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Analysis of Spatial Diversification of Economic Growth Level
I n Powiats of Dol noSI Nski e

Abstract

Intensive economic and hain processes which take place in Polish
urbanized area have a significant impact on the changes of structure of
territorial units, their functional development and demographic processes.
Development of individual units is dependent on many factors kkkdation,
demographic potential and economics. In the area of one voivodshgye are
powiats with a various potential of development.

As a subject of research powi at s
Voivodship are selected. Taxonomic methods were used for the classification
and grouping of powiats as a spatial objects tested in the multidimensional
space of characteristics. The aim oé thaper is to present the spatial variation
in the level of development in the light of selected factors.

1. Introduction

Intensive economic and urban processes which take place in the Polish
urbanized space from more than 20 years have a significanttimpaloe basic
spheres of human activity: environment, social system and economy. Under the
influence of these processes occur changes in the structure of territorial units,
their functional development and demographic processes. Development of
individual units is dependent on many factors. There are the factors associated
with the location, demographic potential and economics. In the area of one
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voivodship 1 there are powiats with a various potential of economic
development.

As a subject of research povgadnd cities with powiat status in the area
of the DolnoSINskie Voivodship are sel
the classification and grouping of powiats as spatial objects tested in the
multidimensional space of characteristics. The aim of tipemia to present the
impact of selected factors on the spatial variation in the level of economic
development.

2. The characteristics of the area under research

As a subject of research the area o
Taxonomic methods vgaused for the classification and grouping of powiats as
spatial objects tested in the multidimensional space of characteristics.

Figurel. Location of dolnoSINskie voivodship

Source: aut hordés own.

According to nomenclature of NUT& Do | no S| NupkveretheVoi v o
26 powiats and 3 cities with powiat st
(as of 31 Dec. 2010). DolnoSINskie Vo
part of Poland and is bordered by three Voividships: Lubuskie, Wielkopolskie
and Opolsle, and with the Czech Republic and Germany. As of 31 DEC. 2010
area of the Voivodship is 19947 kn6,4% of the territory of the country;
7 place among provinces). The population of the Voivodship is 2877,8 persons,
representing 7.5% of the populationRdland. In terms of number of population
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dol noSI Nskie is located at the 5 spot
Voivodship, in contrast to previous periods, there was a slight positive growth of
population. This is largely an effect of migratorpwements. The State belongs

to the most urban area in Poland. Lower Silesian Voivodeship is the nature of
the industrialagricultural and well developed economy.

The level of economic development in the area of voivodship is
determined in various ways. loéntial is the position of the unit in the system
of communications involving closer and further neighborhood (the availability
of communication), which is linked directly to the quality of the infrastructure to
develop the necessary contacts, populatiord age structure, investment
attractiveness of individual units, the structure of employment and the
characteristics of the labor market.

To examine the status of and prospects for economic development in the
County, you need to select the set of featulat characterize the best studied
phenomenon. Area of Dol noSI Nskie Voivo
of the size of individual units (provinces), their functional development, position
in the hierarchy of administrative, rehabilitation of #mvironment and many
others. Carried out numerous studies and analysis of opportunities for economic

devel opment and i ts determinants i n
evaluate three basic types of areas. They are: city distrits o c § a w, Legn
ad Jelenia G-r a, which have the strong

distinguished capital regiort he city of Wrocgaw.

The second type of areas represent municipalities that make up the
counties within the immediate vicinity of the listed dtigvhich benefit from the
position in a broadanging contacts and areas located away from main roads,
which to a large etent hinders their developmer@ b Nd z y Es k a , | wasz
pp. 331 3 6, Litwi G&Gka 2007, Ml ek, Zipser 2

The characteristics seledtefor testing the diversification level of
economic development of powiats focus on topics concerning the demographic
characteristics, infrastructure, income and expenditure and the labor market.
These thematic areas are described using the charactewstics figures in the
form of indicators, which enables the comparison of territorial units of different
sizes. Values of the indicators relate to the year 2010.
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Figre2Povi ats in dolnoSI Nskie voivodship

Source: authordéds own

Ratio of population density is one of the characteristics of the most
commonly used in research. Lower Silesian Voivodship in 2010, it was an
average of 144 persons perkmwhich is in fourth plae in the country (average
for Poland is 122 persons per kJriThe coefficient of feminization (number of
women per 100 men) amounted to 109, which gives a third place in the country.
Natural growth for the Lower Silesian Voivodship was in 2010, negatide an
amounted to minus 172 people. According to data for 2009 the estimated value
of the gross domestic product remained in the lower Silesian Voivodeship at
110448 million, representing an 8.2% of GDP in the country. This was the
second, after the Masovianowodeship, largest value among the provinces.
Expenditure on investments and investment purchases are the most important
group of expenditure. They increase the potential of the region and foster the
creation of advantageous conditions for developmendtig8tal Office in
Wrocgaw 2012, report).

3. Course of analyze

Numeric Taxonomy provides the methods of grouping and classification
of data in spatial studies. Taxonomic methods enable to order a collection of
objects, the division into disjoint subsetsjcs as a group, the classes or
concentrates containing elements similar, from the point of view of selected
characteristics and simultaneously different elements of other subsets. As
a result we get subsets of elements like inside the group and diffierenthe
other groups (Hellwigl994, Mynarski 1992, pp. 11146, Suchecki 201(Qp.
56-57). In comparative and classification studies the important is possibility to
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compare the objects described by many variables. For this purpose, the most
widely used taonomic methods, which enable the analysis of objects in
multidimensional space. In the taxonomic analysis decisive step is the selection
of diagnostic variables.

The potential set of diagnostic features chosen as the characteristics of
level of economida devel opment of dol noSI| Nski
following variables:

1. population density,

2.index of feminization (woman per 100 men),

. hatural increase per 1000 population,

. honworking age population per 100 persons of working age,

. quantity of roads (int) per 100 krhof area,

.revenue own per capita,

. expenditure of investment per capita,

8. entities of the National Economy register per 1000 population,
9. population employed in agriculture,

10. population employed in industry, }(as a % of total emplay)
11. population employed in services.

The vast majority of selected potential diagnostic variables are
a stimulant. Only variable showing the number of persons in the not working age
per 100 persons in working age is destimulant (for this characterigjatives
values were taken). In order to reduce the number of diagnostic variables was
verified, while the large variability, and the condition of weak correlate between
variables. Assuming the value of the correlation coefficient equal to 0.65 as the
threstold value, the final set of diagnostic characteristics contained the
following variables:

1. population density,

2. natural increase per 1000 population,

. nonworking age population per 100 persons of working age,

. expenditure of investment per capita,

. populdion employed in agriculture,

. population employed in industry, as a % of total employed)
. population employed in services,

. revenue own per capita.

The values of the coefficients of correlation between diagnostic variables,
presents table 1.

~N O O AW

0 N O O W
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Table 1. Coefficient of correlation between diagnostic variables

1 2 3 4 5 6 7 8

1,000 -0,106 0,083 0,106 | -0,465 | -0,458 | 0,410 | 0,518
-0,106 1,000 0,478 0,354 | 0,136 0,450 | -0,479 | 0,206
0,083 0,478 1,000 0325 | -0,172 | 0,198 | -0,278 | 0,206
0,106 0,354 -0,325 1,000 | -0,176 | 0,175 | -0,304 | 0,616
-0,465 0,136 -0,172 | -0,176 | 1,000 | -0,115 | 0,144 | -0,431
-0,458 0,450 0,198 0,175 | -0,115 | 1,000 | -0,950 | 0,057
0,410 -0,479 -0,278 | -0,304 | 0,144 | -0,950 | 1,000 | -0,123
0,518 0,206 0,206 0,616 | -0,431 | 0,057 | -0,123 | 1,000

OIN|O|OA D[ W[IN|F

SourceOwn cal cul ations on the basis of Statistical

Because of different units of characteristics, the standardization of
diagnostic variables was made in accordance with the rule:

Xl

X =2 ®
S

i = 1,71 n@mber éf jndividuals.

Table of distances was calculating with accordance of Euclidean distance.
On the basisof this tablefiwr o ¢ § desdcitevias constructed (Fig. 3)The
focuses of the first row are mad by bold line, while the secomdder focuses
by double line.

Dendrite methods belong to the taxonomic hierarchical procedures using
the concept in the theory of graphs, which are built based on the matrix of
distance (D) between classified objects.t¢ stage of the construction of the
graph they can be treated as the agglomeration procedures. Stage analysis leads
to the proedures of subdivision (Mynarski992, pp. 14043, Ch Nd zy Es k a
2001, pp. 70 80).
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Figure 3. dawmocigmwski Dol noSI Nskie Powiats

Source: own drawing made by Autocad.

The concentrations are arranged by join each object with the nearest one.
In this way we arrange separate groups containing ramirone element. Then
we join each group of objects with the nearest group. The procedure is repeated
until all objects are arranged into one group. We divide a set of objects into
k parts by removing from the dendrite arrangementthel longest edge. fie
division into k parts abovenentioned has among all possible divisions into
k parts the smallest total length of the shortest dendrite arrangements of
particular parts (Steinhaus and others 1952, {4i2)6

The number of groups was determined by datmg the successive
guotients of adjacent elements in descending string of the edges of derdrite (d

Wi=d/d., (i=1,2, .., AL). )

The set of individuals dissolves in a "natural" into k elements & wy ;1.
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In the analysis uses three methods:
3), the method of Ward (fig 4) and the method of full bindings (fig 5).The most
clearly division of counties was obtained using the dendrite method and the
method of Ward. These met® have allowed the arrangement of 9 groups of
powiats- objects similar due to the level of economic development (as of 2010).

Figure 4. Classification made by Wardds met hod.

Bol ?
Zgo&)ze?eckl

Ggo ed

POITKOWI(J(I

Mgl
Milic

Source: Own elaborate in program Statistica.

As a resultof the application of the method of Ward and the method of
full bindings were obtained almost identical results, differing only in the
classification of jaworski powi at . Th
shows a large coincidence with the resultdofh mentioned methods. Slight
differences take place in some counties the "average" in terms of the level of
economic development. The districts ' strengths ', city districts and counties
"weak" show conformity of classification in all three methods. @&fllused
methods gave a breakdown of the investigated objects on the 9 groups. Since the
Wg<...<W<..<W<..<Wgbreak into 9 groups is justified from the point of
view of the natural breakdown.
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Figure 5. Method of full bindings. Distance obindings

'
0 1 2 3 4 5 6 7 8 9
Source: Own elaborate in program Statistica.

On the basis of the analysis of t h
greatest similarity due to the tested characteristics can be observed in counties:
|l w- wecki, zNbkowi c ki osowski. Krallypitagimgrintog - r s k
account the received breakdown of the class the breaks as in table 2 of tested
objects was accepted (the marks by the name means the number in dendrite).

Table 2. Finally concentrations of powiats

Number of concentratiol Powiats and cities with powiat stat

Wrocgaw

2 Legnica
Jelenia G-r
3 polkowicki

wrocgawsKki
4 lubi Eski
ggogowsKki

ogawsKki

ol eSnicki
Sredzki
Swidnicki
zgorzelecki
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bol esgawi ec

legnicki
6 strzeli EBsk
trzebnicki

zgotoryj sk
zNbkowi cki
|l w- wecki

7 jeleniog:-rs
l ubaG@ski
wogowski
kgodzki
wagbrzyski

kamiennog-r

dzierUoniow

g-rowski

milicki

jaworski

Source: Own elaboration on the base of mentioned above methods.

