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1 Introduction

Large price differences between jurisdictions may lead to cross-border shopping by con-
sumers and imply that retail activity in border areas responds to exchange rate swings
(see e.g. Campbell and Lapham (2004), Manuszak and Moul (2009)). Much of the liter-
ature has focused on goods for which excise taxes make up a substantial portion of the
price (e.g. alcoholic beverages, cigarettes, gambling and gasoline) and a number of theo-
retical contributions have examined the links between tax competition and cross-border
shopping (see Kanbur and Keen (1993) for a seminal contribution).

The present paper uses monthly sales data at the store and category level from the
largest Norwegian grocery chain for the period 2011-2016 to examine cross-border shop-
ping into neighboring Sweden. Our key interest lies in determining how the sensitivity of
local sales with respect to relative price (domestic/foreign) varies with distance to foreign
stores. Much of the previous literature compares sales in border regions to sales in more
inland regions and thus establish that cross-border shopping exerts an influence on local
shopping behavior, but do not allow for a study of how effects die off with distance (see
Leal et al. (2010) for a survey). A handful of previous articles have examined how the
cross-price elasticity with respect to foreign prices decreases with distance to the border.
Results indicate that the closer a location is to the border, the more sensitive is local
demand to foreign prices, but also that effects of cross-border shopping can stretch far
inland. Asplund et al. (2007), for instance, examine Swedish sales of alcoholic beverages
and find that the cross-price elasticity for spirits is statistically indistinguishable from
zero only some 700 kilometers from the border. Similarly, using Canadian data on sev-
eral retail sectors, Baggs et al. (2016) find effects that stretch far inland even though the
most marked effect is up to 50 kilometers from the border. Chandra et al. (2014) examine
travel across the Canada-U.S. border and show that border crossings respond strongly to
exchange rate changes and that distance exerts a major influence on the propensity to
cross the border.1

The present study confirms these previous findings: Cross-border shopping is respon-
1The above papers examine how cross-price effects vary with distance. Another set of closely related

articles examine how levels of sales or local taxes vary with distance. For instance, Lovenheim (2008)
uses data from the current population survey in the U.S. to examine how cigarette demand depends on
a linear measure of distance to lower priced locations. Merriman (2010) uses sales-origin information
from littered cigarette packs in Chicago to estimate how the level of cross-border shopping depends on
a linear measure of distance. Agrawal (2015) documents strong effects of distance on tax competition
(as measured by local sales taxes in the U.S.) and includes a flexible polynomial form of distance in
regressions.
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sive to relative prices and effects linger substantially inland. The most striking contribu-
tion of the paper, however, is to show that the cross-price effect of relative price changes
is not the greatest at the border, but rather some distance away from the closest Swedish
store: For the three most popular product groups, the price sensitivity 30-60 minutes’
driving distance from the closest Swedish store is between 6 and 19 percent stronger than
the price sensitivity 0-30 minutes’ from the closest Swedish store. We show how such an
outcome, which may seem surprising at first glance, arises intuitively when cross-border
shopping is determined by both the intensive (how much to shop abroad) and the exten-
sive margin (should you travel abroad to shop at all). If price is always lower abroad, a
simple Hotelling competition model (Hotelling, 1929) predicts that consumers closest to
the border always shop abroad, and as relative prices change, the location of the marginal
consumer changes. In such a model, with only an extensive margin, the result that re-
sponsiveness is strongest some distance away from the border is intuitive. In a simple
extension of the Hotelling model where we allow for continuous demand, we show how
an important feature of the present data emerges naturally: the cross-price elasticity is
greatest some distance inland. We also use the model to stress that the responsiveness to
changes should not be confused with level effects. The level of cross-border shopping is
predicted to be the greatest closest to the border even if the response to changes in the
attractiveness of cross-border shopping is greatest some distance inland (because that is
where the extensive margin bites). Both of these patterns are seen in the present data.

To our knowledge, this contribution is new to the literature on cross-border shopping
and should be of interest also to the broader literature on product differentiation, which
has typically paid little attention to combined effects of extensive and intensive margins.
The theoretical studies of differentiated product demand in oligopoly can be categorized
into two main classes. One relies on consumers located in geographic space facing travel
costs and having unit demand (Hotelling, 1929; Salop, 1979) and the other relies on rep-
resentative consumers with continuous demand, with linear-quadratic utility as a popular
form as it gives rise to linear demand functions (see e.g. Bowley, 1924; Singh and Vives,
1984; Amir et al., 2017). Both strands of models are the subject of thriving theoretical
literatures but relatively few analyses combine the two types of models. An early impor-
tant exception is Stahl (1982) who combines linear-quadratic utility with linear transport
costs. We are not aware of any previous empirical work that documents a hump-shaped
relation between demand responses to price changes and distance nor any work that links
such a predicted pattern to the interaction of extensive and intensive margins.2

2Perhaps closest to ours is a recent article which examines how cross-price elasticities relate to spatial
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By examining consumption of grocery products we also contribute to the literature on
competition in grocery retail markets. It is typically found that competition in grocery
retail markets is very localized and that consumers rarely travel long distances to buy
grocery products (see e.g. Ellickson and Grieco (2013), Agarwal et al. (2017), Allain
et al. (2017), Marshall and Pires (2017)). However, the evidence in our paper suggest
that such a finding is partly an artifact of low price differences across stores within a
country (DellaVigna and Gentzkow (2017)). With large discrete price differences across
the border consumers may travel long distances to take advantage of the lower prices
abroad (see e.g. Gopinath et al. (2011) for evidence on the discrete effect of a border on
prices).

The next section lays the foundation for our more detailed study, presenting ques-
tionnaire responses on cross-border shopping and describing price differences between
Norway and Sweden. Following several previous studies of cross-border shopping, we use
the exchange rate as a source of exogenous variation in relative prices between countries.
In the last part of the section, we use traffic data to establish that exchange rate changes
significantly affect passenger car traffic across the border (but not commercial traffic).
Section 3 presents the main data set and Section 4 presents regression results with the
key takeaway that the elasticity of demand with respect to the relative price is greatest
30-60 minutes’ driving distance from the nearest Swedish store. Section 5 shows how
a combination of fixed and distance-related travel costs generates an extensive and in-
tensive margin of cross-border shopping, which is consistent with the observed patterns.
Section 6 concludes.

