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Abstract:

This paper analyses empirically how cross-border consumption varies across product and
services categories and across household characteristics. It focuses on the part of cross-
border sales that arise due to work-related cross-border crossings; it analyses the cross-
border consumption behaviour of cross-border commuter households residing in Belgium,
France and Germany and working in Luxembourg. In total, it is estimated that these
households spend €925 million per annum in Luxembourg, reflecting about 17% of their
gross annual income from Luxembourg and contributing about 10% to total household
final consumption expenditure in Luxembourg. Cross-border consumption expenditure is
shown to depend on individual and household characteristics, such as total household in-
come, the number of cross-border commuters in the household, distance between home
and work, as well as price level (index) differences between Luxembourg and its
neighbouring countries. Cross-border commuters take advantage of existing arbitrage op-
portunities.

Keywords: cross-border shopping, commuting, consumption, expenditure, households
JEL Codes: F15, R12, R23, J61



Non-technical summary

In the economic literature, cross-border shopping is predominantly analysed in the fiscal
or tax induced context, where tax and excise duty differences translate into consumer price
differences. As a result, cross-border shopping arises so as to exploit these price differ-
ences across jurisdictions. This paper adds to the literature and presents results on aggre-
gate and product-related consumption. In contrast to much of the existing economic litera-
ture, it focuses on the part of cross-border sales that arise due to cross-border crossings for
work purposes. This setting implies that the time- and transport-cost-related trade-off with
price savings from cross-border purchases is (quasi-)controlled for. Analysing cross-
border commuting households takes care of other obstacles related to cross-border shop-
ping, such as language barriers, insecurity regarding consumer rights and informational
asymmetries.

For the purpose of this study, we use data from a representative household survey among
cross-border commuters residing in Belgium, France and Germany and working in Lux-
embourg. The survey asks households about their consumption behaviour for various
product and services categories, spanning from fuel, alcohol and tobacco products to eat-
ing in and outside home, clothes shopping to car purchases or furniture. This allows us to
provide quantifications for both specific categories as well as aggregate cross-border con-
sumption, and to link them to the respective corresponding category for household final
consumption expenditures (HFCE) in the national accounts. Second, we are able to relate
the cross-border consumption to household characteristics, such as their economic and fi-
nancial situation, for which to date little to nothing is known.

The cross-border consumption is shown to be related to various household characteristics.
In general, cross-border consumption tends to be negatively related to the distance be-
tween home and work, with the coefficient estimate being much smaller than usual (this
being likely to be related to the sampled population consisting of cross-border commuter
households instead of cross-border resident households) and positively related to house-
hold income and the number of cross-border commuters per household. Furthermore,
cross-border commuter households” consumption expenditure is related to price level in-
dex (PLI) differences across the neighbouring countries. This is in particular the case with
regard to tradables and durables, such as food and non-alcoholic beverages, alcohol, tobacco,
clothing, furnishing and household equipment. For services, the expenditures of cross-border
commuter households are not systematically related to price level differences, which may
also be linked to their limited cross-country substitutability with respect to consumption.

Our results also show that cross-border commuter (households) contribute significantly to
the Luxembourg economy. In 2010, they spent on average about €9,300 in the Grand-
Duchy, representing about 17% of their gross income from Luxembourg, thereby contrib-
uting about 10% (6%) to the household final consumption expenditure (HFCE) in Luxem-
bourg excluding (including) housing, water, electricity, gas and other fuels, which roughly
accounts for about 24% of total HFCE, and to which cross-border commuter households
per definition quasi do not contribute. The highest expenditure categories fuel, food and



non-alcoholic beverages and catering services contribute 21%, 11% and 10% to the final total
consumption expenditure for the respective category in the Luxembourg National Ac-
counts for 2010.

As cross-border commuters are very important for the Luxembourg economy in employ-
ment terms (in 2011, they represented about 44% of Luxembourg’s domestic employment),
it is evident that at the aggregate level our consumption estimates represent an upper
bound to these effects in an international setting. At individual household level, however,
there is no reason to suspect that the behavioural relationship with consumption would
not be broadly applicable across countries where cross-border commuting flows take
place.



1 Introduction and motivation

Many of Europe’s regions are international border regions, i.e. they border with regions
from other countries, and many Europeans do not live far from such a border. Due to dif-
ferent institutional and regulatory environments, price and wage discontinuities arise at
these international borders, giving rise to arbitrage opportunities, which are consequently
exploited by workers and consumers (of border regions) alike. These international wage
and price differences are well documented; it is equally well documented that, in cross-
border regions in particular, this leads to cross-border economic activity, be it cross-border
shopping, commuting or migration or all of them combined. For both types of cross-
border economic activity the fundamental driving forces are existing differences in prices
and wages.

The literature of regional commuting and cross-border commuting has identified pull and
push factors such as wage differences, unemployment differences between regions, as well
commuting obstacles such distance, travel time, the quality of public infrastructure, and
language differences. Due to increased economic integration in the EU and improved pub-
lic infrastructure, cross-border commuting has markedly increased over the years (e.g.
MKW and Empirica, 2009). The literature on both regional and cross-border commuting
behaviour and their determinants supports that wage differences are a major explanatory
factor for the observed commuting flows (e.g. Cameron and Muellbauer, 1998; Marvakov
and Mathd, 2009; Matha and Wintr, 2009). The economically most important cross-border
region in Europe is the Grande-Region, covering 5 regions (Saar, Lorraine, Luxembourg,
Rhineland-Palatinate and Wallonie) at the intersection between France, Germany, Luxem-
bourg and Belgium, which makes it a prime candidate for a detailed case study with the
possibility of generalisation. Out of the estimated 750,000 cross-border commuters in the
EU15/EEA/EFTA counties, 200,000 cross-borders within the Grande-Region make it, in
numbers, the most important cross-border commuter region in Europe (MKW, Empirica,
2009).

Cross-border shopping has been analysed in various contexts. Cross-borders shopping is
for example analysed in the tourism, marketing and retail literature examining and identi-
tying demographic and socio-psychological factors. Timothy and Butler (1995) analyse the
cross-border shopping between Canada and the U.S. within the tourism literature and
conclude that it is as much a leisure activity as it is an economic one. Guo et al. (2006) re-
port Hispanic consumers shopping in the U.S. to be motivated by product and services
quality, fashion consciousness and fashion shopping. The most prominent context is how-
ever the fiscal or tax induced context, where tax and excise duty differences translate in
consumer price differences and cross-border shopping arises as to exploit of those across
jurisdictions. Thus cross-border shopping is seen in the context of the regional and interna-
tional economics literature, the law of one price and arbitrage of consumers.



One strand of the literature looks upon cross-border shopping from a (optimal) tax reve-
nue perspective. In the literature on international tax competition, optimal taxation is
complicated by the fact that that cross-border shopping arises endogenously as reaction to
tax differences. Theoretical approaches have emphasised the role of country size differ-
ences between economies and views cross-border shopping traditionally with focus on tax
differences across countries (regions) and tax competition between them. A rather robust
results of this literature in light of cross-border shopping is that smaller countries have an
incentive to set lower taxes than larger countries; by attracting cross-border shoppers, the
smaller country is effectively able to tap into the tax base of the larger country (e.g. Kanbur
and Keen, 1993; Ohsawa, 1999 and Nielsen, 2001 among others).! Egger, Pfaffermayr and
Winner (2005a,b) show for example in two separates studies, one using gasoline, beer,
wine and tobacco prices across U.S. states and the second using average effective tax rates
on consumption for 22 OECD countries, that indeed tax rates tend to vary inversely with
the size of jurisdictions. In particular, i) countries set lower tax rates, if their neighbouring
countries do, ii) smaller countries tend to set lower tax rates, and iii) countries with smaller
neighbours do so too.

