composition of
basket of goods in different locations. This literature concentrate on one dimension of substitution:
physical distance. The consumer of -or firm that produce or sale- one particular good can arbitrate
distance if prices of the same good differ between locations. But consumers or firms could also
arbitrate between similar goods at the same location.

Take the case of carbonated soft drinks. Consumers face a trade off between moving from their
physical location and changing the quality of the good they buy: ie, suppose a consumer is in a
store for buying a Coke and that the price is higher than at the next store, then the consumer
can: i) buy Coke anyway at the store (not move to next store, nor change quality); ii) buy Pepsi
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instead of Coke in the store he is in (substitute for a good of different quality, but not move to the
next store); iii) travel to the next store and buy Coke more cheaply (move to the next store and
maintain quality). This dimension of substitution is not controlled for either in theoretical models
or in empirical estimations in the literature.

For instance, Gopinath, Gourinchas, Hsieh, and Li (2011) develop a model of price equilibrium
of cities/stores that differ only in the distance dimension, as in the model of Salop (1979). This
formalization is accurate to estimate the price of the good “store” as the only relevant dimension is
distance, but if instead the price of a good sell in one store is to be computed –as in the empirical
estimation– then the price equilibrium will be affected by the availability of substitutes for that
good inside the store and between stores. The problem is relevant because the empirical estimation
calculate the price difference of particular goods, because stores do not have a price.

Our empirical approach and the nature of the data address four additional sources of concerns
that have been raised since the original Engel-Rogers regressions. First, we use product-level
data with identical goods across all locations. As suggested by Goldberg and Knetter (1997),
product-level data is crucial to understand deviations from the Law of One Price (LOP). Indeed,
Evans (2003) and Broda and Weinstein (2008) argue that a significant problem in the border effect
literature is the aggregation bias induced by price indexes. Second, we use retail prices. Hillberry
and Hummels (2003) have argued that business-to-business data tends to overestimate trade flows
and to underestimate price differences within countries. Third, we know the exact location of
each store. As pointed out by Head and Mayer (2002), using approximate distances (such as from
one country capital to another) can greatly overestimate the border effect. Finally, all the stores
in our sample sell -nearly- the same set of products. This allow variability in the sample, while
controlling for other factors.

Our paper is related to those of Evans (2003), who address the problem of the relative substi-
tution of similar goods across countries and Gorodnichenko and Tesar (2009), which establish how
differences in baskets of goods are a source of bias in the estimation of border effects. Nevertheless,
it differ on several grounds. First, our paper explicitly introduce the substitution of goods inside
stores and relate it to the substitution of stores. We use the information usually dropped in the
analysis to measure the extent of competition in each city/store. Secondly, the model allow us
to account for the conditions under which convergence of prices should be achieved, taking into
account both distance and quality dimensions. Thirdly, as we analyze the convergence of prices
inside a –small– country, we can isolate problems associated with exchange rate, language and
tariff barriers. Our problem is reduced to one of distance, quality and characteristics of stores or
cities. Fourth, we emphasizes that the problem lies not on the degree of competition –substitution–
between goods in different countries, but on the local competition conditions that each product
faces when entering the market. That is, the size of the border is affected by the availability of
substitutes in each market because different countries will have different basket of substitute goods.
Fifth, we provide a simple technique to compare trade costs that are related to quality and those
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trade cost related to distance. This allow to compare two different dimensions of competition in a
single measure and to compare its relative importance.

The model developed in this paper relates the effect of substitutes to the pricing decision and
the relative convergence of prices. It shows that the higher the level of competition the convergence
conditions are less likely to hold. This allow for more price volatility than in a more competitive
setting.

The empirical section shows that more competition have an important effect on the border
estimation. While the distance parameter remain unchanged, the border increase –in some cases
substantially– with competition. This shows that the border parameter is highly sensitive to local
competitive conditions in each market, and this effect has a relevant impact in its determination.

The paper is organized as follows. Next section introduce the model and specify the conditions
that allow prices of goods sold in different places to converge, when substitutes are available.
Section 3 describes the dataset used to estimate the effect of availability of substitutes. Section 4
introduces the equation to be estimated and its results.

