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Zusammenfassung

Regionale Einkommensunterschiede zwischen NUTS-2-Regionen der EU, 1995 und
2010: Perspektiven aufgrund eines rdumlich gewichteten Ansatzes

Der Beitrag bietet eine Untersuchung der Ungleichheiten zwischen Regionen der
Ebene NUTS 2 der Europdischen Union gemessen am Bruttoinlandsprodukt pro Kopf
der Bevilkerung, wobei der Index der Ungleichheit nach zwei unterschiedlichen
Bandbreiten rdumlich gewichtet wird. Jede der beiden Gewichtungen beruht auf
Berechnungen von mehr als 260 Raumeinheiten sowohl fiir 1995 als auch fiir 2010.
Danach gestaltete Karten der Ungleichheits-Indices bieten ein neuartiges Bild des
relativen Niveaus rdumlich gewichteter Ungleichheit aus der Perspektive jeder Re-
gion. Die Untersuchung verfolgt Anderungen der Muster von Ungleichheit zwischen
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1995 und 2010 und bestdtigt dabei die Ergebnisse friiherer Studien. Die Ungleich-
heiten zwischen allen EU-Regionen sind offenbar im Schwinden begriffen, weil die
Ungleichheiten zwischen dem oOstlichen und dem westlichen Europa abgenommen
haben. Doch haben sie sich auf einem niedrigeren rdumlichen Aggregationsniveau
in etlichen Fdiillen verschdrft.

Summary

The paper provides an investigation of inequalities in GDP per capita among
European Union regions at the NUTS 2 level using a spatial weighting of the Index
of Dissimilarity at two differing bandwidths, each based on calculations from one of
over 260 regional centroids for both 1995 and 2010. Maps of inequality indices gener-
ated in this fashion provide a new view of relative levels of geographically weighted
regional inequality from the perspective of each region. The study looks at changes
in inequality patterns between 1995 and 2010, and reports results similar to previ-
ous studies. Inequalities among all EU regions appear to be declining as the result
of decreasing inequalities between Eastern and Western Europe, though at the more
local level, inequalities have increased in a number of cases.

1 Introduction

European Union (EU) regional inequalities are studied extensively owing to the
Union’s longstanding political commitments to reduce them (e.g., Treaty of Rome,
1957), as well as related to research funding opportunities and data collection efforts
that encourage regional scientists who study the issue both among the EU’s regions
and across Europe more generally. This paper investigates regional income inequali-
ties using geographically weighted indices of dissimilarity among most EU members’
and candidate members’ NUTS 2 regions, the latter based on consistent 2010 defini-
tions. Use of a geographically (or “spatially”) weighted index of dissimilarity allows
emphasizing differences between a given EU region and those nearer to it, replicating
within the results of estimated regional inequalities the heightened importance of
relative location for all types of spatial interaction between regions, their institutions
and inhabitants.

The research investigates and the paper reports on different levels of spatial weighting
of inequality statistics based on selection of differing bandwidths focused on each of
over 260 regional centroids, creating concentric rings of lessening weight for regions’
per capita income levels within each successive ring with greater distance from an
origin. Plots of inequality indices generated in this fashion for each of the more than
260 NUTS 2 regions provide a new view of relative levels of geographically weighted
regional inequality from the perspective of each region. The study also looks at any
changes in these patterns between 1995 and 2010, a period during which the Euro
was introduced and became Europe’s most important currency, as well as one of the
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world’s most important. During the same period a large number of Central and East
European countries also joined the Union or became candidate members, the latter
further enhancing the importance of issues related to income inequality within and
between Europe’s countries and regions.

2 Prior research

While a great array of specific methods are being used to measure regional inequali-
ties in Europe and elsewhere, two general types of research approaches are undertaken
to investigate levels of inequalities, one, beta convergence, focused on both global
outcomes (using analysis of temporal economic growth rates), and the other, sigma
convergence, focused on measurements of both global and more region-specific out-
comes, including temporally changing inequalities.