Figure 6. Spatial location of groups of poviats
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o
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Source: Own drawing made incuiew.
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4. Conclusions

The units (counties) the most distinguish in the detecting setspective
of the method used for grouping create identical groups. Make them the city
districts where the level of economic development is relatively high and the
counties of welleducated functions (powiatd ubi Es ki , ggogowsKki
wrocgawski), and worse developed coun
jaworski. Other units (with an average level of development) constitute
a collection of diverse objectas can be seen in some differences in assignment
to groups using different methods. A lower level of economic development in
counties confirmed the result obtained in many analyses show that counties less
communicated, are develop slowly. Though accoefecsed characteristics of
economic development, such as expenditure on investment and employment in
industry, polkowicki powiat creates in this case distinct quality.

The biggest differentiation among the adopted characteristics diagnostic
show featurespopulation density and investment expenditure. Broken down
according to group terms adopted characteristics you can see the dependency
from the position in the communications system and the neighborhood. The
resulting classification of powiats is the eeffion of the regional diversity of
Dol noSI Nskie Voivodship.
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BARBARA DABORKIAK , INONA LASKOWSKA

The Determinants of Total Factor Productivity in Polish Subregions.
Panel Data Analysis

Abstract

The significant role of P in stimulating the longun economic
development induces researchers to seek for the sources of the TFP growth.

The mail goals of the paper are: to estimate the level of TFP in the years
20032009 at the level of subregions, and to define the factoishwdetermine
this estimated TFP level. The first hypothesis being verified is, that the role of
the quality of human capital in stimulating lengn economic growthis crucial
and can be measured by the model. The second hypothesis is, that there are
somefactors affecting the TFP level which are common in all subregions.

1. Introduction

Division into subregions has been introduced in the research conducted by
GUS [Polish Central Statistical Offidein connection with the necessity to
adjust the Polish ecomy to the requirements of the European Union law
regarding regional statistics. On the basis of Nwmenclature of Territorial
Units for Statistic§NUTYS, legally binding in the EU countries, in the year 2000
the Polish statistics was altered to include Nomenclature of Territorial Units
for Statistical Purpose9|[l . Nomenk|l atura Jednost ek
Statystyczny@h(NTS) and a fivdevel hierarchical grouping of data (country,
provincesi regions, subregioris groups of districts, disicts, communes). The
NUTS system is based on the binding administrative division of the member

"Ph.D., University of G-dF¥
“"Ph.D., University of G-df¥
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countries. In exceptional cases, in order to improve comparability with regional

levels within the EU, for statistical purposes new units are created which have
no equivalents in the territorial division. In case of Poland, this pertains to

subregions (NTS 3).

The economic and spatial analysis of subregions, performed using the
synthetic indicators developed by GUS (gross domestic pre@IoP and gross
value addd - GVA), characterizes the diversification of the level of
development and the sector structure of the economy better than in case of the
arrangement of 16 provinces.

The presented article sets two fundamental aims. The first of these is to
estimate thedvel of TFP in the years 20@®09 at the level of subregions,
whereas the second one is to define the factors which determine the level of TFP
in Polish subregions in the considered period, with particular attention paid to
the role of human capital.

2. Methodology applied to measure TFP

In order to estimate the value of TFP we have taken advantage of the
met hod applied in Tokarskids paper (2
estimation of parameted on the basis of a two/doubleffaictor function by
CobbDouglas: Y =a,K?L"?e% . This function is converted into an efficiency
model in the form of:

aK, @
InA+gt+aln + e (1)

i o A
whereYT gross value added in million oLR, L i amount of labour (expressed
in thousands of working peoplelK i gross outlays on property, plant and
equipment in million of PLNa, = Ae® >0 i total productivity of production
factors (TFP}X T a time variableg i rate of technologidgrogress in the sense
of Hicks, Ui flexibility Y in relation to capita.

After estimating model (6) the TFP values specific to individual
subregions and years were calculated according to the following formula:

> - (Yit/Lit )a (2)
(Kie /L)
wherea is the estimate of parametgof model (6).

In order to estimate the efficiency model and models which describe the
shaping of TFP, alternative specifications were applied in case of panel data:
fixed effects (FEM), random effects (REM), Swamynaamcoefficients,
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HausmarTaylor models. It appears that the first two constructions are
commonly known, and therefore below we provide a brief description of the
idea behind the last two approaches.

Randomcoefficients models are more general than fixedd random
effects models in that they allow each panel to have its own vector of slopes
randomly drawn from a distribution common to all panelsraidom
coefficients model has the form (Swamy, 1970)

Yie = X; b +e (3)

whereb; is a K 1 vector of parameters specific to graufhe error term vector
U=[W]x is distributed with mean zero and variam:lél . Each grougspecifich,
is related to an underlying common parameter veztd =D+ 3, where 3]
=0.H33'1= Hs3g') EOforjl i, and B3U" = 0 for alli andj.The estimate
of E is a weighted average of the paspécific OLS estimates 5 .

Hausman and Tayldi981) developed a method of estimation of models
which contain variables that explain both the constants and the variables in time.
In addition, irrespective of the above diversification, the method permits part of
the variables not to be correlated, gaditi to be correlated witlgroup effects
U. This means a combination of the assumptions of FEM and REM regarding
the correlations between the group effects and explanatory variables. The
estimation method is based on the Method of Instrumental Variables (V).

3. Estimating the vale of TFP according to subregions

Among all the 66 subregions there are eight specific ones, being large
urban agglomerations. They have been isolated before commencing the
analysisThey include: Warszawa, PoznaG, Kr @
Szczecin Katowice. Model (6) has been estimated separately for the
abovementioned urban subregions and others.

Table 1 presents the results obtained using the most optimal method for
each subgroup, from the point of view of the subject matter and the statistical
quality of the model. For urban subregions this involved the specification
random effects model, while for the group of the remaining subregiGmsamy
randomcoefficients model.
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Table 1. Results of the estimation of the model (1)

Subgroup
Urban subegions ‘ Remaining subregions
Estimation method
Random effects model Swamy random
(REM) coefficientsmodel

In(Kj; /Lip) 0.3489 [0.000] 0.1784 [0,039]
t 0.0252 [0.000] 0.0275 [0.000]
InA -1.6683 [0.000] -2.0186 [0.000]

within =0.813%
R? between = 0.8789 -

overall = 0.8259

chi2(171) = 11862.24
Prob> chi2 = 0.0000

Number of observations 56 406

Test of parameter constancy -

Note: In square brackepsvalueshave been given.

Source: authorodéds calcul ations.

The results of the estimation dhe efficiency model appear to be
satisfactory. The rate of technological progress in the understanding of Hicks,
annually amounts to: 2.5% for urban subregions and 2.7% for the remaining
ones. The flexibility of productivity in relation to the technieamament of
work is significantly higher in case of urban subregions (0.35) than in case of the
remaining ones (0.18), which may be due to a better utilization of capital in
these subregions.

The next stage of the analysis involved calculating the totalygtivity
of production factors for subregions. To this end, we have applied formula (7)

with the valuea e q u a | to 0.3489 or 0. 784, for
remaining ones respectively (see Table 1). The obtained values differ in
a significant way.Over al | , we have found that t

subregions are higher than for the remaining ones. A graphical representation of
TFP values for all the subregions would render the graph illegible. Therefore,
Graph 1 presents, as an illustratiorila# rate of TFP diversification, the shaping

of this variable in subregions of extreme values.
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Graph 1. A comparison of the extreme values of TFP in subregions

('O_ -

.25

tfp
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--------- subregi on kr oS#i—edHsdgion m. Szczecin
subregion m. Warszawa

Source authorés calculations.

On the basis of graph 1 one can find a considerable divetisificaf TFP
values between subregions. For this reason we have decided to perform the
analysis of the determinants of this variable in smaller groups of subregions.
Apart from the group of HAurband subre
research, frm among the 58 remaining subregions we have isolated four
subgroups. The grouping criterion involved the average value of TFP for each
subregion, calculated for the entire sample peritelR = (4 TFR,)/T. In the
first stage, on the basis of the obtd values we have calculated the national
average:TFP =(4 TFP)/N. The subregions have been divided into those in
which TFR, >TFP and those in whicHFR, <TFP. For each of the two groups
obtained in such a manner, procedlrom stage one has been repeated,
ultimately yielding four groups of re
subregions).
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Graph 2. TFP level in subregions (TFP*100)

[10,25-13,43
113,44 - 14,98
I 14,99 - 16,49
Il 16,50 - 18,47

Source authorés calculations.

4. Potential determinants of TFP in Polish subregions

Greater and greater interest of theoreticians and practitioners is aroused by
the role of human resources in developing competitiveness of economies
Human capital is considered to be an important factor in regional and local
development (Herbst 20Q9)

As regards the influence of human capital on the growth of the economy,
two approachesre noticeable (Aghion, Howitt992). In the first of these,
human capital is defined as an argument of the function of production. In the
second approach, it is treated agactor which has influence on developing
innovations and assimilating new technologdies factor which is indispensable
for technological development. In accordance with the last of the approaches,
human capital affects the growth of the economy iniralirect manner by
means of the total productivity of production factors.

The set of indicators which characterize the quality of human capital is
extremely vast. Since they comprise the level of education, skills, health and
migration opportunities (Hest 2009; Kunas2010). Not all information is
available at the level of NUTS3. The choice of variables has been dictated by the
possibility to obtain data which ensure comparability with respect to space and
time.
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Therefore, the following indicators weselected to account for various
human capital aspects:

1 computer with Internet access per 10 thousand people,
9 number of students per 10 thousand inhabitants,
9 number of graduates of schools of higher education per 10 thousand people,

9 gross scholarization cfiieient in case of postsecondary schools (age219
years old),

fowing to the lack of information about the state of health (e.g. life
expectancy) at the level of subregions, as an indicator of the state of health,
we have used outlays on health measunethe number of consultations
with physicians per 10 thousand inhabitants.

On the basis of selected indicators (diagnostic variables) we have created
the synthetic variabl&. The aggregate variablZ! for objecti at timetis an
unweighted sum of individual diagnostic charactées after normalization
(Panek 200Q The higher value of the variablg!, the better human capital
level.

The average level of human capital (average value of the synthetic
variable Z!) in Polish subregions in the years 2a0®9 is illustrated by the
map.

Graph 3. The average values of human capital measure in Polish subregions in the years

Source: Aut hords calcul ations.

é
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Subregions with the highest level lsfiman capital in the vast majority
include urban subregions. On average, in the considered period the subregions
with the highest level of human capital included: the city of Warszawa, city of
PoznaGCG, city of G-d¥, ci t yriod ft wak thea k - w.

most favourable in the city of Warszaw
Wr ocgaw, ¢ Wheneas,ahe lovgest gdvierage value of human capital in
t he consi dered period i s observed i n

o S w imskie,iradomskie, skierniewickie.

Apart from the assessment of the role of human capital, one of the targets
of the analysis involved examining the influence exerted on the shaping of TFP
through research and development activity. The only availablebl@nehich
measures the level of this last factor includes outlays on research and
development (R&D). However, GUS does not provide its value at the level of
subregions, but merely at the level of provinces. Despite this, we have made an
attempt to includethis indicator in the model. We have constructed an
interactive variable, being the product of the estimated value of human capital in
a subregion and the value of outlays on research and development in the
province, to which the given subregion belongs.appears that including
a variable constructed in such a way in the model allows us to take into
consideration the diversification of the effects of the R&D activity between
subregions, in which the possibilities of their absorption are varied due to the
unequal level of human capital.