2 A Simple Model of Quality and Distance

We propose a simple modification of the Hotelling (1929) model, that incorporates vertical differ-
entiation along with horizontal differentiation in order to capture our essential claim. We add both
dimensions to develop a model in which each one is a special case of our model. In order to keep
the model tractable and concentrate in the main messages, we develop a discrete version of the
quality dimension and assume that there is perfect information about consumers characteristics.
The model is related to the new verti-zontal models, as in Di Comite, Thisse, and Vandenbussche
(2014) or Gabszewicz and Wauthy (2012). This is a two dimensional variant of the Hotelling (1929)
and Salop (1979) model used in Gopinath, Gourinchas, Hsieh, and Li (2011).

As in the Hotelling (1929) model, consumers are located uniformly along a line of distance L.
In each point of the line, there are two types of consumers that differ in their valuation of quality
θi =

{
θ, θ

}
, with θ > θ. We assume that the proportion of high valuation consumers is λ. So

in each point in the line there is a population of λ consumers that have a valuation for quality
equal to θ and 1 − λ consumers that have a valuation for quality of θ. To put in other way, the
model could be though as being two lines of distance L, one above the other. The first line is for
consumers of valuation θ, its thickness is λ and the total mass of consumers is L × λ, while the
second line is for consumers of valuation θ, its thickness is (1− λ) and there is a total mass of
consumers of L× (1− λ). The next figure depict the idea of the model.

Products have a physical –distance– identification (d) but also a quality identification (s).
Producers are located at one point in distance and there could be different qualities of goods in
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Figure 1: The model with two type of consumers.
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one place (store). Consumers have an -indirect- utility function:

Uij = rij + θisq − t |xj − xd| − pqd

where rij is the reservation utility of the consumer, i indicates the quality characteristic of the
consumer

(
ie. θi =

{
θ, θ

})
, j is the location of the consumer on the street line, sq is the quality

of the good, and d is the point of the store in the street line. For simplicity, we assume that
production costs of firms is equal to zero. Also, we assume exogenously the number of goods and
their location. The model is not about entry or location in equilibrium, as this is not the main
point in the paper. First we derive the equilibrium conditions for two goods of the same quality
(ie. the traditional Hotelling problem), then we add a third good that differ in quality and derive
the pricing equilibrium conditions. Lastly, we will assume that each good is sold by a different
producer/store. This could be changed, but the solution will rest on the assumption made about
whether the store or the producer set the prices of goods. If it is assumed that the producer set
the price of goods, then it will set the price along the horizontal axis, which imply that a producer
sell a good of the same quality at two different locations. If it is assumed that the store set the
price, then at each location a producer will set prices along the vertical dimension.

Suppose there are two stores that sell the same quality θ of the good. The first store is located
at `1 and the second store at `2. Location are indexed from the beginning of the street, either for
consumers or stores (ie, the consumer/store located at `1 is at distance `1 from 0, the beginning
of the street). The situation is depicted in Figure 2.
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Figure 2: The model with two stores.
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This is the traditional Hotelling (1929) model with two stores, being A the store located at
the left and B the one located at the right in the line. In order to find the price equilibrium, as
we have assume the location of both stores are exogenously given, the indifferent consumers is to
be found in order to establish demand.2 Fix quality at s1 and the indifferent consumer is located
between both stores:3

θs1 − t |x̂− `1| − pA = θs1 − t |x̂− `2| − pB (1)

and solving for x̂ we obtain
x̂ = pB − pA + t (`1 + `2)

2t (2)

The demand for store A is x̂: DA = x̂ = pB−pA+t(`1+`2)
2t , as consumers at the left of x̂ bought

at that store regardless their valuation of quality, and the mass of consumers in each point is 1
(ie. λ consumers of quality θ and 1 − λ consumers of quality θ) and for store B: DB = L − x̂ =
pA−pB+t(2L−`1−`2)

2t .
Then profits are ΠA = pA×DA and ΠB = pB×DB, as we have assume that cost are zero. Max-

imizing in prices we found the reaction functions in prices: pA = pB+t(`1+`2)
2 and pB = pA+t(2L−`1−`2)

2

and solving for the reaction functions in prices, we find:

pA = t (2L+ `1 + `2)
3

2We assume that the minimum valuation of quality is large enough so as all consumers on the street buy the
good; ie, that θs1 − t |x− `1| − pA ≥ 0 or θs1 − t |x− `2| − pB ≥ 0 or both, ∀x ∈ [0, L].