2 Cross-border shopping in Norway

To describe the incentives for cross-border grocery shopping for Norwegian consumers we
first note that the prices of many products are substantially higher in Norway than in
neighboring Sweden. Eurostat collects and publishes price level indexes with the explicit
purpose of allowing a comparison of price levels across countries and Table 1 presents
the price levels in Norway and Sweden for a set of product categories between 2011 and
2016. Price levels are normalized so that the price level in EU15 (EU members prior to

differentiation in a Hotelling duopoly with asymmetric qualities, Kolay and Tyagi (2018). We relate to
this article in greater detail in our concluding comments. Another recent strand of somewhat related work
uses household-level data and examines competition across space when allowing for transport costs (see
e.g. Thomassen et al. (2017)). Yet another strand examines loss-leading and consumer choice between
stores (see e.g. Johnson (2017). Neither has studied the humpshape of cross-price effects however.
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2004) is equal to 100 in each year. We see that prices in Sweden are generally high as the
index is above 100 for all the categories, but prices in Norway are higher still. Prices are
high in Norway for overall individual consumption as well as for food as an aggregate.
Below, we examine some product categories in detail and relative price indexes are given
by the indexes for “meat”, “milk, cheese and eggs” and “non-alcoholic beverages”. As
seen price differences are large: for instance a basket of non-alcoholic beverages that on
average cost 10 euros in Western European EU member states in 2016 cost 11 euros in
Sweden and 18 euros in Norway. Price differences for alcoholic beverages and tobacco
(not examined in the present study) are also strikingly large.

Table 1: Price level indexes of selected product categories in Norway and Sweden 2011-
2016 (EU15=100)

 

Price index Country 2011 2012 2013 2014 2015 2016 

Actual individual consumption Sweden 123.4 125.2 131.0 124.4 120.9 125.3 

 Norway 154.8 160.9 155.7 146.4 136.6 138.6 

Food Sweden 114.4 115.7 117.1 119.2 116.9 119.2 

 Norway 170.0 171.4 162.7 156.2 147.6 149.8 

Meat Sweden 112.6 114.6 116.5 120.0 117.1 120.1 

 Norway 154.1 154.6 143.8 148.0 140.8 141.0 

Milk, Cheese and eggs Sweden 101.3 104.3 108.2 113.8 111.7 113.8 

 Norway 198.2 203.3 192.3 179.1 169.6 170.5 

Non-alcoholic beverages  Sweden 120.2 118.7 118.5 109.9 110.3 110.4 

 Norway 186.9 189.9 183.3 181.0 176.0 179.0 

Alcoholic beverages Sweden 157.0 157.1 155.2 138.2 135.5 137.7 

 Norway 273.9 283.8 278.2 258.5 239.6 241.3 

Tobacco Sweden 112.8 120.5 119.8 108.9 105.5 106.8 

 Norway 243.8 245.6 237.9 211.8 196.2 198.4 

 

Notes: The table presents price level indexes (EU15=100) for 2011-2016 (source: Eurostat, “Purchasing
power parities (PPPs), price level indices and real expenditures for ESA 2010 aggregates”). The EU15
consists of the member countries of the European Union prior to the accession on 1 May 2004 of ten
candidate countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain, Sweden, United Kingdom

Norway is part of the European common market (EEA) but is not a member of
the European Union. The agricultural sector in Norway is protected by substantial
import tariffs, which is an important explanation for price differences in for instance
meat and dairy products. High incomes, a retail structure dominated by relatively small
grocery stores and a dispersed population across a large mountainous country are likely
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to further contribute to high Norwegian prices. Due to restrictive policies on alcohol and
tobacco, and to protect its agriculture, Norway applies quotas for cross-border shoppers.3

Travellers may, for instance, bring up to ten kilos of meat and cheese (combined), and a
restricted quantity of alcohol.4 Norway is part of the Schengen area with free mobility
in Europe however, and border controls are relatively infrequent.5 It thus comes as no
surprise that the topic of cross-border shopping is often discussed in Norwegian media
and policy circles (see e.g. Lavik and Nordlund (2009) for an overview).

Not only are price differences large, Swedish grocery stores are also relatively accessi-
ble. Norway and Sweden share a long border, and large parts of Norway are less than a
three hour drive from Sweden as seen in Figure 1a.

Another way to illustrate the access to Swedish grocery stores comes from a cumulative
distribution of driving distances over all Norwegian households, as shown in Figure 2.
Nontrivial fractions of the Norwegian population live very close to Swedish stores. 3.8%
of households live less than 30 minutes’ drive from the closest Swedish store, 9.6% within
60 minutes’ drive and 40.7% within 90 minutes’ drive. For a large share of Norwegian
households a day-trip to Sweden with car is thus feasible.

3See https://www.toll.no/en/goods/ for current regulations.
4The alcohol quota is either six bottles of wine and two litres of beer, or four bottles of wine, one litre

of hard liqueur and two litres of beer.
5Norwegian citizens are not entitled to VAT refund for goods bought in Sweden.
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Figure 1: Driving duration and border shopping
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Notes: Figure 1a shows the county-level driving duration to the closest store in Sweden, averaged across
driving durations of the stores in our sample. Figure 1b shows the county-level proportions of the
Norwegian population that have shopped groceries in Sweden during the last 12 months. Numbers based
on survey responses from Norwegian respondents. Survey undertaken 22-27 February 2018, n=1009.
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Figure 2: Cumulative distribution of driving duration to nearest Swedish grocery store.
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Large price differences and limited driving duration indicate that cross-border shop-
ping of groceries could be substantial in Norway, something that is confirmed by a survey
conducted for this research project in March 2018, where 1009 representative respondents
were asked about cross-border shopping in Sweden.6 A whopping 59.8% percent of the
respondents had shopped groceries in Sweden during the last 12 months. Furthermore,
as is illustrated in Figure 1b, cross-border shopping is not confined to the border coun-
ties. Even in the counties furthest from Sweden, between a third and a quarter of the
respondents had border-shopped during the last year.7

We asked the same respondents which three product categories they typically bought
6The survey was performed by the company Sentio Research Norway (http://sentio.no/en/). The

questionnaire was financed as part of the FOOD-research project. The panel asked is representative with
regards to regional settlement, educational background, political party affiliation as well as age.

7The county with the highest proportion of border-shoppers (92 %) is the south-eastern border county
Østfold, while the county with the lowest proportion (24 %) is Vest-Agder, located in far south of Norway.
See Figure A.1 for the percentages for all counties.
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most of when border-shopping in Sweden. Figure 3 shows that 67.8% of the respondents
that shopped in Sweden had meat as one of their three choices. In addition, soda, cheese,
sweets and alcoholic beverages stand out, with shares between 17% and 30 %. Later we
will focus on the four most popular categories. We leave out alcoholic beverages because
these are mainly bought in national retail monopoly stores for which we do not have
access to store level sales.8

Figure 3: Top product categories for Norwegian cross-border shoppers
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Notes: The most popular product groups for border shopping. Numbers based on survey responses from
Norwegian respondents. Survey undertaken 22-27 February 2018, n=1009.

