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Abstract

The EU designs its cohesion policy with the primpuypose of reducing
disparities in regional development. The succesheopolicy is largely determined
by the identification of factors that contribute gach disparities. One of the key
determinants of economic success is human cafitas article examines the
relationship between the quality of human capitatl @conomic development of
EU’s regions. Using spatial analysis methods, {egial dependencies between the
growth of human capital and GDP per capita are stigated.

According to the research results, the highestlé¢ewé human capital are
typical of the most affluent regions in Westerndpa, while its lowest levels are
found in the poorest countries that became EU mesnbely recently and in
countries in southern Europe, including Greece. 3jpatial correlation measures
confirm that spatial relationships have effect ba tegional resources of human
capital, showing that regions rich in human capitairder on regions that are
similar to them in that respect. The results of #patial growth regression
indicate that the amount of human capital in thgioa has a significant and
positive effect on its GDP per capita.
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1. Introduction

The EU shows a strong focus on reducing dispatiti¢ése development of
its member states (external cohesion) and of tg®ne inside them (internal
cohesion). The instrument it uses to this end isesion policy addressed to
NUTS-2 and NUTS-3 regions. An important elemengduring socio-economic
cohesion is the performance of analyses that erthblédentification of factors
contributing to variations in regional developmewith increasing precision.
Among the determinants of economic success, hugitatis considered one of
the most significant, as it can boost or deceldragrocess of economic growth.

This article is an attempt to capture the relahgndetween human capital
quality and economic development of EU’s regionsthe first part of it, spatial
differences in human capital between EU's NUTS¢lars are presented using
a set of selected measures. An analysis of spafaionships influencing the
measures’ values is used to identify the spatitdbpacharacterising the formation
of human capital as a factor of economic growth.

In the second part of the article, the resultspatial growth regression
accounting for human capital are presented.

2. Human capital and economic growth — a theoretidgerspective

Human capital and its role as a factor of econognawth and regional
development are discussed frequently and widelgssilal economics viewed
labour, land and capital as the primary factonsrofluction. Capital was understood
as financial or physical assets that could be €medainful economic activity. It
was observed, however, that the effectiveness witlth physical or financial
assets were used was determined by the qualifsattmmpetencies and health of
humans. This finding led to the formulation of th&ion of human capital in the
1960s (Becker 1964).

Human capital theory has become a vital elemenn-alepth analyses
seeking to assess the role played by the qualitgehuman factor in economic
processes. In the literature, human capital iseimgingly viewed as one of the
key factors in labour productivity (at aggregatenad as individual levels) that
helps economies become more innovative and actedetheir growth. The
models of endogenous growth have assigned a praimiake to human capital.
There are two distinct views on how it contribute®conomic growth (Aghion,
Howitt, 1992). In the first of them, human capitkegarded as an argument of
the production function, an exemplification of whiis the Mankiw-Romer-Weil
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model (1992) or the Lucas model (1988). Accordimgiie second view, human
capital enables the creation of innovations andralsgion of new technologies,
thus leading to technological development (seecbi 2007, pp. 126-127).

The outcomes of numerous studies on human capitdl economic
growth usually confirm that the two are relateccéah other. The quality of the
human factor is widely accepted today as a fact@oasiderable influence on
business results.

Economic development can be considered not onlthat national
economy level but also in regional terms. Regiaeelopment and spatial
disparities in the development of regions have keé&equent topic of regional
and local studies. The recent decade witnessedtiayparly strong rise in their
number. Researchers seek to determine what meotgrienditions and factors
have effect on regional development processes. gre@t interest in regions is
partly due to EU’s policy that aims to strengthegional economies.

As in the case of the national economy, the ledehwman capital in
a region can significantly influence its economswelopment through productivity
and innovativeness. It is thought that raising dneount of human capital and
improving enterprises’ access to whatever inforomathey might need should be
priority in building regional competitiveness amthévativeness (Szultka et al.,
2004, pp. 16-17).