3Note that the same reasoning is for the θ consumer.
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and
pB = t (4L− `1 − `2)

3
so, we arrive to the first lemma.

Lemma 1. Prices of both firms are equal (converge) if –in addition to cost being the same– L =
`1 + `2.

Proof. Note that pA = pB ⇐⇒ 2L+ `1 + `2 = 4L− `1 − `2 ⇐⇒ L = `1 + `2.

Now we assume that at location `1 there is other good of quality s2 available for consumers,
which we will call brand C. As the model is continuous in the distance dimension, but not on
the quality dimension, we need to introduce additional assumptions in order to products being
consumed. We will assume that, at `1, consumers of quality θ will prefer to buy the low quality
good (that is to buy A), but that consumers of quality θ will prefer to buy the high quality good
(to buy C). This guarantee that there is consumption for both goods, or that there is entry of the
new brand.

This assumptions add two restrictions to the model. Consumer located at A will prefer to buy
A to C if θs1 − t |`1 − `1| − pA > θs2 − t |`1 − `1| − pC ⇐⇒ pC − pA > θ (s2 − s1). Consumer
located at C will prefer to buy C to A if θs2 − t |`1 − `1| − pC > θs1 − t |`1 − `1| − pA ⇐⇒
pC − pA < θ (s2 − s1). Both inequalities establishes an upper and lower bound for prices of stores
A and C:

θ (s2 − s1) < pC − pA < θ (s2 − s1) (3)

The upper bound, that is the pair of prices that imply that pC − pA = θ (s2 − s1), allow us
to establish the demand for stores B and C. If this upper bound binds, then consumers of high
valuation are indifferent between buying in C o A, but low valuation consumers strictly prefer to
buy at A.

Now we find the indifferent consumer between stores B and C. Take the case of a consumer
located on the high quality segment, then:

θs2 − t |x̃− `1| − pC = θs1 − t |x̃− `2| − pB (4)

and we find that
x̃ = pB − pC + θ (s2 − s1) + t (`1 + `2)

2t (5)

A comparison of equations 2 and 5 shows that x̃ > x̂ ⇐⇒ pC − pA < θ (s2 − s1), with equality
if pC − pA = θ (s2 − s1). The Appendix A show that there is not solution to the model if x̃ = x̂,
that is if there is a corner solution pC − pA = θ (s2 − s1).

An interior solution to the model imply that the indifferent consumer for the quality segment
should be at the right of x̂ if the previous equation does not hold with equality, but could not be
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at the left. Figure 3 depict the possible location of x̃ for a given location of x̂ and the demand for
each store.

Figure 3: Possible equilibrium values of x̃ and x̂. Demand for store A is depicted in blue, demand
for store B in red and demand for store C in green.
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Now we proceed to find the demand for each brand, taking into account previous results.
Demand for firm A is: DA = (1− λ) x̂ = (1− λ) pB−pA+t(`1+`2)

2t . Profits are ΠA = pA × DA. The
first order constraint of the problem is ∂ΠA

∂pA
= 0 = (1−λ)

2t [pB − 2pA + t (`1 + `2)] so the reaction
function is

pA = pB + t (`1 + `2)
2 (6)

Note that the reaction function of firm A depends –increasingly– only on the price of firm B.
This result holds by construction of the model and the discrete nature of the quality decision.

For firmB, as x̃ > x̂, its demand is affected by the entry of firm C, that isDB = (1− λ)× (L− x̂)︸ ︷︷ ︸
low quality

+

λ× (L− x̃)︸ ︷︷ ︸
high quality

= (L− x̂)− λ (x̃− x̂).