“Traditional empirical methodologies for testing convergence hypotheses are beta-
and sigma- convergence analysis. 3-convergence is defined as a negative relation
between the initial income level and the income growth rate. If poorer economies
grow faster than richer ones, there should also be a negative correlation between
the initial income level and the subsequent growth rate. Sigma-convergence
(o-convergence) hypothesis examines the changes in variation of income between
countries or regions. If this variation decreases over time the sigma-convergence
hypothesis can be accepted.” (Paas & ScHLITTE 2006, p. 8)

Most researchers studying the EU, notably regional economists, focus on investi-
gating beta-convergence, seeking to establish an empirical, global pattern of change
in economic growth rates and then model underlying causes. Researchers who, like us,
investigate sigma-convergence focus on the patterns of regional dispersion of well-being,
including especially income. A spatially homogeneous pattern of well-being, including
income per capita, is a desired regional development outcome within the EU, which
seeks “social” and “regional” cohesion, the latter meaning reduced regional inequalities.
The sigma approach focuses more on outcomes for specific places, including regional
groupings that have been long associated with lagging socio-economic development,
such as parts of Eastern and Southern Europe like Italy’s Mezzogiorno. Conditions in
the latter regions concern both the EU and individual countries, with each spending
much effort and expense in attempting to help support regional development, as well
as regional and social equity.

Efforts to analyse both beta and sigma convergence have been undertaken for a
very long time (e.g., [beta] BARRO & SALA-I-MARTIN 1991, [sigma] MoLLE et al. 1980).
FINGLETON (2003), Paas & ScHLITTE (2006), Bosker (2008), MoNrForT (2008), RAPACKI
& Procuniak (2009), Bouvet (2010), and LSE ENTERPRISE et al. (2011) provide recent
examples of investigations of income convergence within the EU. These research-
ers, and others using both beta and sigma approaches, indicate an apparently slow
convergence trend in average regional incomes based on a varied, still-debated set of
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factors, notably ones dependent on a particular country, and also ones associated with
development in dynamic metropolitan areas.

“The results show that the speed of convergence among regions in the EU is painfully
slow. Furthermore, there is a distinct difference between convergence processes at
the regional and at the national level. Especially in the EU-10 [the less prosperous
East], the catching-up at the national scale seems to be driven by some growth
centers, mainly capital regions. This causes tendencies to divergence at the regional
scale. Tests for spatial autocorrelation reveal that regions are strongly affected in
their development by neighbouring regions.” (Paas & SchLITTE 2006, p. 1).

Though results of investigations of beta convergence over the past two decades
have not reached a consensus on either the existence or rate of “unconditional”
growth convergence (Esposti 2008), several recent studies using both beta and sigma
approaches concur with a number of earlier ones in suggesting that declining levels
of net, global inequality are evolving across the EU and are the result of decreases in
between-country differences (e.g., [beta] SaLa-1-MARTIN 1996, MELIcIANI 2006, ECKEY
& Turck 2007, EsposTi & BussoLeTTi 2008; [sigma] Paas & ScHLITTE 2006, BOSKER
2008, BEckFIELD 2009, BouveT 2010, BRACALENTE & PERUGINI 2010; [beta and sigma]
GEPPERT & STEPHAN 2008, MonForT 2008, Rapacki & ProcHNIak 2009). Evidence sug-
gests that the declines mute a counter-trend of frequent increases in within-country
inequalities, especially the EU’s poorer countries. On the other hand, there has been
a long term trend of declining inequalities among regions in historically “old” or
“Western” Europe.

This study will add two new dimensions to the large and evolving literature on
European regional inequalities, one by adopting a geographically weighted evaluation
of regional inequality levels and another by use of data up to 2010.

3 Data and methodology

Data for the study derive from a recent update of 1995 and 2010 regional popula-
tions and regional GDPs (Eurostar 2013; converted when necessary to Euros and
“standardized” for regional price levels by using PPS values (Eurostar 2012) for
265 NUTS 2 regions within all current EU members (including newly acceded Croatia),
plus candidate member Macedonia. EUROSTAT provides good overviews of changes
in NUTS 2 region boundaries (Eurostar 2002, 2003, 2007, 2011), though national
information sources were also consulted to identify details. Outlying territories of
countries beyond the immediate confines of Europe were not included, such as French
Guyana, the Azores and Canary Islands, and Spanish holdings in North Africa. For
similar reasons, it was also decided not to include Iceland. Data for Montenegro are
not (yet) available for 1995, and it was not included. EurosTaT (2013) provided nearly
all data needed for 2010, but about 20% of the total data points for the study came
from national sources for 1995, as described briefly below.
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Regional boundaries were those that existed in 2010, excepting in Croatia where
2009 boundaries for three regions were used instead of the two 2010 delimited regions
(population and GDP values are still those from 2010). Within some countries there
were problems obtaining 1995 values for 2010 defined regions, and in those cases
(for two regions in Germany and the United Kingdom [UK], and for several regions
in Finland), values for the regions were merged, divided equally, and reported as the
same value for each area. In the case of Italy, estimates were used to adjust 1995 values
for a quite small territory that switched between Marche and Emilia-Romagna, based
on information from the NUTS 2 regions’ web sites (REGIONE EMILIA-RomAGNA 2012;
REGIONE MARCHE 2012).