It noteworthy that the relationship between humapital and the
development of the national economy can be diffetean that at the regional
economy level. The national economy and regionah@wies differ in that the
regions do not have ,true” borders and are muchenapen, so factors of
production can be easily moved between them. Tdrigcplarly applies to workers
who gravitate to regions paying higher wages, talfieir human capital with them
(Golejewska 2012, p. 29).

The definite majority of studies on human capitahgider it in the
context of national economies. Studies focusedegional economies are much
fewer, partly for the lack of reliable regional tigics. The existing empirical
studies show, however, that the development obregieconomies also benefits
from human capital (Di Liberto 2008; de la Flue2@®?2).

The importance that the EU attaches to human dagita major factor in
the development of the regions of its member sthtesbeen reflected in the
goals of the Community’s regional policy. Yet, theowledge of human capital
and of its significance for the development of Exgan regions still seems to be
incomplete, which substantiates continued researtth this field using the
spatial analysis methods.
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3. Selected concepts of human capital measurement

The concepts of human capital are characterised ambiguity.
Notwithstanding the great number of studies ingestng human capital, it is
still surrounded by many definitional doubts andntcoversies. Becker's
minimalist definition of human capital (1964), cemtrating on education and
training, has been extended to account for physiealth and other abilities
improving individuals’ potential for acquiring kndedge and skills (Golejewska
2012, p. 31). While it is true that the diversitfydefinitions of human capital
makes their practical use more difficult, it alsmyides a better insight in its
nature and complicated structure.

According to the OECD definition of human capitat, is “The
knowledge, skills, competencies and attributes atigob in individuals that
facilitate the creation of personal, social andnecoic well-being(GUS, 2012,
p. 20). Based on this definition, human capital barconsidered with respect to
three different stages of the life cycle: creatiomintenance and use. The first
of them — the creation of human capital — is désctiin terms of population’s
reproductive capacity, access to healthcare, pgreedceducation and formal
education. The second stage — the maintenancentdrhuapital — is determined
by the appropriate access to healthcare, life-leagning or goods of culture.
The third stage — the use of human capital — isatherised based on economic
activity, employment, patent submissions and degajents, etc.

Because of the uniqueness and multifaceted natlifeuman capital,
many problems are encountered in measuring itevdtlis also for this reason
that a standard estimation method for human capé#alnot been proposed yet.
There are, however, recognised methods with whiatam be measured, for
instance an income method and a cost method (FElk2206).

As both of them are laborious and the necessarg deg¢ frequently
unavailable, other methods have also been credtdue 1 shows a range of
methods that are used by authors of empirical asuidi measure human capital.

The aim of the composite measures of human capgalare widely used
today is to create a relatively comprehensive inafexuman capita.In order to
put together a multifaceted description of the sa§ human capital partial
indicators on its demography, health, educatidmua market, culture, science,
technology and innovations are necessary, as veele@nomic and social
determinants of human capital development. Datatates cause that empirical
analyses usually face problems in accounting fatialensions of human capital.

1 Such as the Lisbon Council Human Capital Indeteter, Schuler, Willms 2007).
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Table 1. Methods for the measurement of human capita

Methods Focus
Retrospective cost of creation
Prospective future income
Akin to retrospective educational parameters
Benchmarks competence tests (e.g. PISA, IALS)

combination of indicators characteristic of diffiere
Composite measures approaches with a view to creating an aggregate
comprehensively describing a given phenomenon

Source: developed based on I. Miciuta, K. Miciutd 2, p. 273.

