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This paper quantitatively evaluates the importance of the national border in price setting in two neighboring, similar economies in Eastern Europe, Hungary and Slovakia. We focus on time-series properties of the deviations from the Law of One Price (LOOP). We also explore some reasons potentially explaining the size of the border effect. 

The contributions of the paper are twofold. First, the paper investigates the impact of national borders on international price differentials in a sample of microeconomic prices. The sample draws on data of actual, monthly frequency transaction prices of 20 homogenous goods and services, observed in 56 locations, over a period of 56 months (from May 1997 till December 2001). The data set contains prices of four categories of consumer products: durable goods, meat products, other food products and services. The products are selected so that they match the definition of a homogenous item, independently of time, store and location. Crucini, Telmer and Zachariadis [Crucini, Telmer, Zachariadis, 2005] study price differentials in an annual frequency panel of prices of 220 goods and 84 services, observed in 122 cities around the globe, over an 11 year period. Engel and Rogers [Engel, Ro​gers, 1996] use a monthly and bi-monthly sample of price indices of 14 tradable and non-tradable product categories observed in 23 cities in Canada and the United States between June 1978 and December 1994. Parsley and Wei [Parsley, Wei, 2001] in a total of 96 US and Japanese cities study quarterly frequency price observations of 27 tradable products, over a period of 88 quarters. Relative to these studies, the main advantage of our data set lies in the fact that the goods and services we examine are identical over locations and time, and that actual transaction prices are observed at a high, monthly frequency. These features of the data contribute to reducing the importance of observations of relative price adjustments that are solely due to changes in the identity of products over time, across items or locations. 

Second, the paper focuses on an episode where the countries involved show very similar within-country variation in price differentials. Gorodnichenko and Tesar [Gorodnichenko, Tesar, 2006] demonstrate that the border effect estimated in previous studies confounds the impact of the true border and the extent of cross-country heterogeneity in relative price variability. By focusing on an episode with similar time-series variability in relative prices, our analysis is able to get around the country heterogeneity problem in a natural way. 

To calculate prices measured in the same currency, we employ the monthly average exchange rate as reported by the Central Banks in the two countries, using the dollar as a vehicle currency. Finally, costs of transportation are approximated by the geographical distance between locations. For each product, we examine relative prices measured within and across countries. 

We start with defining the good-level bilateral relative price as 
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 is the nominal price of good i at location j, at time t, and 
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 is the nominal price of good i at location k, at time t; where i = 1…20 and j, k = 1…56. St is a nominal exchange rate expressed in Hungarian per Slovakian currency. The exchange rate equals one if locations j and k are in the same country. 

Table 1 gives a summary of the average standard deviations. For pairs of districts in Hungary, in Slovakia and in Hungary and Slovakia, we report statistics for all individual products, and the pooled sample. The first observation standing out is that while the volatility of prices is quite similar at district pairs in Hungary and in Slovakia, cross-border district pairs show much higher volatility. This pattern appears most pronounced in the pooled data with the volatility of relative prices being 0,063 in Hungary, 0,062 in Slovakia and 0,114 in cross-country district pairs. 

	Table 1.
	Relative Price Volatility


	Product Name
	Hungary
	Slovakia
	Hungary and Slovakia

	Durable Goods
	
	
	

	White Lime
	0,074
	0,047
	0,092

	Turkish Towel
	0,080
	0,078
	0,089

	Plastic Bucket
	0,100
	0,050
	0,102

	Drawing Paper, A4 Size
	0,069
	0,075
	0,111

	Basic Pocket Calculator
	0,105
	0,124
	0,165

	Meat Products
	
	
	

	Beef Round
	0,046
	0,036
	0,068

	Pork Chops
	0,035
	0,032
	0,105

	Pork Leg without Bone 
and Hoof
	0,035
	0,039
	0,142

	Spare Ribs with Bone
	0,032
	0,034
	0,094

	Pork Liver
	0,043
	0,046
	0,088

	Smoked Boiled Bacon
	0,064
	0,075
	0,144

	Lard, Pork
	0,093
	0,091
	0,196


Continued

	Product Name
	Hungary
	Slovakia
	Hungary and Slovakia

	Other Food Products
	
	
	

	Poppy Seed
	0,092
	0,103
	0,130

	Sugar, White, Granulated
	0,021
	0,037
	0,062

	Flour, Prime Quality
	0,051
	0,043
	0,151

	Raisins
	0,060
	0,055
	0,092

	Vinegar
	0,050
	0,051
	0,123

	Dry Biscuits, without Butter
	0,052
	0,054
	0,091

	Services
	
	
	