The profit function is now: ΠB = pB

[(
pA−pB+t(2L−(`1+`2))

2t

)
− λ

(
pA−pC+θ(s2−s1)

2t

)]
=

pB

(
(1−λ)pA−pB+λpC−λθ(s2−s1)+t(2L−(`1+`2))

2t

)
. From the FOC we obtain:

pB = (1− λ) pA + λpC − λθ (s2 − s1) + t (2L− (`1 + `2))
2 (7)

The reaction function of firm B is increasing in pA and pC as they are both substitutes.
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Lastly, the demand for firm C is DC = λx̃ = λpB−pC+θ(s2−s1)+t(`1+`2)
2t . Profits are ΠC = pC ×[

λpB−pC+θ(s2−s1)+t(`1+`2)
2t

]
. The first order constraint are ∂ΠC

∂pC
= 0 = λ

2t

(
pB − 2pC + θ (s2 − s1) + t (`1 + `2)

)
.

The reaction function for firm C is

pC = pB + θ (s2 − s1) + t (`1 + `2)
2 (8)

Now we solve the system of three equations. This yield:

pA = t (4L+ 2 (`1 + `2))− λθ (s2 − s1)
6 (9)

pB = t (4L− `1 − `2)− λθ (s2 − s1)
3 (10)

pC = t (4L+ 2 (`1 + `2)) + (3− λ) θ (s2 − s1)
6 (11)

First, we need to check that this solution is interior, in the sense that pC − pA is a solution
to inequality 3. The difference between pC and pA is 1

2θ (s2 − s1) so θ (s2 − s1) < 1
2θ (s2 − s1) <

θ (s2 − s1) is satisfied only if θ
θ
< 2.

Now, prices of goods A and B are lower than if good C is not in place. As competition increase,
prices decrease. Also, in this model, the effect of quality is independent of the effect of distance.
We conclude with the main proposition:

Proposition 1. If there are goods of different quality in each location, then the effect of quality
make price difference lower.

Proof. Now pA−pB imply that t(4L+2(`1+`2))−λθ(s2−s1)
6 − t(4L−`1−`2)−λθ(s2−s1)

3 . The difference is equal
to 0 ⇐⇒ 4t (L− `1 − `2) + λθ (s2 − s1) = 0. The effect of quality is to reduce the effect of
distance and make price difference lower.

This model is useful for guiding the empirical section. In this model, the quality impact on
prices is not related to distance. Note that price difference has two components; ie. one related to
quality and another related to distance: pA− pB = 2t (L− `1 − `2)︸ ︷︷ ︸

distance

−λθ (s2 − s1)︸ ︷︷ ︸
quality

. This allow us to

disentangle the effect of quality on distance. Next section add a border between both stores, and
evaluate how price convergence is affected.

2.1 Border

We modify the previous analysis an introduce a cost for consumer to cross a hypothetical border
between both stores. Now there is a border at distance `b that impose a cost b for consumers that
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need to cross it in order to buy from a store located on the other side. Formally:

Uij = rij + θisq − δ × d− t |xj − xd| − pqd

and δ equals 1 if the consumer located at j need to cross the border to buy at store located at
d, and 0 otherwise. The border could be located at the left of x̂, or to the right of x̃, or between
x̂ and x̃. We will first analyze the case where the border is at the left of x̂ and show that the case
of the border being at the right of x̃ is analogous. Then we will analyze the case where the border
is between x̂ and x̃.

• Case A: border at the left of x̂ (or at the right of x̃)

Now the indifferent consumer equation is θs1 − t |x̂b − `1| − b − pA = θs1 − t |x̂b − `2| − pB, and
solving for x̂ we obtain x̂b = pB−pA+t(`1+`2)−b

2t . Note that if the border where at the right of x̃, the
b will be added rather than subtracted. The same reasoning apply in what follows. Now we find
the indifferent consumer between stores B and C. Again, for the case of a consumer located on
the high quality segment, then: θs2− t |x̃b − `1| − b− pC = θs1− t |x̃b − `2| − pB, and we find that
x̃b = pB−pC+θ(s2−s1)+t(`1+`2)−b

2t .
Then, imposing a cost to consumers shift the indifferent consumer to the left; ie x̂b < x̂ and

x̃b < x̃. This imply that the border reduces demand for each store. Also, the inequality x̃ > x̂

implies that x̃b > x̂b. No further changes are needed, so properly arranging demands, profits and
reaction functions, we obtain the new equilibrium:

pbA = t (4L+ 2 (`1 + `2))− λθ (s2 − s1)− 2b
6 (12)

pbB = t (4L− `1 − `2)− λθ (s2 − s1) + b

3 (13)

pbC = t (4L+ 2 (`1 + `2)) + (3− λ) θ (s2 − s1)− 2b
6 (14)

So, in equilibrium, the prices of brands A and B are negatively affected by the border and, in
equilibrium their prices will be lower than if there were no border at all. If instead of the border
being at the left of x̂ it was at the right of x̃ the result will be identical but the signs of the b
coefficient will be opposite. So, depending on where the border is, its effect could further reduce
the effect of quality or exacerbate it.