As noted above, for 2010 nearly all (about 98%) entries came from EUROSTAT
(2013). One regional NUTS 2 population data point for 2010 in Croatia was needed
from another source, and it was used to help apportion GDP data (using three 2009
regional values and two 2010 regional values (one a merger of two 2009 defined
regions), both from Eurostar). Other than the merged UK and Italian regional data
and the 2009-2010 interpolated regional data point for Croatia (Republic of Croatia,
2011), all 2010 GDP data are as reported by Eurostat (2013).

Regional data collection for 1995 NUTS 2 values was a bigger challenge. For the
49 Austrian, Croatian, Hungarian and Italian NUTS 2 regions, data were acquired from
the WorLD BANk and national statistical institutes (WorLD Bank 2013), STATISTICS
Austria (2013), RepuBLic oF CROATIA (2011), HUNGARIAN CENTRAL STATISTICAL OFFICE
(2009), ISTAT (2012), and, in the case of GDP, used along with a EurosTaT data set
to convert national currencies to Euros (Eurostar 2012). Interpolated regional GDP
estimates were required and found for the Croatian regions (from 1991 and 2001 data).
WorLD Bank data for GDP and GDP growth rates were used to estimate national in-
come values for several single-region countries: Macedonia, Malta and Latvia, based
in each case on values within one to four years of 1995 (WorLD Bank 2013). In the
case of one region in Greece (Sterea Ellada) and three in the UK (Cumbria, Greater
Manchester, and Lancashire) apparent errors (1995 values at the same levels as in
2010) within Eurostar data (2013) were replaced by data from LE GaLLo & ERTUR
(2000) and the UK’s OFFICE FOR NATIONAL STATISTICS (2013), respectively.

Finally, note also that (1) reported GDP data for countries that have low tax collec-
tion efforts (allegedly, for example, Cyprus, Greece, Italy) are likely underestimated
and (2) values for Croatia in 1995 are depressed (and possibly inaccurate) owing to
the Balkan Wars at the time.

The Index of Dissimilarity, derived from use of the Lorenz Curve, was chosen as a
measure of regional income inequality for this study. The Lorenz Curve is a common
tool for measuring income inequality within a population (Kakwani 1977).In a Lorenz
Curve, the observations are rank ordered from low to high by the per capita income
value of each observation. The cumulative frequency of income is plotted against
the cumulative frequency of population, using this rank order with population given
along the horizontal axis. If no income inequality exists, the Lorenz Curve follows
a 45 degree straight line. If complete inequality exists, then the curve would follow
the horizontal axis until the last observation and then follow a vertical line to the top.
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Two widely used numerical measures for measuring income inequality associated
with the Lorenz Curve are the Gini Coefficient and the Index of Dissimilarity. The
Gini Coefficient measures the area between the Lorenz Curve and the 45 degree line
and the Index of Dissimilarity measures the maximum vertical distance between the
Lorenz Curve and the 45 degree line. Both measures range in value from zero (no
inequality) to one (full inequality).

Both measures are also “global” in nature — meaning that they are summary statis-
tics for the entire study area. A current theme in geo-statistical analysis has been the
development and use of local counterparts to global statistics (FOTHERINGHAM 1997).
Different types of local statistics (see ANSELIN 1995; BRunsDoN et al. 2002; Getis & OrD
1992) have been developed to explore the non-stationarity of global parameters. Another
aspect of these local statistics is that they can be mapped, and a visual interpretation
of the results is an important component of the investigation (FOTHERINGHAM 1999).

Local analysis gives more influence to units within a spatial neighbourhood of
a given location by geographically weighting each unit value. In the geographical
weighting process, either a spatially fixed or a spatially adaptive filter is commonly
used to determine the nature of the spatial neighbourhoods (FOTHERINGHAM et al.
2002). A spatially fixed filter uses a constant bandwidth distance around a location
to determine the spatial extent of the influence of units for each neighbourhood. In
contrast, a spatially adaptive filter allows the bandwidth distance to fluctuate from
location to location in order to ensure at least a certain number of units lie within the
bandwidth distance of each neighbourhood. Kernel functions (e.g., a Gaussian function
or a bi-square function) are used in conjunction with either type of filter to establish
the rate of distance decay for each geographic weight. The bandwidth parameter as-
sociated with the kernel function determines the geographic scale for the analysis. As
the bandwidth becomes very large, a small scale analysis is performed in which the
estimated statistics are fairly constant with respect to location (the global perspective)
but, as the bandwidth becomes small, a large scale analysis is performed in which
the estimated statistics vary widely with respect to location (the local perspective).

