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Abstract

The length of common border between two geographirats is
frequently used as a basic weight in spatial arialyehe newest methodological
propositions such as tests for hierarchical relaso(Markowska et. al. 2014;
Sokotowski et. al. 2013), regional spatial movingermge and new spatial
correlation coefficient (Markowska et. al. 2015)aunsing border lengths. In
cited references new methods have been illustriayeanalyses for EU NUTS2
regions. It is obvious that borders between regidrdonging to different
countries have different socio-economic impact tharders between regions
lying in the same country. A new simple methoc$sesment the importance of
borders is proposed in the paper. It is based ochasen macroeconomic
variable available at NUTS 2 level (e.g. GDP, irtffamortality, Human
Development Index). For neighboring regions biggsue is divided by smaller
value giving the local importance of the given l@mrdrhese measures of local
border importance can be than average for bordethiwthe same country and
for borders for each pair of neighboring countries.
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1. Introduction

The idea of boundaries, in the opinion of Z. Ryk{@R9l, p. 12)
following A. L. Sanguin (1983) function in the forof aseparating boundary
i.e. a barrier(la frontiere de limage-baniereand aconnecting border (la
frontiere de Vimage-liaison) he latter is related to the concept dfaxderzone
(frontiere zonale)and the process of border “defunctionalisation’aagsult of
integration processes (Vallusi 1976). In such cdraeborder becomes a location
place rather than a dividing frontier. The subjlitetrature identifies both the
separating and connecting functions of a bordéhegocus of empirical analysis
(Les regions..1975).

Currently it is emphasized that despite globaliratprocesses (positing
a new ‘borderless’ world, in which the barrier iapaof borders became
insignificant) the renaissance of border studies een observed during the past
decade, which is manifested by e.g. crossing dilsaiy barriers, conducting
research bringing together the teams of geograpb@iscal scientists, sociologists,
anthropologists, historians, experts in law, liiér®, border practitioners engaged in
the practical aspects of boundary demarcationmitation and management
(Newman 2006).

The importance of the so-called border effect (Ev@003) has been
identified as a significant aspect, which inducgdvlrious barriers, represents
the measure of integration boundaries for the qadr parts of a region
(Kallioras et al. 2009). The impact of borders ba discontinuity of links was
assessed e.g. as an absolute (Hartshorne 193&ptive i.e. referred to border
length (Rykiel 1985) number of roads or railwayebncut by a state border. J. R.
Mackay (1958) and A. Losch (1961) interpreted tbedbr effect as the increase
of social distance with respect to the adequatesiphly distance, whereas
R. Domaski (1970) in the categories of reducing the impzfcboundaries on
interactions (see Rykiel 1991, p. 16).

The identification of border effect in economic dias poses a research
challenge. The article presents the proposal &sasyy geographical importance
of borders using economic variables (GDP per cagith disposable income of
households per capita). The European Union cosrdnel NUTS 2 level regions
were used as the research objects.
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2. The concept of borders in economic studies

During the Second World War an American geografbeiV. Boggs
published a book (1940) in which he wrote: ,,Acrossre than 100,000 miles of
international boundaries neighbours face one anadth@ay, some friendly,
others suspicious or even hostile. Men are askimat Wwoundaries are, how they
work, and how current problems may be solved. i bhief introductory study,
boundaries are considered from both larger andlemaspects than those in
which they are usually regarded:

1)larger, in order to observe how and why boundaares boundary problems
vary from continent to continent and from centwycéntury; and

2)smaller, in order to perceive what actually happsraternational boundaries
and what functions they perform.

Each continent is found to differ appreciably frath the others in the
origins of its boundary problems, in the mannewhich its boundaries operate,
or in the stage of development of its boundaries their functions. No similar
study by continents appears to have been attempledperspective gained by
this approach to the subject may help to reveal thieyboundary problems of
Europe are so much more acute than those of ary ctimtinent and how greatly
they differ in nature, as well as in degree, frtvwse of the New World. There are
pressing boundary problems in several continentdiet solved effectively they
must be solved peacefully. When new boundariesnade, widely divergent
opinions may be expressed regarding desirable amiksirable types of
boundaries. A common-sense viewpoint is that winedhieoundary is "good" or
"bad" depends upon whether it is adapted to sdmweptirposes for which it is
maintained, with maximum efficiency and minimumcfion and expense. To
understand the contemporary problems it is thezefiecessary to ascertain what
happens because the boundaries are there and degfatise prevailing ideas
regarding the purposes which they should serve”.