A different strand of the literature looks at cross-border shopping in terms of market seg-
mentation and cross-border arbitrage possibilities and analyses the determinants of cross-
border shopping flows. The approach typically taken in the empirical cross-border shop-
ping literature is to estimate a demand function, where cross-border sales are regressed
upon prices, taxes, income, transport costs and some other destination and origin specific
controls, bearing resemblance to a gravity type approach. Prominent products under in-
vestigation are those with fiscally induced price differences, i.e. products with excise du-
ties, which typically vary greatly between countries or jurisdictions (e.g. Banfi, Filippini
and Hunt, 2005 for fuel, Asplund, Friberg and Wilander, 2007 for alcohol, and Thursby,
Jensen and Thursby, 1991 for cigarettes). Not surprisingly, empirical studies show over-
whelming support for consumers exploiting existing price differences and shopping across
borders. Yet, as for example argued by Asplund, Friberg and Wilander (2007, p. 142) it
seems that despite a relatively sizeable literature for particular products little is known
about the general extent of cross-border shopping.

This paper adds to the above literature and presents aggregate and product related con-
sumption estimates of cross-border commuter households based on a representative sur-
vey. Our approach, thus, differs in important aspects to the approach typically taken in the
cross-border shopping literature, which is to estimate some kind of (inverse) demand
function, relating aggregate cross-border sales of specific products to aggregate region- or
country-specific characteristics, such as different prices, taxes, income, distance and other
controls (e.g. Asplund, Friberg and Wilander, 2007). Also, it is not concerned with cross-
border sales due to tourism, where people’s border-crossing sole or main purpose is to
take advantage of existing arbitrage opportunities.

1 See also Keen (2002) and Leal, Lépez-Laborda, Rodrigo (2010) for a survey of the literature.



This paper focuses on the part of cross-border sales that arise quasi naturally by people
who cross the border for work purposes; it analyses the cross-border consumption (shop-
ping) behaviour of cross-border commuter households. While still small in absolute num-
bers, cross-border commuting is on the rise in Europe, and in some border regions it gives
rise to a lot of cross-border economic activity. Thus, by focusing on cross-border commuter
households, we analyse a hitherto somewhat neglected economic group, which offers sev-
eral advantages: In contrast to cross-border shopping due to tourism or transit, which has
been the focus of much of existing literature, the time and transport cost related trade-off
with price savings associated with cross-border purchases is (quasi-)controlled for in this
setting. This extends to other obstacles to cross-border shopping, such as language barri-
ers, insecurity regarding consumer rights and informational asymmetries that exist but for
the lack of appropriate controls are very difficult to take into consideration and therefore
plague making inferences.

For the purpose of this study, we use data from a representative household survey among
cross-border commuters residing in Belgium, France and Germany and working in Lux-
embourg. Cross-border commuters are immensely important for the Luxembourg econ-
omy; in 2011, they represented about 44% of the Luxembourg’s domestic employment
(Statec, 2012b). Due this importance it is likely that at aggregate level our estimates repre-
sent an upper bound to the effects of this activity in an international setting. At individual
household level, however, there is no reason to suspect that the behavioural relationships
with consumption would not be broadly applicable across countries where cross-border
commuting flows take place.

Luxembourg is mentioned more or less en passant in various empirical studies on cross-
border shopping, may it relate to fuel tourism or cross-border cigarettes sales (e.g. Rietveld
Bruinsma and Van Vuuren, 2001; Cnossen, 2006). Yet, with the exception of a couple of
studies by the Luxembourg statistical office STATEC (Allegrezza et al., 2005; Genevois and
Zanardelli, 2008), relatively little is known about the magnitude of cross-border shopping
in Luxembourg and its economic and fiscal importance. This paper aims to fill some of
those gaps. Luxembourg may serve as a good case in point, since it is geographically lo-
cated very centrally in (Western) Europe, is very small in size and has borders with three
much larger economies. It is the destination of the second highest number of in-
commuters in Europe, which indicates a substantial extent of cross-border economic activ-
ity. The cross-border commuters in the sample originate from the neighbouring countries
(regions) Belgium (Wallonie), France (Lorraine) and Germany (Saar and Rhineland-
Palatinate) to Luxembourg. Thus, the present paper comprises both international and re-
gional dimensions. Urban and metropolitan elements are present in that most cross-border
commuters live in very narrow rim in close proximity to the Luxembourg border. The
mean and median travel distance is between 40-50 kilometres from home to work. Taken
together, the Luxembourg labour market is a regional labour market that spans across
countries, with about 44% of total employment in Luxembourg stemming from the inflow
of cross-border commuters.



First, this paper explores how cross-border consumption varies across product and ser-
vices categories and across household characteristics. The survey asks households about
their consumption behaviour for various product and services categories, spanning from
fuel, alcohol and tobacco products to eating in and outside home, clothes shopping to car
purchases or furniture. This allows us to provide quantifications for both specific catego-
ries as well as aggregate cross-border consumption and to link them to the respective cor-
responding category for household final consumption expenditures (HFCE) in the national
accounts. Second, we are able to relate the cross-border consumption to household charac-
teristics, such as their economic and financial situation, for which to date little to nothing is
known. The survey provides information on the complete household member matrix and
educational attainment, age, marital status, household size, employment status (working
hours, work contract type, years of work abroad), household income abroad and in the
country of residence, asset and liability structure of the household, distance to the border,
travel mode to work, etc... The richness of the survey provides an unprecedented oppor-
tunity for an in-depth analysis of how cross-border consumption varies across household
characteristics. For the lack of data availability, the latter presents a novelty in the cross-
border shopping literature.

Our results show firstly that cross-border commuter (households) contribute significantly
to the Luxembourg economy. On average, they spent about €9,300 in the Grand-Duchy in
2010, representing about 17% of their gross income from Luxembourg, thereby contribut-
ing about 10% (6%) to the household final consumption expenditure (HFCE) in Luxem-
bourg excluding (including) Housing, water, electricity, gas and other fuels, which roughly
accounts for about 24% of total HFCE, and to which cross-border commuter households
per definition quasi do not contribute. The highest expenditure categories fuel, food and
non-alcoholic beverages and catering services contribute 21%, 11% and 10% to the final total
consumption expenditure for the respective category in the Luxembourg National Ac-
counts for 2010. The cross-border consumption is shown to be related to various house-
hold characteristics. In general, cross-border consumption tends to be negatively related to
the distance between home and work, with the coefficient estimate being much smaller
than usual (this being likely to be related to the sampling population consisting of cross-
border commuter households instead of cross-border resident households) and positively
related to household income, the number of cross-border commuters per household and to
price level index (PLI) differences. Other individual and household specific characteristic
contribute significantly to various expenditure items, but in a rather sporadic fashion, not
allowing drawing conclusions of general validity. For example, tobacco expenditures tend
to decrease with increasing income and educational attainment, which may make sense
from a sociological point of view, but runs counter to results for consumption expenditure
of other product categories.

Section 2 briefly presents the survey, the data and main sample characteristics. Section 3
discusses their consumption pattern. Section 4 provides the various estimates of cross-
border consumption and their covariates. Section 5 concludes.



2 Cross-border shopping in the literature

International literature

Cross-border shopping behaviour has been analysed in a number of countries, most
prominently the U.S. Walsh and Jones (1988) for example focus on sales of taxed products
in West Virginia (USA) and report that, for counties of West Virginia sharing a common
border with a neighbouring state, a 1% reduction in sales taxes results in about 1% reduc-
tion in the after-tax sales price, increasing grocery store sales by about 5.9%, thereby con-
firming that sales tax differentials between states lead consumers to exploit lower after tax
prices in low tax states and to shop across state boundaries. Di Matteo and Di Matteo
(1996) examine the determinants of Canadian cross-border shopping, which rose tremen-
dously between 1986-1991, by using data on same day automobile trips and expenditures
from 7 Canadian provinces bordering the U.S. They report that 90% of the variation is due
to income, exchange rate, gasoline price differences, the Goods and Services Tax plus sea-
sonal factors.