Among the factors which can determine TFP investments are also taken
into consideration. Such a variable has also been used in the presented study.

Research methodology and obtained results

This analysis uses a static pamodel
15
— T =
INTFR, =x;b+3q a;d; + ¢, (4)
=1
whereiis an object indicator artds a time indicator,
X =[Xitlxxa T @ K-coordinate vector of explanatory variables,
b1 a vector of parameterkx1), identical for aliandt
d; i a dummy variable indicating a voivodeship containing the subregion

The reason for including binary variables in the model is to examine
whether the fact of belonging to a given province, ahet follows from this,
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the influence of the directly superior economy, has influence on the level of TFP
in the subregion.

In the analysis we have applied alternative specifications for panel data:
fixed effects (FEM), random effects (REM), Hausriaylor models (HT). The
tables below present the results yielded by the models with the best statistical
properties and correct from the standpoint of economic theory.

Table 1 shows results of the estimation of TFP models for all the
subregions along with urbasubregions. Table 2 presents the results of
estimation of TFP models in the remaining subgroups isolated due to the
observed level of TFP.

Table 2. Results provided by the MFP models for 66 subregions and citgubregions

66 subregions City-subregions
RE model RE model
Parameter estimate-j@alue]
investment outlays per capita (in form 0.0649 0.054
logarithm) [0.000] [0.003]
interactive variable 0.1109 0.0746
(in form of logarithm [0.000] [0.002]
dol noSI Nskie -[832)8]7 -
. . -0.1678
kujawskepomorskie [0.000]
. -0.2299
lubelskie [0.000]
magopol skie -0.2870 -
g0p [0.000]
omorskie -0.1377
p [0.000]
. ] -0.3069
SI Nski e [0.000] -
. . -0.2848
wielkopolskie [0.000] -
o . -0.1872
g-dzkie [0.000]
mazowieckie -0.2887 -
[0.000]
. -0.2545
podkarpackie [0.000]
const 1.2034 1.1905
[0.000] [0.000]
R-sq within 0.4296 0.4296
R-sq between 0.462 0.462
R-sqg overall 0.4561 0.4561
BreuschPagan testgvalue] 893.809 23.91
[0.000] [0.000]
number of units 462 56

Note: a) all explanatory variables are given as the logarithms

Source: aut hordés calcul ations.

é
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Table 3. Selected results provided by the TP models in isolated subgroups

Group | Group Il Group Il Group IV

RE model HT model RE model HT model
investnent outlays per
capita [%%%11? 0.0564 [0.000] [od%%%‘]‘ [Od%%?g]‘
(in form of logarithm) ) ) )
interactive variable 0.1985 0.0961 0.0599 0.2260
(in form of logarithm [0.000] [0.000] [0.000] [0.000]
kujawskepomorskie 0.0596 0.0679

[0.000] [0.000]

. 0.0774 0.0979
lubelskie [0.000] [0.000]

. 0.2686
lubuskie [0.000]

- . 0.0423

g-dzkie [0.000]

magopol skie [8026%3]
odlaskie 0.1889 0.1998

p [0.000] [0.000]
omorskie 0.0650

p [0.000]

L -0.476]
mazowieckie [0.000]
opolskie 0.5951 0.3329

p [0.000] [0.000]
. 0.2736
podkarpackie [0.000]
A 0.2778 0.2417
Swintokrzysk [0.000] [0.000]
warminskemazurskie 0.4477 0.2348
[0.000] [0.000]
zachodniopomorskie 0.1443
[0.000]
const -0.1415 1.1010 1.5428 -0.0928
[0.000] [0.000] [0.000] [0.000]
R-sq within 0.6477 0413
R-sq between 0.4483 0.811
R-sq overal 0.5243 0.486
BreuschPagan test 55.41 2.17
[p-value] [0.000] [0.070]
number of units 105 161 84 56

Note: a) all explanatory variables are given as the logarithms: grelp highest level of TFP, group iVthe
lowest level of TFP

Source:authdrs cal cul ati ons.
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In all the considered models the variable which has a significant influence
on TFP includes investment outlays (for group IV at the significance level of
0.1). The effect of the influence of investments in the urban subregions and the
subegions which belong to the four remaining groups is similar.

The interactive variable which is the product of the level of human capital
and the outlays on R&D, is also of significant. It means, that in all the selected
subgroups, the influence of the R&bsorption on the TFP level, measured by
the parameter estimates, is important (and positive). The strength of this
influence is greatly diversified and is the weakest in the subregions of urban
nature).

5. Conclusions

The conducted study allows us to chudle that the diversified level of
TFP values in the subregions is, to some extent, conditioned by the differences
in the human capital. The impact of human capital on the level of TFP is
observed both in the subregions with the highest level of thiahtarias well as
in those in which the level of TFP is relatively low. Thus, the investments in
human capital can stimulate the competitiveness of the region.

Inclusion of the interactive variable into the model of human capital
additionally allows one testimate the possibility of using provincial outlays on
research and development activities in subregions, depending on the level of
human capital.

Investments constitute yet another factor which determines the shaping of
TFP in subregions, where the sigéh of influence is similar for all subregions.
The binary variables which determine the provincial membership are partially
significant; however, it appears that the influence of the situation in the superior
region is more significant in the provincesnsidered to be slightly worse
developed with respect to the economy.

It seems that the results of the presented research can be helpful to the
practitioners, especially in the field of social policy (mainly educational and
health).

The conducted study alvs us to conclude that the level of TFP in
subregions is greatly diversified. The highest value of TFP characterizes the
subregions of urban nature. In urban subregions we can also observe the highest
level of human capital. The applied econometric modetdirm the speculation
about the positive role of human capital in the shaping of TFP, both in the
subregions with the highest level of this variable, as well as in those in which the

é
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level of TFP is relatively low. Inclusion of the interactive variahte the model

of human capital additionally allows one to estimate the possibility of using
provincial outlays on research and development activities in subregions,
depending on the level of human capital.

Investments constitute yet another factor whidekermines the shaping of
TFP in subregions, where the strength of influence is similar for all subregions.
The binary variables which determine the provincial membership are partially
significant; however, it appears that the influence of the situatitmeisuperior
region is more significant in the provinces considered to be slightly worse
developed with respect to the economy.
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Streszczenie

DETERMI NANTY GRZINEITYWNOS CII ICZWNN
PRODUKCJI W PODREGIONAC H W POLSCE

ZnaczNcN rolid TFP w stymulowaniu dgdugo
skgania badaczy do poszukiwania Fr-degd | ej

Gg-wne <cele bada® prezentowanych w art
wartoSci TFP-200W0 91 awt apdid r2e0g0i3onac h, a nastnpr
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odgrywa i stotnN r o lgaokresewege twyrostul gospedarézego. d g u
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Abstract

The aim of the given paper is to present the analysis of tourism services
by means of time series models and forecasting of evaluation of tourism
services. Tourism services are analysed according to variousers: hotel
stay price, hotel services quality (such as cleanness of rooms, -icheck
information provision etc.), catering quality and medical service quality.

The research has been undertaken on the basis of responses of foreign
guests of 13 hotels K 0 § o bregioretaken from 1400 questionnaires ded
according to age and sex of respondeXexious econometric models were used
for the analysis of statistic gelarities. First, customers evaluated quality of
their stay in hotels. These data wepeamined during the 2002009 time period
as a stochastic process. It was found that the processes are nonstationary, that is
why the ARIMA (1,1,1) model was used in the study. On the basis of the analyses
and prognoses one can deduce that models of tariessmake it possible to
estimate a tendency that occurs for an analysed parameter, however
misprediction is quite possible to appear (up to 30 %). Similar results were
achieved during the analysis of evaluation of hotel stay quality on the basis of
sex ¢ respondents. One should point out that an average value of male
evaluation rate is higher than an average value of female evaluation rate.

" Ph.D.,University of Tednologyin Koszalin
™ Ph.D.,University of Tetinologyin Koszalin
™Social School of Entrepreneurship and Manage
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Time series for analysed variables were integrated into level 1(1).
A certain ceintegrational connection was fad between the evaluation of hotel
stay and number of stays in a given hotel, where tourists that have already
visited a given hotel for several times presumably give a high evaluation rate of
hotel stay quality. The result of the analysis of lbegn rektion between hotel
stay and duration of cheak is presented in high mutual dependence of hotel
evaluation rate on evaluation of cheickduration.A hotel stay price influences
hotel stay evaluation in a negative way, but catering and medical serviees a
considered as standard and do not have any particulangnfie on hotel stay
evaluation.

The undertaken study shows that methods that take into account time
series can be successfully used in analysis of parameters of tourist comfort and
in evaluationof hotel services.

1. Introduction

Development of such economic branch as tourism is directly connected
with development of hotel market and increase of quality of customéces
Hotel and tourism businesses must be closely related to a clienffandnore
services in order to achieve better financial results. Enterpmtiséyaof tourism
businesses occurs under pressure of strong competition and gets worse because
of the world financial crisi§¢ Wo ¥ 12009, gp. 127138). Therefore broadening
or provision of new services is of great importance for activity of tourism
busineses.

Mor eover, analysis of customersd op
and their feedback on relations between bsiyand producers of tourism
services has very significant positive influence on results of financial activity of
tourism companies.

The given paper presents the analysis of tourism services according to
various parameters: hotel stay price, hotel sendgemdity (such as cleanness of
rooms, checkn, information provision etc.), catering quality and medical
service quality and quantityD(g u b a k-Burics &t al.2009, pp.181-194).

A questionnaire consisted of 16 questions which were groupmedding to the
following segments: hotel services quality, catering quality, icadservices
guality, and evaluation of hotel stay. Some of thasestions are presented in
the Table 1.
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Table 1. Several questions from the questionnaire

. Scale of evaluation ratg
No. Question .
(min-max)
XO0a | Is it your first time at the hotel? 0V 1
X1 | Checkin duration. 015
X6 Breakfast offer. 07 5
X12a | Rangeof treatments: number of treatments offered. 015
X14a | Medical care: nurse attitude towards guests. 07 5
X15 | Guests guide care 015
X16 How will you evaluate the given hotel during your 0i 5
convesation with friends and family?

Source: own data

Moreover, monitoring of hotel stay prices has been launched. Average
price depends on time and can be described with dynamic variale#eaSrC

The research has been undertaken in time period-2008 on the basis
of responses of foreign guests of 13 lwten Ko gobr zeg regi on t
guestimnaires divided according to age and sex of respondents.

Traditionally, statistical research uses methods of analysis of means and
dispersions, and detection of correlational dependences between various data, on
the basis of which conclusions about significant dependences betvifezandi
phenomena are made (Madd&@06, pp. 57607). However, this kind of
research does not take into account dynamism of concerned phenomena, their
changes in time, which causesbstantial problems with forecasting. For
example, Figure 1 presents a time series of average evaluation rates of hotel
service quality gien by responding tourists during the time period 220@9.

Similar time dependences are itygl also for average evadtion rates made by
tourists responding to other kinds of gtiens.
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Figure 1. Average evaluation rate of hotel stay quality (question X16)

K16
5 T T T T g |

2007 2008 2009

Source: own data.

Phenomena taking place in the tourism branch, evaluated by tourists in
guestionnaires, are csidered as stochastic processes during the-2008 time
period. Therefore, the given paper uses methods of time series research. Hotel
quality evaluation is correlated with a range of factors, such as hotel room
prices, quality of services provided aetheception desk, catering quality. It is
necessary to admit that one of speci al
its healthimproving character and provision of spa and rehabilitatiovices of
high quality for tourists.