	Car Driving School, Full Course
	0,064
	0,090
	0,141

	Movie Ticket, Evening, 
1–6 Rows
	0,097
	0,070
	0,093

	Total Average
	0,063
	0,062
	0,114

	Number of Observations
	   190
	   630
	   720


Entries give the average value of price volatility across all pairs of counties within Hungary, within Slovakia, and across the Hungarian-Slovakian border, respectively. The sample period is 1997:05–2001:12. Bold figures show the largest value in the three groups.
Retail prices may differ across locations for a variety of reasons including he-terogeneity in demand, taxes, transportation and other local costs. In addition, prices at locations in different countries may also deviate from each other due to exchange rate fluctuations, and other explicit and implicit costs of crossing the border. In order to explain these differences in relative prices we turn to regression analysis. 

To run the regression analysis we conjecture that 
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 i.e. that the law of one price internationally holds if adjusted for the trade costs, 
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 and in logs 
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This for estimation means that: 
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The above is our baseline regression equation specified separately for each product, and for the pooled data. The HS dummy capturing the border effect equals one if the two locations j and k are in different countries, and zero otherwise. For the whole sample, product-specific dummies are also added. Time-invariant district-specific factors are controlled through the inclusion of district dummies, 
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 where N = 56. Dr takes the value of one if r = j or k, and zero otherwise. Economic theory dictates that relative prices are an increasing function of transportation costs (approximated by distance), thus the 
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 parameter is expected to be positive. If the existence of the national border further adds to relative price variability, 
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 should take on positive a value.
For each individual good and the pooled data, Table 2 presents the results in the baseline regression specification. The estimated parameters show strong evidence for the border effect, i.e. after controlling for distance and district-specific fixed effects, coefficients on the border dummy are significantly positive. The results for distance are less pronounced. 

	Table 2.
	Baseline Regression


	Product Name
	Border
	Distance
	Adjusted R2

	White Lime
	2,981
(0,117)
	0,364
(0,099)
	0,667

	Turkish Towel
	2,392
(0,142)
	0,067
(0,123)
	0,581

	Plastic Bucket
	2,667
(0,138)
	–0,088
(0,117)
	0,694

	Drawing Paper, A4 Size
	3,898
(0,155)
	–0,053
(0,133)
	0,518

	Basic Pocket Calculator
	5,339
(0,280)
	–0,435
(0,238)
	0,407

	Beef Round
	2,633
(0,074)
	0,096
(0,063)
	0,697

	Pork Chops
	7,189
(0,065)
	0,070
(0,055)
	0,926

	Pork Leg without Bone and Hoof
	10,365
(0,077)
	0,261
(0,066)
	0,945

	Spare Ribs with Bone
	5,968
(0,053)
	0,205
(0,045)
	0,928

	Pork Liver
	4,292
(0,082)
	0,025
(0,069)
	0,747

	Smoked Boiled Bacon
	7,402
(0,135)
	0,168
(0,113)
	0,818
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	Product Name
	Border
	Distance
	Adjusted R2

	Lard, Pork
	10,418
(0,184)
	0,031
(0,156)
	0,795

	Poppy Seed
	3,037
(0,150)
	0,481
(0,126)
	0,602

	Sugar, White, Granulated
	3,205
(0,040)
	0,233
(0,034)
	0,857

	Flour, Prime Quality
	10,307
(0,104)
	0,166
(0,087)
	0,911

	Raisins
	3,478
(0,089)
	0,060
(0,075)
	0,683

	Vinegar
	7,119
(0,105)
	0,251
(0,088)
	0,843

	Dry Biscuits, without Butter
	3,775
(0,085)
	0,043
(0,072)
	0,883

	Car Driving School, Full Course
	6,227
(0,205)
	0,253
(0,172)
	0,632

	Movie Ticket, Evening, 1–6 Rows
	0,836
(0,133)
	0,168
(0,111)
	0,622

	Total Average
	5,176
(0,057)
	0,118
(0,048)
	0,299


Standard errors are in paranthesis. To ease exposition, the border and distance parameters, and the corresponding standard errors, are multiplied by 100. All regressions contain a constant term and city dummies. Bold figures indicate statistical significance at the 5 percent level.
Table 3 reports the results for the specification with squared distance included in the baseline regression, with distance and squared distance appearing in levels, not in logs. The figures show that the border effect in general remains significant, and its square has a significantly negative effect on relative price volatility, pointing to a concave distance-variability relationship, as predicted by the gravity model of trade. 

