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Abstract

We estimate a linear approximation of the market potential func-
tion derived in geography and trade models. Using a spatial econo-
metric estimation approach, border effects can be identified by a dif-
ferential impact of neighboring regions’ purchasing power, depending
on whether two regions are located in (i) the same country (ii) within
the EU15 or (iii) outside the EU15. Our results suggest that there are
substantial market potential effects on nominal wage rates. We also
find significant border effects between EU15 and non-EU15 countries.
Our estimation results suggests that the enlargement of the EU on
May 2004 may lead to pronounced wage effects in the new member
states, but to relatively small ones for the existing members.
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1 Introduction

Since the fall of the Iron Curtain and the opening-up of Central and Eastern
Europe (CEEC) at the beginning of the nineties major steps of economic
integration have been undertaken between the EU and EFTA countries and
the CEEC. Examples of this are the reduction of tariffs and other trade bar-
riers with the completion of the Europe Agreements and the introduction of
a pan-European cumulative tariff system which replaced the complex system
of rules of origin in the European Union. These steps culminated in the
accession of eight countries from the region in May 2004.
This accession has been associated with a number of concerns amongst

which regional issues and labour market effects figured prominently. In the
public debate concerns about the intensified competition for border regions
often have been voiced. The majority of economic studies so far, however,
mainly focussed on the analysis of wage and employment effects of trade in-
tegration for single countries (specifically, the US and the UK). The regional
perspective is still under-researched, although new economic geography mod-
els suggest major regional impacts of integration. These models make two
central predictions on the spatial structure of wages and the effects of in-
tegration on wages in border regions. First, falling transport costs across
national borders (which is a synonym for integration in these models) may
change the spatial structure of wage rates within the country (see: Krugman
and Livas, 1992, Fujita, Krugman and Venables, 1999, Crozet and Koenig
Soubeyran 2002, Paluzzie, 2001) as well as between countries. As recently
pointed out for instance by Brülhart et al. (2004), the reduction in cross
border transport costs embodied in EU enlargement may change the spatial
structure of EU countries and accession countries. Second, economic geogra-
phy models predict that regional wage levels follow a non-linear version of the
market potential function proposed by Harris (1954). Following the seminal
work by Hanson (1998, 2001), who based his estimates of the parameters of
this market potential function on the Helpman (1998) version of the so-called
Krugman (1991) core-periphery model, a number of contributions provide
estimations of the market potential function for the EU15 (Niehbur, 2004)
and individual EU countries (Roos, 2001, Brackman et al., 2002, De Bruyne,
2003, Mion 2003).
In this paper we use these two central predictions of economic geography

models to test the significance of border effects of EU15-internal and external
borders and to simulate a scenario of the potential spatial impact of EU-
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enlargement. As in Mion (2003), we linearly approximate the non-linear
potential function implied by the core-periphery model to derive a simple
linear specification. This specification is estimated for a cross-section of
NUTSII regions encompassing the EU15, the largest new EU member states
as well as Switzerland and Norway. We extend previous analysis in two ways:
First, we identify border effects both within the EU15 and between EU15
and Non-EU15 regions. This is important because our results indicate that
there are (i) substantial interaction of wage rates across borders of countries
within the EU15 and (ii) that external borders form a major impediment to
trade and factor mobility, leading to pronounced extra-EU15 border effects.
Second, we use our estimated specification to quantify the impact of the
accession of the CEEC to the EU15 on regional wage rates by assuming
that in the long run border effects between EU15 and new member states
will converge to those found currently among the EU15. These calculations
suggest that removing the borders between EU15 and accessions countries
results in a significant increase of wage rates in the accessions countries, while
those of the incumbent countries remain virtually unaffected.

2 The econometric specification of the mar-

ket potential function

The starting point of our analysis is the structural market potential func-
tion, which relates the nominal wage rate (wi) in region i to the spatially
weighted sum of purchasing power (measured in terms of nominal GDP, yi)
in its neighboring regions. This relation is based on following equilibrium
conditions of the Krugman (1991) model:

wi
Tµi

=
wj
Tµj

(1)