The vast majority of studies, however, focus on fiscally induced price differences across
state and provincial borders of very specific products, most notably excise products, such
as fuel, alcohol and tobacco (see Keen 2002 or Leal, Lopez-Laborda and Rodrigo, 2009 for a
review). Manuszak and Moul (2009) analyse for example the retail gasoline activity in
Southeast Chicagoland and report a sharp discontinuity in activity across regions that co-
incides with the political boundary and a decline in activity in the high tax region as the
low tax border is approached. Stehr (2007) analyses the effect of Sunday sales bans on spir-
its and tax variation across U.S. states and reports that about 80% and 20% of increases in
spirit sales following the repeal of Sunday sales ban are due to own-state drinking and
cross-border shopping, respectively. In particular, cross-border shopping of tobacco has
been analysed extensively in the U.S. in the context of casual smuggling across state and
province borders and to the concern of fiscal authorities. Examples of this research are
Coats (1995), Thursby, Jensen and Thursby (1991), Thursby and Thursby (2000), Chiou and
Muehlegger (2008) or Lovenheim (2008). The latter for example reports 13-25% of ciga-
rettes to be purchased in a lower-price state or Native American Reservation. According to
Leal et al. (2009), a robust result in these types of studies is that 2% to 6% of cigarettes con-
sumed in the U.S. are smuggled.

Similarly in Europe, most studies concentrate on fuel, alcohol and tobacco, and thus on
products subject to excise duties. Cross-border shopping of fuel is a rather common phe-
nomenon where borders meet and has consequently been studied for a number of Euro-
pean countries. For Irish counties bordering Northern Ireland, Fitzgerald et al. (1988) re-
port consumers purchasing 2/3 thirds of their petrol and almost all alcohol north of the
border, accounting for about 1/10% of their total expenditure and resulting in an estimated
inland revenue loss of about 5% of all commodity taxes. Thus not surprisingly, good
knowledge about factors and magnitudes are of interest of fiscal and tax authorities aim-
ing to assess losses or gains due to cross-border shopping. For example, in a report to the
Irish exchequer, the value of cross-border shopping between Ireland and Northern Ireland



was estimated to be €350-550 million in 2008, with an estimated resulting VAT and excise
duty revenue loss of €58-90 million plus an additional possible corporation tax revenue
loss of €15-24 million (Office of the Revenue Commissioners and the Central Statistics Of-
fice, 2009).

For Spain, recent studies have exploited regional variations in the Hydrocarbon Retail
Sales Tax (HRST). Leal, Lépez-Laborda and Rodrigo (2009) show fuel purchases of diesel
fuel in Aragon to be sensitive to price differences to adjacent regions. Similarly, Romero-
Jordéna, Garcia-Inés and Alvarez Garcia (2013) demonstrate the impact of the diesel price
differences at the border of two Spanish provinces (Lugo with and Leon without HRST).
They report less intensive variations in diesel prices at the border of Lugo and point to-
ward service stations in regions with higher excise duties using price policy to alleviate the
negative effects from fuel tourism. Banfi, Filippini and Hunt (2005) provide empirical evi-
dence on fuel price differences and on cross-border refuelling for three Swiss regions bor-
dering France, Germany and Italy. Using counterfactual simulations, they estimate for the
period 1985 to 1997, that on average about 9% of total gasoline sales are due to fuel tour-
ism from these countries. Using survey evidence, Rietveld, Bruinsma and van Vuuren
(2001) report for the Netherlands that about 30% of Dutch car owners residing close to the
German border would refuel across the border if the price differences were €0.05 per litre.

Recent cross-border studies on alcohol price differences include Asplund, Friberg and
Wilander (2007) who analyse per capita sales of alcohol (beer, wine and spirits) in Swedish
municipalities and their sensitivity to foreign prices and the distance to the border of
Denmark and Germany. They report that the distance is important in explaining cross-
border arbitrage by consumers. Importantly, they are able to show that this affects not
only sales of bordering municipalities but also interior regions. Their estimates suggest
that the sales elasticity with respect to the foreign price is 0.3 in border regions, which re-
duces to 0.2 (0.1) for regions 100 (400) kilometres further inland.

Luxembourg and the Grande-Région

The Grande-Région comprises the regions Luxembourg, Wallonie (Belgium), Lorraine
(France), Sarre and Rhineland-Palatinate (both Germany). The Grande-Région is a highly
integrated cross-border area in the midst of Europe with high cross-border economic activ-
ity, counting more than 200,000 cross-border commuters in total (MKW and Empirica,
2009). Luxembourg is its geographic centre and stands for the lion’s share of these cross-
border commuters, which is mainly due to its attractive wages (e.g. Matha and Wintr,
2009). In the last ten years, the number of cross-border commuters increased by 77% and,
in 2011, they represented about 44% of the Luxembourg’s domestic employment (154,000
of 347,000) (Statec, 2012b). Combined with the high share of foreigners residing and work-
ing in Luxembourg (>40%), the Luxembourg economy and labour market is truly interna-
tional. Almost the total entirety of cross-border commuters arrive in Luxembourg from its
three neighbouring countries France (~50%), Belgium (~25%) and Germany (~25%). With a
geographical size of 2,586 km? and an estimated total population of slightly more than 0.5



million inhabitants in 2011 (Statec, 2012a) Luxembourg is the second smallest country in
both dimensions in the EU. Still, Luxembourg is the country with the second highest num-
ber of cross-border in-commuters recorded in the European Economic Area (EEA), second
only to Switzerland (see for example MKW and Empirica, 2009).

Despite their huge importance to the Luxembourg labour market, surprising little system-
atic research on cross-border commuters” economic situation and cross-border shopping
behaviour has been undertaken. While plenty of information is available on numbers,
country of origin, the employment or the gender distribution of cross-border commuters,
mainly stemming from administrative data sources, such as the social register of Luxem-
bourg, the Inspection Générale de la Sécurité Sociale (IGSS), little to nothing is known
about the cross-border consumption of cross-border commuter households and in particu-
lar how they vary with household characteristics, such as income and wealth. A number of
surveys conducted by CEPS/INSTEAD in cooperation with STATEC in 2002, 2003 and
2007 among cross-border commuters provide information on their consumption expendi-
tures in Luxembourg and the types of products they tend to consume (Allegrezza et al.,
2005; Genevois and Zanardelli, 2008). According to these surveys, cross-border commuters
contribute very substantially to Luxembourg’s GDP; in 2007 cross-border commuter
households spent an estimated average of €9,076 per year in the Grand Duchy. However,
for the lack of adequate data questions concerning income and wealth their relationship
with consumption could hitherto not be explored. Our estimates referring to 2010 support
these estimates; cross-border commuter households pour on average €9,300 per annum
into the Luxembourg economy, representing about 17% of their gross household income
from Luxembourg (see also Mathé, Porpiglia and Ziegelmeyer, 2012).

Table 1 shows the importance of consumption expenditure of non-residents for the Lux-
embourg economy. It has increased by 10.5 percentage points in the last 15 years and ac-

counted for 27% of total household final consumption expenditure in 2010.