These results indicate that crossing the border does add to retail price variation. How can one explain the observation that costs of arbitrage between equidistant locations appear to be larger across than within countries, when cross-country differences in economic and legal environments seem to be fairly small? In what follows, we explore three alternative approaches to account for the border effect: language, nominal exchange rates and cross-country heterogeneity.

	Table 3.
	Quadratic Specification


	Product Name
	Border
	Distance
	Distance Square
	Adjusted R2

	White Lime
	3,143
(0,120)
	10,342
(1,607)
	–18,443
(2,918)
	0,682

	Turkish Towel
	2,342
(0,147)
	0,322
(1,964)
	0,783
(3,567)
	0,581

	Plastic Bucket
	3,262
(0,143)
	–2,820
(1,912)
	5,069
(3,473)
	0,694

	Drawing Paper, A4 Size
	3,985
(0,163)
	2,241
(2,178)
	–5,937
(3,957)
	0,518

	Basic Pocket Calculator
	5,392
(0,295)
	2,872
(3,933)
	0,800
(7,145)
	0,407

	Beef Round
	2,738
(0,087)
	5,130
(1,029)
	–10,247
(1,869)
	0,702

	Pork Chops
	7,290
(0,067)
	4,276
(0,892)
	–8,847
(1,621)
	0,927

	Pork Leg without Bone and Hoof
	10,444
(0,080)
	5,598
(1,074
	–9,312
(1,951)
	0,945

	Spare Ribs with Bone
	6,006
(0,056)
	3,2325
(0,746)
	–4,818
(1,355)
	0,928

	Pork Liver
	4,394
(0,085)
	3,493
(1,141)
	–7,802
(2,073)
	0,750

	Smoked Boiled Bacon
	7,459
(0,140)
	2,738
(1,868)
	–4,536
(3,394)
	0,818

	Lard, Pork
	10,566
(0,194)
	6,627
(2,579)
	–14,186
(4,684)
	0,796

	Poppy Seed
	2,867
(0,155)
	–2,205
(2,064)
	10,680
(3,750)
	0,606

	Sugar, White, Granulated
	3,167
(0,042)
	0,905
(0,563)
	0,865
(1,022)
	0,858

	Flour, Prime Quality
	10,324
(0,108)
	1,294
(1,444)
	–1,283
(2,623)
	0,911

	Raisins
	3,454
(0,092)
	–0,610
(1,235)
	1,973
(2,244)
	0,683

	Vinegar
	6,998
(0,108)
	–2,632
(1,445)
	8,783
(2,625)
	0,845

	Dry Biscuits, without Butter
	3,770
(0,089)
	–0,006
(1,188)
	0,430
(2,158)
	0,883


Continued

	Product Name
	Border
	Distance
	Distance Square
	Adjusted R2

	Car Driving School, Full Course
	6,407
(0,213)
	9,364
(2,839)
	–17,862
(5,183)
	0,634

	Movie Ticket, Evening, 1–6 Rows
	0,776
(0,138)
	–0,827
(1,839)
	3,842
(3,340)
	0,623

	Total Average
	5,207
(0,059)
	2,179
(0,787)
	–3,502
(1,431)
	0,299


Distance and squared distance are in levels here, not in logs. To ease exposition, the border pa​rameter is multiplied by 100, the distance and the squared distance parameters by 100000. See also notes to Table 2.
The border effect could be driven by frictions in arbitrage due to consumers being reluctant to shop in foreign stores, as they do not speak the local language. In order to investigate this hypothesis, we split districts in Slovakia into two groups, ones with and without Hungarian serving as a second language. Then we restrict the Slovakian part of the sample to price observations in Hungarian language districts. If cross-border relative price differentials are due to linguistic barriers, there should be no border effect in the restricted sample. We estimate the baseline specification in the restricted sample. The estimation results displayed in Table 4 indicate that the coefficient estimates remain essentially unchanged. 

	Table 4.
	Language


	Product Name
	Border
	Distance
	Adjusted R2

	White Lime
	1,492
	–0,061
	0,557

	
	(0,219)
	(0,440)
	 

	Turkish Towel
	3,289
	0,761
	0,629

	
	(0,275)
	(0,553)
	 

	Plastic Bucket
	3,412
	0,245
	0,446

	
	(0,378)
	(0,762)
	 

	Drawing Paper, A4 Size
	4,520
	0,102
	0,564

	
	(0,257)
	(0,517)
	 

	Basic Pocket Calculator
	5,259
	0,074
	0,572

	
	(0,502)
	(1,010)
	 

	Beef Round
	4,039
	1,205
	0,713

	
	(0,178)
	(0,357)
	 