In the period we consider in our empirical analysis, most products will always be
cheaper in Sweden. How much cheaper will vary over time, however, mainly because

8Vinmonopolet (https://www.vinmonopolet.no) in Norway and Systembolaget in Sweden
(https://www.systembolaget.se) are monopoly retailers for all alcoholic beverages. An exception is that
Norwegian grocery stores can sell beer with alcohol content up to 4.5% ABV and Swedish grocery stores
can sell beer below 3.5% ABV only.
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of variation in the exchange rate between the Norwegian (NOK) and Swedish (SEK)
currencies. Figure 4 graphs the NOK/SEK exchange rate between 2011 and 2016, showing
substantial variation as well as a trend-wise depreciation of the NOK which makes Swedish
grocery prices less attractive to Norwegian consumers. The exchange rate varies from the
case where 85 NOK bought 100 SEK in 2012 to more than 100 NOK being needed to
buy 100 SEK during parts of 2016.

Figure 4: Exchange rate between Norwegian and Swedish currency (NOK/SEK)

Price differences induced by the exchange rate will be the main source of exogenous
price variation in our analysis. Before examining whether this variation affects Norwegian
sales, we would like to see whether there is a relationship between exchange rate variation
and Norwegian traffic across the border. The major part of the cross-border shopping
trips are made by private car. Thus, we next analyze to which extent exchange rate
variation is correlated with border traffic.
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2.1 Border traffic and exchange rate variation 2001-2017

As a first check of the relevance of exchange rate variation as an explanation for cross-
border shopping, we examine the relationship between the exchange rate and border
traffic. In the context of cross-border shopping between Canada and the US, this re-
lationship has been examined by Chandra et al. (2014). Norway and Sweden share 15
major road-crossings and we have focused on the five major crossings where we have
access to weekly traffic data for more than 15 years,9 shown in Table 2. Data is split
according to vehicle length and we refer to vehicles that are less than 5.4 meters long as
cars (this is long enough to include all but the very longest SUVs) and to vehicles that
are more than 5.4 meters long as commercial vehicles, reflecting that this will mainly be
trucks and buses.

Table 2: Descriptive statistics - border crossing stations

N First week Last week Weekly traffic
(cars)

Weekly traffic
(commercial
vehicles)

Svinesund 876 2001w1 2017w43 7894.1 1058.2
Ørje 833 2001w1 2016w52 2266.3 289.4
Morokulien 824 2002w1 2017w43 2974.1 270.7
Tevjedalen 824 2002w1 2017w43 573.0 87.0
Graddis 772 2003w1 2017w43 140.81 43.3

We have access to data for 4129 weeks for the period 2001 to 2017. The most busy
border crossings are in the south where most of the Norwegian population lives. In our
data, Svinesund and Ørje, which are located in Østfold, the southeastern most county
neighbouring Sweden, represent 63% of the car traffic. Cars are typically privately owned,
and it is within this group we expect to find the strongest effect of the exchange rate on
traffic. Commercial vehicles on the other hand should be less affected by the exchange
rate.

Figure 5 graphs the NOK/SEK exchange rate and the number of cars at the largest
border crossing, Svinesund, which alone represents nearly half of the car crossings between
Sweden and Norway.

9Data has been provided by the Norwegian Public Roads Administration, Statens Vegvesen. Our five
crossings account for about 86 percent of the total border traffic for cars in the period we consider. For
the other crossings, data is only available for at most six years.

11



Figure 5: Exchange rate and border crossings

Notes: Development in mean weekly traffic (number of cars) from Norway to Sweden at Svinesund
2001-2017 and the development in the exchange rate between NOK/SEK

There seems to be some correlation in the dynamics of the time series, but obviously
here we disregard potential trends due to general economic growth, and short term dy-
namics due to seasonality and Norwegian holidays. To analyze the relationship more
properly we estimate a fixed effects model for the period 2001-2017, where we uncover
the potential effect of exchange rates on border crossings for both cars and commercial
vehicles. We include a time trend, month number dummies to account for seasonality,
fixed effects for the border crossing stations, and dummies to account for weeks in which
there are Norwegian holidays. The latter is due to the fact that border-shopping in-
creases significantly at certain days (weeks) that are holidays in Norway and local shops
are closed, but where the Swedish shops are open. This typically happens during Easter,
on some public holidays such as May 1st, and in particular on the Norwegian national
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day (May 17th), Ascension and Pentecost. The Christmas- and New Year holidays are
different, partly since there is no asymmetry in opening hours (shops are mostly closed
on the same days in both countries), and also because these holidays take place in winter
time when border crossing can be more difficult due to weather conditions. Obviously
we anticipate less commercial traffic for all public holidays.
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Table 3: Border traffic

Small vehicles Large vehicles
Exchange rate −8.822*** −0.245

(2.725) (0.416)
Trend 1.847*** 0.292***

(0.060) (0.009)
First Easter week 1085.417*** −56.463***

(120.013) (14.452)
Second Easter week 47.331 −58.758***

(102.406) (11.788)
May 1 −21.725 −30.850**

(64.147) (12.041)
May 17 (National day) 223.595*** −13.265

(61.489) (12.594)
Ascension 218.800*** −11.213

(70.730) (11.842)
Pentecost −45.584 −17.079

(59.569) (11.064)
Christmas −473.643*** −151.847***

(99.853) (25.229)
New Year −223.730* −100.451***

(125.085) (26.011)
Constant −769.861*** −171.476***

(236.060) (36.018)
Observations 4077 4077
R2 0.934 0.928
Month number FE Yes Yes
Traffic station FE Yes Yes
Elasticity of traffic −0.279 −0.058

(.086) (.099)

Notes: The dependent variable is weekly traffic going from Norway
to Sweden. Robust standard errors are reported in parentheses.

* p < 0.1, ** p < 0.05, *** p < 0.01.

Table 3 illustrates that the cross-border traffic of cars is indeed sensitive to the ex-
change rate: A depreciation of the NOK (which makes shopping in Sweden more expensive
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relative to shopping in Norway) leads to a decrease in the number of cars passing border
traffic stations. As we would expect, we see no effect of the exchange rate on border
traffic of commercial vehicles: While a strong NOK may trigger consumers to cross the
border in order to shop in Sweden, we do not expect this to be an incentive for com-
mercial traffic.10 Our findings confirm that national holidays affect border traffic in line
with our expectations. Commercial traffic tends to be lower during national holidays,
while car traffic is higher than normal during the public holidays that do not take place
during wintertime. In particular the first Easter week shows a significant increase in
traffic, and a significant increase is also found for the Norwegian national day in May.
As anticipated, traffic decreases significantly during Christmas, and also the New Year
estimate is negative though insignificant.

Turning to the size of the exchange rate effects we calculate elasticities for both models.
As anticipated, the elasticity for commercial vehicles is close to zero and statistically
insignificant. For cars, we find that a 10 % depreciation of the NOK (which makes
border shopping less attractive) decreases the border traffic to Sweden significantly, with
a point estimate of 2.8%.