Ti =
J

i=1

λj(wje
τdij)1−σ

1
1−σ

(2)

wi =
J

i=1

Yj(e
−τ(σ−1)dij)T σ−1

j

1
σ

(3)

where subscripts i and j index regions. σ > 1 denotes the elasticity of
substitution between any two variants of manufacturing goods. (1) states
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that in equilibrium real wages are the same in all regions so that there is no
incentive for workers to relocate. The price level in each region is given by T µi ,
where µ denotes the expenditure share of the differentiated manufacturing
good produced under increasing returns (1 − µ percent of the budget are
allocated to a agricultural, homogenous numeraire good). This good can be
costlessly traded and its price is normalized to 1. Forward and backward
linkages induce spatial concentration of workers and firms and constitute the
well known centripetal and centrifugal forces in the model (Krugman, 1991).
(2) illustrates that the price level of differentiated goods in region j depends
on the share of manufacturing goods produced in j, denoted by λj, and the
index spatially weighted wage rates of all other regions. A region’s weight
declines in distance (dij) at rate τ . Lastly, the equilibrium wage rate of region
i is given by (3), which forms the basis of our econometric specification we
intend to estimate. We take the logs of (3) to receive:

lnwi =
1

σ
ln

J

j=1

Yj(e
−τ(σ−1)dij )T σ−1

j (4)

=
1

σ
ln

J

j=1

YjdijT
σ−1
j ,

defining dij = e−τ(σ−1)dij . Following Hanson (1998, 2001), Roos (2001),
Niebuhr (2004) and others, we have to eliminate the empirically unobservable
price index (Tj) in (3) to arrive at an estimable specification. Our assump-
tions to derive the basic specification are less restrictive than in the previous
literature, which either assumes that real wages are the same in all regions
or that the price indices are identical. Also, the model assumes an iden-
tical technology across regions, which is unrealistic. Our sample contains
Central and Eastern European regions with productivity levels much lower
than the EU15 average. There is also a considerable variance in productiv-
ity levels between EU15-regions. We assume that wages differ according to
labor productivity and country group effects (Eastern European Countries,
Non-EU15-EFTA countries and EU15 countries being the base). Formally,
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let

wi
T µi

= ωi (5)

wj
T µj

= δ−1i ωi ⇒ (6)

Tj =
wj
ωi

δi

1
µ

(7)

where δ−1i is the correction for factor productivity differences for region i and
it is defined as the percentage deviation from the overall mean. Under these
assumptions, substituting equation (7) into (4) yields:

1

σ
ln (wi) =

1

σ
ln

J

j=1

Yjdij(
wj
ωi

δi)
σ−1
µ = (8)

=
1− σ

σµ
ln (ωi) +

1

σ
ln

J

j=i

Yj(wjδi)
σ−1
µ dij

To derive the empirical specification, we approximate linearly around the
average yearly wage rate w on the left hand side and around the yearly
averages on the right hand side. Hence, the linear approximation yields the
market potential function in percentages of yearly means of the variables. It
enables us to identify the border effects without a non-linear least squares

5



approach.

lnwt +
(wi − w)
wt

(9)

≈
1− σ

σµ
ln (ωi) +

1

σ
ln Y (wδ)

σ−1
µ

J

j=i

dij (10)

+
1

σ

J
j=i(wδ)

σ−1
µ dij(Yj − Y )

J
j=i Y (wδ)

σ−1
µ dij

+
σ − 1
σµ

J
j=i Y w

σ−1
µ
−1δ

σ−1
µ dij(wj − w)

J
j=i Y (wδ)

σ−1
µ dij

+
σ − 1
σµ

J
j=i Y w

σ−1
µ δ

σ−1
µ
−1
dij(δi − δ)

J
j=i Y (wδ)

σ−1
µ dij

=
1

σ

J

j=i

dij(Yj − Y )
Y

+
σ − 1
σµ

J

j=i

dij(wj − w)
w

+
σ − 1
σµ

(δi − δ)

δ
+
1− σ

σµ
ln (ωi) +K (11)

where we make use of the row normalized spatial weighting matrix with
J
j=1 θij = 1. K captures all remaining terms which are independent of i

or j. In our empirical application this spatial weighting matrix possesses
the typical element θij =

exp(−dij/γ)
J
i=j exp(−dij/γ)

for i = j and θij = 0 for i =

j and it follows J
i=j θij = 1. Lastly, dij is specified as ρθij, ρ being a

spatial parameter to be estimated. Adding the iid error term (or a spatially
correlated error term) yields the specification, we estimate below.

wi − w
w

= K +
1

σ

(Yi − Y )
Y

+
σ − 1
σµ

(wi − w)
w

+
σ − 1
σµ

(δi − δ)

δ

ρ

σ

J

i=j

θij(Yj − Y )
Y

+
(σ − 1) ρ

σµ

J

i=j

θij(wj − w)
w

+ εi
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or

wi − w
w

= K +
µ

σ(µ− 1) + 1
(Yi − Y )
Y

+
σ − 1

(σ(µ− 1) + 1)
(δi − δ)