4. Human capital and GDP per capita in EU’s regions

This research aimed to investigate how human dapjtelity and
economic development in EU’s regions were relabeglaich other. It is based on
the 2014 statistics on 283 NUTS-2 regions obtafnem the Eurostat websfte

Because of the available statistical data, theofolg set of indicators
directly describing human capital or having dirgdluence on its development
was adopted. It was divided into the four followigrgpups:

Group Variable
Science, technology ande Human resources in Science and Technology;
innovation % of total population,

« Employment in technology and knowledge-intensiveta@s; % of
total employment,
Education e Pupils and students in all levels of education (IBQE-6), % of
total population,
e Population aged 25-64 with less than primary, prynaad lower
secondary education (levels 0-2); % of total pairta
e Early leavers from education and training; % of yagion aged
18-24,
* Young people neither in employment nor in educaéind training,
% of population aged 18-24
Demography « Demographic dependency ratio (expressed as theanaftiependents”
aged 0-14 and 65+ for every 100 "workers" (age®4p—

Health « Life expectancy, males, aged less than 1 year,
» Life expectancy, females, aged less than 1 year,
« Medical doctors per hundred thousand inhabitants

2 http:/fec.europa.eu/eurostat/data/database, addedslay 2016.
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The aggregate measure of human capital for regitih was calculated as an
unweighted sum of individual diagnostic charactess after unitarisation:

1 10
| 10,-2_1“ (1)
where:
Xij = min{;}
— if variablex; isastimulant
max{Xj} = min{x; }
i Imav{Xa-}-Xa-
AR Xij s~ X
! _ if variablex; isadestimulan
man{ x; } = min{x; }

Figure 1. Human capital level in EU NUTS-2 regions guintile map
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Figure 2. GDP per capita in EU NUTS-2 regions — quiife map
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Source: authors’ own work.

The calculated measures of human capital range féot® in the
Bulgarian region of Severozapaden to 0.73 in tlggors of lle de France and
Inner London. According to Figure 2, the highestele of human capital
characterise regions in Switzerland, Belgium, Aastrsouthern Germany,
Scandinavia, Iceland, southern England, and sopieateegions. Regions where
the levels of human capital are predominantly lowe aituated in Bulgaria,
Romania, Greece, southern Italy, western Spain Rordugal. Therefore, the
largest resources of human capital are charadtenistWestern European regions
that are also the most affluent. At the other ¢imeke are poor regions in the new
EU member states and in south-European countnelsding Greece that in 2014
faced the most severe economic problems. The valu#® synthetic measure of
human capital show its relatively strong correlatisith the level of GDP per
capital (a Pearson’s coefficient of 0.73). The carngon of graphs 1 and 2 also
points to similarity between the distribution ofrhan capital and GDP per capita.
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As far as GDP per capita is concerned, greatererdration of its high values can
be seen in Germany, Scandinavia and the UK, wheheasegions of countries
that became EU members after 2004 and Greecearedpin the quintile where
the values of GDP per capita are the lowest.

Figure 3. A histogram of the distribution of humancapital and GDP per capita measures
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Source: authors’ own work.

A comparison of both these variables’ histogramsvides even more
information. An analysis of regions in terms of lamtapital shows that those with
average values of this variable have a clear nealexdvantage (63% of regions are
placed in two middle intervals and only 4% in the extreme intervals), but GDP
per capita has placed 80% of all regions in ttet fivo intervals.

5. Spatial analysis of the relationship between huam capital and GDP per
capita

In the next step, the spatial dependencies ofyiikhetic measure of human
capital were investigated. The appropriate analytirocedure starts with the
construction of a spatial weight matrix. For thepases of the study, the queen
contiguity weight matrix of % order was adoptedhis means that a neighbouring
region is one that borders on the considered reggonell as the neighbours of the
former. The construction of this poses some prodleith accounting for the island
regions. There are 17 island regions (NUTS-2) m BU, for instance Sicily,
Iceland, and the Canary Islands. As their econoamie$inked with other regions, in
the research they were artificially “assigned” héigurs, i.e. regions that were
geographically the closest to them and, if possii@onged to the same country.