The problems related to borders receive coveragecamomic literature
predominantly in the context of: spatial and ecacoimportance of borders
between countries (Ratti 1993; Helliwell 1998; $ad@003, Reitel 2011) and
regions (McCallum 1995), for development (Topalogl@008; Topaloglou,
Petrakos 2008), commercial exchange (Helliwell 19%hnson 1996; Yuan-Ching
et al. 2004; McCallum 1995; Millimet, Osang 2007sish 2000), job markets
(Heimpold 2000; Janssen 2000), business locati@amgbh 1996; Holmes 1998),
changes occurring along state and regional bof@&ment 1997; Heimpold 2000),
integration impact on the economy of borderlantestand regions (Rykiel 1995;
Janssen 2000; Niebuhr, Stiller 2004; Brenton, Vatecan 2001; van Houtum 2003;
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Meinhof et al. 2003), cooperation of neighbouriegions (Heimpold 2000; Janssen
2000) and cooperation with the so-called third toem (Kallioras et al. 2009).

In the times of terrorist attacks and the criste@fng Europe the border
issue also returns in the context of managing berdandrijasevic, Walters
2010) and the reclosing of bordékewman 2006).

The contemporary study of borders also focuses han grocess of
bordering, through which territories and peoples sespectively included or
excluded within a hierarchical network of groupdfiliations and identities
(Newman 2003), which can be interpreted in recaitiont terms of the spatial
system of links by analyzing them as e.g. the asalsanges in economic gravity.

3. The importance of borders — assessment proposal

A border is a broad term, present in the languagacademic discourse
and also in everyday speech. It is usually defiad line or a zone dividing an
area, or delimiting an end on its one side andot@inning of “something” on
the other (Baski 2010). As Heffner pointed out (2010) the reskhaon the
essence of this term is carried out in many fiedfisscience and is of an
interdisciplinary nature, whereas the multifacespdtial dimension of a border
shows its impact in global, regional, local aneintaitional perspective — it also
refers to cross-border economic or socio-cultuesl. t

Borders can be divided into e.g. artificial andunalt ones, there are also
such types of borders as e.qg. historical, cultunaural, administrative, economic
and political — the latter are cited (Komornicki9®9 as a specific example of
spatial barriers. While approaching a formal bowmtea spatial barrier in the flow
of ideas, goods and people the following boundas#s be distinguished: open,
permeable and closed borders, with many subcatgoesulting from the
geographical location, economic and political dibrg method of control etc.
(Banski 2010).

Spatial barriers are presented in terms of theviation diffusion concept
(the division of the analysed system elements actove innovation sources and
its passive goals is assumed), as well as the pootenutual interactions (the
focus is on the integration of elements of the ys&d socio-economic territorial
system, performed through the interactions of theseents) (Rykiel 1991).
The outline of the second concept (Hartshome 1988)eloped by (Mackay
1958), approaches borders as spatial barriersetéutther developed at the
background of regional geography, where the bouynedfiect term is used
(Mackay 1958), or the concept of interruptive rokethe boundary (Ullman
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1939; Moodie 1950; Minghi 1963). As Rykiel (199hyicates the term of barrier
effect (Yuill 1965) was used on the grounds of ¢bacept of spatial diffusion of
innovation.

In Europe, along with the development of integraloprocesses, resulting
from socio-economic transformations in the proce$sthe border function
evolution, the discussed barrier begins to disapgeascope of border permeability
is extended and its role as a spatial barrier gesas.

An attempt to assess the importance of the bordirel discussed contexts
seems justified. The proposal for assessing theritawpce of economic barriers in
the European Union consists in 1/ adopting a maorommic variable, not used in
current analyses (e.g. GDP, infant mortality re#®) value) and the one available
at NUTS 2 level; 2/ determining the local importarat borders through dividing
a larger value of this variable by a smaller onebforderline regions located on
both sides of a given border; 3/ veraging the irgrare assessments for domestic
borders in each country separately as well anternational borders; 4/ it is also
possible to use the importance assessment withveraging to develop an
additional weight system.

4. Assessment of the importance of borders — ressltof the suggested
approach application

For statistical purposes the European Union isdéj in a hierarchical
arrangement, into NUTS level unittNgmenclature des unités territoriales
statistigues From the perspective of structural policy impéartation NUTS 2
and NUTS 3 represent important levels, used e.thenidentification of areas
qualified for financial support. Within the framexkoof NUTS 2 level units the
support is offered to problem areas characterizee.@. low development level,
and at NUTS 3 level — the areas requiring restrirgjuand the border regions
(Regions 2011). In the period 2012-2014 there \2&& NUTS 2 regions and
since 2015 their total number has been 250. Thegihg humber of territorial
units makes dynamic assessments difficult and dises not facilitate the
comparability of the reports published by Eurostat.
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The assessment uses current data referring tcetiables of macroeconomic nafure

1. Gross domestic product (GDP) at current markeeprity NUTS 2 regions
(purchasing power standard per inhabitant);

2.Income of households by NUTS 2 regions (purchagiogier standard
based on final consumption per inhabitant).

The most recent data (available in Eurostat datsbas June 2016)
regarding GDP per capita originate from 2014 ancuakhe disposable income
of households per capita from 2011.