The given paper hadgeral goals, which are the following:
l.Research of evalwuation data of touri

in the 20062009 time period as a stochastic process and detection of its
regularities and features;

2. Forecasting of evaluation of tourism @ees quality on the basis of time
series methods;

3. Research of influence of other features (hotel room prices, quality of
medcal services, catering quality etc.) on evaluation of service quality by
tourists;

4. Research of influence of sex of tourists omlaation of hotel stay quality
by tourists.
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2. Statistical methods used in the article

ARIMA model for forecasting of evaluation of hotel stay quality

In econometric studies, ARIMA models (Autoregressive Integrated
Moving Average), introduced by Box andnkéns (Box, Jenkins, 1976) are
usually used for timeesies analysis.

General view of ARIMA model (p,d,q) is the following:
X =/ X X et X6 - Q6 Qb s Qe (1)

where X, is the analysed time series ( the given study analyses time ceties
basis of answers to the question).

X =0'%x =% - Cix +CiX ,- ..+ (- DICiX 4 )

€1 rest of the model for a time period t
S 1 oreeed p,Ql,Qz,...,Qq— parameters of the model

a seriex’,t =1,...,T - d, extracted fronx, , after dfold method of successive
differences was applied, can be described by ARMAeh(p,q).

In ARIMA model (p,d,q) three parameters can be defined: autoregressive
parameter p, timseries differentiation d, moving average parameter g. An input
timeseries for ARIMA method should be stationdryit must have a time
constant mean, dispersion and it must lack autocorrelation. Therefore-a time
series usually requires tingeries differentiation d until stationarity is achieved.

Methodology of ARIMA nodel modelling for examined tirmgeries
consists of the following fundamental stages:

i time-series stationarity test. In case of tisexies nonstationarity, tirme
series differentiation d is necessary;

1 identification of exploratory model;

9 model parametersevaluations and diagnostic verification of model
adequacy;

1 use of model for forecasting.

First, we should acquire a stationary series. In order to reach this result,
we must analyse an autocorrelation function (ACF) and a partial aut@orrel



36 Ewa K. Dg®bakowsMachag Karpuk, Kami/l P

function (PACF) (see Figure 2. Horizontal axé&g presents delay, vertical axis
presents values of (auto)correlation variables). Quick decay of ACF values is
a simple stationarity test. Moreover, at the given stage statistical tests of the unit
root (DickeyFuller test or Augmented Dickelyuller tes) (Dickey, Fuller 1979,

pp. 427431) are used.

If a series is nonstationary according to Diclkeyler statistic or rates,
then, in order to achieve a stationary series, one should apply the successive
differences opmator which defines a value of parameter d (tseées
differentiation). Thus, we become familiar with a value of one parameter in
ARIMA(p,d,q).

After the achievement of a stationary series, behaviour pattern of selective
ACF and PACF is investigated amnypotheses about values of paramefers
(autoregressive scheme) amp@imoving average scheme) are put forward. In this
case several models with differgnandq are used.

It is necessary to evaluate parameters after identification of the model. To
this dfect maximum likelihood estimation method (MLE) is used.

For every analysed model verification the number of residues is analysed.
Number of residues of an adegquate mod
which means that their PACF should not differ framaro. Moreover, for
verification of hypothesis that obser
noi s e estatistic ef Ljg and Box (Ljung, Box, 1978, pp. 2803) is used.

The statistic has an asymptotic distributioi with degrees of freedomd-p-q,
whereK is a maximum lag during the model examination.

2

Q) =T(T+23 -

®3)

wherer; is an evaluation of variable correlation coefficieqfX, ;

In order to compare variants of models and to choose the best model we
can use Akaike information criterion (Akaike 1974, pp.-728).

For the analysis we have usg@tl free softwarghttp:/gretl.sourceforge.net/),
which is actively used for the ansaly of time series.
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Figure 2. ACF and PACF function for the variable X16
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Source: own data.

ACF and PACF functions for the variable X16 allow us to conclude that
the variable X16 is a nonstationary variable, which means that an average value
of stay quaty evaluation in hotelsinKpobr zeg regi on change:

the influence of hot el clientsd prefe
important role in stay quality.
Similar conclusion can be made duri

on the following questionsX1 Checkin duration., X6 Breakfast offer, X12
Range of treatments, X14 Medical care, X15 Guests guide care, and also an
average pricer&ena

In order to create a stationary model for the X16 variable there were
various differentiation levels of the X16 varla aralysed. It was found out that
after an application of ADF test (and additional KPSS test) (Kwiatkowski et al.
1992, pp. 150178) we can achieve stationarity of time series for series
differences d=1.
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Analysis of correlograms of ARIMA model (p,1,q)rfdifferent values of
p, g, and use of LjunBox and Akaike tests brings us to conclusion that the best
model is the ARIMA model (1,1,1) where p=1 and gq=1. Model can ésepted
as follows

x =0.857560, -0.980884,_, (4)

wherex' =Dx, =X - X,

Mean absolute percentage error (MAPE) makes 2.22%, coefficient of
determination (Rsquared) R=0,982 shows that the created model (4) explains
98,2% of changeability of the analysed X16 variable.

Similar results (optimal ARIMA model (1,1 )1)high values of Bsquared
and low values of MAPE) were received for other variables presented in
Table 1.

Figure 3. Resullts of forecast by ARIMA model (1,1,1) for the X16 variable for 2@ses

5

T
=lE
forecast @

95 percent interval '—T

Zoo7? Zoos zoo9
Source: own data.

It is necessary to admit that the ARIMAethodology was also used for
analysis ofX1, X6, X12, X14, X15 variabledepending on sex. As asult, it
specified that coefficients of male and female models differ foirmam 10%,
even though average male evaluation value for the whole period lgsiaria
higher than average female evaluation value of the abh@rgioned variables. It

P



Anal ysis of Tourism Servicé&9d Qualit)

allows us to conclude that male and female models are very similar, which can
be interpreted as a tiny difference in hotel stay evaluation and hotel service
evaluation.

Created ARIMA models ARIMA(1,1,1) were used to forecast average
evaluation values for the aboweentioned variables. Figure 3 presentedast
results for 20 days for the X16 variable on the basis of the model (4). Results of
modedling show that the\&rage value for the X16 variable decreases from 3,5
to 3,3. Relative forecast error (APE) increases from 12 % to 30%.

Similar results are achieved for other variables.

The given study shows that use of ARIMA method allows to forecast data
received fromtourists. The data is described by nonstationary tieriesswith
a small amount of error, which is impdsg while using other methods.

3. Cointegration of processes in the tourism branch.

Analysis of economic empirical data often faces problems of
nonstationary series presence and/or series with trends. As it was mentioned
above, time series that are used to process data received from tourists are also
nonstatimary. In this case it is necessary to use differences in order to achieve
staticnarity andanalyse the results using Bdgnkins method.

Moreover, establishing dependences between a few nonstationary
processes is Iso of great importance.

In a regression model
Y, =b& +¢ (5)

we assure that white noiseg, is stationary. The assumption might not be right

if y andx were integrated. Generally, if two processes are integrated into two
di fferent degrees, their Il i near combi
the biggest degree. Thereforepifindlzare integrated into the degree I(1), and
both series include trend, then linear combination x and y will be integrate into
the degree I(1) regardless of value b. If bgtAndx have their own trend of

a similar sign, then, in case that thereosdep@&dence between the trends, their
difference will also have a trend. On the other hand, if both series are integrated
into the degree I(k), then difference between them should vary around the fixed
value. It means that series are characterised byasigrowth rates. Two series

that meet this demand are called cointegrative, and vectd] [i5, called

a cointegration vector. In this case we can notice a difference between-a long

N
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term dependence betwekandr, and a shofterm dynamism of deviations &f
andr from their longterm tendencies (Charemza, Deadman, 1997, pfd4038

Notion of cointegration allows to analyse letggm relations in case of
nonstationary variables. This can be connected withotion of longerm
equilibrium with the help of Granger theorem (Engle, Granger 1987, pp.251
276). Granger theorem bounds the notion of cointegration with the error
correction mechanism (ECM). Error connection mechanism describes a way
mentioned varialgl is adjusted to a loAgrm relation. Granger theorem allow us
to interpret cointegtion vector a a longerm relation between variables.

Gretl programme was also used for the cointegration analysis. Time series
for analysed variables had an integrati@gree 1(1).

!

f
2007 2008 2009

Figure 4. Integrated time series X16 and X0a
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Source: own data.
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X0a
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There was a significant cointegrational relation between variables X16
How will you evaluate the given hotel during your conversation with friends and
family? and XOals it yourfirst time at the hotelPFigure 4) established, which
can be interpreted as follows: tourists that have already visited the hotel
(X0aA 1) generally give higher evaluation rates of the hotel stay quality AX%&

Table 2 presents a very interesting tesfithe analysis of longerm hotel
stay dependence (X16 variable) on the X1 variable (Chectturation).
Determination coefficient makes 0.990, which shows high interrelation between
stay evaluation and cheak duration evaluation.

P
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Table 2. Englé Granger test results for the variables X16 and X1

Cointegrating regression OLS, using observations 2006/02/2609/02/28 (T = 1109
Dependent variable: X16

coefficient std. errot-ratiop-value

X1 0.95575D.00286437333.70.0000 ***

Mean dependent vat.102426 S.D. dependent var 0.563983
Sum squared resid 187.3889 S.E. of regression 0411246
R-squared 0.990146 Adjusted Rsquared 0.990146
Log-likelihood -587.6865  Akaike criterion 1177.373
Schwarz criteriod182.384 HannanQuinn  1179.268

Rho 0.888808 DurbinrWatson 0.225046

Source: own research.

Figure 5 presents time seriestlbé X16 and SrCena variables. During the
analysis of nonstationary time series for the X16 and SrCena variables there was
a very significant longerm negative dependence

X16, =4,906- 0,019C8rCena+ e determined.
The dependence can berpreted as an decreasf hotel stay evaluation
by 0,02 along with amcrease of price by 1 euro. Increase of price will always

be connected with dissatisfaction with hotel stay and smaller stay evaluation
value.
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Figure 5. Integrated time series X16 and SrCena
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4. Conclusions

tourists.

but

2007

2008

2009

The undertaken analysis of data received from hotel guests concludes the
nonstationarity of time series, which describe indicators from tourism branch.
For real analysis and data forecast it is necessary to use methods of analysis of
nonstationary time series (Balenkins methodology). Moreover, it isquired

to pay attention to cointegration of processes which describeataiaad from

During our research we were interested in influence of various factors on
the evaluationof hotel stay quality by foreign guests. It was found out that
checkin duration at the reception desk and hotel stay price is of great
importance. Spa and rehabilitation services and catering services have less
influence. Therefore we can deduce thavises that are considered as standard
services by foreign tourists should be offered on a high level. Hotel stay
evaluation made by males and females does not have any significant difference,

ma |

es o

eval

uat i

on

r at eas beantegoreted g her

as smaller demands of males concerning standards of stay in a hotel.
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Streszczenie

ANALI ZA JAKOSGAOURYBYGANYCH W RE GIONIE
KOGOBRZE S KWYMORZYSTANIEM MODEL |
SZEREGCW CZASOWYCH
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szeregu czynni k- w;: ceny pobytu w hotelu, |
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gastronomiczne), il oSdgehabiliitacyjnghk ovBarzystaniesng ug s :
metod szereg-w czaswawy ahocray pra&giSci Swi a

Badania bygy przeprowadzone na podst awi
z 13 hoteli regionu kogdgobrzeskdSegoodr avi erk
i cpg ankietowanych. Dla ustalenia prawidgc
model e ekonometryczne. Po pierwsze, oceni
klient- - w bygo rozpatrywane-200& jakor moeest r z e n

stochastyczny.pr oksetsay osdN, nUestacjonarne,
przeprowadzone na podstawie modelu ARIMA(1,1,1). Badaniag prozy pozwal a

zrobil wniosek, Ue modelacowaie rterge nwd ,c zvays twiy
badanego wska¥ni ka, n dtao mi easstt baNid wy oghki
Podobne wyni ki bygy otrzymane rownieU po
hotelach w zaleUnoSci od pgci badanych. Za

jest wyUsza obietd Srednia ocen Kk

Szeregi czasowe dla badanyeghmi ennych mi agdgy stopien
Zostaga ustalona znaczna wiin¥ integracyjne
odwi edzin wybranego hotel u, kiedy turySci
przewaUni e wystawi aj Nbytwyshotdu. ynikietnebadaniaj a k o ¢
zal eUnoSci dgugookresowej pobytu wanhotel u
jest bardza wysoka wsp-gzaleUnoSi oceny p
zameldowania. Cena pobytu w hotelu negaty e wp gy w @obytuaw hotelue n
natomiast usgugiomtamaeoondpnerangastNrpako s
wpgdywajeNi nmolmyetu w hotel u.