	Pork Chops
	7,320
	0,932
	0,927

	
	(0,135)
	(0,272)
	 

	Pork Leg without Bone and Hoof
	12,074
	1,142
	0,976

	
	(0,121)
	(0,244)
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	Product Name
	Border
	Distance
	Adjusted R2

	Spare Ribs with Bone
	5,195
	0,478
	0,926

	
	(0,104)
	(0,210)
	 

	Pork Liver
	6,270
	0,759
	0,889

	
	(0,152)
	(0,307)
	 

	Smoked Boiled Bacon
	10,962
	–0,342
	0,889

	
	(0,272)
	(0,548)
	 

	Lard, Pork
	11,735
	0,220
	0,818

	
	(0,365)
	(0,735)
	 

	Poppy Seed
	1,799
	1,690
	0,527

	
	(0,329)
	(0,663)
	 

	Sugar, White, Granulated
	4,571
	0,345
	0,950

	
	(0,076)
	(0,153)
	 

	Flour, Prime Quality
	9,776
	–0,849
	0,859

	
	(0,248)
	(0,499)
	 

	Raisins
	6,166
	–0,475
	0,785

	
	(0,208)
	(0,419)
	 

	Vinegar
	6,468
	1,072
	0,809

	
	(0,232)
	(0,468)
	 

	Dry Biscuits, without Butter
	7,495
	0,397
	0,896

	
	(0,174)
	(0,351)
	 

	Car Driving School, Full Course
	6,550
	–0,701
	0,643

	
	(0,367)
	(0,738)
	 

	Movie Ticket, Evening, 1–6 Rows
	0,791
	1,078
	0,501

	
	(0,320)
	(0,645)
	 

	
	(0,324)
	(0,652)
	 

	Total Average
	5,959
	0,404
	0,355

	
	(0,112)
	(0,226)
	 


See notes to Table 2.
The change in the real exchange rate, is the sum of change in the nominal exchange rate and the change in cross-location price ratios. If local prices are sticky in the short-run, fluctuations in the real exchange rate reflect fluctuations in the nominal exchange rate. In order to assess the importance of the nominal exchange rate volatility in inter-national vs. intra-national relative prices, we ask the question: does the border remain important when the real exchange rate is proxied by a variable free of fluctuations in nominal exchange rates? We define the real price simply as dividing the nominal actual prices by the respective price level. The results presented in Table 5 indicate that while border variable is significant in smaller number of cases, however, it is still significant in the pooled data. It seems that nominal exchange rates do not appear fully responsible for generating border effects.

	Table 5.
	Nominal Exchange Rate


	Product Name
	Border
	Distance
	Adjusted R2

	White Lime
	–0,282
	0,121
	0,717

	
	(0,020)
	(0,017)
	 

	Turkish Towel
	0,390
	0,006
	0,855

	
	(0,018)
	(0,015)
	 

	Plastic Bucket
	0,313
	0,005
	0,912

	
	(0,017)
	(0,014)
	 

	Drawing Paper, A4 Size
	0,260
	–0,006
	0,812

	
	(0,019)
	(0,016)
	 

	Basic Pocket Calculator
	0,437
	–0,038
	0,867

	
	(0,028)
	(0,024)
	 

	Beef Round
	–0,104
	0,016
	0,682

	
	(0,014)
	(0,012)
	 

	Pork Chops
	1,008
	0,045
	0,839

	
	(0,018)
	(0,015)
	 

	Pork Leg without Bone and Hoof
	0,865
	0,049
	0,717

	
	(0,023)
	(0,019)
	 

	Spare Ribs with Bone
	0,902
	0,078
	0,797

	
	(0,019)
	(0,017)
	 

	Pork Liver
	–0,151
	0,035
	0,721

	
	(0,014)
	(0,012)
	 

	Smoked Boiled Bacon
	–0,125
	0,057
	0,838

	
	(0,024)
	(0,020)
	 

	Lard, Pork
	0,600
	0,028
	0,751

	
	(0,040)
	(0,034)
	 

	Poppy Seed
	–0,265
	0,023
	0,793

	
	(0,045)
	(0,038)
	 

	Sugar, White, Granulated
	0,759
	0,095
	0,572

	
	(0,033)
	(0,028)
	 

	Flour, Prime Quality
	0,955
	0,072
	0,699

	
	(0,030)
	(0,025)
	 

	Raisins
	–0,037
	0,014
	0,786

	
	(0,021)
	(0,018)
	 

	Vinegar
	0,140
	0,052
	0,703

	
	(0,025)
	(0,022)
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	Product Name
	Border
	Distance
	Adjusted R2