Table 1: Final household consumption expenditure (current prices)

1995 2000 2005 2010 2011

On Luxembourg territory, total 7,195 10,249 12,583 14,926 15,899
By Luxembourg residents, abroad 350 477 899 971 993
By non-resident households, on Luxembourg territory 1,181 2,059 3233 3,856 4,284

By Luxembourg residents, on Luxembourg territory and abroad 6,364 8,667 10,248 12,041 12,608
Source: Statec (2012) National Accounts. http://wwuw.statistiques.public.lu/stat/TableViewer/tableView.aspx? Reportld=
1440&1F_Language=eng&MainTheme=5&FldrName=2&RF Path=22

Table 2 shows various price level indices (PLIs) from the Eurostat-OECD Purchasing
Power Parity programme, corresponding to the final expenditure classification in the
European Standard of Accounts (ESA95). It illustrates a rather well known fact; Luxem-
bourg tends to have lower fuel, tobacco and to a lesser extent alcohol prices than neighbour-
ing countries, whereas the general price level is more elevated. We will analyse in the mul-
tivariate analysis whether these price level index differences affect cross-border commuter



households’” consumption expenditures for specific product categories. For example, is the
consumption expenditure of Belgian cross-border commuters on alcohol larger than French
or German cross-border commuters” expenditure, all else equal, as might be expected from
the price level indices in Table 2.

Table 2: Price level indices, 2010

2010 Belgium France Germany Luxembourg
Household final consumption expenditure 111.2 110.7 104.4 122.0
Food & non-alcoholic beverages 114.9 108.9 109.8 115.4
Food 114.9 1104 110.7 117.0
Non-alcoholic beverages 115.0 95.1 104.1 106.6
Alcohol, Tobacco and narcotics 99.0 109.2 98.8 88.1
Alcoholic beverages 97.7 92.7 88.0 91.9
Tobacco 103.2 130.3 1124 84.0
Clothing and footwear 114.4 104.6 103.3 105.9
Clothing 115.0 106.5 103.7 104.7
Footwear 111.8 96.6 102.8 108.7
Furnishings, housh. equip. & maintenance 104.8 110.2 98.1 109.2
Health 129.7 115.2 101.9 131.8
Personal transport equipment 100.7 102.3 100.8 95.2
Fuel 101.5 99.3 103.5 85.7
Transport services 98.3 111.5 112.3 112.3
Recreation and culture 102.6 106.6 104.4 108.1
Education 139.5 118.9 101.8 295.5
Restaurants and hotels 112.7 103.0 102.3 106.4
Miscellaneous goods and services 115.7 111.1 101.1 124.4

Source: Price level indices (prc_ppp_ind) are taken from the Eurostat-OECD Purchasing Power Parity programme and
are expressed relative to EU27=100 (http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=prc_ppp _ind&lang=en
download from 18 February 2013). Fuel prices refer to consumer prices of petroleum products inclusive of duties and
taxes and are taken from the European Commission, Statistics & Markets Observatory Oil Bulletin (downloaded on 18
February 2013 from http://ec.europa.eu/energy/observatory/oil/bulletin_en.htm). Fuel price indices are calculated as aver-
ages of weekly prices in 2010 combining both euro super 95 and diesel prices (with equal weights).

Scattered evidence exists for Luxembourg in the literature, in particular with respect to
existing differences in price levels and cross-border arbitrage in form of tank refuelling
tourism and cross-border shopping of alcohol, tobacco and coffee. Rietveld, Bruinsma and
van Vuuren (2001) report that Luxembourg’s fiscal competition attracts foreign motorists
to generate tax revenues from international sales of fuel in the range of 1-2% of Luxem-
bourg GNP. They argue that the attraction is so strong that freight transporters and coach
operators as far away as the Netherlands detour to refuel. Thone (2006) reports that fuel
sales in Luxembourg strongly correlate with price differences to neighbouring countries.?
In 2010, tax receipts from mineral fuel amounted to €813 million (Statec, 2012), accounting
for 8% of total fiscal revenues (excl. social contributions) and 17% on total tax revenues
from production and imports.

2 For a detailed case study on cross-border fuel tourism at the Luxembourg-German border (in the commune
of Mertert-Wasserbillig) see Naumann (2005).



Furthermore, Thone (2006) also reports that tobacco prices in Luxembourg are substan-
tially lower than in neighbouring countries, owing much to low excise duties, reduced
VAT (12% instead of the regular 15%) and increased tobacco taxes in all neighbouring
countries, such that they can be regarded as own motive for tax arbitrage. Accordingly, he
regards the tobacco tax as the secret star of Luxembourg taxes. Similarly, Cnossen (2006)
shows for example that Luxembourg had the second lowest prices for cigarettes among
the EU15 countries, with a retail price €2.88 for the most popular price category of a pack
of 20 cigarettes, whereas retail prices in its neighbouring countries were substantially
higher in 2006 (Belgium: €3.56; France: €5.00 and Germany: €4.47) and argues that “Lux-
embourg is a prime example of a major bootlegging country due to the much higher total
tax rates on tobacco products in neighbo[u]ring states. If annual consumption per adult in
Luxembourg were the same as average consumption in Belgium, France, and Germany,
then only 10% of cigarettes bought in the duchy would be consumed there”. Cnossen re-
ports that Luxembourg generates €1,353 of tax revenue per capita, which is about 5 times
as high as the average for the EU15. In total, in 2010 tobacco taxes generated €492 million
in fiscal revenue, contributing alone about 5% to total fiscal revenues (excl. social contribu-
tions) and 10% of total revenues on production and imports.

However, while this paper analyses the cross-border expenditures of cross-border com-
muters in Luxembourg, we hasten to add that cross-border shopping activity is not a uni-
directional phenomenon in this highly integrated cross-border area. The national statistics
institute of Luxembourg estimates that, in 2009, Luxembourg resident households spend
over €1 billion or over €6,000 each abroad, representing 11% of their total final consump-
tion expenditure (STATEC, 2011). This level of expenditure is similar in magnitude than
that of cross-border commuters’ expenditures in Luxembourg. While these figures do not
specify the geography of foreign expenditure, it is clear that the bulk of it can be attributed
to cross-border shopping in neighbouring regions, also as the typical “basket of goods and
services” purchased abroad differs; Luxembourg resident households tend to spend im-
portant share of their expenditure abroad on restaurants and hotels (30%), clothing and
footwear (17%), leisure activities (13%) and home furnishings (13%) (STATEC, 2011). As
regards the motivation for shopping abroad, it is mainly cheaper prices and the larger
number of goods on offer, as survey results commissioned by the Luxembourg trade asso-
ciation (Confédération Luxembourgeoises du Commerce, 2008, 2010) among Luxembourg
resident consumers indicate.

3 Data and methodology

For the purpose of this paper, we use a survey of cross-border commuter households,
conducted by the Central Bank of Luxembourg together with CEPS/INSTEAD in 2010. The
survey centers on the household as the unit of analysis and targets households living in
adjacent regions of Luxembourg and within the Grande-Région, where at least one house-
hold member works in Luxembourg at the date of data collection. The Xross-Border
Household Finance and Consumption Survey (XB-HFCS) was designed to investigate the
income, wealth and consumption pattern of the cross-border commuter households. In



this paper, we focus on explaining the cross-border commuters” expenditures in Luxem-
bourg and their motives for doing so.

The questionnaire contains an array of questions concerning cross-border commuter
households’ expenditures in Luxembourg (For the complete questionnaire see Mathd,
Porpiglia and Ziegelmeyer, 2012). Combined these questions cover about 71% of total
household final consumption expenditures in Luxembourg. Excluding the product cate-
gory Housing, water, electricity, gas and other fuels (~24% of HFCE), which is linked to resi-
dency in Luxembourg and to which cross-border commuter households per definition do
not contribute, the coverage increases to 94%. The questions in the survey were designed
such that they correspond closely to main aggregates of household final consumption ex-
penditure in the ESA95. Questions were worded, such that they are understandable in
layman’s terms. To give a specific example, the question related to expenditure item CP110
Catering services in the national accounts was phrased as:

7.11  What was the average monthly expenditure that your household incurred on food and drinks outside
home during the last 12 months? This is expenditure that you made in restaurants, snacks, cantinas,
coffee shops and other establishments of this kind.