3 The grocery data set and a first look at the relation
between distance to the border and sales

3.1 The data

The main data set contains weekly sales at the product category and store level, from
all stores belonging to Norway’s largest grocery chain, NorgesGruppen (NG). The data
cover the beginning of 2011 until the end of 2016. Like the other Nordic markets, the
Norwegian grocery market is relatively concentrated. NG is the largest umbrella chain,
with a market share of about 40 percent in our sample period. To limit noise in the
data we aggregate sales to the monthly level and we focus the analysis on four product
categories that we expect to be particularly interesting for cross-border shopping purposes
based on the discussion in Section 2: meat, cheese, soda and sweets.11 We limit attention

10We have also estimated the models with the relative prices of gasoline and diesel between the two
countries as explanatory variables. The coefficients on these relative prices are not significantly different
from zero, and all other results are qualitatively the same.

11Meat consists of non-poultry meat, both fresh and frozen and also includes minced meat and sausages.
Sweets contains chocolate as well as other sweets and candy. Soda contains carbonated soft drinks and
bottled water, cider and syrups.
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to stores located no more than 180 minutes’ driving distance from the closest Swedish
store.12 We also limit attention to supermarkets, not analyzing demand at the small
convenience stores controlled by NG.13

The data set contains the postal code of each Norwegian store. From Delfi Mark-
nadspartner we acquired data on the exact location of all grocery stores in Swedish border
counties. Using OpenStreetMap we calculate driving distance in minutes from the center
of the postal code of each Norwegian store to the closest Swedish grocery store.

We use two sets of measures of prices. The first set builds on data available via
Eurostat for all EU and some other European countries, Norway included. The main
data set uses disaggregated national price level indexes at the monthly level using the
“Classification of individual consumption by purpose (COICOP)”. For purposes of com-
parison (as in Table 4) we rescale these indexes using the price level indexes available
at disaggregated levels where, for each product, the average of the EU 15 (countries be-
longing to the EU prior to the Eastern expansion from 2004 onwards) is set to 100. In
2015 the differences between the Norwegian and the Swedish price for a good are thus
set equal to the difference in the price level index for that year, and the developments
over the years in national currency are given by the respective COICOP index. The re-
spective Swedish COICOP price is then translated into NOK using the average monthly
NOK/SEK exchange rate from the central bank of Norway.

The COICOP indices are nationwide. The price level of Swedish stores close to the
Norwegian border might however diverge from the national average. As a robustness
exercise we therefore use a price index from Swedish border stores as an alternative
measure of Swedish prices. This index is calculated using article-level prices and quantities
from 14 grocery stores located close to the Norwegian border and identified as targets for
cross-border shopping. All 14 stores belong to Sweden’s largest association of retailers
ICA. ICA does not impose nation-wide prices, which means that these stores can adjust
their prices in response to local demand. We use this data to calculate value-weighted
(fixed weights) price indices for the same categories as in the COICOP data. This data
is available for the years 2014-2016.

Anectodal evidence suggests that Norwegian grocery chains in general, and NG in
12Note that Figure 1a illustrates the average driving duration at the county level. Since we include all

stores with no more than 180 minutes’ travel time to the closest Swedish store, our included stores will
not be restricted to the counties with average driving duration of less than 180 minutes.

13NG operates under several different brand names and formats. We confine attention to the following
eight formats: Spar Market, Spar Supermarket, Eurospar; Kiwi Minipris and Kiwi XL; Meny Basis,
Meny Gourmet and Meny Pluss.
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particular, impose uniform nation-wide pricing. We therefore believe that prices will not
vary systematically across regions, and that the COICOP index for Norway therefore is
representative of the price level of stores both close to and far from the Swedish border.
For the year 2016, we have access to transaction level data from a sample of the members
of NG’s frequent buyer program. To corroborate our belief that Norwegian prices are
uniform across regions, we have computed average monthly prices using this data. As
reported in Table A.1 in the Appendix, we find no evidence of cross-regional variation in
these prices.

We also use mean household disposable income at the municipality level. This is from
Statistics Norway and is converted to real 2015 income by the overall consumer price
index.

3.2 A first look at the data

Table 4 presents descriptive statistics for some key variables. Driving distance in minutes
to the closest Swedish grocery store ranges from a minimum of 4 minutes to a maximum
close to our cut-off at 180 minutes. Mean driving time for these stores is around 90
minutes. The average NOK/SEK rate is 92.5, but there is substantial variation with the
exchange rate ranging from 84 to 103. Average household income is around 470,000 NOK
(approximately 58,000 USD in 2015) with considerable variation across municipalities.
On average there are some 1,800 stores in the data in a given month.

Table 4: Descriptive statistics

Mean Standard deviation Median Minimum Maximum
Duration 90.09 34.28 87.28 4.37 179.38
Exchange rate 92.53 5.09 91.90 84.24 103.14
Median income 472890.58 54977.52 460000 346000 637000
Number of stores 1803.63 57.81 1810 1703 2045
Relative prices
Meat 1.24 0.06 1.22 1.16 1.36
Cheese 1.59 0.09 1.58 1.46 1.77
Soda 1.61 0.03 1.61 1.55 1.68
Sweets 1.13 0.03 1.14 1.04 1.20

The lower panel of Table 4 presents descriptive statistics on the relative prices. A
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relative price above 1 implies that the Norwegian price is higher than the Swedish price.
All observations have a relative price above 1, indicating that for these goods the price is
always higher in Norway. The average price level difference ranges from 13% for sweets
to around 60% for cheese and soda. Meat has a price difference of on average 24%.

One way to explore the effect of cross-border shopping on local purchases in different
locations is to examine the share of sales of e.g. meat in total sales at a store. If Norwegian
consumers close to the border cover a substantial part of their meat demand in Sweden
the share of meat in total sales should be lower closer to the border. If we instead consider
a good that is not suited for cross-border shopping, such as ice cream, we would expect
the opposite pattern. As cross-border shopping lowers local demand for many goods these
stores should have disproportionately high sales share of non-crossborder goods. The box
plots in Figure 6 for average sales shares of meat (left panel) and ice cream (right panel)
across different distances support these hypotheses and are consistent with the idea that
cross-border shopping affects local sales. The closer to the border, the lower is the share
of sales made up by meat and the greater the share of ice cream.
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Figure 6: Share of meat and ice cream in total sales in stores across different distances
from the nearest Swedish store.
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Notes: The figure shows box-plots of store level (belonging to NG as described in the text) share of sales
of meat and ice cream over 2011-2016 reported by 30-minute bins to the closest Swedish store.