In graphs 3 and 4, Moran’s global and local stagsare shown as the so-
called Moran’s scatter plot (graph 3) and a mapoecfl Moran’'s statistics
(LISA; diagram 4).
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The horizontal and vertical axes of the Moran'sttecaplot represent,
respectively, the values of the considered variabthe region and the spatially-
lagged values of the same variable in neighbougipns. The plot also shows
the regression line the slope coefficient of wiidhresponds to global Moran’s |
(a measure of global spatial autocorrelation).

The global Moran’s | statistics for the measurehafman capital was
1=0.453 with a pseudo p-value p=0.001 (a randotaisdest with 1000 random
permutations), meaning that the null hypothesisirgfethat spatial correlation
was not present in the analysed area was rejetletisame was observed for
GDP per capita: 1=0.496, p=0.001. The concentratibthe values of human
capital was higher in first quadrant, indicatingttihegions with high values of
human capital were surrounded by similar regiorsfak as GDP per capita is
concerned, a concentration of regions with low Gig capita surrounded by
similar regions seems to predominate, but the numbeegions with high GDP
per capita surrounded by similar regions is alg hi

Figure 4. Moran’s scatter plot
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Source: authors’ own work.

With the LISA values presented in Figure 4, it asgble to infer about
spatial correlations between regions and their himgrs. Such an in-depth
analysis of spatial dependencies can show whetkearegion under consideration
is surrounded by regions with a similar value a&f #nalysed variable. Figure 4
presents also a map of values for particular LISA statistics calculatedthw
a randomization test with 1000 permutations. Th&eatahe colour, the lower the
value of p, and therefore the higher correlation between gione and its
neighbours.
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Figure 5. Local Moran’s statistics LISA
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The maps shows that the clusters of NUTS-2 regidtis high values of
human capital can be found today in Scandinaviat(®wn Norway, Sweden
and Finland), Austria, Switzerland, western Germang southern England.
A large grouping of regions with low values of hun@apital exists in Bulgaria,
Romania and Hungary that are new EU member statesin Greece and lItaly.
Two so-called hot-spots (regions characterised igi kalues of the analysed
variable surrounded by regions where its valuesavg are Bucuresti-lifov and
Lazio with the capital cities of Romania and Italy.can be concluded that
capital cities have considerable drawing power atithct students and best
educated persons with jobs in technology and kndgdentensive sectors and
easy access to medical care. The low-high regiom$eav. They are situated in
France (Champagne-Ardenne), south-eastern Engksakx, Kent), the Czech
R. and the Netherlands (Zeeland). The regions’'tagerof human capital can be
attributed to the weight of the agricultural sectotheir economies.

The local indicators of spatial association for Gpd#t capita (Figure 4)
show the presence of two very large clusters dfi-high and low-low regions.
The first of them comprises the urbanised areawithern Italy, south-eastern
France, Germany, the Netherlands, Belgium, Ausana, all NUTS-2 regions in
Switzerland. The second one consists of all NUT842s in Lithuania, Latvia,
Poland, Hungary, and Romania, the Czech and Slosgibns that border on
them, and most Greek regions. That the regions bédong to the lowest
quintile for GDP per capita (graph 2) is a dramdlicstration of the per capita
income gap between the new and old members of theAHarge number of
Greek regions in the grouping clearly show the 88vef economic crisis faced
by the country’s economy.
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With the Exploratory Spatial Data Analysis it isspibble to compare the
bordering regions for two features. In this redeatioe bivariate Moran'’s statistics
was used to compare GDP per capita in a regionthéthevel of human capital in
the neighbouring areas. The results of this ex@sris shown in graph 5.