	Dry Biscuits, without Butter
	–0,067
	–0,041
	0,918

	
	(0,020)
	(0,017)
	 

	Car Driving School, Full Course
	–0,208
	–0,018
	0,914

	
	(0,039)
	(0,033)
	 

	Movie Ticket, Evening, 1–6 Rows
	–0,524
	0,024
	0,854

	
	(0,024)
	(0,021)
	 

	
	(0,049)
	(0,042)
	 

	Total Average
	0,103
	0,031
	0,046

	
	(0,018)
	(0,015)
	 


See notes to Table 2.
Gorodnichenko and Tesar argue that the baseline specification in Engel and Rogers results in a biased estimate of the border effect, as it confounds the true effect with the impact of within-country heterogeneity in relative prices. To correct for the bias, they suggest augmenting the regression equation with a dummy variable capturing country specific effects in relative price variability. The results reported in Table 6 show that the cross-border dummy remains significant. 

	Table 6.
	Country Heterogeneity


	Product Name
	BorderSS
	BorderHS
	Distance 
	Adjusted R2

	White Lime
	–2,572
	1,695
	0,364
	0,677

	
	(0,160)
	(0,160)
	(0,100)
	 

	Turkish Towel
	–0,136
	2,324
	0,067
	0,582

	
	(0,194)
	(0,194)
	(0,121)
	 

	Plastic Bucket
	–5,010
	0,162
	–0,088
	0,694

	
	(0,189)
	(0,189)
	(0,118)
	 

	Drawing Paper, A4 Size
	0,542
	4,169
	–0,053
	0,518

	
	(0,215)
	(0,215)
	(0,134)
	 

	Basic Pocket Calculator
	1,777
	6,228
	–0,435
	0,407

	
	(0,388)
	(0,388)
	(0,242)
	 

	Beef Round
	–0,970
	2,148
	0,096
	0,697

	
	(0,102)
	(0,103)
	(0,064)
	 

	Pork Chops
	–0,282
	7,048
	0,070
	0,927

	
	(0,089)
	(0,089)
	(0,055)
	 

	Pork Leg without Bone and Hoof
	0,521
	10,626
	0,261
	0,945

	
	(0,106)
	(0,106)
	(0,066)
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	Product Name
	BorderSS
	BorderHS
	Distance 
	Adjusted R2

	Spare Ribs with Bone
	0,345
	6,141
	0,205
	0,928

	
	(0,074)
	(0,074)
	(0,046)
	 

	Pork Liver
	0,262
	4,423
	0,025
	0,748

	
	(0,113)
	(0,113)
	(0,071)
	 

	Smoked Boiled Bacon
	1,152
	7,978
	0,168
	0,818

	
	(0,184)
	(0,184)
	(0,115)
	 

	Lard, Pork
	–0,177
	10,330
	0,031
	0,795

	
	(0,255)
	(0,255)
	(0,159)
	 

	Poppy Seed
	1,216
	3,645
	0,481
	0,602

	
	(0,205)
	(0,205)
	(0,128)
	 

	Sugar, White, Granulated
	1,588
	3,999
	0,233
	0,858

	
	(0,056)
	(0,056)
	(0,035)
	 

	Flour, Prime Quality
	–0,725
	9,945
	0,166
	0,911

	
	(0,142)
	(0,143)
	(0,089)
	 

	Raisins
	–0,524
	3,216
	0,060
	0,684

	
	(0,122)
	(0,122)
	(0,076)
	 

	Vinegar
	0,134
	7,186
	0,251
	0,844

	
	(0,143)
	(0,144)
	(0,089)
	 

	Dry Biscuits, without Butter
	0,226
	3,888
	0,043
	0,884

	
	(0,117)
	(0,117)
	(0,073)
	 

	Car Driving School, Full Course
	2,637
	7,546
	0,253
	0,632

	
	(0,281)
	(0,281)
	(0,175)
	 

	Movie Ticket, Evening, 1–6 Rows
	–2,591
	–0,460
	0,168
	0,623

	
	(0,181)
	(0,182)
	(0,113)
	 

	
	(0,228)
	(0,229)
	(0,142)
	 

	Total Average
	–0,129
	5,112
	0,118
	0,300

	
	(0,078)
	(0,078)
	(0,048)
	 


See notes to Table 2.
In conclusion, the message of the paper is that the border does matter. We find that the national border between two small Eastern European economies has an independent, sizeable, statistically significant impact on relative price variability. At the same time, the impact of distance between locations is less important. These results seem to be robust to nominal exchange rate variability, differences in local culture and cross-country heterogeneity in relative price variability.
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