It should be mentioned that because of the changiresentation forms
(resulting in data merging problems due to e.grnmgarable sequence of objects in
data packets from different thematic blocks), naofeggions, acronyms allowing
for objects’ identification — database constructiposes many difficulties.
Moreover, a separate problem results from the iegislata gaps (e.g. the data
referring to Malta and Croatia were missing fordheond variable).

4.1. The importance of borders — assessment results GDP per capita

For 615 borders between the EU regions at NUTS \2l lgheir
“importance” was calculated as the relation of Gp&r capita (value from
a "richer” region devided by the value from the &per” one). The information
about this measurement distribution, in the engireup of borders (table 1),
separately for domestic and international bordaysbe followed by a more
detailed distribution for larger countries (tab)eé2presented below (table 2).

The distribution of borders’ “importance” measuness a clear right-sided
asymmetry which, in fact, results from the congtomcof this indicator, as the
relation of larger value to a smaller one. Inteéamatl borders are more important in
the light of the adopted measurement, howevewlifferences are not spectacular —
the median of the distribution of international dens’ importance remains between
the median and the upper quartile of the importahdemestic borders.

The difference between the outliers of the assasdatibn was almost 2 for
the regional borders within countries and almdstf@: the borders between regions
of different countries. In case of 1/3 of all boxi¢he value of GDP per capita
relation ranged from 1 to 1.1, for 26% from 1.111® — but for 4% (22 borders) the
discussed relation was higher than 2. The GDP ggaitecrelation of neighbouring

2 http://ec.europa.eu/eurostat/web/regions/data/tebles (nama_10r 2gdp; nama_r_ehh2inc)

[23.05.2016].
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regions ranged from 1.0 to 1.2 in case of over @08m 475 interregional
(domestic) borders and for over 40% from 140 irgttomal ones (see fig. 1 and 2).

Table 1. Basic statistics — the importance of borde(GDP per capita of neighbouring regions)

Importance of borders
Type of borders (GDP per capita ratio for neighboring regions)
N I Me S C,e C. | min | max
national 475 1,25 1,1% 0,28 107 1,81 1/00 299
international 140, 1,34 124 041 1,11 145 1j00 834
total 615| 1,27 1,17 032 1,08 1,33 1,00 3)48
p value from Kruskal-Wallis test 0,0014

Sourceauthors” calculations.

Figure 1. The distribution of values — the border ¢tal importance (GDP)
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Table 2 presents descriptive statistics of doméstiders distribution for the
countries which are divided into at least two regioThe results are ranked
according to the average importance of bordersctwiiue to the assessment
purpose (the importance of interregional bordeegimged a reasonable approach.
The highest value of GDP per capita relation (1ot@urred between the regions in
Ireland (consisting of two NUTS 2 level regions), lie followed by the Slovak
Republic. The subsequent countries arranged byenage value of the assessed
relation are Hungary and Bulgaria. Among the coesitin which the average level
of GDP per capita relation between regions amouatdd?0 and less the following
are included: Great Britain, Czechia, Italy, Spaimd Sweden — the number of
regions in these countries ranges from 8 to 4Rdland the average relation of
GDP per capita for NUTS level regions amounts 85,1along with the median of
these relations at the level of 1.24. The highastirval assessed as the difference
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between the highest and the lowest value of GDRag@ta relation between regions
was recorded in 2014 in Romania (1.95) and therdifice higher than 1.5 referred to
the regions from such countries as Hungary (1.6@)Balgaria (1.51). Moreover, the
difference exceeding unity occurred in: the SloRapublic (1.45), Germany (1.34),
Poland (1.29), France (1.26), Czechia (1.23) aedt@ritain (1.07).

Figure 2. The distribution of values — the importane of borders: domestic and international
(GDP)
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Table 3 presents an alphabetical list of countoeshe value of average
GDP per capita relation between borderland regiansanged (the first two
columns) in the way showing in column 1 (countrytii¢ country which GDP
value per capita was the denominator value —h@.“ticher’ country, whereas
in column 2 the “poorer” one.
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Table 2. Domestic cohesion — GDP per capita relatierin the EU regions

Importance of borders inside countries
Country — -
N ¥ Me S min max

Ireland 1 1.70 1.70 0.00 1.70 1.70

Slovak Republic 3 1.64 1.19 0.82 1.14 2.59
Hungary 11 1.60 1.35 0.58 1.02 2.54
Bulgaria 9 1.44 1.16 0.58 1.00 2.51

Slovenia 1 1.44 1.44 0.00 1.44 1.44
Romania 13 1.37 1.21 0.51 1.04 2.99
Poland 34 1.35 1.24 0.38 1.00 2.29
Belgium 20 1.31 1.29 0.23 1.01 1.70

Denmark 5 1.30 1.31 0.33 1.00 1.84
Netherlands 23 1.27 1.20 0.25 1.00 1.79
France 48 1.23 1.14 0.29 1.01 2.27]
Greece 23 1.22 1.15 0.20 1.02 1.73
Austria 13 1.22 1.18 0.14 1.01 1.51
Finland 5 1.22 1.09 0.22 1.02 1.48
Deutschland 87 1.21 1.16 0.22 1.00 2.34
Portugal 12 1.21 1.08 0.23 1.01 1.58
Great Britain 74 1.20 1.14 0.19 1.00 2.07
Czechia 12 1.19 1.11 0.34 1.01 2.24
Italy 36 1.18 1.14 0.16 1.00 1.88

Spain 35 1.17 1.12 0.17 1.00 1.74
Sweden 10 1.15 1.10 0.18 1.01 1.63

N — the number of borders between NUTS 2 regions.