δ

+
ρµ

σ(µ− 1) + 1
J

i=j

θij(Yj − Y )
Y

+
ρ (σ − 1)

σ(µ− 1) + 1
J

i=j

θij(wj − w)
w

+ εi

We envisage the EU border effect as a differential impact of the neighbors’
purchasing power (measured by ρ), depending on whether they are located
in the same country, (ii) within the EU15 or (iii) outside the EU15. We use
the follwing decomposition:

J

i=j

θij(Yj − Y )
Y

=
J

i=j, same country

θij(Yj − Y )
Y

+
J

i=j, EU

θij(Yj − Y )
Y

+
J

i=j, Non−EU

θij(Yj − Y )
Y

Now define the percentage deviation Y , and w from their overall means,

e.g. Yi =
Yi−Y
Y
. Then. in vector notation the linear approximation to be

estimated reads1:

w = β1Y + β2WY + β3W
EUY + β4W

NEUY (12)

+ β5Ww+ β6p+β7D1+β8D2 + u

where WEU is identical to W if the two regions are located in different
countries but within the borders of the EU15 and zero otherwise. WNEU

is identical to W if one region is in the EU15 and the other outside, or if
both regions are in different Non-EU15 (NEU) countries. Hence, β2 refers to
the base of regions from within the same country. W is the block diagonal
spatial weighting matrix with typical N × N matrix with row normalized
spatial weights. u denotes the error term and we envisage u = φWu+ ε,
εj ∼ iidN(0, σ2ε). X comprises additional controls such as productivity. We
also introduce a Dummy for the Eastern European countries (D1) and one

1Note, that we have to correct the constant by adding
ρEUµ

σ(µ−1)+1W
EU + ρNEUµ

σ(µ−1)+1W
NEU Y, where Y is the vector of means. This cor-

rection is particularly important, when calculating counterfactuals.
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for Non-EU15-EFTA countries (Switzerland and Norway, D2) to control for
differences in wages due to country group effects. Since we have eight es-
timated parameters and only three in the theoretical model, identification
of the latter is not possible. We thus confine our inference on the signs of
the estimated reduced form parameters. Estimating border effects is still
possible, however.

3 Data and Estimation results

We use data for a total of 215 regions provided by Cambridge Economet-
rics, containing NUTSII level information from the Eurostat New Cronos
database on regional GVA and wages for EU15 member states and a sub-
set of the largest new EU member states (Hungary, Poland and the Czech
Republic) as well as Switzerland and Norway. To avoid problems with non-
contingent spaces (due to lacking data on the Balkans) we omitted Greece
from the dataset. Furthermore for German regions wage data (compensation
per employee) are available only at the level of NUTS I. In the cross-section
estimates we draw data for the year 2001. As the dependent variable we use
nominal compensation per employee. Regional income (purchasing power), is
approximated by nominal GVA and regional differences in labor productivity
are added as control variable. Finally, distance is measured as the crow fly
distance between the capitals of each NUTSII region.

[Table 1]

Table 1 for each country in our data displays the average distance weighted
purchasing power (GVA) of all accessible regions (in column 1). Furthermore,
the average distance weighted purchasing power of regions either located (i)
in another country but within the EU15 borders (column 2) (ii) in different
countries along the EU15- non EU15 border and NonEU15-NonEU15 bor-
der (column 3) and finally (iii) in different countries along the border of the
EU15 and the three new member states in the sample (column 4). The last
column thus gives an indication on how much of regional purchasing power
is relocated from outside to inside EU-internal borders after the accession
of Hungary, Poland and the Czech Republic. This table corroborates the
results of Brülhart, Crozet and Koenig-Souberain (2004) which indicate that
the additional market potential of the new EU member states is small rela-
tive to the existing EU’s market potential for the old member states. Austria
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is the country which stands to gain most in terms of market potential by en-
largement, but even here the market potential of the average Austrian region
in the new member states amounts to less than 6% of the market potential
in old EU member states. For countries more distant from the new mem-
ber states such as Spain the market potential in the new member states is
almost zero. In the new member states by contrast a substantial amount of
the market potential is located in the old EU member states. In the Czech
Republic, Hungary, and Poland around 90% of the total market potential is
located in regions in the EU. This table thus suggests that enlargement of
the EU could have a large effect on the spatial structure of at least the new
member states.