Przeprowadzone badania wskazuj N, UOe me
skutecznie zastosowameaer wstbhyadzamy awh wiskad&eank
hotelarskich.
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ARTUR GAJDOS ,EDYTA t MURKOW

Skilled Personnel Supply and he Prospects fo Regional Innovative
Development in Poland

Abstract

The aim of this paper is to analyze the supply of highly qualified
personel in the context of prospects for the future innovative development of
voivodships in Poland. Analysis of these problems and the relationship between
them will be based on the studies on the educational profile of regions and on
the analysis of potentiaiends and possibilities of creating a highly skilled
labor force coming from higher education system, as well as on tharohson
the innovation level ahprofile of particular voivodships. Furthermore, analysis
of possibilities and the level of knowtgddiffusion will be conducted.

1. Introduction

New technologiesind innovationsare considered to be one of the most
important factors in obtaining a competitive advantage, which leadsnto
economic growth and thus to the improweent of sociceconomic guation
(Gaczek 2005pp. 9-12). Simultaneously, there is a coexisteraned mutual
dependence noticed between the economic and educational development.
Existence and the supply ofell educated andhighly qualified personnel
determines @entific and techological progresswhich is the sourcef deep
changesn the economy (Grodzicki 2000, p. 22, 35)

" Ph.D., Universityos - d T
" University of G- d F
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The nain objectiveof the paper is to analyzthe supply of highly
gualified personnel in the context of prospects for the innovative development of
voivoddips in Poland The paper coversdentification and analysis of the
regional education profilessnalysis of potentional trends and possibilities of
creating a highly skilled labor force by a regional higher education system
research on thnovationlevel of voivodshipsFurthermore, thanalysis of the
relationship between the supply of highly qualified personnel and the level of
innovationhas been conducteResearch wagerformedfor years 2004 2010.

2. Education profiles

The analysisncludesnine profiles, which are based on a groups of fields
of education according to International Standard Classification of Education
(ISCED 97).

Table 1. Educationprofiles according to International Standard Classification of Education

Groups of the fields of education

Education profiles according to ISCED 97

education teacher training and education science
" . humanities
humanities science and arts
arts
social
social science journalism and information

social welfare
law
economy and law o )
emnomy and administration
health health
biology
) physical science
science . L
mathematics and statistics
computing
engineering and engineering trades
) ) manufacturing and processing
engineering and technology ) o
architecture and building

envronmental protection
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personal services
services transport services
security services

agriculture, forestry and fishery

agriculture .
veterinary

Source: own research based ohttp:/Amww.unesco.org/education/information/nfsunesco/doc/
isced_B97.htm, (20.05.2012).

An identification ofregional eductaion profildsas been conductexh the
basis of location quotients calculated for the number of graduates in various
fields of educatiori) in particular voivodshipsw):

LQ = Regionalshareof graduatedn i field of educatior
Y Nationalshareof graduatedn i field of education

Value of location quotiengreater than 1 indicatesxcess of share of the
graduates of a particular field of education in the region in relation to the
national averagewhile value less than 1 indicatebortage of this share.

The resultpreented in figurel confirmsthatthe education profiles vary
accross the regions.

Figure 1. Educationprofiles of voivodships in 2010

3 dolnoslaskie Kujawsko-pomorskie lubelskie

15
1l—-—I———1.l_'____2 —__'
05 1
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mazowieckie opolskie
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enaineerina and
services
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Source: own calculations using data from the Local Data Bapk/ffttw.stat. gov.pl/bdl).

What is morethoseprofilesare not constant over time. In most of regions
the dominating profile of education have changed during theysatrs of

analysis which is marked in table Iy arrows.
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Table 2. Education profiles donmating in voivodships in 2004 and 2010

Voivodship Dominantiﬁdzu(;:giion profile Dominantiﬁdzu(;:la(;ion profile
lubuskie education education
opolskie agriculture —> education
g-dzkie science —»> education
mazowieckie services - social science
zachodniopomorskie social science social science
dolnoSI Nski engiﬁgggsggn%n?eLionlogy engir?gg:?ggqgne:ggr:ﬁgogy
podiaskie health health

agriculture agriculture
Swintokrzys social science - health
SI Nskie services -> science
kujawsko-pomorskie education —> science
magopol ski e agriculture —»> science
pomorskie healh —-> services
wielkopolskie agriculture —»> services
lubelskie agriculture agriculture
podkarpackie services —> agriculture
war mi -@azkrekie services —> agriculture

Source: own calculations.

According to the latest data (year 2010) voivodships divided into
seven main and two combined groups of profiles. A spatial location of those
groups (figure 2) indicates that:

1 science, engineering and technology profiles are dominating in the South of
Poland while education,

1 humanities science and artofiles dominates in the southest part of the
country,

1 profile connected with services is dominating in western and northern parts
of the country,

1 agriculture profile have a relatively highest share in the eastern Poland.
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Figure 2. Spatial location of goups of education profiles in 2010

1 agriculture [] science, engineering and technology
social science [ science, engineering/economy and law
agriculture'health [ education, humanities science and arts
Bl health services

Source: owrresearch.

3. Qualified personnel supply level

The next stepof the analysis was determining the regional qualified
personnel supply indexvhich has beemonewith use oflinear arrangement
method where the aggregate meas(@PS) is a function of normalized values
of input variables

QPS :ié z, andz; = s Bl X" S(i=1...n, j=1...m)
m maxx; - min x;

where z; is a normalized value of variablg in objecti (voivodship)
(Strahl 2008, p. 34)in order to increaséhe clarity ofthe resultsindex QPS
have been normalizeaith the following formula:

L QPS B QPSnin
PS =
OFS QPSS - QPS..

(i=1...,n)
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Values of the index range from 0 to 1, whé&réndicates the lowest level
of qualified personnel supplgnd 1 - the highestindex is composed of four
indicators:

9 graduates per 1000 population agee?20

1 students (ISCED 5) per 10 thousand population agetfi19

1 doctorate students (ISCED 6) per 1000 population agedft25

9 podgraduates per 1000 economically active population of working age.

Figure 3. Qualified personnel supply levein voivodships over the years 2002010

2004 ©2005 ©2006 ®m2007 m2008 m2009 m2010
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0
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Source: own calculations using data from the Local Data Bank (http://www.stat. gov.pl/bdl).

Value of the QPS) index have been increasing over the years 20040
in most of regions and th@ghest growthoccurred in opolskie, podlaskie and
podkarpackieOnly in two voivodship§ | ubus ki e andiv8uwsdfiiit kor
index decreased. After dividing regions into four groups characterized by
a different level of qualified personnel supphith use of theéechnique baseon
the arithmetic mearand standarddeviation Czupich 2009, p. 40)it can be
clearly seen, that the level of supply is generally rigfigyire 4)
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Figure 4. Qualified personnel supply levein voivodships in 2004 and 2010
2004 2010

Qualified personnel supply level:

I High

Source: own research.

4. Innovation level

I Mediumhigh Average Low

Analyss of the innovation level basis dhe innovation indexwhich has
been determinedwith use of the same methodology as for the qualified
personnel supply indexSelection of variables used Bggregateindex was
based mainly on the list of 25 indicators sed inthe Innovation Union
Scoreboard (IUS)methodology(European Innovation Scoreboar@lS until
2009) and also oather analyses and publications on the subject of innovation.

Table 3. Indicators used in aggregate innovation index

Main types
of indicators

Enablers

Firm activities

Indicators

Human Resources in Science and Technology with higher educatiol
a percentage of economically active population

Percentage population aged-@% having completed tertiary education
Population with higher educatiion (% wbrkforce)

Percentage population aged-@4% participating in lifdong learning
R&D expenditures (% of GDP)

R&D units per 100 thousand population

R&D units in enterprises per 10 thousand enterprises

Employed in R&D(in EPC) perl000 economically active population
Employed in R&D (persons) in manufacturing sector per 1000 empli
in manufacturing sector
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Innovation expenditures (product and process innovation) of
manufacturing enterprises per inhabitant
Manufacturing ergrprises introducting product and process innovatic
(% of all manufacturing enterprises)
Number of patents applied for at the Polish Patent Officeper million
population
Firms using means of automation per 1000 firms form manufacturin
secta

Outputs Employment in mediurhigh & high-tech manufacturin¢® of
workforce)
Employment in knowledgentensive services (% of workforce)

Source: own research based on Innovation Union Scoreboard 20111%. R8gional Innovation
Scoreboard (RIS) 2009. 7-8; Regional Innovation Scoreboard 2012. Methodology report,
p. 413.

The growth of the innovation level during the analyzed period is not so
strong as the growth afualified personnekupplyindex. Over the years 2004
2010 he biggest increase of ghindex occurredin § - d z ki e, podkar
Swi it okr zys k i-mazusskigwhile the bigestiEediease imbuskie
and opolskie.

Figure 5. Innovation levelin voivodships over the years 2002010

2004 ©2005 w2006 m2007 m2008 m2009 m2010
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Source: own calculations using data from the Local Data Bank (http:/statwgov.pl/bdl) and
Eurostat (http://epp.eurostat.ec.europa.eu).

Nevertheless, innovation level is also systematically risimmgyear 2004
there was onlpnevoivodship characterized by a higvel of innovation,while
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in 2010there weralreadythreehighly innovative voivodshipsAlso the number
of voivodships with mediurhigh level of innovativeness increaseder thesix
yearsof analysis.

Figure 6. Innovation levelin voivodships in 2004 and 2010

2004 2010

Innovationlevel:

I High I Mediumhigh Average Low

Source: own research.

5. Relationship between innovation and qualified personnel supply

The analysisof relationship between innovation and qualified personnel
supply, which is a key stage of research, cowamsidentification ofeducation
innovative potential, analysis of interdependenisetweeninnovation and
qualified personnel suppbnd cluster analysis.