Sourceauthors” calculations.

Germany, as the first country (higher GDP per apptiorders with the largest
number of the EU Member States, i.e. with the regaf six other countries: Belgium
(average relation 1.34, min. 1.14 and max. 1.52¢cfla (average relation 1.63, min.
1.35 and max. 2.05), Denmark (1.07), France (agerelgtion 1.38, min. 1.22 and
max. 1.50), Netherlands (average relation 1.17, ol and max 1.47), Poland
(average relation 1.50, min. 1.25 and max. 1.6%); & the second country (lower
GDP per capita) with Luxemburg (on average 2.5diloever) and Austria (1.19).

Austria is the second country in terms of the bira@imber with other EU
Member States — it borders with six EU countrieand with the regions of
neighbouring countries its assessed relation (gegnanges from 1.09 with Italy
to 1.79 with the Slovak Republic (always as thetficountry in the above-
mentioned understanding).
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Table 3. The importance of international borders — GIP per capita relation between
borderland regions across the EU countries

Importance of international borders

Country 1 Country 2 N - Ve S min max
Austria Czechia 3 1.49 1.39 0.22 1.38 1.74
Austria Deutschland 6 1.19 1.1% 0.1 1.08 1.36
Austria Slovak Republic 3 1.78 1.77 0.3p 1.46 2.10
Austria Slovenia 4 1.42 1.44 0.27 1.10 1.70
Austria Hungary 1 1.25 1.25 0.0¢ 1.26 1.25
Austria Italy 5 1.09 1.05 0.11 1.0 1.28
Belgium France 7 1.16 1.13 0.12 1.08 1.35
Cyprus Greece 2 1.16 1.14 0.2D 1.02 1.29
Czechia Poland 5 1.15 1.08 0.18 1.01 1.29
Deutschland Belgium 2 1.34 1.34 0.2/ 1.14 1.53
Deutschland Czechia 7 1.63 1.60 0.24 1.85 205
Deutschland Denmark 1 1.07 1.0y 0.g0 1.07 1.p7
Deutschland France 5 1.3§ 1.4b 0.13 1.p2 1,60
Deutschland Netherlands § 1.1 1.20 0.15 101 1{47
Deutschland Poland 5 1.5( 1.56 0.16 1.25 1.67
Estonia Latvia 1 1.19 1.19 0.0¢ 1.1p 1.19
Great Britain France 6 1.2] 1.13 0.1 1.03 1.46
Greece Bulgaria 3 1.47| 1.5( 0.1p 1.35 1.57
Hungary Romania 3 1.11] 1.11 0.1p 1.01 1.22
Italy France 7 1.13 1.17 0.14 1.01 1.26
Italy Malta 1 1.39 1.39 0.00 1.39 1.39
Italy Slovenia 1 1.03 1.03 0.00 1.03 1.08
Lithuania Latvia 1 1.18 1.18 0.00 1.18 1.18
Lithuania Poland 1 1.54 1.54 0.00 1.54 1.54
Luxembourg Belgium 2 3.27 3.27 0.29 3.07 3.48
Luxembourg France 1 3.35 3.3% 0.00 3.35 3.85
Luxembourg Deutschland 2 2.4¢ 2.4p 0.31 2.24 268
Netherlands Belgium 7 1.20 1.16 0.14 1.03 1.38
Slovak Republic Czechia 4 1.11 1.18 0.06 1.03 116
Romania Bulgaria 5 1.36 1.37 0.09 1.26 1.46
Slovak Republic Poland 4 1.1d 1.1p 0.q7 1.01 1.6
Slovak Republic Hungary 8 1.49 1.3% 0.50 1.02 2.63
Slovenia Croatia 2 1.48 1.48 0.37 1.21 1.74
Slovenia Hungary 1 1.04 1.04 0.00 1.04 1.04
Spain France 6 1.19 1.17 0.1p 1.04 1.34
Spain Portugal 7 1.17 1.15 0.11 1.04 1.32
Sweden Denmark 1 1.49 1.49 0.00 1.49 1.49
Sweden Finland 2 1.25 1.25 0.0p 1.25 1.25

N — the number of borders between NUTS 2 regions.