[Table 2]

The old EU member states and the new ones have been integrating for
more than a decade, suggesting that some of the potential adjustment may
already have taken place in previous years. Specifically, this should materi-
alize in cross-sectional estimates based on data from 2001.
We apply the spatial GM-estimator of Kelejian and Prucha (1999). Since

Ww is endogenous, we use the spatially lagged values of all exogenous vari-
ables as instruments, but we include only those which pass the Sargan overi-
dentifcation test. Shea’s R2 as well as an F-test show that these instruments
are relevant. Based on an initial IV-regression, we estimate φ by solving the
GM-conditions of Kelejian and Prucha (1999). The final estimation results

are derived using a Cochrane-Orcutt type transformation y∗(φ) = (I−φW)y
and applying 2SLS on the transformed data.
Table 2 presents results of estimating equation (12) in three versions,

which differ with respect to the weight of distance in the spatial weight-
ing matrix. Specification I assumes a medium decay of spatial dependence
(wij = exp(αdij)/ j exp(αdij),α = 0.01), while specifications II and III
look at α = 0.1 and 0.004 (i.e fast and slow decay, respectively). For each
weighting scheme, we estimate two variants, one without (a) and one with
(b) an endogenous spatial lag, the former being interpreted as a reduced form
of (12). The estimation results indicate significant spatial correlation of the
error term (confer the significant Moran I-test of Kelejian and Prucha, 2001)
and we prefer Specification I with α = 0.01 for further interpretation. Speci-
fication II implies a faster decay in distance and leads to similar results, while
Specification III with the lowest decay gives higher spatial parameters. In
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qualitative terms, the different specifications yield similar estimation results.
The estimation results also show that controlling for labor productivity is
very important since the estimated coefficient is highly significant. Further,
we find a small, but insignificant positive effect of own regional income (y)
which is not in line with theory. One of the reasons could be the corre-
lation with the productivity level. Using the spatially weighted average of
the purchasing power of regions within the same country as the base, we
identify border effects by the differential impact of the spatially weighted
purchasing power of neighboring regions from within the EU15 as compared
to those outside. The coefficient of the base (Wy) turns out to be nega-
tive in all specifications, in some even significantly. This does not come as
a surprise, since within countries, wages are rather homogenous and inter
alia determined by centralized wage bargaining combined with higher labor
mobility. Furthermore, the correction for productivity may also be a reason
behind this finding. The impact of the purchasing power from neighbors
within the EU15 (Wy: EU-EU) is highest and turns out to be robust and
significant. For EU15 regions the purchasing power of Non-EU15 regions is
generally smaller, and in most specifications insignificant. The simple F-tests
on border effects in Table 2 suggests significant differences in the impact of
regions within the EU15 and outside the EU15 for Specification I and III. In
Specification II both parameters are not estimated very precisely. Although
the estimation results have to be interpreted with due care, there is some
support that there are still substantial border effects between EU15 and Non
EU15 regions. Since, most of the Non-EU15 regions are located in the ac-
cession countries, on can expect a positive impact on the wage rates in these
countries following accession to the EU.
To gauge the potential impact of accession on the European regional wage

structure, based on the cross sectional estimation results reported in Table
2, we perform a simulation, in which we use the estimated coefficient of the
within EU15 market potential (Wy:EU-EU) of Specification Ib (assuming
a medium decay of spatial dependence) for the newly joined member states
(Czech Republic, Hungary and Poland) and calculate the percentage wage
change resulting from this forecast.

[Table 3]
[Figure 1]
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Figure 1 presents the simulated wage effects in the form of a map2. Ta-
ble 3 summarizes the simulation results at the level of countries and com-
pares results assuming different distance weights or distance decay functions
(”medium decay” vs. ”fast decay”). Three main findings emerge from the
results. First, wage effects due to a reduction of cross border transport costs
(border effects) in the process of EU enlargement are of a much higher mag-
nitude for the new EU member states in the sample than for EU15 countries.
Secondly, regions closest to the borders of the ”old” and ”new” EU are to
gain most in terms of wage increases. In specific, our simulations suggest
that wages in regions in the new member states near to the EU15 border
should increase by 30% to 114% if border effects were of the same magnitude
as within the EU15 (Figure 1). Regions more distant from the borders of the
EU15 would also have higher wages in this case. As already stated, for the
old member states effects would be much smaller. Regions near the old EU15
border should experience wages increases between 0,4% and 1,56%. At the
country level, the results for EU15 countries indicate the most pronounced
wage effects for Austria (0,6%), followed by Germany (0,4%), Denmark, Swe-
den and Italy. Within the group of the three new member countries the Czech
Republic is to be most affected. Last not least, the absolute magnitude of the
simulated wage changes is highly dependent on the assumed distance decay.
A look at table 3 reveals that the simulated wage change is roughly cut to
half assuming a fast distance decay and as such can be seen as representing
a lower bound of wage impacts. Since the simulations are based on cross-
section estimations the resulting wage effects reflect long run adjustments.
Also, they reflect the influence of market potential and the change in border
effects due to accession only, ignoring other major influences like productivity
changes.