A level of innovativeness of particular regionalueation profils was
determinedfor year 2010 as theum of shares of graduatesfialds of study
considered as a hibhinnovative, which are:health, sienceand engineering
and technologyAccording to this, the highest innovative potential of education
profile occur s i n pNdlka ki egnddotl me Sl
mazowiekie and opolski¢figure 7, map on the left).

Conparison of these results with the level of innovation shows, that
a high innovative potential of education profile does not corresponid thé
high level of innovation and, what is mote,is just the oppositeTherefore,
there isa assumptiorthat therelationshipbetween these twoharacteristicss
negative It may indicate that the regional higher education system does not
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boost a regional resources for innovation, and so theeelasv or limited
knowledge diffusion to R&D units or business sectwnf education system.

Figure 7. Innovative potential of education profileand innovation levelin 2010

Education profile innovativeness Innovation level
Level:
I High Il Mediumhigh Average Low

Source: own research.

On the other side, a scatter plot of innovation and qualified personnel
supply indexes(figure 8) implies a positive association between those two
characteristic$ small values of one index tend to associate withlwalues of
the other one and, similarligrge valueof both indexes also tend to associate
Moreover, a psitive value of correlation coefficiefit=0,75)confirmsrelatively
strong relationship between those two characteristics.

Figure 8. Spatial analysis of interdependence betweemriovation and qualified personnelsupply
in 2010
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Results of scatter plot analysise presentedn a bivariate maffigure 9)
wheretwo variables (indexesyre displayean a single map by combining two
different color scaleéor different patterns) (Leonowicz)

Figure 9. Innovation and qualified personnel supply levein voivodships in 2010

Innovation index Qualified
0,37 0,87 personnel
0.4710.37 (LT I

0.040.43 0.430.97

Qualified personnel creation index

0,37 0,87
high

0.470,37 Fiii il
low :

0,04'0,43 0,430,97
low high

Source: own research

Values of hnovation index are marked with horizontal lireesl qualiied
personnel creation index with vertical lineRegions marked wittpattens
assigned to the first and third quarter of the chart are characterized by low or
high level of both characteristics, and those marked patiternsfrom second
and fourth quarter indicates the coexistence of low values of one index and high
valuesof the other oneAs can be seen in figure, @ positiverelationship
between analyzed phenomena confirms.

In the last step cluste anal ysis have bees cono
method and the Elidean distance have been usédarge gap between joining
at the dstarce from approximately 7 to 13 indicated a thohester solution
(figure 10) What is more, this classification is generally consistent with the
results of scatter plot analysis.
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Figure 10 Clusteranalysiss-d endogr am using Wardés Met hod
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Souce: own calculations usirlM SPSS Statistics 19

6. Conclusion

As a conclusion to this research it should be noted, thatagion profiles
vary accross regionsef Polandand are not constant, buthanges over time
Secondly, results of research confinthat loth qualified personnel supply and
innovation leveltend to increase in most of voivodship&nalysis of the
relationship between these two characteristics providesmaio conclusions:
there is no correspondence between innovative potentidustéonprofile and
level of innovation, which leads to assume ttie regional higher egtation
system does not boost a regional innovation resources anéntwdedge
diffusion is low or limited, lut on the other side there isralatively strong
posiive relationship between the level of innovatiand qualified personnel

supply.

References

Czupich M. (2009, InnowacyjnoSi r e gWsohodnigj[inf Nowakpwgka $ r o d k o
A (ed),l nnowacyjnoSi regi on- w w Wygdawngtoa iwersyetuo par t e
G-dzkiego, G-dF¥F



58 Artur Gajdos, Edyta tmur kow

Gaczek W. M.(2005) | nnowacyj noSi jako czynni k pogakid nos z e n
regionu, [in;] Gaczek W. M. (ed.) Innowacje w rozwoju regionuWydawnictwo Akademii
Ekonomicznej, PoznaCE

Grodzicki J. (2000), Edukacja czynnikiem rozwoju gospodarczedydawnictwo Adam
Marszagek, ToruGE

Innovation Union Scoreboard 2011, (http:/éecopa.eu/enterprise/policies /innovatioeiius
2011_en.pdf, 20.05.2012)

Leonowicz AL,Prezentacja zal eUnoSci zj amstymtkGeografi o d N Kk
i Przestrzennego Zagospodarowania PXirszawa http://globus.igipz.pan.pl/ksiglean/aleon_
artykul.htm 22.05.2012)

Regional Innovation Scoreboa(®RIS) 2009, UNUMERIT and Joint Research Center of the
European Commission, December 200%http://www.proinneeurope.eu /page/european
innovaton-scoreboare?009; 20.05.2012)

Regional Innoviaon Scoreboard 2012. Methodology reporthttp://www.merit.unu.edu/
about/profile.php?id31, 20.05.2012)

Strahl D., Markowska M(2008) | nnowacyj noSi eur opej sikoceag prze:
zmianwczasie AEkonomimodowWe n8zgmankil7Gospodarczeo, r

Targeting regional economic development. A joint initiative of the regional rural development
centers January 2010(http:/nercrd/psu.edu/tred/index.htn®2.05.2012)

Streszczenie

PODAt WYKWALI| FEXKAWYMPERSPEKTY WY
INNOWACYJIJNEGO ROZWOJ U WOJEWEDZTW

Celem niniejszego opracowania jest ana
w kontekScie perspekinpowapygyegiegow| ewz wpi

Analiza powyUszych zjawisk oraz zwi Nzku mi
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pochodzNcych ze szkolnictwa wyUszego, a t
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biidzie r-wnieU badanie moUliwoSci i pozionm

gospodarki.



10.24'8/v10103012-0026:6

ROMAN GAVULIAK *

Exploring Sodal Exclusion in The European Union,
a Quantitative Approach

Abstract

Social exclusion is a widely debated issue. Its definitions and perceptions
vary. Within the paper we identify the underlying factors of soctalusion
within the EUfor years 20052009 through the use of factor analysis. These
factors are as such immeasurable by common indicators. Through factor scores
we compare the severity of these factors in each EU 27 and suggest five
categories of types gbcial exclusion

1. Introduction

Social exclusion as eoncept is perceived differently, however when it
comes to analysing and aiming for resuiiased on objective criterid,always
comes down to the measurability of its dimensions. Social exclusi&n
multidimensional concept and focuses on deprivation in different areas:
economic, social, and on the processes and mechanisms that exclude people
(Haan1998)

When analysing social exclusion across Eurepe,will use the dataset
from European Sustaibée Devdopment Strategy (Eurostat 20Q06also
overlapping withEurope 2020ridicators and targets (Eurosg&x10).

Not all of the dimensions of social exclusion can be captured or measured
objectively by indicators. However if these underlyingidden &ctors do have

" Ing., University of Economics in Bratlava
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a significant impact on social exclusion, they should be reflected in the
measurable indicators in some way. We aim to extract these underlying factors.
First we will identify the major factors behind social exclusion in Europe using
factor analysis. We will then calculate and transform their factor scores into
a measurable form that is suitable for comparison. Using the transformed factor
score values for the year 2009 we will use cluster analysis in order to categorize
the countries of Eupean Union based on the underlying factors.

1.1 Indicators of social exclusion and poverty in Europe

We will focus on measurements of poverty and social exclusion included
in the Sustainable Development Stratd@pPS) of the European Union (EU)
created in2006. The hierarchyf indicatorsspans three levels. The headline
indicators at the top, representing the monitored area, thalated indicators
on the second level that serve as operational objectives and targets supported by
a third level of actionsiplanatory variables divided into sections related to the
themerelated indicators on the second level. Each of the themes can have
contextual indicators that transcend the secordthird level (Eurosta006)
(Figure 1)

Figure 1. Hierarchy of social inclusion indicators within the SDS

Headline Operatlona_ll objectives and Operational objectives and targets
N targets Actions/explanatory : X
indicator : Actions/explanatory variables
variables
Monetary poverty and livingonditions
Persistent at risk of poverty rate
. Persons atisk-of-poverty after social
Persons at risk of poverty after transfers, by gender
social transfers '
Population At risk of poverty rate, by age group
at risk of At risk of poverty rate, by household typ|
%?(\é?dts);o%r Seveely materially deprived Relative median at risk of poverty gap
persons Inequality of income distribution
Access to labour market
In work at risk of poverty rate
Persons living in households wit Total longterm unemploymeat rate
very low work intensity Gender pay gap in unadjusted form
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Education

At risk of poverty rate, by highest level g
education attained

Persons with low educational attainmen

Early leavers from education an by age group
training Life long learning
Low readng literacy performance of
pupils

Individuals' level of computer skills

Individuals' level of internet skills

Contextual

" Public expenditure on education (for stiieme Education)
indicator

Source: http://epp.eurostat.ec.europa.eu/portal/pagdiifiadicators

The indicatorPopulation at risk of poverty or exclusiém constructed as
the union of the three second level indicatBessons at risk of poverty after
social transfers, Persons living in households with very low work intensity,
Early leavers from education and trainimgpt featuring intersections.

The threshold of poverty according to Eurostat is defined as 60 % of the
national median of the equivalised disposable incomes in an economy. The
indicator Persons at risk of poverty after @al transfersis calculated as the
ratio of persons with equivalised disposable incomes below the poverty
threshold.

Severe material deprivatias a $rare of population with an enforced lack
of at least four out of nine material deprivation items. Tine iitems are defined
in the EU SILC methodology (Eurostaf09).

Households in low work intensity translate to the share of population aged
0-59 living in households where the working age members worked less than
20% of their total work potential duringetpast year.

The Early leavers from education and training indicator is defined as the
percentage of the population aged2¥8with at most lower secondary education
and not in further education or training.

The Europe 2020 strategy aims for reduction @fgutyby aiming to lift
at least 20 million people out of the risk of povestyexclusion acrossUe Our
aim is to extract additional dimensions of social exclusiat could serve as
a basis for comparative policy analysis that could help achieveydlais We
extractthe factors of social exclusion from the third level of the system of
indicatorsi the explanatory variables. All of the indicators included in the area
are obtained either through the EU SILC survey or the Labour Force Survey.
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1.2.Methodology

Factor analysiscan be used to analyze interrelations amorigrge
number of variables and to explain these variables in terms of their common
underhing dimensions. (Hair et. &009).Exploratory factor analysis is one of
the commonly used evaluam tools. As for the usage of factor analysis in the
field of poverty and social inclusion, one of thecr ent exampl es
M. 2009), where factor analysis was used to extract the factors in order to map
and evaluate social cohesion within the.EU

Cluster analysis is #®ol commonly used for classification of objects and
for developing meaningful subgroups of individuals and objédtsr et. al
2009).

2. Factor analysis results

Factor analysis can result in imamber of different results based the
selected method and rotation, in our casetame pattarkept recurring across
all possible approache3he results interpreted in this chapter come from the
varimax rotation of the classical factoring method.

The data used have been obtained floenEurostat database. From the 16
available indicators on the third level two have been discarded for data
unavailability - Persisterdat-risk-of-poverty rate and Low reading literacy
performance of pupilsWe usedcountry specifigpanel datdrom years R051
2009, for this period, all the values for all EU 27 countries are available
(Eurostat, 2006)All of the values of the indicators in the analysi®re
standardized. Some indicators offer different variants; we chose the variants that
represent the nsd vulnerable and/or influenced population groups. These
choices come from our previous analyséariants are listed in Table 1.