4 Cross-price effects and distance to the border

This section uses regression analysis to examine the relation between distance to nearest
Swedish store and local sales in Norway. We regress sales in store i in product category
j in month t and use the following specification

ln(salesijt) = α +
∑

b

βb ln(Pnjt/Psjt)×Dib + λ ln(INCit) + γt + κc + εijt, (1)

where ln(Pnjt/Psjt) is the logarithm of the relative price. Pnjt is the price index
in Norway for good j in month t and Psjt is the corresponding index for Sweden. For
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Swedish price we use two measures, one based on Eurostat indices as explained above and
one using prices in Swedish border stores. In both cases the Swedish price is expressed
in NOK via the NOK/SEK average monthly exchange rate. To capture potential non-
linearities in consumer responses as we move away from the border, we represent the
driving durations with 30-minute bins. Dib a dummy variable that equals one if store i
is in distance category b, and zero otherwise. We include all stores within 180 minutes’
driving distance, giving us six 30-minutes bins. INCit is average household income in the
municipality in which the store is located (varies by year). γt is a set of month-of-the-year
fixed effects to capture cyclical patterns and κc are store format fixed effects. Finally,
εijt is an econometric error term that is clustered at the municipality level. Equation 1
is estimated separately for each of the product categories of interest.

Column (1) of Table 5 reports results of the estimation of Equation 1 for meat. Across
all distances the estimated effect of the relative price is negative and the coefficients are
statistically significant at the 1% level up to 120 minutes from the nearest Swedish store.
Given that both dependent and explanatory variables are expressed as natural logarithms
we may interpret the coefficients as elasticities. Thus for example within 30 minutes’
driving distance from closest Swedish store a 1% increase in the Norwegian price relative
to the Swedish price is associated with a decrease in local sales of around 1.12%. For
distances between 30 and 60 minutes demand becomes more elastic with a point estimate
of -1.41 after which it becomes less elastic and tends to around -0.35.
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Table 5: Demand regressions

Meat Cheese Soda Sweets
Duration < 30 × ln(PN/P S) −1.120*** −0.771*** −2.203*** −0.693

(0.193) (0.118) (0.252) (0.432)
30 < Duration < 60 × ln(PN/P S) −1.411*** −0.918*** −2.324*** −1.296***

(0.191) (0.118) (0.230) (0.233)
60 < Duration < 90 × ln(PN/P S) −0.700*** −0.489*** −2.043*** −0.509***

(0.124) (0.088) (0.215) (0.156)
90 < Duration < 120 × ln(PN/P S) −0.476*** −0.534*** −1.939*** −0.192

(0.158) (0.115) (0.204) (0.187)
120 < Duration < 150 × ln(PN/P S) −0.352* −0.610*** −1.950*** −0.120

(0.189) (0.128) (0.230) (0.270)
150 < Duration < 180 × ln(PN/P S) −0.369 −0.779*** −2.190*** −0.886**

(0.267) (0.153) (0.242) (0.367)
Constant 4.905*** 5.949*** 9.116*** 6.861***

(1.034) (1.516) (0.991) (0.784)
Observations 34517 34517 34520 34519
R2 0.473 0.442 0.331 0.388
Month number FE Yes Yes Yes Yes
Store format FE Yes Yes Yes Yes
Income Yes Yes Yes Yes

Notes: This table reports results from an estimation of the model specified in Equation (1). Monthly
price indexes are calculated based on COICOP and the sample period is 2011-2016. The standard errors
reported in parentheses are clustered at the municipality level.

* p < 0.1, ** p < 0.05, *** p < 0.01.

In Figure 7, we plot the estimated elasticity (absolute value) of local sales of meat
against travel time in minutes to the closest Swedish store, where the dashed lines rep-
resent the 95 % confidence interval. A clear hump-shape emerges with the greatest
sensitivity to relative prices being found some distance inland.
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Figure 7: Estimated elasticity of meat sales with respect to relative price (PN/PS).
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Notes: The figure shows estimated coefficients of the elasticity of meat sales (absolute value) with respect
to relative price (PN /PS), as a function of driving duration (30-minutes bins to the closest Swedish store).
The point estimates are placed at the center of the bins.

Columns (2)-(4) of Table 5 report the corresponding results for cheese, soda and sweets
respectively. First note that the qualitative results mirror the demand for meat closely,
with a clear hump-shaped relationship between distance and price sensitivity with the
greatest sensitivity of sales to relative price between 30 and 60 minutes away from the
closest Swedish store.

Second, while all products are sensitive to changes in the relative price between Nor-
way and Sweden, soda stands out as being the most elastic product group. A possible
explanation for the high elasticity of soda demand with respect to the relative prices is
that it is easier to satisfy the entire demand for soda through personal import than for
products like meat and cheese. First, there is no import restrictions on soda, while there
is a 10 kilo limit for meat and cheese (combined). In addition, soda is more storable than

22



cheese and meat. These factors can also explain why the hump-shape is less pronounced
for soda than for the other products as we move away from the border. Even consumers
living relatively far from Sweden can cover much of their demand through infrequent trips
across the border. In addition, soda does not deteriorate during transport, which also
makes it easier to privately import for consumers living far from the border.

The results thus suggest that the strongest effect on demand is not closest to the
border but some distance inland, a result that we will discuss in more detail in Section
5. Our findings can be related to the study of Chandra et al. (2014) which find average
travel costs for Canadian cross-border shoppers of around 30 US dollars per hour. Based
on our survey,14 a Norwegian consumer on average purchases grocery products for SEK
1,390 per trip. With an average price difference of 30% this translates into a break-even
point 50 minutes away from the closest Swedish store. Clearly, applying Canadian travel
cost estimates to Norway requires a leap of faith. However, if we look at the marginal cost
of driving, and a time cost based on median income, we can calculate a rough measure
of travel costs based on Norwegian data. Assuming a gasoline price of 12 NOK per liter
and an average fuel consumption of 0.08 litres per kilometer, fuel costs are 0.96 NOK
per kilometer. In our data the median income is about 473,000 NOK. With an average
tax-rate of 27% and full-time yearly working hours of 1,695, the average wage per minute
after tax is about 3.4 NOK. With an average speed of 73 kilometers per hour,15 we get
a travel cost equal to 4.56 NOK per minute. With the average cost saving this implies
a break-even point of 42 minutes for the average exchange rate and 30 percent price
difference.