• Case B: border is between x̂ and x̃

Now the indifferent consumer equation is: θs1 − t
∣∣∣x̂′
b − `1

∣∣∣ − pA = θs1 − t
∣∣∣x̂′
b − `2

∣∣∣ − b − pB and
solving for x̂ we obtain x̂

′
b = pB−pA+t(`1+`2)+b

2t . Now we find the indifferent consumer between
stores B and C. Again, for the case of a consumer located on the high quality segment, then:
θs2 − t

∣∣∣x̃′
b − `1

∣∣∣− b− pC = θs1 − t
∣∣∣x̃′
b − `2

∣∣∣− pB, and we find that x̃′
b = pB−pC+θ(s2−s1)+t(`1+`2)−b

2t .
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Arranging demands, profits and reaction functions, we obtain the new equilibrium:

pbA = t (4L+ 2 (`1 + `2))− λθ (s2 − s1) + 2b (1 + λ)
6 (15)

pbB = t (4L− `1 − `2)− λθ (s2 − s1)− b (1− 2λ)
3 (16)

pbC = t (4L+ 2 (`1 + `2)) + (3− λ) θ (s2 − s1)− 2b (2− λ)
6 (17)

Lemma 2. The effect of the border could diminish or augment the quality effect.

Proof. For case A, pbA − pbB imply that t(4L+2(`1+`2))−λθ(s2−s1)−2b
6 − t(4L−`1−`2)−λθ(s2−s1)+b

3 or
t(4L+2(`1+`2))−λθ(s2−s1)+2b

6 − t(4L−`1−`2)−λθ(s2−s1)−b
3 . The difference is equal to 0 ⇐⇒ 4t (L− `1 − `2)−

λθ (s2 − s1)± 4b = 0.
For case B, pbA − pbB imply that t(4L+2(`1+`2))−λθ(s2−s1)−2b

6 − t(4L−`1−`2)−λθ(s2−s1)+b
3 , and this dif-

ference is equal to 0 ⇐⇒ 4t (L− `1 − `2)− λθ (s2 − s1)− 4b (2− λ) = 0.
As a result, the effect of the border is ambiguous: it could either increase price difference or

diminish it.

3 Data

We use a good-level dataset of daily prices compiled by The General Directorate of Commerce
(DGC) which comprises grocery stores all over the country.4 The DGC is the authority responsible
for the enforcement of the Consumer Protection Law at the Ministry of Economy and Finance.

In 2006 a new tax law was passed by the Uruguayan legislature which changed the tax base and
rates of the value added tax (VAT). The Ministry of Economy and Finance was concerned about
incomplete pass-through from tax reductions to consumer prices, and hence decided to collect
and publish a dataset of prices in different grocery stores and supermarkets across the country.
The DGC issued Resolution Number 061/006 which mandates grocery stores and supermarkets to
report its daily prices for a list of products if they meet the following two conditions: i) they sell
more than 70% of the products listed, and ii) either have more than four grocery stores under the
same name, or have more than three cashiers in a store. The information sent by each retailer is
a sworn statement, and they are subject to penalties in case of misreporting. The objective of the
DGC is to ensure that prices posted reflect real posted prices by stores. In this regard, stores are
free to set the prices they optimally choose, but they face a penalty only if they try to misreport
them.