Figure 6. Bivariate Local Moran’s statistics (BILISA) maps
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A comparison of the map with bivariate dependen(égure 5) with that
showing univariate dependencies (Figure 4) revealssiderable similarity
between them. Mostlusters consist of regions with high income peiteathat
are surrounded by regions with high levels of huroapital, but the Balkans
also show a very large concentration of regionshwagw values of both
variables. This picture and that showing spatiglethelencies for GDP per capita
are very similar. Only one region with high incoper capita (Lazio in Italy,
with the capital city of Rome) borders on regiorithiow resources of human
capital. This may mean that human capital is sudkénl the capital city. In
some EU countries, the NUTS-2 regions with theomai capital cities are
characterised by a high-low relationship betweemdmu capital and spatially-
lagged GDP per capita. These are the regions ofpklitagyarorszag (with
Budapest), Praha, Mazowieckie (with Warsaw), Bustisifov, and Area
Metropolitana de Lisboa. The regions are surrourmedreas where low values
of per capita income cluster together (Figure 4)ictv may suggest that in poorer
regions the capital cities draw better educatedqgmarwith greater force. In graph
5 there are also regions showing a low-high retatigp between human capital
and spatially-lagged GDP. Most of them border aiomes where the relationship
is high-high. These regions include Champagne-Ardein France, Essex and
Kent in south-eastern England, i.e. which are atarged by univariate low-high
dependency of human capital. This may mean thge laigh-high clusters draw
human capital also from the neighbouring regiohastincreasing their income
per capita to an even higher level.

At the last stage of this empirical study, theuefice of human capital on
GDP per capita was assessed. To perform the eltimatocedure, two spatial
regression models (a spatial autoregressive modkeaapatial error model) and
basic specifications were used.

In the spatial autoregressive model (SAR; othenasispatial lag model,
SLM) the dependent variabyen placei is affected by the independent variables
in both place andj. The model is of the form:

y=pWy+Xp+e, )
where:
p— the autoregression parameter denoting the depead# the analysed
variable in one place on its value in other places;
W — the spatial weight matrix.
In the spatial error model (SEM), the error termmoas different spatial
units are correlated. The general form of the SEddiehis as follows:

y=Xp+e, e=AWe+¢, (3)

where parameter is the coefficient of the spatial correlation e$iduals.
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In the SAR model, spatial lag is suggestive of @spme diffusion
process, meaning that the explained variable’sevaluyplacei is influenced by
its values in other places (areas, regions, gebgralppoints). In the SEM
model, interactions are enabled by the error t@rhe SEM model is selected
when it is not possible to account for some sggtaltocorrelated variables in
the specification.

In the analysis, the explained variable was GDP qagita in region
i (GDPPQG),i =1,...,283, and the explanatory variables werddatewing:

« W_GDPPG — GDPper capitain the regions neighbouring tlh region;
the neighbourhood was defined according to the muesghts matrix based
on contiguity of second order,

* HC; - human capital — a synthetic measure,
» FIXCAR - gross fixed capital formation per capita (inubands euro),
* EMPL; - employment (in thousands).

The 20l14data necessary to perform estimations were souroed the
Eurostat website. The results are given in talia® for the sake of comparison
shows also the results of a model without spatigractions estimated by OLS.

Table 2. Estimation results

Dependent variable: GDP per capita
Explanatory Maximum Likelihood Method
variables oLs spatial autoregressive .
model, SAR spatial error model, SEM
constant -1922.97 -1968.03 -1295.52
(p = 0.000) (p = 0.000) (p = 0.000)
0.383
W_GDPPC — (b= 0.000) —
1912.48 1586.943 1803.175
FIXCAPPC (p = 0.000) (p = 0.000) (p = 0.000)
1.695 1.837 2.0755
EMPL (p = 0.053) (p=0.018) (p = 0.006)
HC 69500.07 52928.41 57945.45
(p = 0.000) (p = 0.000) (p = 0.000)
; - - 0.627
(p = 0.000)
R’ 0.901 0.738 0.761
LR test for spatial 53.71 65.81
dependence (p = 0.000) (p = 0.000)

Source: authors’ calculation.