Table 1.Variants of chosen indicators

Indicator Variant
Persons atisk-of-poverty after social transfers, by gender | Femalepopulation
At-risk-of-poverty rate, by age group Aged 65 and above
At-risk-of-poverty rate, by household type Single female
At-risk-of-poverty rate, by highest level of education attaing at most ISCED 2
Persons with low educational attainment, by ggeup 2571 64 years
Individuals' level of computer skills Lowest level
Individuals' level of internet skills Lowest level

Source: Aut hordés research.
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Based on the rule of thumb for significance of factor scoedficients
(Hair J. F. et. Al2009) we sethe minimum significance threshold of a factor
score coefficient at 0.5 In order to interpret the factors. Table 3 represents the
simplified rotated matrix of factor score cdeints.

The factor score coefficients of the first two factbhsfavourableliving
conditions(U) and Deprivation of educatiorfD)feature only positive scores on
variables where an increase of the indicator mearegative development and
negative scores on indicators wheredearease translates tonegative
development. This isiot the case with the third facterGender inequality
persisting above low educational attainm@j; where the decrease of the
decrease of thBersons with low educational attainment, by age griodicator
is apositive development on its own. We wilhve to takehis into account
when sing the factor scores for ches analysis (Hair J. F. et. 2009).

Table 2 Simplified rotated matrix of factor loadings (factor score coefficients)

ZlndilcaFaoator Y U D G

At risk of poverty rate, by househdige 0.89
Relative median at risk of poverty gap 0.68

Inequality of income distribution 0.67

In work at risk of poverty rate 0.63

Total longterm unemployment rate 0.66

Persons atisk-of-poverty after social transfers, by gender 0.86

Atrisk of poverty rate, by age group 0.88

Gender pay gap in unadjusted form 0.61

At risk of poverty rate, by highest level of education attained 0.91

Persons with low educational attainment, by age group -0.82
Life long learning -0.72
Individuals' level of computer skills 0.74
Individuals' level of internet skills 0.51
Public expenditure on education -0.74

SourceAut hordéds research.

The living conditions of individuals influenceaheir options and
motivations for the future. The firsiadtor - Unfavairable living conditions
represerg an antagonistic process$l increases the risk of poverty for all
population groups in the analysis excluding working poverty as well as includes
the reflection of poverty of these groups on the total indguia a society.

While one of the reason faaffecting more of the poverty groups are the
overlaps between these groups (a single female over 65 years of age for
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example), the influence of the poverty of people aged 65 and above also hints to
the existene of an intergenerational transfer of poverty.

The Deprivation of educatiorfactor describes the impact of reducing
public expenditure on education, which results in the decrease of accessibility of
life long learning, the effects of this process on tleiety decreasethe
competitiveness ad part of the population resulting in the affected population to
eitherin low wages (increase of the work at risk of poverty ratadicator) or
in the increase of the long term unemployment. This further infeserthe
inequality in society by increasing tRelative median at risk of poverty gap

Based on the UN statistics of the ratioestimated female to male earned
income, EU countries still show aignificant income gap between genders
(UN,2009)Gender ineqality persisting above low educational attainment
factorrepresents a more advanced fornmgehder inequality. It isoticeable in
countries wherehigher eduational attainment is standard.While there is
a decrease iPersons with loweducationalattainment, by agegroup and an
increase in basic level of computand internet literacythere isan increase in
Gender pay gap in unadjtedform which points out to théact, that even with
a higher educational attainment, the gender pay gappstiliss, possibly even
in creases. This affects thevewall inequality in a societyreflected in the
Inequality of incomelistributionmeasures.

3. Cluster analysis results

By applying cluster analysis, we aim to classify the EU 27 countries based
on the thredactors we discovered. We believe sudtiassification is necessary
as countries often look for inspiration in the area of social policies in countries
with asimilar setting. The socieconomical background of today calls for
effective policies for comhing social exclusion. Applying what has been
successful in another country can only work isirailar setting. We came up
with five groups of types of social exclusithmat should serve as a basis for such
comparison

In order to improve theeadabilityof the factors we aim for the factors to
achieve only values above zero where higher values mdagkex influence in
acountry. Usually factor scores are negative for countries (observations) with
abelow average influence of factor and positive valuegor countries
(observations) with an above average influence fafceor. First two factors
could be transformed by one, very simple Steulding the value of the minimal
factor score of #actor to each factor score of the same factor. This will retain
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the informational value of comparing the values of the factor to their mean.
Adding a constant to eveifactor scoreresults in the mean increasing by the
same constant which can be expressed as follows:

n
ac+F
mrc=-+— (@8]
n
where: ii country specific observation,innumber of observationgcconstant,
¢ = Rine T mean F1 factor scoreF;si minimum of the factor scores

Both of these factors now have factor scores of zero and above and the
highertheir values are, the higher the influence of the respective factor which
means anegative development.

Transforming the third factor scoreGis different. Originally this factor
included three factor score coefficients of indicators that meamsitive
development and one withnegative. We aim for the factor scores to reflect
negative development just as the two previous factors for easier comparability.
Before calculating the factor score coefficient of this factor, we transform the
single indicatomwith the negative developmenBénder pay gap in unadjusted
form) to an oppositenegative valuét this point all of the developments of the
indicator of the factor are positive; in order to transform them into negative we
will multiply all factor scorescalculated after the transformation of the factor
score coefficient by the value €.

n
acd
mrc=-—+t—— 2)
n
This leaves us witBender inequality persisting above low educational
attainmentaluestha are negative for countries (observations) withebbw
average influence of factor and positive values for countries (observations)
with an above average influence ofaator. The final transformation is similar
to the one applied to the previous tfaatorsi adding the value of the minimal
factor score offactor to each factor score.

Results of the cluster analysis

Cluster analysisc onduct ed t hr ou gwith BMdideaho s me
distance measure, resultedive countrygroups. All of the comparissare not
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made against an absolute benchmarkfyetresulting groups seem to reflect the
current situatia in European Union quite well.

The first group of countrieattainslow values of all of the factors and
especially atGender inequality persistingibove low educational attainment
being close to zerdaVe can conclude there are high levels of gender equality in
these countries as well as lower levels of social exclusion compared to the EU
27 averagéFigure 3.

Figure 3.Factor score values: BelgiumSlovenia, Germany and Finland
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Belgium Slovenia Germany Finland
Source: Aut hordéds calcul ations

While Finland and Germany are often considered one of the most socio
economically stable countries, it is interesting that Slovenia ranks among such
countries. Germany ranks above averagéd@Deprivation of educatioffiactor
score.The next group of countries, while still achieving below average scores of
factor scores for social exclusion experiences higher values ofzémeler
inequality persisting above low educational attainnfantor (Figure 4.

Figure 4.Factor score values: Denmark, Netherlands, Ireland, Austria, Sweden, and United Kingdom
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Source: Aut hor6s calcul ations
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Denmark has, compared to other EU 27 countries almosexieting
deprivation of education and Netherlands havevery good position on
Unfavourable living conditionsireland, a country often mentioned with the
connection with the current EU economical crisis is, compared to other affected
countries much better off in the terms of social exclusion. The United &mngd
has however an above average value of Winéavourable living conditions
factor score which is disproportionate towards the two remaining factors

The third group of countries caibhs France, Luxembourg and all
Vysegrad countries. All of the countridgzave a below average value of
Unfavourable living conditionsand Gender inequality persisting above low
educational attainmen{tFigure 5) For Vysegrad countries this could be caused
by their communistic past where the equality of a society was highen (eve
though on the negative side). All of the countries experience disproportional
values of theDeprivation of educatiofiactor scores which can lead to negative
externalities connected with the deprivation of human capital

Figure 5. Factor score values: Cech Republic (CZ), Luxembourg, France, Hungary, Poland and

Slovakia
9
8
7
6
5 — ou
4 o mD
3
2 B . — 8G
CZ Luxembourg France Hungary Poland Slovakia
Source: Authoro6s calculations

The fourth group features mostly Southern Europe. callintrieshave
above averag&ender inequality persisting above low educational attainment
factor scoes. Spain ranks high in thdnfavourable living conditiongactor
score Both Italy and Portugal achieve values above average. The values of
Deprivation of educatiorare above average also for Italy and Portugal. Malta
has the best values of the factorsofial exclusion from this group of countries
(Figure 6).
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Figure 6.Factor score values: Spain, Italy, Portugal and Malta
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Last group of countries is the one ranking the worst on factor scores for
social exclusion. Besidahe last two admissions into the HUBulgaria and
Romania it includes also countries from NeBhastern Europe, Cyprus and
Greece. All of the factor score values ofdbecountries are above averaget
Unfavourable living conditionthe highest valuesetong to Bulgaria and Latvia.
The Deprivation of educatioms most prevalent in Romania and Greece. Factor
scores ofGender inequality persisting above low educational attainnaeat
very similar for all the countries (Figurd.

Figure 7.Factor score valies: Bulgaria, Latvia, Greece, Romania, Lithuania, Estonia and Cyprus
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Source: Aut hords calcul ations
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4, Conclusion

With the use of exploratory factor analysigeidentified three major
factors of soa@l exclusion- Unfavourable living conditionsDeprivaion of
educationand Gender inequality persisting above low educational attainment
These factors reflect crucial issues that need to be addressed across Europe. The
transformedactor scores for the three factors behind social exclusion can serve
further as indicators measuring the progress of the EU countries in combating
social exclusion as well as variables when it comesddelingsocial exclusion
(such as regression or correlation analysis).

The extent of each factor varies in different countriesydver there are
similarities among the countrie®/e identified five groups of EU 27 countries
that can be used as a basis for comparative approach when it comes to
implementing policies aimed at combating social exclusion.

The groupings have potentialto serve as the basis for comparative
policy analysis.When it comes to social exclusiothere is nodividing line
between the founders of the European Union and the newcomers.

It is also interesting to note, that countries most associated with the
ongang budget crisis vary in the extent of the influence of the three factors
behind soci al exclusion and tlavwshewe c a
same effect for them.

A basis for further research could be the influence of cultural or regional
dimension on the rankings of the factor scores. When we look at the values of
the factor scores, we see the following:

1 No Nordic country ranks above average on any factor score

9 Group 4 is formed exclusively by countries from the south of Europe and
has an abay average influence of th@ender inequality persisting above
low educational attainmerfiactor

9 No country from south of Europe belongs to any of the first two groups
except for Slovenia

1 All Vysegrad countries belong to the third group; this may be cabged
a very similar soci@conomical past

This paper was produced with the support of the IGPM funding framework
under the project number 2317122/10: Modelling of chosen indicators of
Sustainable development in the context of the European Union.
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Streszczenie

ANALIZA WYKLUCZENI| A S PFEGGWOXINURO PEJSKIEJ:
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W artykule okreSlono podstawowe deter mi
Europejskiej w latach 2003009, na podstawie analizy czynnikowej. Czynniki
wykluczenia stanowi N cechy ni endnaizomand ne, k
za pomocN zmiennych mi erzal nych. Por - wnan
w krajach UE 27 pozwoli go na wyodribnienie
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DANIEL A. GRIFFITH ~

Selected Challenges fronspatial Statistics for Spatial
Econometricians

Abstract

Griffith and Paelinck (2011) present selected stendard spatial
statistics and spatial econometrics topics that address issues associated with
spatial econometric methodology. This paper addresses the following challenges
posed byspatial autocorrelation alluded to and/or derived from the spatial
statistics topics of this book: the Gaussian random variable Jacobian term for
massive datasets; topological features of georeferenced data; eigenvector
spatial filteringbased georefereed data generating mechanisms; and,
interpreting random effects.