As we show in Table A.1 in the Appendix, our Norwegian stores do not seem to dif-
ferentiate prices according to closeness to Sweden. However, since not all Swedish chains
impose uniform national prices, border stores may adapt prices to attract Norwegian
customers. Our use of the national COICOP indexes may therefore give a misleading
representation of prices in the Swedish stores close to the border. In columns (1)-(4) of
Table 6 we therefore use border prices from ICA, as described above, to calculate the
relative price. While there are differences in the level of elasticity compared with Table 5,
the hump-shaped pattern with the strongest effects 30-60 minutes away from the closest
Swedish store remains. For comparison, we also estimate the equivalent of Table 5 on this
shorter time period and report results in the appendix in Table A.2. The hump-shaped

14See Footnote 4.
15For each store in our data, we have both the driving duration and the driving distance, which allows

us to calculate an estimate of the average driving speed from each store to the closest Swedish store.
Across the stores in our sample, the average driving speed is around 73 kilometers per hour.
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response is clear also in this specification, with the exception of soda.
In terms of the magnitude of point estimates, a direct comparison between the three

models is difficult, given that both the sample size and prices differ between them. For
instance, the average level of the exchange rate is significantly higher in 2014-2016 than
in 2011-2013 (see Figure 4).

Table 6: Demand regressions - prices from ICA

Meat Cheese Soda Sweets
Duration < 30 × ln(PN/P S) −0.478*** −0.418*** −0.219** −0.343

(0.157) (0.112) (0.088) (0.268)
30 < Duration < 60 × ln(PN/P S) −0.635*** −0.540*** −0.305*** −0.697***

(0.116) (0.113) (0.069) (0.149)
60 < Duration < 90 × ln(PN/P S) −0.148** −0.108 −0.051 −0.179**

(0.064) (0.067) (0.046) (0.080)
90 < Duration < 120 × ln(PN/P S) 0.056 −0.124 0.071 0.080

(0.101) (0.111) (0.062) (0.124)
120 < Duration < 150 × ln(PN/P S) 0.125 −0.214 0.061 0.086

(0.135) (0.130) (0.066) (0.178)
150 < Duration < 180 × ln(PN/P S) 0.096 −0.406*** −0.190** −0.389*

(0.180) (0.142) (0.092) (0.226)
Constant 4.867*** 5.825*** 8.204*** 6.630***

(1.121) (1.470) (1.016) (0.784)
Observations 21254 21254 21256 21255
R2 0.469 0.435 0.335 0.386
Month number FE Yes Yes Yes Yes
Store format FE Yes Yes Yes Yes
Income Yes Yes Yes Yes

Notes: This table reports results from a estimation of the model specified in (1). Monthly price indexes
are calculated based on COICOP (Norwegian prices) and prices from ICA stores close to the border
(Swedish prices). The sample period is 2014-2016. The standard errors reported in parentheses are
clustered at the municipality level.

* p < 0.1, ** p < 0.05, *** p < 0.01.

We have used travelling time by the shortest route as our measure of distance, which
is particularly appropriate in a mountainous country such as Norway, but this stands in
contrast to much of the previous literature which examines distance in kilometers (as the
crow flies or by shortest route as in our case). It may therefore be of interest to examine
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results when using driving distance as well, and, as seen in Table 7, the qualitative results
are unchanged.

Table 7: Demand regressions - distance

Meat Cheese Soda Sweets
Distance < 30 × ln(PN/P S) −1.059*** −0.778*** −2.216*** −0.455

(0.175) (0.124) (0.282) (0.503)
30 < Distance < 60 × ln(PN/P S) −1.297*** −0.900*** −2.296*** −1.217***

(0.191) (0.113) (0.243) (0.278)
60 < Distance < 90 × ln(PN/P S) −1.065*** −0.740*** −2.135*** −0.803**

(0.220) (0.142) (0.204) (0.329)
90 < Distance < 120 × ln(PN/P S) −0.626*** −0.435*** −2.026*** −0.455***

(0.119) (0.086) (0.217) (0.126)
120 < Distance < 150 × ln(PN/P S) −0.522*** −0.608*** −1.915*** −0.201

(0.172) (0.115) (0.215) (0.221)
150 < Distance < 180 × ln(PN/P S) −0.334* −0.613*** −1.963*** −0.202

(0.195) (0.133) (0.232) (0.297)
180 < Distance < 240 × ln(PN/P S) 0.011 −0.576*** −2.048*** −0.345

(0.266) (0.152) (0.254) (0.443)
Constant 4.555*** 5.659*** 8.920*** 6.591***

(1.099) (1.311) (0.964) (0.801)
Observations 34517 34517 34520 34519
R2 0.474 0.444 0.328 0.386
Month number FE Yes Yes Yes Yes
Store format FE Yes Yes Yes Yes
Income Yes Yes Yes Yes

Notes: This table reports results from an estimation of a model similar to the one specified in (1), but
where stores are grouped by driving distance rather than driving duration. Monthly price indexes are
calculated based on COICOP and the sample period is 2011-2016. The standard errors reported in
parentheses are clustered at the municipality level.

* p < 0.1, ** p < 0.05, *** p < 0.01.

A likely important reason why the hump-shaped pattern that we report has not been
established before is that the previous literature uses parametric specifications where
distance is linearly interacted with relative price (as in e.g. Baggs et al. (2016). Sometimes
higher order terms of distance are also included as in Asplund et al. (2007)). A linear
specification masks the hump-shaped pattern and for comparison we report the results
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from a linear specification in Table 8. The result that the sensitivity of demand to the
relative price decreases as we get further from the border is clearly seen in this specification
as well. To interpret coefficients we may exemplify with meat, at the border the elasticity
with respect to the relative price is -1.54, and 100 kilometers inland it is estimated to
be -0.78. We also note that (absolute) elasticity is decreasing fastest for meat, which
is intuitive given that this product is likely to deteriorate more quickly under transport
than the other products.

Table 8: Demand regressions: Linear distance

Meat Cheese Soda Sweets
ln(PN/P S) −1.544*** −0.782*** −2.269*** −1.179***

(0.194) (0.114) (0.223) (0.300)
ln(PN/P S)× Distance 0.008*** 0.002** 0.002*** 0.006**

(0.001) (0.001) (0.001) (0.003)
Constant 4.929*** 5.495** 8.605*** 6.590***

(0.903) (2.132) (0.868) (0.706)
Observations 34517 34517 34520 34519
R2 0.473 0.432 0.324 0.384
Month number FE Yes Yes Yes Yes
Store format FE Yes Yes Yes Yes
Income Yes Yes Yes Yes

Notes: This table reports results from an estimation of a similar model to the one spec-
ified in (1), but where the price effect is interacted with a linear distance term, rather
than duration group dummies. Monthly price indexes are calculated based on COICOP
and the sample period is 2011-2016. The standard errors reported in parentheses are
clustered at the municipality level.

* p < 0.1, ** p < 0.05, *** p < 0.01.