The data includes daily prices from April 1st of 2007 to September 30th of 2014 for 6 items
corresponding to 2 product categories, where each item is defined by its universal product code

4The same dataset is used in Borraz and Zipitria (2012) and Borraz, Cavallo, Rigobon, and Zipitria (2016).
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(UPC). The products in the sample represent 16.34% of the goods and services in the CPI basket.
The DGC requires large retailers to report their daily prices once a month using an electronic
survey. The three highest-selling brands are reported for each product category. Most items had
to be homogenized in order to be comparable, and each supermarket must always report the same
item. For example, sparkling water of the “Salus" brand is reported in its 2.25 liter variety by all
stores. If this specific variety is not available at a store, then no price is reported. The data are
then used in a public web site that allows consumers to check prices in different stores or cities
and to compute the cost of different baskets of goods across locations.5

We identify two categories for the analysis: Sparkling water and Soft Drinks. We restrict the
analysis to these two products because we obtain more detailed information of the market. In both
markets are several firms operating, some of the them in both. In Soft Drinks, there are product
that are sold in several countries, such as Coke and Pepsi, but also a local brand call Nix. In the
Sparkling water sector, nearly all firms are local. Products “Salus” and “Matutina” are sold by
the same firm (Salus), while “Nativa” is produced by the same firm that produces “Nix” in the
Soft Drink market. In several other markets for which we have information in the database, there
are no local products in the market or if they are prices are not reported. As a result, we restrict
the analysis to those market with more detailed information. Next table shows the information
for each product in the database.

Table 1: Products in the database.
Sparkling water Soft Drinks
Salus: 2.25 liters Coke: 1.5 liters
Matutina: 2 liters Pepsi: 1.5 liters
Nativa: 2 liters Nix: 1.5 liters

In the Sparkling water market goods are not exactly comparable, as the brand “Salus” is not
sold in 2 liters. The information is reported by supermarkets. For each supermarket, we have
detailed information about the exact location, its size –measured by the number of cashiers–, and
if they belong to a chain. Uruguay is divided into nineteen political zones called “departamentos”.
We have information for supermarkets across all nineteen political zones, and also for cities in each
zone, totaling 53 cities. There are 386 supermarkets that report Soft Drinks, and 387 Sparkling
Water. Montevideo, the capital of Uruguay, is also the largest city with nearly one third of the
Uruguayan population.6 Nevertheless, 54% of all supermarkets in the sample are in Montevideo,
so in the information presented below the share of data from Montevideo will be added. Next
figures shows the cities in the database and the supermarket distribution in Montevideo.

5See http://www.precios.uy/servicios/ciudadanos.html. See Borraz and Zipitria (2012) for a detailed de-
scription of the database and an analysis on its price stickiness.

6More information at https://en.wikipedia.org/wiki/Uruguay and https://en.wikipedia.org/wiki/Montevideo.
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Figure 4: Cities covered in the sample and distribution of supermarkets.

Note: Each dot represents a store location across the 19 Uruguayan departments.

For each brand and store, we pick the observation for the first day of the month. According to
Borraz and Zipitria (2012), prices change the first day of the month 7 times more frequently than
any other day in the month, so picking the first observation will capture the main price changes in
the dataset. This reduction in the dimension of the database is crucial because of the calculations
need to perform to obtain the results.

3.1 Descriptive statistics

We first show some statistics for products and then for supermarkets. Next table shows descriptive
statistics for each product in the database.

Table 2: Sample information for each product.

Sparkling Water (Brands) Soft Drinks (Brands)

Salus Matutina Nativa Coke Pepsi Nix

Sample start April 2007 April 2007 April 2007 April 2007 November 2011 May 2007
% in sample 39 36 25 58 28 14
% of Montevideo 57 58 64 57 56 74
% supermarkets* 84 49 48 82 82 16

* In August 2014.
Source: authors calculation.

It should be noted that although “Pepsi” start in our sample on November 2011, it does mean
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that the price reported was for 2.0 liters. We choose to compare the same product, that is prices
of goods of 1.5 liters. Next figures plot the price difference for each market and each good.

Figure 5: Price difference distribution in Sparkling water market.
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Figure 6: Price difference distribution in the Soft Drinks market.
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The previous figures shows that there is much more variation for those brands that are less
available. Because the previous figures show the histogram of the absolute difference of the log
prices we cannot directly estimate from it the number of zeros. Next table show the proportion of
zeros in our sample.

Table 3: Percentage of zeros for each market and brand.