I 1 I I I Euro/month

The sampling contains 42 strata along three dimensions: country of residence, gender and
income of the cross-border worker. To account for the right skewness of the wealth distri-
bution wealthy households were oversampled. Within each stratum individuals are ran-
domly selected. The field phase spanned from November 2010 to the end of January 2011.
In November 2010, the questionnaire was sent by mail to the sampled households. It was
accompanied by an official introduction letter of the institutions BCL and CEPS/INSTEAD,
an information leaflet and a blank return envelope to send back the completed question-
naire. The final sample size is 715 households. With about 15% the response rate can be
considered relatively high taking the complexity, sensitivity and survey mode of this sur-
vey into account.

All descriptive statistics are appropriately weighted to make the sample representative of
the population of cross-border commuter households to Luxembourg. The XB-HFCS is
representative of 99,181 households residing outside Luxembourg and within in the
“Grande-Région” (representing 294,772 individuals and 127,186 cross-border commuters)
where at least one household member works in Luxembourg at the time of the data collec-
tion.? Furthermore, all variables have been multiply stochastically imputed to address item
non-response. For a detailed description of the XB-HFCS, including an English translation
of the questionnaire, sample selection, weighting and imputation, as well as some basic
descriptive household statistics on income, wealth and consumption expenditures on the
Luxembourg territory see Matha, Porpiglia and Ziegelmeyer (2012).

3 Figures indicating the number of individuals and households are calculated using cross-border commuter
individual and household level weights, respectively.



Table 3: Socio-economic characteristics of cross-border commuters

BE FR DE Total

Country of residence  Observations 192 353 170 715
Perentage 26.9 494 23.8 100

Percentage weighted 25.4 49.1 25.5 100

Country of birthin %  Belgium 83.1 14 1.2 22.1
France 6.0 91.5 0.2 46.5

Germany 1.1 1.0 86.2 22.8

Luxembourg 3.9 1.8 7.0 3.7

Rest EU 2.2 1.7 3.9 24

Rest of the world 3.7 2.5 1.4 2.5

Gender Male 74.5 65.7 70.9 69.3
Age Mean 40.9 39.3 41.3 40.2
Median 41 38 40 40

Marital Status Single/never married 21.0 22.8 23.4 22.5
Married/partnered 68.6 71.7 61.9 68.4

Widowed/divorced 10.4 5.6 14.7 9.1

Education Primary/low secondary 10.6 39 16.8 8.9
Secondary 38.9 50.8 48.0 47.1

Tertiary 50.5 45.3 35.2 44.1

Household size Mean 3.2 3.0 2.7 3.0
Median 3 3 2 3

Source: own calculations based on the XB-HFCS 2010; data are multiply imputed and weighted.

Table 3 shows socio-demographic characteristics of cross-border commuters. Almost one
half of cross-border commuters in Luxembourg reside in France, the other half is almost
equally divided between Belgium and Germany. As expected the majority of cross-border
workers are natives (defined here as country of birth) of their respective country of resi-
dence. More than 80%, 90% and 85% of cross-border workers from Belgium, France and
Germany are born in their respective country of residence.*

According to administrative data sources from the Luxembourg social security register
(Inspection Génerale de la Sécurité Sociale, IGSS), about 67% of cross-border commuters
are male (Statec, 2012b). This gender gap is also reflected in the XB-HFCS. 69% of all of
cross-border commuter are male. Note that our figures are strictu sensu not comparable to
those from the IGSS, as we refer to household level aggregates as opposed to individual
level aggregates used by the IGSS (the corresponding number not shown with Cross-
border commuter level weights would be 63%). This is as expenditure questions concern
the whole household and not individuals. The share of males varies across countries of
residence, the respective shares being 75% for cross-borders commuters from Belgium,
66% from France and 71% from Germany. The average age of cross-border commuters is
similar in all three countries: 41 years for cross-border commuters from Belgium; the cor-
responding ages for France and Germany are 39 and 41 years. These figures correspond

4 The sample characteristics match the characteristics published by STATEC well. STATEC (2012) estimates
the respective share of Belgian, French and German cross-border commuters from Belgium, France and
Germany to be 90%, 96% and 92%.



closely to those survey based figures from in Allegrezza et al. (2005) where male and fe-
male cross-border commuters were estimated to be on average 37.4 and 34.7 years of age
(data referring to 2002).

Table 4: Employment related characteristics

BE FR DE Total

Employment status Self-employed with and without employees 3.7 2.0 1.8 2.4
Employee 96.3 98.0 98.2 97.6

thereof with permanent contract 96.8 97.3 97.8 97.3

Employment status spouse Employed 71.7 77.7 75.4 75.7
in Luxembourg 52.6 459 35.4 44.9

in country of residence 47.4 54.1 64.6 55.1

Sector of company (incl. NACE Industry (B, C, D, E) 19.7 18.4 13.0 17.4
code liv.2) Construction (F) 6.8 11.0 15.0 11.0
Wholesale & retail trade; repair (G) 12.9 10.5 12.3 11.6

Financial & insurance act. (K) 17.9 15.7 24.2 18.4

Market services (H, I, J) 18.9 19.3 7.6 16.2

Non market services (L-S) 23.8 25.1 27.8 25.5

Working hours/week Mean 39.5 39.7 39.9 39.7
Median 40 40 40 40

Working years in Luxembourg Mean 12.1 10.0 9.3 10.3
Median 9 10 7 9

Means of transport By car only 84.5 76.8 87.0 81.3
By public transport only 2.6 4.5 3.7 3.8

Both 12.9 18.7 9.3 14.8

Distance to workplace in km Mean 48.3 46.1 47.3 47.0
Median 42 40 47 43

Source: own calculations based on the XB-HFCS 2010; data are multiply imputed and weighted.

The civil status is similar across countries; the mode is “married or living together with a
partner”, with relative frequencies of 69% in Belgium, 72% in France, and 62% in Ger-
many; the second most frequent category is “single” with a share of around 21-23% in all
three countries. The data shows that cross-border commuters tend to have a high level of
education regardless of the country of residence. The distribution of educational levels is
as follows: For Belgian cross-border commuters, the mode is to have achieved a first stage
tertiary education, while for cross-border commuters from France and Germany, it is to
have achieved a (upper) secondary education degree. The median household size is 3 for
workers resident in France and Belgium. It is 2 for cross-border commuters residing in
Germany. In summary, even if there are differences in detail with respect to the socio-
demographic descriptive statistics over the three neighbouring countries, cross-border
workers tend to be natives in the residence country, are relatively young, and highly edu-
cated.

With about 98%, almost all cross-border commuters are employees, of whom 97% have a
permanent contract. The variation across countries of residence is negligible. The share of
employed spouses/partners is rather high regardless of the country of residence consid-
ered. On average, 76% of spouses/partners are in employment, of whom almost 45% work
across the border as well. For Belgian cross-border commuter household this is also the



modal outcome. In France and Germany it is more common that one partner commutes
across the border whilst the other is employed in the country of residence. Having said
this, the fraction of cross-border’s spouses/partners being cross-border commuters them-
selves is rather substantial (France: 46% and Germany 35% of those being in employment).
Concerning the sectors of employment, by far the most important sector for cross-border
commuters is the Services sector, where almost two thirds of jobs are. At a more disaggre-
gate level, the main sectors of activity are Non-market Services and Financial Services fol-
lowed by Industry and Market Services. The median and mean number of working hours
is 40 and 39.7 hours per week. The median number of years working in Luxembourg is 9
years; the mean is 10.3 years.

The average and median commuting distance are 46 and 43 kilometres, with German
commuters having a slightly longer median commute (47 km) than commuters from Bel-
gium (42 km) or France (40 km). Cross-border commuters predominantly arrive by car.
For an estimated 81% of cross-border commuters, it represents the sole mode of transport.
The respective share for commuters from Belgium, France, and Germany are 85%, 77%
and 87%. 15% are estimated to use both car and public transport and a low 4% use public
transport only.