4 Conclusions

In this paper we estimate a linear approximation of the market potential
function derived in geography and trade models, which relates the wage in
a region to its own purchasing power and that of its neighbors. Using a

2We calculate the direct wage effects as w −w
w = w

w (β3 − β4)∆W
EUY + w

w (β3 −
β4)∆W

EUY, where ∆WEU = −∆WNEU is the difference between the old and the new
distance matrix where the zeros for the Eastern European regions have been replaced by
the corresponding weights. w is the estimated counterfactual wage rate.
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spatial econometric estimation approach, we identify border effects differing
between regions located in (i) the same country (ii) different countries in
the EU15 or (iii) outside the EU15. Our major finding is that the market
potential located across the external borders of the EU15 exerts no significant
impact on the regional wage structure, indicating that despite the integration
process over the last decade, there are still substantial border effects between
EU15 and Non-EU15 regions. Hence, one can expect an additional positive
impact of enlargement of the EU15 on wages especially in the regions close
to the EU15 borders. Our simulations suggest that the accession may lead
to pronounced wage effects in the new member states, but to low ones for
the existing members. The results which are based on a medium distance
decay function suggest, that regions in the new member states nearest to the
EU15 border should experience wage increases of as high as 30% to 114%.
For regions located in the old member states effects would be smaller. Wages
of regions in the old member states closest to the border should rise by 0,4%
to 1,6%.
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Table 1: Market Potential by Country, 2001

total outside the outside the in 3 accession

country but  country and countries2)

within EU15 outside EU15 Wy: EU-NEUOst;

Wy Wy: EU-EU Wy: EU-NEU NEUOst-NEUOst

Austria 39.7 28.9 4.4 1.7
Belgium 47.2 39.7 1.0 0.1
Switzerland 56.2 0.0 47.3 0.0
Czech Republic 30.5 0.0 29.4 28.6
Germany 48.6 15.4 2.7 0.9
Denmark 39.7 31.2 2.0 0.6
Spain 28.8 9.6 0.2 0.0
Finland 23.1 8.2 1.0 0.2
France 49.7 23.6 3.0 0.0
Hungary 15.9 0.0 13.6 13.3
Ireland 38.4 37.2 1.2 0.1
Italy 44.7 13.1 3.0 0.3
Netherlands 46.9 35.7 0.6 0.1
Norway 21.8 0.0 15.0 0.0
Poland 15.9 0.0 11.9 11.7
Portugal 20.8 13.7 0.0 0.0
Sweden 25.0 11.7 3.5 0.5
United Kingdom 29.0 8.4 0.2 0.0

1) Gross Value Added (GVA). - 2) Czech Republic, Hungary, Poland.
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Table 3: Estimated Impact of EU-Enlargement by Poland, the Czech Republic and Hungary on Wages

EU15 New members EU15 New members

Austria 0.61 0.32
Belgium 0.02 0.01
Switzerland 0.00 0.00
Czech Republic 62.73 32.74
Germany 0.42 0.22
Denmark 0.24 0.13
Spain 0.00 0.00
Finland 0.06 0.03
France 0.02 0.01
Hungary 27.57 14.39
Ireland 0.03 0.02
Italy 0.15 0.08
Netherlands 0.05 0.02
Norway 0.00 0.00
Poland 29.40 15.34
Portugal 0.00 0.00
Sweden 0.21 0.11
United Kingdom 0.00 0.00

Total 0.12 38.02 0.06 19.84

Simulations based on regression results

Simulated wage change in percent

Specification II
"medium decay"

Specification IV
"fast decay"



Figure 1: Estimated Impact on Wages of the EU-Enlargement by Hungary, Poland and the Czech Republic 
Simulation based on regression results for Specification II - medium decay 
(Simulated wage change in percent) 

0.00 <= 0.01
0.01 <= 0.10
0.10 <= 0.40
0.40 <= 1.56
1.56 <= 29.05
29.05 <= 114.78

Source: own calculations. 
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