As expected, region’'s GDP per capita is positivelffluenced by its
values in the neighbouring regions. This conclusoiased on the results of
both estimated models (the estimate of parameter the SEM model is
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statistically significant). The influence of registhuman capital on its GDP per
capita is also strong. A comparison of the resyittded by the model without
spatial dependencies with those obtained from thB 8nd SEM models has
pointed out that the classical model (OLS) ovemesties the influence of gross fixed
capital per capitaH{XCAPPQ and human capitaHC) while underestimating that
of employmentEMPL).

6. Conclusion

The objectives the EU has adopted for its regiqmdicy clearly show
that the Community perceives human capital as ifad significant influence
on regional development in its member states. Tiadyais has confirmed that
the level of regional development measured by GBPcppita and the level of
human capital in the regions are related to eablerptas well as revealing
considerable interregional disparities in both ¢heariables.

The highest levels of human capital are observethénmost affluent
regions in Western Europe and the lowest ones @ pborest regions of
countries that recently joined the EU and of sdtthepean countries, including
Greece. The values of the spatial correlation nmieasbiave confirmed that the
formation of human capital is a spatially-dependmotcess. Clusters of NUTS-2
regions characterised by high values of humanalagan be found in Scandinavia
(southern Norway, Sweden and Finland), as wellnaf\ustria, Switzerland,
western Germany and southern England. The new Etdberestates, Bulgaria,
Romania and Hungary, but also Greece and Italyg lohusters of regions where
the values of human capital are low. The reseaesh showed that in many
countries, particularly in the less prosperous ptiesposition of the capital cities
is so strong that they absorb human capital framtighbouring regions.

The bivariate spatial analysis has pointed outtti@economic development
of a region can be driven by its own resourcesuafidn capital as well as by those
accumulated by the neighbouring regions. Therefatgons need to be taken to
raise the quality of human capital in the lessuefit NUTS-2 regions of the
European Union, because its generally low level rhaye adverse effect on
regional development.

Considering that the regional economies are mucheropen than the
national economies are and that the factors ofymtimh, particularly workers,
can easily move between them, not only intra-regjidrut also inter-regional
links influencing their development need to be Btigated.
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Streszczenie

ZNACZENIE KAPITALU LUDZKIEGO DLA ROZWOJU
REGIONOW UNII EUROPEJSKIEJ

Zasadniczym celem dziataUnii Europejskiej (w obszarze gospodarki) jest
dgzenie do zredukowania #dic w poziomie rozwoju poszczegolnych regionoweW c
usuwania regionalnych nierébwsw gospodarczych UE realizuje politykspéjndgci
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w stosunku do pistw oraz regionéw. Die znaczenie dla powodzenia takiej polityki ma
okreslenie czynnikéw determimgych r&nice w poziomie rozwoju regionalnegosrdd
czynnikéw determinggych sukces gospodarczy jedno z czotowych miejsoujea
kapitat ludzki, mogcy dynamizowabgdz spowalni@ proces rozwoju. W opracowaniu
podigta zostata proba oceny relacji pogdy jakgcig kapitatu ludzkiego a rozwojem
gospodarczym w regionach Unii Europejskiej. Zastaste metod analizy przestrzennej
pozwolito na zbadanie zaieasci przestrzennych w ksztattowanig Eapitatu ludzkiego
i PKB per capita

Jak wynika z przeprowadzonych badeegiony o najwiszym poziomie kapitatu
ludzkiego to najbogatsze regiony Europy zachodziaj,najnizszym poziomem cechy
charakteryzuj sie ubogie regiony péstw najpéniej przygtych do UE oraz Europy
potudniowej, w tym Grecji. Regiony o wysokim po#okapitatu ludzkiego gsiaduj
z regionami o podobnie wysokim poziomie cechy. RiMprzestrzennej regresji wzrostu
wskazuj na istotny, pozytywny wplyw zgromadzonego w paatieg kapitatu ludzkiego
na PKB per capita.

Stowa kluczoweUnia Europejska, regiony, kapitat ludzki, statgst Morana, regresja
przestrzenna