4 How much do cross-border commuters spend across the border?

According to the estimates from the XB-HFCS, cross-border commuter households spent
on average €9,300 in Luxembourg in 2010. The highest expenditures are incurred by cross-
border commuter households from Belgium (€10,000), followed by cross-border commuter
households from France (€9,900) and Germany (€7,600). These figures are line with those
reported for 2007 by Genevois and Zanardelli (2008); total consumption expenditures in-
creased by 3% in nominal terms, which is lower than the 7.6% cumulated increase of the
Luxembourg HICP during the same time span (see Mathd, Porpiglia and Ziegelmeyer,
2012 for further details). In total, cross-border commuter households' expenditure ac-
counts for about 10% of household final consumption expenditure on the Luxembourg
territory for the selected items. If we were to include Housing, water, electricity, gas and other
fuels (~24% of total HFCE in 2010) then their contribution would shrink to about 6%.
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Fuel purchases represent the largest share of consumption expenditure in Luxembourg,
representing almost €2,500 on average. Together with tobacco and alcohol, these products
subject to special excise duties represent roughly 1/3 of all consumption expenditures of
cross-border households on the Luxembourg territory. They represent 21%, 6% and 7% of
household final consumption expenditure in Luxembourg for these categories. With re-
gard to fuel this is about 15 percentage points less than the share of about 35% for cross-
border commuter households in the combined number of Luxembourg resident and cross-
border commuter households (186,440+99,181). Much of the difference must therefore be
accounted for by fuel tourism of other non-residents and detouring freight transporters.
The second place goes to food and non-alcoholic beverages, i.e. supermarket shopping (16%)
or catering services, i.e. eating out (11%). The third and fourth place got to vehicle purchases
(13%) and clothing (8%). The respective share of tobacco and alcohol are somewhat surpris-
ing and lower than what we would have expected a priori. The rather high share of pack-
age holidays (Q: booking travels, train or aeroplane tickets) deserves mention; cross-border
commuter households account for about 20% of this category in the HFCE, which is likely
to be linked to the international airport in Luxembourg.

How does the total consumption expenditure of cross-border commuter households vary
over the income distribution? Table 6 displays how much of the gross income earned in
Luxembourg is consumed in Luxembourg. If a household earned a yearly gross income
between €0-10,000, the household spend on average €5,900 for consumption in Luxem-
bourg. Whereas absolute consumption expenditures increase with higher income brackets,
the share between consumption in Luxembourg and gross income earned in Luxembourg
shrinks, e.g. households in the lowest income bracket consume according to Table 6 more
in Luxembourg than their income. However, this likely to be due to the way we had to
approximate income, i.e. due to taking the midpoint of each income bracket, which for this
category may simply reflect that most households” income in this bracket is closer to the
upper end than to the lower end of the bracket. The fraction of income consumed in the
highest income bracket of €500,000-1,000,000 is only 6%. On average, approximately 17%
of the gross income received from Luxembourg is also consumed in Luxembourg, repre-
senting about €925 million per annum.

Table 6: Consumption in Luxembourg as a fraction of income

Mean Income LU Consumption in Total Consumption in
€/year consumption midpoint bracket % of income LU income % of total income
€0-10,000 5,877 5,000 118 18,631 32
€10,001-25,000 7,869 17,500 45 26,897 29
€25,001-50,000 7,942 37,500 21 46,051 17
€50,001-75,000 8,784 62,500 14 71,966 12
€75,001-100,000 14,045 87,500 16 97,013 14
€100,001-250,000 16,116 175,000 9 179,639 9
€250,001-500,000 24,944 375,000 7 382,212
Total 9,317 53,501 17 62,405 15

Source: own calculations based on the XB-HFCS 2010; data are multiply imputed and weighted.



Next, we provide some descriptive statistics to explore how cross-border consumption
varies across household characteristics. Table 7 and Table 8 provide the participation rates
and the mean expenditure for the product categories. In the discussion, we limit ourselves
to the most important categories and note first that, indeed, it is not easy to distil bivariate
relationships of general validity for participation rates and (conditional) mean expendi-
tures that in addition also hold across expenditure items. Clearer answers can only be ex-
pected from multivariate estimations, which are subject of the next section. Still, we want
to provide some selective but noteworthy first impressions.

With respect to food and non-alcoholic beverages, the participation rates are very high, and in
the same magnitude as fuel, with negligible variation across household characteristics, at
least form what can be deduced from these summary statistics. With regard to alcohol, the
participation rate tends to be higher for the young, middle and high educated, as well as
larger households, and households with 2 or more cross-border commuters and commut-
ing by car (exclusively or not). It is not surprising to see that the transport mode has an
effect on tobacco and alcohol purchases, as fuel, tobacco, and alcohol are often purchased
in bundles. When refuelling the car in Luxembourg, tobacco and alcohol are stocked up as
well. 40% of cross-border commuter households buy tobacco products in Luxembourg.
Here, we notice a clear variation across household characteristics. Younger, less educated
households, households commuting to work by car only and lower income from Luxem-
bourg and French households seem to have higher participation rates. The high participa-
tion rate among cross-border commuter households from France may also relate to to-
bacco being priciest in France, whilst it is cheapest in Luxembourg.

With regard to clothing, 65% of cross-border households buy clothing in Luxembourg. The
participation rate tends to be higher among women, better educated households and
households with more than one cross-border commuter and households with higher in-
come from Luxembourg. Cross-border households from Germany tend to have a lower
participation rate than their counterparts form Belgium or France, which may also be re-
lated to price differences.

As expected, with a participation rate of 41%, the probability of buying durables is gener-
ally on the lower side. On average, 38% of cross-border commuter households bought fur-
nishings and household equipment, such as furniture, TV, computer etc... in Luxembourg
during the last 12 months. This is related to the fact that these types of products are bought
infrequently. Additionally, these goods are commonly associated with delivery charges
(being typically bulky products), and thus cross-border activity may be constrained by this
factor.
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Not surprisingly then, a low 7% of cross-border commuter households bought a vehicle in
Luxembourg in that given year. However, conditional on purchase the mean expenditure
is sizeable. Noticeable is the much lower participation rate in durables and the related un-
conditional mean expenditure among cross-border commuter households from Germany
(18% and €1,222), whilst participation rates reach about 50% and unconditional higher
mean expenditures (€1,445 and €2,181) for cross-border commuter households from Bel-
gium and France. It is in particular the much lower participation rate (12%) in buying fur-
nishings and household equipment compared to cross-border commuters from Belgium (49%)
and France (46%) that makes the difference. The conditional mean is, in contrast, rather
similar across countries (BE: €1,185, FR: €1,275, DE: €1,009). However, concerning vehicles
cross-border commuter households from Belgium have the lowest participation rate (4%),
but the highest conditional mean expenditure (€21,633). Furthermore, durables seem more
likely to be bought and at higher expense if cross-border commuter households live,
loosely speaking, closer to Luxembourg (smaller distance between home and workplace),
the larger the household, the better educated the reference person and if there are more
than one member working in Luxembourg. With regard to age there seems to be hump-
shaped pattern discernible for the participation rate but not for the conditional mean ex-
penditure. Furthermore, participation and mean expenditure seems to be positively re-
lated to income in Luxembourg (except for the highest income earners), but not with in-
come in the country of residence. Differences in the participation rates do not always carry
over to differences in mean expenditure.