Sourceauthors” calculations.
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The average relation of GDP per capita value obatm.5 and above was
recorded e.g. between the regions of such courddegghe country with higher
GDP per capita is presented as the first): Augtrid Czechia, Austria and the
Slovak Republic, Sweden and Denmark, the SlovakuBlap and Hungary,
Slovenia and Croatia, Lithuania and Poland, Gernsard/ Poland, Germany and
Czechia. Particular attention should be paid torditegtion values for Luxemburg,
since they are the highest, from 2.50 on averagmstgthe neighbouring German
regions (from 2.20 to 2.68), up to 3.40 against Fnench region and 3.3 on
average against Belgium regions (from 3.10 to 3.48)

In addition, while assessing the defined relatioh&DP per capita values
between the regions of neighbouring countries tttershould be paid to the
diversification even within one international bardethe difference amounting to
more than 0.50 between outlier values (min. and.maccurred between the
borderland regions of the following countries: Aisgstand the Slovak Republic,
Austria and Slovenia, Germany and Czechia, Slovanéh Croatia, whereas the
highest difference of 1.61 was recorded between @&¥Rapita in the borderland
regions of the Slovak Republic and Hungary.

4.2. The importance of borders — assessment resufty disposable income
per capita

This part of the study determines the “importanae806 borders between
the EU regions at NUTS 2 level, calculated as éhation of disposal income per
capita (the “richer” region devided by the “pooreshe). Table 4 presents
information about this measure distribution inéimtire group of borders, separately
for the domestic and international ones, to befad by the detailed information
for countries with higher than unity number of NUZ &vel regions (tab. 5).

The measure distribution of the “importance” ofdems for the disposable
income, similar to the case of GDP per capitaimiatndicates a clear right-sided
asymmetry. The histogram (fig. 3) illustrates theasure distribution of borders
importance in the entire analysed group. Internatiborders are more important
in the light of the adopted measure, although é&eza the differences are far from
spectacular — the distribution median of intermatldoorders importance between
the median and the upper quartile of domestic lwsridgportance. The difference
between outlier values of the assessed disposabtame relation per capita
amounted to almost 1.15 for the borders betweerrdb®ns in countries and
almost 1.30 for borders between the regions oéudifit countries.

In case of more than half of all borders the valfidisposable income per
capita relation ranged from 1.0 to 1.1 and for a&n®0% from 1.1 to 1.2. The
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range 1.0-1.2 referred to the disposable income cpgita relation of the
neighbouring regions for slightly more than 64% niro471 interregional
(domestic) borders and for 33% from 135 internatiames (see fig. 3 and 4).

Table 4. Basic statistics — the importance of borderlisposable income per capita in regions)

Importance of borders
Type of borders (ratio of household disposable income in neighboregion$
n X Me s Gs Crs | min | max

national 471| 111 106 0.12 1.03 1.14 1,00 215
international 135/ 1.31 121 031 107 1.45 1j01282.

total 606 | 1.15| 1.08 0.20 1083 1.19 1.00 2,28

p value from Kruskal-Wallis 0,0000%+
test

Sourceauthors™ calculations.

Table 5 presents the descriptive statistics of diméorders distribution
for countries with more than one NUTS 2 level regiarranged by the average
importance of borders. While in case of GDP peritaagelation there were
many countries (10), in which it was higher thaP5lon regional level, in case
of disposable income per capita the highest vadlegion was 1.24 (Bulgaria).
Next value was 1.23 for the regions of the Slovakiblic and Poland (1.20).

Figure 3. The distribution of values — the border ttal importance (Income)
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The subsequent
their regions were: Hu

countries arranged by average \dlties assessed values in
ngary, Romania, Belgium, i@k Spain, Ireland, Slovenia,

where the average level of disposable income ptacalation ranged from 1.11 to
1.80. In the remaining ones it was 1.10 and lekswn to 1.02 in Denmark.

Figure 4. The distribution of values — the importae of borders: domestic and international
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Interregional “dissection” in the discussed spheag be assessed based
on the difference between the highest and the lowasie of the disposable
income per capita relation between regions. In 2BlRomania (1.15) and
higher than 0.5 difference referred to the regionsuch countries as Bulgaria
(0.62), Poland (0.64) and Italy (0.54).
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Table 6 presents, in alphabetical order, the cammtby the value of
average disposable income per capita relation legtwee regions of borderland
states (column 1 presents the country in whichvidae of disposable income
per capita was higher, shown in denominator, tiehér’ country”).