Total Inside Cities Between Cities Total Inside Cities Between Cities

Water 40 50 34 Soft Drinks 28 48 18
Matutina 31 38 28 Coke 32 56 21
Nativa 36 47 27 Nix 20 24 15
Salus 49 63 42 Pepsi 19 35 12

Source: authors calculation.

Distance between different sale point varies a lot, taking into account distance between cities or
inside cities. The next table shows statistics for the distance between sales points (supermarkets).
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Table 4: Descriptive statistics for distance between supermarkets (in kilometers).

Total Inside City Between cities

Minimum 0.4 0.0 0.3
Median 79 5 119
Maximum 526 29 526

Source: authors calculation.

The next figures show the distribution of prices by distance in our sample.

Figure 7: Observations by distance in the sample for each market.
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4 Estimation Strategy

The methodology for estimating border effect and transport costs is standard in the literature.
The equation to be estimated is the following (please, see Borraz, Cavallo, Rigobon, and Zipitria
(2016) for details):

|pist − pirt| = αi + αch + αt + β1 ×Distsr + β2 × Citysr + β3 ×Distsr × Citysr + εisrt (18)

where i is the product, with i ∈ I, the product space; s, t are two stores, with s, r ∈ S the
store’s space in the sample and s 6= r; |pist − pirt| is the (absolute) difference of the logs of the price
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of good i between stores s, r at moment t;7 αi is a dummy variable for product i; αch is a dummy
variable if stores s, r belong to the same chain; αt is a time dummy; β1 is the parameter that
measure distance between stores s, r; β2 is the parameter that measure if stores s, r are located
in different cities; β3 is an interaction term between distance and border. Distance (Distsr) is
measured as the logarithm of 1 plus the actual distance in kilometers between two locations, as
some distance are less than one kilometer and we want to avoid negative distances. The interaction
term between distance and border (Distsr × Citysr) is due to the fact that, according to table 4,
the median distance between cities and inside cities are very different. Lastly, εisrt is a stochastic
error term

Our analysis proposes a simple modification of the equation 18. As we have information of
the goods sell in each store, for each day we compute a dummy variable that takes the value 1 if
the local -smaller- brand is present. In our analysis, the local brand will be Nix in the Soft Drink
market, and Nativa in the Sparkling Water market. This simple strategy allow us to introduce the
competitive effect previously established in Section 2. Now equation 18 is:

|pist − pirt| = αi+αch+αt+β1×Distsr+β2×Citysr+β3×Distsr×Citysr+δ1 ×OneLocal+δ2 ×BothLocal+εisrt
(19)

where OneLocal take the value 1 if at time t one of the stores (s, t) sold the local brand,
and BothLocal take the value 1 if at time t both stores (s, t) sold the local brand. As Table 4
shown, the median distance between cities and inside cities are very different. So in the empirical
estimation we will interact the border dummy and each local dummies with the border parameter.
Next table show the results for estimation of equation 18 and 19 for the Sparkling Water market.8

7The literature also study the standard deviation of the price difference.
8Price differences are multiplied by 100.

17



Table 5: Estimation of distance and border effect for Sparkling Water.

With small local brand Without small local brand

Distance 0.433∗∗∗ 0.425∗∗∗ 0.369∗∗∗ 0.366∗∗∗

(0.0046) (0.0046) (0.0049) (0.0049)

Border 1.149∗∗∗ 0.221∗∗∗ 1.49∗∗∗ 0.785∗∗∗

(0.0125) (0.0172) (0.0135) (0.0175)

Distance×Border -0.215∗∗∗ -0.157∗∗∗ -0.292∗∗∗ -0.241∗∗∗

(0.0049) (0.0049) (0.0053) (0.0053)

One Local 0.2337∗∗∗ 0.0242∗∗∗

(0.0116) (0.0111)

Both Local 0.0024 0.0916∗∗∗

(0.0111) (0.0108)

One Local ×Border 0.2444∗∗∗ 0.226∗∗∗

(0.0131) (0.0126)

Both Local ×Border 1.197∗∗∗ 0.987∗∗∗

(0.0126) (0.0125
# Observations 9,289,713 9,289,713 7,544,891 7,544,491
Time dummies Yes Yes Yes Yes
Product dummies Yes Yes Yes Yes
Chain dummies Yes Yes Yes Yes
R square 0.085 0.090 0.094 0.098