This research uses a local version of the Index of Dissimilarity to determine how
income equality varies across the European Union. The global Index of Dissimilarity
(GID) is defined as:

n
GID=05X11-P,; (1)
i=1

where, I, is the proportion of total income associated with the i NUTS unit and P,
is the proportion of total population associated with the same unit. The local Index
of Dissimilarity (LID,) was developed by LLoYD et al. (2004) to measure segregation
levels in Northern Ireland and is adapted here to measure local income inequality. For
this analysis, a spatially fixed filter with a Gaussian kernel function is used to measure
income inequality for a given bandwidth distance:
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n
LID,(b) = 0.5 I (w1, /Sw,I) — (WP, /Sw.P) | ; (2)
i=1
where, n
w, = exp(—0.5a'ij2 /b*) 1Y exp(—0.5d,.j2 /b%) . (3)
i=1

In equation (3), d,y is the distance between the i and j" places, and b is a bandwidth
distance. By changing the bandwidth distance, more local (or “regional”) versus more
interregional trends in income inequality can be examined.

4 Analysis

Figure 1 displays the geographic distribution of per capita income in 1995 and
2010. In each map in this paper, an equal interval classification is used in order to
portray the magnitude of differences in per capita income more accurately. In 1995,
there were only four NUTS 2 regions (Luxembourg and three urban units) that had
per capita incomes in the highest category, and also a small number of West European
regions in the second highest category. Most European regions were in the lower two
income intervals, with most of Northern and Northwestern Europe in the higher of
those. Most of Eastern Europe and much of Southern Europe were in the lowest cat-
egory. There is a quite clear, North-South income boundary through Central Europe
that followed the “Iron Curtain” or “Cold War” political boundaries between the
“freer”, more prosperous West and the less prosperous East. The boundary in Central
Europe is well illustrated by the higher Austrian regional incomes (except in the case
of Burgenland) in comparison to all regions among its eastern neighbours, excepting
the small Slovak capital region around Bratislava.

In 2010, there were only two European regions in the highest income category
(Luxembourg and Central London) and also very few in the second highest category.
Overall, the number of units in the lowest category increased between 1995 and 2010,
and included not only Eastern and Southern Europe but also much of France and the
United Kingdom. At a local or “regional” level though, several national capital units
in Eastern Europe moved into the second category along with many of the moderately
prosperous regions in Central and Western Europe. Comparing the two maps, the
relative improvement of parts of Eastern Europe in relation to many areas in Western
Europe is fairly clear.

The reason behind these changes was the differential rates of income growth in
different parts of the European Union. Figure 2 displays the pattern of the percent
change in per capita income between 1995 and 2010. A natural breaks classification
is used to produce the most homogeneous grouping of countries. Within the European
Union, the highest growth rates were in Eastern Europe and within Eastern Europe
the capital regions had the highest rates. Much of Central and Western Europe, on the
other hand, experienced relatively slow growth.
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These changes in per capita income are reflected in the changes in income in-
equality between 1995 and 2010 (Figures 3 and 4). To examine income inequality at
a local, or regional, level, a 200 km bandwidth is chosen. The inner ring in Figure 2
corresponds to a 200 km radius around the NUTS 2 unit of Chemnitz (Germany). For
a more interregional depiction of income inequality, a 400 km bandwidth is chosen
(the outer ring in Figure 2 corresponds to a 400 km radius around Chemnitz). Overall,
the global Index of Dissimilarity decreased from 0.17010 in 1995 to 0.14163 in 2010.
This is the result of the much higher growth rates in per capita during the time period
by regions that had lower incomes in 1995, such as in most of Eastern Europe.

However, the changes in the pattern of local income inequality are more nuanced.
Figure 3a displays the local or regional Index of Dissimilarity for 1995 at the 200 km
bandwidth. A diverging color scheme is used in which the global value of 0.17010
is used as the break between the pale grey hues and the dark hues. A fixed interval
length of one-half the global value (0.08505 in this case) is used to further subdivide
the range of values into four classes. The areas with higher income inequality than the
global value are located in the Central European regions (including eastern Austria)
separating Western from Eastern Europe. The highest local or regional inequality is
in Estonia, which is between the poorer country of Latvia and the much wealthier

2 Not representing Kosvoa/Kosovo in this and the following figures does noct mean any political statement.
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units of southern Finland. The lowest levels of inequality occur either in regions like
western Germany, where many neighbouring regions have similarly, relatively high
income levels and, for example, in Lithuania and eastern Romania where the opposite
situation existed.