Table 5. Domestic cohesion — disposal income per daprelation in the EU regions

Importance of borders inside countries
Country — -
N I Me S min max
Bulgaria 9 1.24 1.19 0.18 1.00 1.62
Slovak Republic 3 1.23 1.14 0.23 1.07 1.5(
Poland 34 1.20 1.15 0.18 1.00 1.64
Hungary 11 1.18 1.09 0.18 1.00 1.47
Romania 13 1.18 1.14 0.30 1.00 2.15
Belgium 20 1.15 1.12 0.11 1.01 1.35
Portugal 12 1.15 1.09 0.14 1.02 1.45
Spain 35 1.14 1.10 0.11 1.01 1.43
Ireland 1 1.12 1.12 0.00 1.12 1.12
Slovenia 1 1.11 1.11 0.00 1.11 1.11
Greece 23 1.10 1.07 0.09 1.00 1.31
Finland 5 1.10 1.06 0.09 1.02 1.22
Italy 36 1.10 1.08 0.10 1.00 1.54
Great Britain 74 1.10 1.08 0.08 1.00 1.31
Czechia 12 1.09 1.06 0.08 1.00 1.22
Deutschland 87 1.07 1.05 0.06 1.0d 1.23
Netherlands 23 1.07 1.06 0.05 1.01 1.19
France 44 1.06 1.02 0.08 1.00 1.29
Sweden 10 1.05 1.04 0.06 1.00 1.21
Austria 13 1.04 1.04 0.02 1.01 1.07
Denmark 5 1.02 1.01 0.03 1.00 1.07

N — the number of borders between NUTS 2 regions.

Sourceauthors™ calculations.

Germany as the first country (higher disposablenme per capita) was
listed with the regions of six other countries: g@am (average relation 1.30, min.
1.28 and max. 1.32), Czechia (average relation, 7. 1.76 and max. 2.25),
Denmark (1.44), France (average relation 1.18, mii2 and max. 1.24),
Netherlands (average relation 1.38, min. 1.32 aad.rh.48), Poland (average
relation 1.82, min. 1.69 and max. 1.98); and as dbeond country (lower
disposable income per capita) with Luxemburg (oerage by 1.24 lower) and
Austria (1.13).
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Austria, with the regions of each of the six EUdmtand states, is listed
as the first country (the values represent the matoein the relation) has the
(average) relation assessed from 1.05 againsttticy28 against Hungary.

The average relation of disposable income valuecppita, amounting to
1,5 and more, was recorded between the regionscof ®untries as (the country
with higher disposable income per capita is preskass the first): Austria and
Czechia, Austria and Slovenia, Austria and Hunggsfonia and Latvia, Greece
and Bulgaria, Lithuania and Latvia, Luxembourg d@welgium, Germany and
Poland, Germany and Czechia.

Table 6. The importance of international borders — diposable income per capita relation
between borderland regions of the EU countries

Importance of international borders

Country 1 Country 1 -
N X Me S min max

Austria Czechia 3 2.05 2.04 0.0b 1.99 D8
Austria Deutschland 6 1.13 1.14 0.09 1.01 1.p3
Austria Slovak Republic 3 1.48 1.29 0.39 1.21 1.p3
Austria Slovenia 4 1.58 1.62 0.09 1.45 1.64
Austria Hungary 1 2.28 2.28 0.00 2.28 .28
Austria Italy 5 1.05 1.06 0.02 1.02 1.0f7
Belgium Netherlands 7 1.19 1.21 0.10 1.03 181
Bulgaria Romania 5 1.09 1.1(¢ 0.06 1.02 1.17
Czechia Poland 5 1.10 1.11 0.05 1.04 118
Deutschland Belgium 2 1.30 1.30 0.03 1.28 1.82
Deutschland Czechia 1 1.97 1.97 0.16 1.[76 2|22
Deutschland Denmark 1 1.44 1.44 0.00 1.44 144
Deutschland France g 1.18 1.17 0.04 1.12 1|24
Deutschland Netherlands 8 1.38 1.37 0.05 132 1.48
Deutschland Poland 5 1.88 1.81 0.14 1.69 1/98
Estonia Latvia 1 1.51 1.51 0.00 1.50 1.51
Finland Sweden 2 1.05 1.0% 0.038 1.02 1.07
France Belgium 7 1.10 1.09 0.04 1.04 1.14
France Spain 6 1.07 1.07 0.038 1.03 1.12
France Great Britain 6 1.12 1.11 0.09 1.02 1.p7
France Italy 7 1.08 1.06 0.04 1.0n 1.24
Greece Bulgaria 3 1.62 1.5% 0.26 1.41 1.01
Hungary Romania 3 1.44 1.47 0.1p 1.31 1.55
Italy Slovenia 1 1.41 1.41 0.0( 1.41 1.41
Lithuania Latvia 1 1.94 1.94 0.0( 1.94 1.94
Lithuania Poland 1 1.22 1.22 0.0p 1.22 1.22
Luxembourg Belgium 2 1.55 1.54 0.0p 1.54 1.57




114 Malgata Markowska, Marek Sobolewski

Luxembourg France 1 1.45 1.45 0.90 1.45 145
Luxembourg Deutschland 2 1.24 1.24 0.08 1.8 129
Slovak Republic Czechia 4 1.08 1.0¢7 0.04 1.p5 1j14
Slovak Republic Poland 4 1.12 1.1p 0.09 1.01 1{22
Slovak Republic Hungary 8 1.33 1.26 0.26 1.01 1,88
Slovenia Hungary 1 1.39 1.39 0.0p 1.39 1.89
Spain Portugal 7 1.19 1.0¢8 0.1p 1.02 1.45
Sweden Denmark 1 1.05 1.05 0.90 1.05 1,05

N — the number of borders between NUTS 2 regions.