*** p < 0.01. Standard errors in parentheses.

The results shows a significant decrease in the border dummy. If we take into account just
the equations that do not take the local small brand then the drop in the border parameter is
50%, and if we take the small local brand into account then the border drop to a quarter of its
original value. Importantly, note that the distance parameter hardly change. Lastly, note that
the interaction between border and both stores having a local brand is large and significant. The
effect of competition is strong in making price different between stores. This results show that
the border coefficient is highly affected by the competition conditions in the market, as previously
show by the model in Section 2. Also, the Distance coefficient is unaffected by competition, also
shown in Section 2. This estimation has disentangle one of the main sources of variation in the
Border estimation in trade literature: competition conditions in local markets.

5 Conclusions

The literature study several sources of bias in the estimation of the border effect, first established
by Engel and Rogers (1996). We analyze one specific source, not previously established in the
literature: local competition conditions. While previous papers try to identify identical goods
between countries, this strategy loose information about those goods that are available in one
country but not in others. This different baskets translate in different competitive conditions, that
have substantial effect on the estimating of the effect of borders.
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Price convergence between countries is highly affected by local competitive conditions. If one
country have more substitutes for a given good than other, then price convergence for a given good
between countries became more difficult. This paper address this by estimating a traditional price
convergence equation between different stores. We show that the estimation of the border effect
is highly sensitive to local competition conditions, and that more competition in the market tend
to increase the estimation of the border effect, in some cases quite substantially. Our estimations
also shows that competition do not affect the estimation of trade costs, which remain unchanged
in any setting.

TO BE FURTHER DETAILED.
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A Non Equilibrium in Model of Section2

From now on, we will assume that x̃ = pB−pC+θ(s2−s1)+t(`1+`2)
2t = x̂ = pB−pA+t(`1+`2)

2t , which implies
that

pC − pA = θ (s2 − s1) (20)

Now we proceed to find the demand for each brand, taking into account previous results.
Demand for firm A is: DA = (1− λ) x̂ = (1− λ) pB−pA+t(`1+`2)

2t . Profits are ΠA = pA × DA. The
first order constraint of the problem is ∂ΠA

∂pA
= 0 = (1−λ)

2t [pB − 2pA + t (`1 + `2)] so the reaction
function is

pA = pB + t (`1 + `2)
2 (21)

Note that the reaction function of firm A depends –increasingly– only on the price of firm B.
This result holds by construction, because implicit in the model is that pA = pC − θ (s2 − s1).

For firm B, as we have assumed that x̃ = x̂, the demand for the firm is the same as if firm C

was not on the market, that is DB = L− x̂ = pA−pB+t(2L−`1−`2)
2t . The reaction function is the same

as before:
pB = pA + t (2L− `1 − `2)

2 (22)

Again, the reaction function does not depend on the price of firm C explicitly, but will impact
indirectly through the price of firm A.

Lastly, the demand for firm C is DC = λx̃ = λpB−pC+θ(s2−s1)+t(`1+`2)
2t . Profits are ΠC = pC ×[

λpB−pC+θ(s2−s1)+t(`1+`2)
2t

]
. The first order constraint are ∂ΠC

∂pC
= 0 = λ

2t

(
pB − 2pC + θ (s2 − s1) + t (`1 + `2)

)
.

The reaction function for firm C is

pC = pB + θ (s2 − s1) + t (`1 + `2)
2 (23)

We now have a system of four equations (20, 21, 22, 23) with three unknowns (pA, pB, pC).
The model do not have an equilibrium.

Proposition 2. The model do not have an equilibrium.

Proof. As equations 21 and 22 are the same as if product C does not exist, then the solution
pA = t(2L+`1+`2)

3 and pB = t(4L−`1−`2)
3 is also a solution for those equations. Now we substitute

pB = t(4L−`1−`2)
3 in equation 23 and find pC = 2t(2L−`1−`2)+3θ(s2−s1)

6 . But substituing pA in equation
20 we find p′

C = t(2L−`1−`2)+3θ(s2−s1)
3 . Then p′

C 6= pC .
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