Turning to fuel, we notice first the high participation rate in buying fuel in Luxembourg. It
seems that variation across household characteristics is negligible. Virtually every cross-
border commuter household buys fuel in Luxembourg, which of course was to be ex-
pected given the previous discussion on prices differences and cross-border arbitrage. No-
table in this context is that, it does not seem to matter how cross-border commuters take
themselves to work, by car or public transport. The participation rate remains very high
(96% for households using the car only, 92% for those taking public transport and 98% for
those using both modes). A more useful characteristic here would possibly be whether or
not households have (own) a car. In essence, this means that regardless of the transport
mode cross-border commuter households refuel in Luxembourg, where fuel prices are
knowingly much cheaper than in the neighbouring countries.

Lastly, with regard to services, descriptive statistics tend to suggest that participation in
services expenditure increases with household income in Luxembourg, the number of
cross-border commuters in the household, the educational attainment. With respect to ca-
tering services, the participation rates are very high, and in the same magnitude as fuel.
This again, is a very expected result and likely to be much related to meals at lunch time
and other catering expenses. Some variation across household characteristics tends to be
present. Older and larger cross-border households tend to have a slightly lower participa-
tion rate whereas households with a higher income from Luxembourg tend to have higher
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participation rates. The participation rate and expenditure incurred for other services cate-
gories is on the low side. We leave the discussion of those to the multivariate analysis.

5 Econometric analysis

5.1 Econometric model

We analyse cross-border consumption expenditures and relate it to various socio-
economic and employment related characteristics of the household, as well as price differ-
ences across countries and product categories. We adopt the following estimation strategy:
First, we provide estimates for the pooled expenditure set of household i over different
product categories j (excluding the unspecific other category), thereby obtaining
ixj=715x14=10,100 observations. Second, we provide separate coefficient estimates for each
individual product category, and third for aggregate expenditure items, such as total ex-
penditure, expenditure of durables, transport and services. Total expenditures are non-
censored, meaning that we are able to use linear regression techniques. The results of a
Box-Cox model for total expenditures indicates that a log-linear model is to be preferred
over a linear model (theta=0.078). We will thus transform the dependent variables in natu-
ral logarithms.

For most product categories, and this also being the case for the two aggregate categories
durables and services, the expenditure distribution function is censored at the lowered tail,
i.e. at zero, resulting in biased estimated in case of using ordinary least squares. For the
pooled estimations, as well as categories affected in the individual estimations, we there-

fore opt for a tobit model. The observed expenditures are vy, = y;, if In(y;)>0and
In(yi*]-k) <0 otherwise. This model can be estimated with tobit, where the dependent vari-

able is In(y) rather than y, and the threshold equals the minimum uncensored value of
In(y) (see Cameron and Trivedi, 2009).

Consider the log-linear regression model with panel-level random effects for the pooled
dataset (i.e. combining both expenditures across households and product categories):

|n(Yi*jk) =exp(XyB+a; +@ +V + &),

where y;}k is the underlying latent variable. The random effects v, are assumed to be i.i.d
with N(0,07) and the error term &jx is assumed to be i.i.d. with N(O, 0?) and independ-
ent of V. a;and ¢ represent product and country fixed effects, respectively. We report

weighted average marginal effects, i.e. marginal effects are calculated first for every
household. Then they are the averaged and weighted. All estimates are based on 5 sets of
multiply imputed datasets. The coefficients and standard errors are calculated following
Rubin’s rule (1987).
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The vector of explanatory variables includes an array of variables related to individual and
household related information of cross-border commuters, which we expect to influence
whether or not and how much is spent on the product category in question. The first
group of variables is related to the employment of the cross-border commuter in the
household. This is the logarithm of the distance from home to work, whether or not the
cross-border commuter is full-time working, his/her duration in years of working in Lux-
embourg, the dominant transport mode (car, mixed, public transport), the number of house-
hold members working in Luxembourg, as well as the logarithm of total household income.
Second, we include a number of other household control factors, such as the household size,
the civil status (single, married/partnered or widowed/divorced), gender, age and educational
attainment (primary, secondary, tertiary) of the cross-border commuter.®> Finally, we include
the price level index (relative to Luxembourg) for specific product items and aggregates to
analyse how price differences affect the expenditure of cross-border commuter households
in Luxembourg, as well as some dummy variables for the residence for the household
(Belgium, France or Germany). The higher the difference the more attractive is buying in
Luxembourg. In case of prices being higher in Luxembourg, the less negative the price in-
dex difference to the respective neighbouring country, the less the cost penalty of buying
the item in Luxembourg. Thus, the expenditure is expected to monotonically increase in
the price level index difference.

5.2 Econometric analysis

We first discuss estimates for the pooled dataset (Table 9), followed by a brief discussion
of the estimates for each individual product category (Table 10) and selected aggregates of
total, durable, transport and services expenditures (Table 11). In the discussion, we will
focus on distance, income and PLI differences. Coefficient estimates of other covariates are
discussed selectively.

Pooled estimates

Both estimation techniques use either pooled tobit estimates with clustered household id
or a random effects tobit on the households id yield very similar results (Table 9) and are
discussed together. Increasing distance between home and work contributes significantly
negative to consumption expenditure in Luxembourg. The elasticity is less than -1/3,
which is contrast to most international studies on trade flows, which consistently report
distance elasticities of above -1. In our case, this may be related to the particular focus of
the study —i.e. the fact that we analyse cross-border commuters, which by definition regu-
larly cross the border, and as such do not incur any additional transport costs when shop-
ping in Luxembourg. Still, we would expect distance to matter. This is as households liv-
ing in close proximity of the border may cross the border more frequently for shopping
purposes. To provide a specific example some Luxembourg supermarkets are open on
Sundays (this is also marketed in the media, such as the local radio stations), whereas su-
permarkets in Germany are generally shut on Sundays. Households living in very close

5 We included also the inverse hyperbolic sinus transformation of total household net wealth. Since this vari-
able was not significant, we excluded it from our specifications.
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proximity to such a supermarket make use of this amenity whereas households living far-
ther away, say close to Saarbriicken, would generally not be expected to make use of this
possibility.

Total household income has a significantly positive effect on cross-border consumption,
with an income elasticity which is about 0.20. In addition, it matters profoundly whether
more than one household member is a cross-border commuter. Similarly, the duration of
working in Luxembourg and working full-time (>=40hours) as opposed to part-time have
a positive effect on consumption; each year and working full-time increase consumption
by an estimated 1.5% and 20% respectively. For part-time workers, this strong reduction in
consumption expenditure in Luxembourg may also be related to fewer cross-border cross-
ings, simply as they work fewer days (e.g. two or three out five days) in Luxembourg.
With regard to the transport mode, the coefficient estimates indicate that cross-border
commuter households using public or mixed modes of transport incur higher expenditure
in Luxembourg than household exclusively using the car to get from home to work esti-
mations.

Concerning other household controls, it appears that household size, status and age do not
exert any significant effect, whereas women tend to spend significantly more than men.
Furthermore, less educated cross-border commuter households tend to incur significantly
lower expenditures. Cross-border commuter households from in Germany tend to spend
significantly less than cross-border commuter households from Belgium or France.

Price level index (PLI) differences contribute positively significant to cross-border expen-
diture. Distinguishing between PLI differences for tradables and services reveals that it is
the PLI differences for tradables that are the driving factor. PLI differences for services are
not significant in contributing to more/less cross-border consumption expenditure. Distin-
guishing further between PLIs for each product category corroborates this finding. PLI dif-
ferences are significantly positive for the tradable product categories alcohol, tobacco, cloth-
ing, furnishings and household equipment, vehicles and fuel. PLI differences for individual ser-
vices related product categories are either insignificant or significant with wrong sign.
Thus, these results indicate that cross-border commuters take advantage of existing arbi-
trage possibilities. For services, results are likely to be linked to limited substitutability
possibilities, as some expenses can hardly be avoided, such as expenditure for food and
drinks at lunch time.