Figure 3b displays the interregional Index of Dissimilarity for 1995 using the 400
km bandwidth, with the same classification logic as in Figure 3a. At this interregional
scale, the main pattern was the West to East distinction between lower level of inequal-
ity in the more uniformly prosperous Western Europe and higher levels of income
inequality in East European regions that had prosperous Western and relatively poor
East European neighbours.

In 2010, these patterns change somewhat, at least in part because of the declin-
ing level of European-wide inequalities, largely related to improved conditions in
Eastern Europe. Figure 4 displays the Index of Dissimilarity for 2010 using the 200
km (Fig. 4a) and the 400 km (Fig. 4b) bandwidths and the same classification logic
as in Figure 3. At the more local or regional level, areas around London and Paris in
the West had higher income inequality than the global level, whereas much of Poland
now had lower than the global level of income inequality (see Fig. 4a). The per capita
incomes in the areas around London and Paris are higher than those in Poland, but
the western areas fell behind the greater growth in income in London and Paris. The
highest level of local inequality was now in Bulgaria due to the greater increase in
income in the Sofia [Sofija] capital region than those areas surrounding it.

At the interregional level, the same West to East dichotomy in inequality continued
to exist (see Fig. 4b), owing both to inequalities within Eastern Europe and between
the East and West. Note that inequality levels decline far enough between 1995 and
2010 that two (rather than four) inequality index categories encompass differences
between European NUTS 2 regions when employing the 400 km bandwidth in 2010
(see Fig. 4b).

Although the global index of inequality declined between 1995 and 2010, the local
and interregional levels of inequality did not decline unilaterally among the different
NUTS 2 units. Figure 5 displays the differences in inequality levels over the time
period. The value for 1995 is subtracted from the value for 2010 so that negative val-
ues denote an increase in income inequality over the time period and positive values
denote a decline over time. At the more local level, the decreases in inequality oc-
curred mainly in Central Europe and the western part of Eastern Europe (see Fig. 5a),
most notably in relatively economically successful regions including Estonia, western
Poland, Slovenia and western Croatia.

At the interregional level, most of the European Union (most notably Central and
many parts of Eastern Europe) experienced a decline in the index values, although
regions in West and Northwestern Europe (Ireland, the UK, the Low Countries,
northwestern Germany, France, and northern Spain), as well as eastern Romania and
Bulgaria experienced increased inequality (see Fig. 5b).
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5 Conclusion

The results of this paper report geographically weighted inequalities for Europe’s
NUTS 2 regions in both 1995 and 2010. Consistent with most of the existing litera-
ture covering earlier time periods for Europe and the EU, our results indicate that
inequalities have declined between Eastern and Western Europe (i.e., the global level
of inequalities has declined), though a still notable divide remains, as indicated by
the North-South “ridges” of highest inequality in Central Europe between East and
West for 2010 (see Fig. 4a and 4b).

The approach used here also provides relatively rich detail at the local and inter-
regional levels, indicating, for example, increased inequalities within some areas in
both Western and Eastern Europe (see Fig. 5a and 5b) — a confirmation of a trend found
in other studies of increased within country inequalities and declining inequalities
between countries, in particular across the former East-West “Cold War” boundary.
The approach used here enhances the view of these geographical variations owing to
the amplified weighting of nearby in comparison to far-off locations.

In association with providing a new, geographically weighted, methodological ap-
proach to assessing inequalities within regions, this study also presents a perspective
that purposely assesses a region’s inequality based more heavily on nearby regions,
taking into account an inherent, geographically based “relative wealth or poverty”
perspective. That is, some people will, at least in part, base their perceptions of relative
wealth or poverty on comparisons with near neighbours. Thus, people within regions of
the UK and France may feel as “poor” in comparison to the Paris and London regions
as they do “wealthy” in comparison to the far off Balkans. Conversely, people in the
Prague [Praha], Warsaw [Warszawa], and Budapest regions live within a geographical
“peak” of income and astride a “ridge” of relative well-being in comparison to the
still-lagging, more rural regions of Eastern Europe. Of course, this effect could be en-
hanced (or diminished) by varying the “field of vision” — or bandwidths, as illustrated
by way of our examples — in future applications of the approach used in this paper.
In addition, future research might provide further insights into patterns of inequality
by way of using alternative measures of geographically diverse levels of well-being
measured by, for example, variables related to the employment, educational attainment
or health status of subregions within the EU or other geographically defined regions.
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