5 Theoretical discussion

The empirical analysis indicated that the share of meat in total sales is lower the closer a
Norwegian store is to a Swedish store. We further estimated that the response to a relative
price change was strongest at intermediate travel times from Swedish stores. Intuitively,
these two observations can be understood in a Hotelling-style model (Hotelling, 1929).
Assume that all Norwegian consumers are located along a line, face travel costs that
increase with distance and purchase one unit of a good where the price is lowest, net of
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travel cost. With a lower price of the good in Sweden, all Norwegian consumers located
very close to Swedish stores will buy it in Sweden, and as we move along the line distance
and travel costs increase up to the point where we reach the marginal consumer who
is indifferent between travelling to Sweden and purchasing the good in Norway. An
increase in the price in Sweden from psl to psh because of an (exogenous) depreciation of
the Norwegian currency would then shift the location of the indifferent consumer (denoted
by d̄) closer to the border. As the location of the indifferent consumer shifts closer to the
border we would thus expect the demand pattern indicated in Figure 8.

Figure 8: A Swedish price increase in a Hotelling model.
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Clearly, the prediction that all consumers closer to the border than a given threshold
shop in Sweden, is at odds with reality. In practice consumers at a given location are
likely to be heterogeneous and individuals are not likely to have unit demand for grocery
products. We would therefore like to consider choice in a Hotelling-type model which
features continuous demand. Such models have been proposed and analyzed theoretically
in e.g. Stahl (1982) and Rath and Zhao (2001) as well as having formed the basis for
structural econometric estimation in e.g. Thomassen et al. (2017). These models feature
both an extensive (attracting consumers) and an intensive (consumers buy more) margin
in response to price changes but the implication that demand responses to price changes
can be hump-shaped with respect to distance has not been spelled out in this literature
previously.16 In the following we use a simple combination of continuous demand and
travel costs to examine factors which can help understand the dual pattern that we

16A likely reason is that, as noted by Rath and Zhao (2001, p. 1443), “ ...even though one starts with
very basic and simplified premises (linear demand for consumers, etc.) the model becomes analytically
quite complicated in no time.” For instance, they are not able to solve for equilibrium prices. A recent
literature in international trade also examines interactions between travel costs on the one hand and
intensive and extensive margins of trade on the other hand (see e.g. Chaney (2008)) but the hump-shape
of demand responses in distance has not been noted in this literature either.
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observed above.

5.1 Hotelling with continuous demand

Use xi1 and xi2 to denote demand for each of two products from individual i. Assume
that each individual has a Cobb-Douglas utility Ui = xa

i1x
(1−a)
i2 and income m. Let

there be a foreign location S to which individuals can travel and let N denote the home
country. Good 1 can be bought either in S or in N , whereas good 2 is always bought
in N . Consumers are located along a line, face distance di to S and incur a travel cost
of t per unit of distance. The distance associated with purchasing a good locally in N

is normalized to 0. Assume also that individuals face a fixed cost Fi of travelling to S,
which varies across individuals. Prices only differ across countries and are denoted by pS1,
pN1 and p2 in obvious notation. The utility of consumer i is then given by (suppressing
subindex i to avoid clutter):

U =


max
x1,x2

xa
1x

1−a
2 s.t. pS1x1 + p2x2 + dt+ F 6 m if buying in S

max
x1,x2

xa
1x

1−a
2 s.t. pN1x1 + p2x2 6 m if buying in N

(2)

For an individual who shops in S utility maximization then gives the following demand
functions

xS1 = (a(m− dt− F ))/pS1, x2 = ((1− a)(m− dt− F ))/p2 (3)

and correspondingly for an individual that shops in N ,

xN1 = am/pN1, x2 = (1− a)m/p2. (4)

The decision of whether to purchase good 1 in S or in N will hinge upon the differences
in prices as well as on travel cost, distance and the distribution of fixed costs. To illustrate
the mechanisms we consider a simple numerical illustration. Let distance be discrete and
assume that there are 900 consumers located at each distance and assume that fixed costs
in each location are drawn from a normal distribution.17

17In the parameterization that we consider m=1000, a=0.05, t=0.1, distance increases in increments
of 1/6, pS1=20, pN1=30, p2=30. To consider a decrease in the relative price in N we consider a decrease
in pN1 to 25. Fixed costs at each distance are assumed to be drawn from a normal distribution with
mean of 9 and standard deviation of 5.
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Figure 9: Sales in N of good 1 and distance to S at two different price levels.
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Figure 9 graphs the relation between sales in N and distance to S for two price levels
for the good which may be bought abroad (good 1). For both price levels we see that the
further a location is from the border, the greater the level of local sales. The existence
of fixed costs of cross-border shopping trips that differ across consumers generates the
smooth relation between demand and distance. Also note that local sales are independent
of distance to the border as we consider locations sufficiently inland, which reflects that
the price difference is not sufficiently large to warrant the travel costs for anyone. Also
note that patterns line up with the evidence presented in Figure 6, that the share of meat
in total store sales decreased the closer we were to the Swedish border.

Figure 10 graphs the relation between the change in sales in N and distance for a
change in the price of the good which may be bought abroad (good 1). A clear hump-
shape is seen. Demand inN increases across all distances but the hump-shape is generated
by the “extensive margin” just as in the standard Hotelling model. As prices in N become
more attractive, consumers with relatively high fixed travel costs will be staying home,

29



and this effect is most pronounced at intermediate distances. This simple exercise shows
how a strong effect away from the border arises naturally with a combination of fixed and
distance-related travel costs. This pattern of a hump-shaped relationship between price
responsiveness and distance clearly lines up well with the patterns found in e.g. Table 5
and illustrated in Figure 7.

Figure 10: Change in sales in N of good 1 in response to a price change and distance to
S.
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6 Concluding comments

In conclusion, let us highlight three findings from the present study and briefly discuss
their implications. First, while a number of previous articles have examined the im-
pact of cross-border shopping on prices and local demand, the previous literature has
overwhelmingly focused on goods subject to “sin taxes”, such as cigarettes and alcoholic
beverages. There is plenty of anecdotal evidence that cross-border shopping of groceries
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is an important phenomenon in several locations,18 and a few studies of cross-border gro-
cery shopping use more aggregate data to establish an effect on local grocery purchases of
cross-border shopping.19 To the best of our knowledge this is the first article to use a com-
prehensive store and category level data set to examine the effect of cross-border grocery
shopping. The finding that effect stretch several hours away from the border should be
of interest in particular for understanding grocery demand for other high-priced grocery
locations.

A second related contribution regards market delineation and competitive effects in
grocery retailing. It is typically found that competition in retail grocery markets is
highly localized: for instance Ellickson and Grieco (2013) find that the effect of Wal-
Mart entry on local supermarkets is confined to competitors within a two-mile radius.
Similarly, in their study of a French supermarket merger, Allain et al. (2017) find that a
market definition of 30 km radius for hypermarkets and 15 km radius for supermarkets
is too wide. Using transaction-level credit card data Agarwal et al. (2017) establish that
food purchases overwhelmingly are made in stores less than 20 km from home. Clearly
the extent to which consumers are willing to travel and stock-pile depends on price
differences, and, as illustrated in Table 1, price differences between Sweden and Norway
are large. Thus, while a narrow market definition for grocery competition is likely to
remain the benchmark, the current evidence emphasizes that when price differences are
large, substantial shares of consumers may be willing to travel (very) long distances.