Sourceauthors” calculations.

Additionally, having in mind the identified relatie of disposable income
per capita level between the regions of borderlstades, the diversification
within the framework of one international bordeoshl also be assessed — the
difference amounting to 0.5 and above betweeneayutialues (minimum and
maximum) occurred between the borderland regiorthefollowing countries:
Austria and the Slovak Republic, Greece and Budgdine Slovak Republic and
Hungary (the highest — 0.87).

4.3. The importance of borders — comparison of rests for two variables

The comparison of descriptive statistics shows that measure of the
importance of borders by GDP per capita takes highties (median 1.17 vs.
1.08 for the importance measure based on the @dib@scome per capita). This
difference is particularly large for the domestiorders (i.e. the diversification
between the neighbouring domestic regions is muigheh when GDP is
calculated per inhabitant than the disposable igcofmhouseholds). In case of
international borders, however, the situation is clear (median 1.24 vs. 1.21),
which is well visible on the graph. There are bdaiel regions from different
countries where GDP per capita diversification ighér than the household
disposable income per capita, however, in somesdasimes happen vice versa.
The Wilcoxon signed-rank test for two related sasphvas used to compare the
importance of borders calculated based on GDPlandisposable income, which
indicated the absence of clear “tendency” for maéonal borders. It reflects
a “very insignificant” result of the Wilcoxon teg=0.9755).
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Figure 5. Scatter diagram for the importance of boders calculated based on two different
variables

Type of border
@® national (p= 0.0000***)

< international (p = 0.9755)
+60% +40% +20%

-20%

-40%

Importance of borders
(income of households)

& o < < | -e0%

10 1.2 14 16 1.8 2.0 2.2 24 26 28 3.0 3.2 34 36
Importance of borders (GDP)

Sourceauthors™ compilation

For domestic borders the comparison of two measfrége importance of
borders using the Wilcoxon test gives a highly stpmmatic statistical result
(p=0.0000) — see fig. 5, which means that the ord#rslomestic borders
designated using the two variables are signifigagithilar. It is confirmed by the
value of Spearman’s rank correlation coefficienbaning to 0.533 (p=0.013).

4.4. Assessment of the importance of borders based many variables

In order to assess the importance of borders alss possible to take the
approach applying many variables, in which the igabt measures of the
importance of borders have to be calculated basedhe particular variables
selected for the assessment. In this case it sdmtter not to “slice” the
international borders into interregional borderext\lit is founded to determine the
global characteristics for international bordenscfsas average values, medians,
etc.) for each variable separately. It is suggestedverage the results using
a geometric mean.

Averaged results for international borders using twnalysed variables
(GDP per capita and disposable income per capig)r@sented in table 7.
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Table 7. The importance of international borders — agraged values

The importance of international

Country 1 Country 2 borders — averaged values
Luxembourg Belgium 2.25
Luxembourg France 2.20
Deutschland Czechia 1.79
Austria Czechia 1.75
Luxembourg Deutschland 1.75
Austria Hungary 1.69
Deutschland Poland 1.66
Austria Slovakia 1.62
Greece Bulgaria 1.54
Lithuania Latvia 151
Austria Slovenia 1.50
Slovak Republic| Hungary 1.41
Lithuania Poland 1.37
Estonia Latvia 1.34
Deutschland Belgium 1.32
Deutschland France 1.28
Deutschland Netherlands 1.27
Hungary Romania 1.26
Sweden Denmark 1.25
Deutschland Denmark 1.24
Bulgaria Romania 1.22
Italy Slovenia 1.21
Slovenia Hungary 1.20
Belgium Netherlands 1.19
Spain Portugal 1.18
France Great Britain 1.16
Austria Deutschland 1.16
Finland Sweden 1.15
Belgium France 1.13
Spain France 1.13
Czechia Poland 1.12
Slovak Republic| Poland 1.11
France Italy 1.10
Slovak Republic| Czechia 1.09
Austria Italy 1.07

Sourceauthors” calculations.




Thes&ssment Of Geographical Borders... 117

The presented ordering of weights, determined basetlvo variables,
shows that the value higher than 2.0 refers to mbueg borders with Belgium
and France, whereas lower than 1.1 to the SlovglulRlie with Czechia, and
Austria and Italy.