Estimates for individual product categories

Distance has a significantly negative effect on consumption expenditure for the majority of
product categories. There is no significant effect on tobacco, fuel, maintenance and repairs
of vehicles, education and catering services. With regard to tobacco, fuel and catering ser-
vices, these results are not surprising. The distance coefficient estimate for tobacco is in-
significant, a result that is likely to be linked to the insignificance of distance estimate for
fuel. Tobacco can be bought anywhere in Luxembourg, at big petrol stations or smaller
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newspaper shops in town. Often tobacco purchases are bundled with refuelling. The in-
significance of the distance coefficient for fuel is not unexpected; fuel is purchased by vir-
tually all cross-border commuters, regardless of the transport mode usually used. The in-
significance of the coefficient estimate may relate to missing variability, as the price differ-
ence between Luxembourg and the neighbouring regions is such that all commuters al-
ways try to refuel in Luxembourg, and this is regardless of the predominant transport
mode. Anecdotal evidence (i.e. from one of the authors) suggests that commuters usually
using public transport use their car once or twice a month for their commute (either in part
or entirety) in order to refuel their car at a Luxembourg petrol station. Descriptive statistics
do not show a marked difference between fuel consumption and transport mode, a result
which is also supported by the multivariate estimation (specification 7). Also, a larger dis-
tance between home and work may actually be expected to result in higher fuel expendi-
tures, as the car has to be refuelled more often; this effect may be counterbalanced by in-
creased use of public transport or mixed transport modes for larger distances.

The total household income is significantly positive for 6 out of 14 product categories. In
addition, it matters whether or not more than one household member is a cross-border
commuter (sign. for 7/14 categories). The coefficient estimates are for example positively
significant for clothing, fuel, transport services, catering services, and thus significant for
those product categories that we would primarily expected to be affected. Price level index
(PLI) differences are positively significant for a number of product categories, notably
food and non-alcoholic beverages, alcohol, tobacco, clothing furnishings and household
equipment, and thus those product categories that can be considered tradables, thus by
large corroborating the results from the pooled estimates. The PLI differences are gener-
ally not significant for product categories related to services (and if so with wrong sign). In
part this is related to missing substitutability. Being located in Luxembourg for work pur-
poses implies certain expenditures that hardly can be avoided, such as expenses for meals
in restaurants or canteens. Again the results from these product specific regressions sug-
gest that cross-border commuter household systematically use the existing arbitrage pos-
sibilities for consumer purchases.

With regard to the transport mode, the estimations return mixed signals. As would be ex-
pected the expenditure on transport services in Luxembourg is larger if the transport
mode includes a public transport component; the coefficient estimates for both mixed and
public transport mode are positively significant. Cross-border commuting households ex-
clusively using public transport tend to spend less expenditure on vehicles and on main-
tenance & repairs of vehicles, as would be expected. Female gender is a positively contrib-
uting factor for expenditure on tobacco, clothing, health, education and package holidays.
A higher educational attainment goes together with higher expenditure on clothing, cul-
ture and catering services and lower expenditure on tobacco. Other household characteris-
tics have sporadic significant effect on expenditure, which are hard to generalise.
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Estimates for selected aggregates

Next, we discuss the estimates of selected aggregates. Again, distance has a negative effect
on total expenditure and the expenditure of durables. A higher total household income
and more than one cross-border commuter in the household increase the total expendi-
ture, as well as expenditure on services. Additionally, the former increases expenditures
on durables and the latter expenditure on transport. Age and the number of years working
in Luxembourg have a positive (0.8% and 0.7% per year) impact on total expenditures, as
well as being female.

Table 11: Expenditure estimates for selected agqregates

Aggregates
(16) (17) (18) (19)
&
£ @
@ E 2
5 - 2
S S = 2
In(distance) -0.138 ** -0.770 ** -0.0626 -0.248
(-2.48) (-2.49) (-0.37) (-1.27)
mixed transport 0.0523 0.386 0.199 0.335
(0.78) (1.01) (1.43) (1.64)
public transport -0.0328 1.013 -0.0854 0.317
(-0.19) (1.22) (-0.39) (1.17)
In(total income) 0.249 *** 0.510 * 0.152 0.754 ***
(4.93) (1.89) (0.79) (5.01)
length 0.00714 * 0.0284 0.0151 0.0267
(1.65) (0.98) (1.13) (1.31)
full-time 0.166 ** -0.170 0.115 0.254
(2.05) (-0.33) (0.42) (0.87)
>1 cross-border 0.283 *** 0.332 0.528 *** 0.539 ***
commuter in househ. (4.34) (0.91) (2.75) (2.89)
household size 0.0312 0.255 0.0310 -0.202 *
(1.15) (1.60) (0.35) (-1.92)
single -0.0218 -0.533 -0.223 0.0576
(-0.28) (-0.93) (-1.02) (0.22)
widowed/divorced -0.155 -0.621 -0.317 0.0582
(-1.62) (-1.17) (-1.09) (0.25)
age 0.00813 ** -0.0103 -0.00242 -0.00357
(2.04) (-0.39) (-0.15) (-0.19)
female 0.158 *** -0.593 0.174 0.0607
(2.73) (-1.63) (1.10) (0.35)
prim. / lower secondar; -0.195 * -1.649 0.192 -1.113 **
education (-1.69) (-1.48) (0.41) (-2.09)
upper secondary 0.0357 -0.460 0.382 * -0.385 **
education (0.59) (-1.19) (1.67) (-2.00)
PLI difference 0.0304 *** 0.384 *** 0.106 * 0.0142
(3.20) (4.82) (1.68) (0.59)
# observations 715 715 715 715

Note: own calculations based on the XB-HFCS 2010; data are multiply imputed and weighted. Reference category is mar-
ried/partnered, part-time, male, tertiary education, transport mode car. Total expenditures is estimated by OLS. Tobit
estimates for durables, transport and total services refer to weighted average marginal effects of the latent expected value
of y*. t-statistics based on robust standard errors in (). For definitions of aggregates see Table 8.Transport comprises the
sum of vehicles, fuel, maintenance & repair of vehicles and public transport
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Education affects expenditure aggregates in different ways. Upper secondary education
increases services and transport expenditure. Total expenditure is significantly lower for
cross-border commuter households with primary education than for households with ei-
ther secondary or tertiary education. The more educated the cross-border commuter
household the more is spent on total services. Price level index differences contribute to
cross-border commuter household total expenditure, expenditure on durables and trans-
port, but not on services. These results support the results from pooled estimation and in-
dividual product categories.

6 Final remarks

International borders usually go hand in hand with price and wage discontinuities, which
are caused by different institutional and regulatory environments (e.g. taxes), thereby giv-
ing rise to arbitrage opportunities, which in turn are exploited by workers and consumers;
they engage in cross-border shopping. This phenomenon is well known, but it seems, as
for example argued by Asplund, Friberg and Wilander (2007, p. 142), little is known about
magnitudes. This paper hopes to contribute to the existing cross-border shopping litera-
ture in several ways. First, it seeks to quantify the extent of cross-border shopping in a
specific geographical environment for a well defined population. We present consumption
estimates of cross-border commuter households based on data of a representative survey,
thereby exploiting the fact of natural cross-border crossings. In total, it is estimated that
cross-border commuter households spend €925 million per annum in Luxembourg, reflect-
ing about 17% of their gross annual income from Luxembourg and contributing about 10%
to household final expenditure in Luxembourg. Second, cross-border expenditure is
shown to generally depend on various individual and household characteristics, such as
total household income, the number of cross-border commuters in the household, distance
between home and work. Furthermore, cross-border commuter households’ consumption
expenditure is related to price level index differences across the neighbouring countries.
This is in particular the case with regard to tradables and durables, such as food and non-
alcoholic beverages, alcohol, tobacco, clothing, furnishing and household equipment. For
services, the expenditures of cross-border commuter households are not systematically
related to price level differences, which may also be linked to the limited cross-country
substitutability of these services with respect to consumption.
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