A third contribution, which we find particularly exciting, is showing that a combi-
nation of extensive and intensive margins may make cross-price effects hump-shaped in
distance. This is found empirically, and we use a simple theory-based discussion to show
how a combination of extensive and intensive margins can lead to this outcome. The
key insight is that while all consumers are likely to purchase less from any supplier as
that supplier’s price increases, the marginal consumer, who instead switches to another
supplier, will be located some distance away. To see why this has not been noted be-
fore, we must remember that, as mentioned in the introduction, theory overwhelmingly
models product differentiation either via unit demand and transport costs or via represen-
tative consumer continuous-demand models. Empirical work on product differentiation

18See e.g. New York Times, December 18, 2008 “A Northern Ireland Town Is a Shoppers’ Paradise”
which notes that Irish consumers from as far away as Galway, four hours from the Northern Ireland
shopping centers, travel to benefit from low grocery prices.

19Tosun and Skidmore (2007), for instance use overall per capita food expenditure at the county level
to examine differential responses across West Virginia to an increase in the sales tax on food, see also
Walsh and Jones (1988) for related evidence on an earlier West Virginia change in sales tax.
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also largely follows the same split - either applying discrete choice models as in Berry
et al. (1995) or estimating demand systems where quantities depend (linearly) on prices
(Deaton and Muellbauer (1980)). In consequence, the combined effects of the intensive
and extensive margins on demand have not been in the spotlight.

Several previous theoretical models have combined Hotelling-style transport costs with
continuous demand, but such models tend to be complex and the conclusion that cross-
price demand can be hump-shaped due to a combination of extensive and intensive mar-
gins has, to the best of our knowledge, not been highlighted before. A somewhat related
finding is derived in Kolay and Tyagi (2018) who examine a Hotelling duopoly where
one of the products has a higher quality. In a calibration exercise they show that when
transport costs are quadratic in distance, the cross-price elasticity of the higher quality
product can be hump-shaped, i.e., first increase and then decrease, as the degree of hor-
izontal product differentiation increases. The notion that higher cross-price elasticities
are a natural sign of less differentiated products is deeply ingrained in economic practice
and has been relied on for instance in merger practice (see Kolay and Tyagi (2018) for
an extended discussion and references). We believe that this intuition is likely to remain
highly useful also in the future, but we hope that the current research will help spur
further examinations of the combined effects of how much each consumer purchases and
the set of consumers that choose a particular supplier. In our study, product differentia-
tion in geographic space is easy to measure, but it would also be interesting to study the
potential for these interactions in the product space.
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A Appendix

A.1 Cross-region variation in Norwegian prices

In the empirical analysis we have used a national price index to measure the price level in
Norwegian stores. A possible concern is that there could be regional price differences that
are not accounted for when we use such a national price index. In particular, one might
expect that prices in stores close to Sweden would be systematically different from prices
further from the border. On the other hand, anecdotal evidence suggests that Norwegian
grocery chains to a large degree impose uniform national prices.

To provide some empirical evidence on this question, we have obtained transaction
level data from a random sample of the members of NG’s frequent buyer program for the
year 2016. We have used this data to compute average prices at the product level for
different chains and regions (defined by the same bins of driving duration to Sweden as
in the main analysis). We use products from the same categories as in the main analysis
(meat, cheese, soda and sweets) and keep only products for which we have observations
in all months in all of the chain-region pairs. We then regress the logarithm of the price
on month, chain, and region dummies. As reported in Table A.1, there is no indication
that prices vary with the distance to Sweden.
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Table A.1: Cross-region variation in Norwegian prices

ln(Price)
30 < Duration < 60 0.00029

(0.00723)
60 < Duration < 90 0.00012

(0.00733)
90 < Duration < 120 0.00048

(0.00731)
120 < Duration < 150 0.00072

(0.00724)
150 < Duration < 180 0.00182

(0.00702)
Constant 3.20581***

(0.00692)
Joint test duration groups (p-value) 0.99986
Observations 3888
Number of products 18
Month FE Yes
Chain FE Yes
EAN number FE Yes

Notes: The dependent variable is the natural logarithm of
the average monthly price at the region-chain level. We
use data from three different chains within the NG um-
brella. The eight chain formats used in the main analysis
are nested within these three chains. The sample period
is the year 2016. Clustered standard errors are reported
in parentheses.

* p < 0.1, ** p < 0.05, *** p < 0.01.
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A.2 Regression with short period and COICOP data

Table A.2: COICOP – short period

Meat Cheese Soda Sweets
Duration < 30 × ln(PN/P S) −1.550*** −0.783*** 0.050 −1.465***

(0.268) (0.190) (0.339) (0.445)
30 < Duration < 60 × ln(PN/P S) −1.735*** −0.912*** −0.041 −1.970***

(0.242) (0.200) (0.314) (0.260)
60 < Duration < 90 × ln(PN/P S) −0.992*** −0.452*** 0.245 −1.081***

(0.182) (0.159) (0.296) (0.158)
90 < Duration < 120 × ln(PN/P S) −0.638*** −0.469** 0.381 −0.656***

(0.236) (0.202) (0.293) (0.211)
120 < Duration < 150 × ln(PN/P S) −0.500* −0.563*** 0.370 −0.613*

(0.258) (0.208) (0.316) (0.319)
150 < Duration < 180 × ln(PN/P S) −0.528* −0.766*** 0.082 −1.471***

(0.319) (0.226) (0.329) (0.379)
Constant 4.972*** 5.953*** 8.082*** 6.783***

(1.113) (1.483) (1.093) (0.806)
Observations 21254 21254 21256 21255
R2 0.471 0.435 0.336 0.389
Month number FE Yes Yes Yes Yes
Store format FE Yes Yes Yes Yes
Income Yes Yes Yes Yes

Notes: This table reports results from an estimation of the model specified in Equation 1. Monthly price
indexes are calculated based on COICOP and the sample period is 2014-2016. The standard errors re-
ported in parentheses are clustered at the municipality level.

* p < 0.1, ** p < 0.05, *** p < 0.01.
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A.3 Share of border shoppers by Norwegian regions

Figure A.1: Share of border shoppers
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Note: The figure shows the county-level proportions of the population that have shopped groceries in
Sweden during the last 12 months. The red line indicates the national average of 59 %. Numbers based
on survey responses from Norwegian respondents. Survey undertaken 22-27 February 2018, n=1009.
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