4.5. The importance of interregional borders and Plish regions with
foreign neighbours

The importance of 16 Polish regional borders —divsion identical to
voivodeships — will be discussed separately. Indherse of the first stage the
spatial distribution of the assessed relationsueslfor each of the analysed
variables was illustrated on maps, i.e. GDP peita@nd disposable income per
capita, and in the second stage jointly for bothiabdes (fig. 6). In the first two
cases higher variable values were marked by a dedkeur on the maps and the
importance measure was specified for each boraerteehnical reasons “short”
borders, up to 50 km, were omitted. For the illastn transparency: the more
important the border the darker the labelled area.

When it comes to GDP it is significant that theatieihs of GDP per
capita between Mazowieckie region and the neighibguregions are higher
than between the regions of western Poland and &eregions. Therefore, it is
possible that Mazowieckie exerts higher impact tn neighbours than the
eastern German regions on Wielkopolska or Pomoarhadnie.

The importance of borders assessed in the saméasgd on income is
different — here the relations of disposable incqraecapita values for German
regions against Polish regions are different: Garregions exert higher “impact”
on the regions of western Poland than Mazowieckigésoborderland regions.The
contours on the map were not shaded for averagedsvaf variables. In case of
geometric means for both types of relations — theortance of Polish-German
border and between Mazowieckie and the neighboweggpns is much more
similar than in case of the relation of two varesbanalysed separately.
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Figure 6. GDP per capita relations, the relations fodisposable income per capita and the
relations of averaged values for both variables ifPolish regions and in the EU regions
from the borderland states

Importance of borders (GDP)

Importance of borders (income of households)
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Importance of borders (geometric mean)

Sourceauthors™ compilation.

5. Conclusion

The “importance”, defined as it has been presertad,be understood in
two ways — on the one hand, the higher the weidttooders the larger the
diversification between regions, which can resultheir lower impact on some
socio-economic spheres (thus if the “divergenceaicept is adopted — a richer
region is likely to isolate itself from poorer regs). On the other hand,
a significant difference in the level of regionaalth can result in these regions’
more intensive impact — poorer region inhabitaesksemployment in a richer
one, whereas the inhabitants of a richer regioshgpping to a “cheaper”, poorer
region, thus enhancing its development.

It should be considered how the above determinedsures for the
importance of borders should be used in the seh&®®& quotient or income. It
seems that whether the weights of borders are stensiwith the designated
“importance” measure in the procedure of spatiabatimng should depend on
the substantive significance of the smoothed sizdischaracteristic. In case of
such characteristics as population income, unemmoy rate, etc., it seems that
the border weight should be proportional to the angnce measure. It also
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seems that apart from the diversification of reglatevelopment level the impact
intensity is determined by the fact if they belalogthe same or to different
countries.

Therefore the value of importance measure can bpted as the weight
in the spatial smoothing procedure after correctirig minusfor international
borders (e.g. multiplying it by the arbitrarily éemined number lower than 1).

Further interesting developments of the presenpgdoach — primarily in
the context of cohesion policy carried out in therdpean Union are e.g. the
sustainability assessment or changes in the impm#rtaf domestic borders for the
selected socio-economic variables in dynamic petsgeand the assessment of
sustainability or changes in the importance of brsdetween countries for the
selected socio-economic variables — dynamically.
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Streszczenie

OCENA WA ZNOSCI GRANIC GEOGRAFICZNYCH
W BADANIACH EKONOMICZNYCH

Dtugas¢ wspélnej granicy nadzy dwiema jednostkami geograficznymi jegstte
uzywana jako podstawowa waga w analizie zadéci przestrzennych. Najnowsze
propozycje dotyezm.in. testowania wptywu podziatu geograficznegéseggo rzdu na
podziat niszego rgdu (Markowska i in. 2014; Sokotowski i in. 2013ggionalnej
przestrzennejredniej ruchomej oraz nowego wspotczynnika korelgeczestrzennej
(Markowska i in. 2015). W cytowanych pracach noveody zilustrowano na przyktadach
analiz regionéw Unii Europejskiej szczebla NUTS J&st oczywisteze w sensie
oddzialywania spoteczno-ekonomicznego granice dutayi regionami nakgcymi do
réznych paistw mag inng wanasé niz granice mgdzyregionalne w ramach tego
samego péstwa. W niniejszej pracy podano pwp§ropozycg oceny wanaosci granic.
Naley wzié jakgs zmieng makroekonomiczn nie wykorzystywan w aktualnych
analizach (np. PKBsmiertelng¢ niemowyt, wartas¢ HDI) a dosgpng na poziomie
NUTS 2 i okréli¢ lokalng waznasé granic dziegc wieksz; wartasé¢ tej zmiennej przez
mniejsz dla regiondw légcych po obu stronach danej granicy. Nastie rozgdne
wydaje s¢ usrednienie tych ocen waaosci dla wewtrznych granic w kadym z krajow
osobno, oraz dla granic gdzypaistwowych. Mgna te wykorzystéd oceny wanosci
bez yredniania do zbudowania dodatkowego systemu wag.

Stowa kluczowesystemy wagowe, analizy przestrzenne, korelagesfrzenna