1. Introduction

Geography experienced a quantitative revolution in the 1950s and 1960s
(Curry 1967). Work generated by this movement initially anagdistances
from locations of privilege s well as attribute variables whose observations
were distinguished merely by a locational index. Especially statistical decisions
spawned by these anadgsproved to display far more variability than indicated
by classical statistical distribution theotkijs increased variability is attributable
to positive spatial autocorrelation (Sktentin almost all georeferenced data.

" Ph.D.,University of Texas at Dallas



72 Daniel A. Griffith

Addressing these inadequacies, Cliff and'Qi®69) and Besag (1974), among

others, commenced a formal development of autoregrebased spatial
statistics that popularized model specifications accounting for latenfTia.

line of work soon eclipsed the point pattern analysis work that, until then,
typified much of quantitative spatial analysddeanwhile, @rallel spatial
econanetric developments flourished after the introduction of Paelinck and

Kl aassends (1979) semi nal book, follo
Paelinck (2012) addresses this historical trajectory.

The purpose of this paper is to highlight selected chgdle posed b§A
alluded to and/or derived from the spatial statistics literature and contextualized
in Griffith and Paelinck (2011)0nechallenge arises from the increasing size of
georeferenced datasets, some of which are massive today. Calculatingumaxi
likelihood estimates (MLES) requires computing the determinant of-laysm
spatial covariance matéxthe Jacobian of a transformation in calculus térms
which becomes excessively numerically intensive or even infeasible for massive
georeferenced datase This paper outlines an alternative MLE solution to
nonlinear regression, which is new, couched in the existing spatial statistics
literature about approximating the Jacobian teAmsecond challenge stems
from topological considerations accompanyingorgéerenced datasets. This
paper focuses on a mistake appearing in the earlier literature, and describes
a modified version of the weknown matrix powering algorithm that
successfully computes the principal eigenfunction for a periodic matrilird
challenge concerns georeferenced data generating mechanisms involving
eigenvector spatial filtering, and further develops contributions in Griffith
(2011a,b).A fourth challenge furnishes additional insight into the meaning of
spatially structured randomfe€ts. Successful engagement of these challenges
posesa potential to improve both spatial statistical and spatial econometric
work.

2. The spatial statistical Jacobian term for Gaussian model specifications

In part because normal curve theory was the teseloped probability
modetbased analysis of the time, most early spatial statistics assumed a bell
shaped curve. Gaussian spatial autoregressive model specifications to describe
n georeferenced sample values include a Jacobian term, which is: (1) the
determinant of an-by-n matrix; (2) the normalizing constant ensuring that the

! Geographical Analysiselebrated the major contributions to science of this cluster of
research with a special issue in 2009.



Selected Challenges from 73pati al é

probability density function integrates to 1; and, (3) a function of the SA
parameter(s). Computational difficulties introduced into calculating MLEs of
model parameters by thegarithm of this determinant has generated a body of
literature addressing its simplification and approximation (Ord, 1975; Griffith,
1992, 2004a; Barry and Pace, 1999; Smirnov and Anselin, 2001, 2009; Pace and
LeSage, 2004; Zhang and Leithead, 2007;d& &l al., 2008).

The likelihood function is equivalent to a multivariate normal probability
density function with a sample of size 1 and n variables:

L = (2 . )—n/2 |V |1/2 (ﬁz)-n/ze- (Y-eD)TV(Y-£1)/(262) (1)
where V'0? is the SA varianceovariancematrix that is a function of the
spatial autoregressive parameierin a singleparameter model specification,

Y is a normally distributed random variabM,is an nby-1 vector of random
variable values] is an nby-1 vector of ons, T denotes the matrix transpose
operation, and and (2 respectively are the constant mean and the variance of
Y. When} =0,V =1, the nby-n identity matrix.

But all of the more recent litature overlooks the useful simplicity of the
approximation developed by Griffith (1992, 2004a), with a special case for
regular square tessellations (Griffith, 2004). The appeal of this latter
approximation is that it can be employed efficiently and é&ffely with
a dataset whose size is in the millions or billdres massive dataset. For
a symmetric distribution of eigenvalues, such as that for a regular square
tessellation, the Jacobian approximation given by Griffith (2004) reduces to

- a LN(1- J 8)/n° 2¥ LN(T)- ¥ LN(T+})- *LN(G-4) (2

i=1

where & is the [" eigenvalue of matri¥, and ¥ and U are coefficients to be
calibrated. When, = 0, both 2¥ LN(U)- ¥ LN(U+} )- ¥LN(UG-})=0

n
and - § LN(1-} 3y) = 0. Griffith (2004b) shows that the Jacobian term

i=1
associated with a regular square tessellation forming a complete rectangular
region also can be approximated by

- & LN(1- § )N ° LN(1+0,) > + 0, * + g ) (3)

i=1
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where @, o, and g, are coefficients to becalibrated. When} = O,
LN(1+0, * +04 * +0,4 )= 0.
MLEs for the three parameters of equation (1) are

£=1"VY/(1'V1), (4)

&= (Y- e)"V(Y - el)n, (5)

and for a spatial simultaneous autoregressive (SAR; the spatial error model in
the spatial econometrics literature) model specification, for which
V=(-}3W)T"( -} W),whereW is an nby-n geographic weights matri,

may be calculated by solving the differential equation

HLN(L)/ . = ga (-2y) /(-4 a;)g/n * (6)

éj=1
(Y-8)"(WT+W-} VW)Y - &)/(2nk) =0

where & are the n eigenvalues of matix.

en a
Equations (2) and (3) respectively resuléd (- &) /(1- J aj)g/n°
i1 ‘

- 20y /@ -4?), and

- (20,0 +4ay 3+ 200, 1A+ ap 2 +ay F +ayg 20).

These two substitutions dramatically simplify equation (6).

For a regular square tessellation forming a complete rectangular region
(i,e., a remotely sensed image whose data may be impofteintan
environmental economics analysis), with P > 3, Q > 3, and ¢PG,625,
numerical experiments yield the following large sample results:

¥ © 0.16361 0.00457(1/P + 1/Q) 0.47594/(PQ)

U° 1.17583i 0.33691[1/(P+1) + 1/(Q+1)] 1.08316/[(P+1)(Q+1)] , and
0 © 0.11735 + 0.10091(178 + 1/Q") + 0.42844/(PQ)

04 © 0.07421 + 0.05730(17B+ 1/ i 0.66001/(PQ)

0o © 0.05221 + 0.5287(1/P"* + 1/Q" + 2.48015/(PQ) .
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The computation of Table 1 results utlized these numerical
generalizations for a massive 3,80%5,000 pixels georeferenced dataset
collected for the Florida EvergladesRelatively few computational resoes
are neded to analyze n = 15,0000 observations in this case.

A challenge for spatial econometricians suggested by this spatial
statistical work is the generalization of coefficients for equation (2) for massive
georeferenced datasets based upon the typeegtilar surface partitioning that
characterize administrative units. The popular autoregressive response (AR; the
spatial error model in the spatial econometrics literature) model specification has
the following MLEs:

B=(XTX)IXT(1 - 3 W)Y = (XTX)XTY - (XTX)EXTWY
& =[(1 -} W)Y - XB]"[(1 - } W)Y - Xb]/n,and

e n a
: (-aj)/(l-Je»,)yn+
=1

iYTowT +w-y svTw)y - 2y Tw Tx&/2né?) =o.

.

[(»)

Because X'X)* needs to be inverted only once, this model specification
involves relatively little increase in computational intensity-'vids the
constant mean case. Consequently, timing results appearing in Table 1 remain
informative for the nonconstant mean case.

3. The topology of georeferenced data

SA and autoregression analyses frequently articulate the topological
structure of georeferenced data with a simple binafy rBby-n geographic
weights matrixC based upon aemectivity/contiguity. The row and column
labels of matrixC are the ordered locations in a geographic landscape, with this
ordering being the same for both the rows and the columns for the sake of
convenience. The common definitions of contiguity for acef partitioning are
based upon analogies with chess moves: the rook whenenorlength common
boundaries, and the queen when both zero (i.e., points) andermriength
common boundaries, determine contiguity. If a row and a column location are

2 A January 1, 2002, 28:eter resolution LANDSAT Enhanced Thematic Mapper Plus
(ETM+) image
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contigwus, then the corresponding matrix cell is coded 1; otherwise, it is coded
0. Consequently, matri€ is sparse and symmetric. Often the preceding matrix
W is a rowstandardized version of this matfx

Table 1. Spatial autoorrelation parameter estimation

estimated eigenvalues coefficient equations
band equation (2) equation (3) equation (2) equation (3)
= CPU = CPU = CPU = CPU
F time' F time' = time! = time!

0.9248 0.03 0.9236 0.04 0.9249 0.03 0.9231 0.01
0.9072 0.01 0.9097| 0.03 0.9073 0.01 0.9094 0.04
0.8452 0.03 0.8621| 0.04 0.8454 0.03 0.8639 0.03
0.4060 0.03 0.3990| 0.03 0.4067 0.03 0.3991 0.01
0.4773 0.01 0.4672| 0.03 0.4776 0.03 0.4683 0.03
7 | 0.6299 0.01 0.655 0.03 0.6302 0.03 0.6288 0.03

Notes:* measured in seconds.

G W[N|F

Source: own calculations

Consider the case where matrX is irreducible (i.e., it cannot be
permuted into disjoint block diagonal submatrices). Powers of matdan be
interpreted as follosw ( Mal ki ewi cz and Ratajczak 19

Matrix C* yields a count in celljcthat indicates the number of ways of

moving from row location i to column location j crossing exactly k

boundaries.

This combinatorial interpretation motivated the use of the row safms

a power sum of matrixC, standardized by the largest element in the resulting
n-by-1 vector, sayE,, as an index of topological accessibility for a network or
surface partitioning. Relatively large values denote locations that are better
connected (dectly and indirectly) and more centrally located (i.e., more
accessible) within the topology represented by the graph associated with matrix
C, whereas relatively small values denote topologically peripheral locations
within the graph (frequently those gitoned on the boarder of the associated
geographic landscape). The diameter of the graph counterpart of @4dtréx,
the maximum number of links to be crossed when moving from any of the
n noded areal units in the case of spatial analjysie reachediny of the other
nodes) is a common stopping exponent for the power sum. Paths between nodes
become redundant beyond the diameter, but do account for some detail in terms
of topological structure. All entries in the summation matrix for this exponent
havenonzero entries.
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Vector E, relates to the principal eigenvector of mat@ix sayE;, and
tends to converge upon it; Mal ki ewi ¢z
computing vectoE; is the proper way to define topological accessibility. Mass
(1985) citicizes some of the earlier discussion by geographers concerning this
accessibility index, challenging conjectures about the relationship between the
principal eigenfunction and the row/column sums of ma@ixFigure 1l1a).
Cvetkovil and ReowHd ndMamsd 199G)cussion
contributing to resolving the controversy. Mass employs the geographic
connectivity matrix for the 1929 Uganda road network reported by Gould (1967,

p. 67). But this graph is periodic (the wikhow matrix powering algoim
oscillates between 2.64892 and 2.86332; Figure 1b), and hence Maas reports
incorrect eigenvalues, having obtained the solution for the lower bound in the
oscillation (he reports only the first 10 of the 18 eigenvalues):

Table la. Maawduesand actual eigen

eigenvalue | & | @ | B | 8y | @ | & | & | & |&|dy

fromMaas | 2.652| 1.828 | 1.618 | 1.447 | 0.9170 0.7035| 0.6180 [0.4419| 0 | O

actual 2.754| 1.839| 1.639 | 1.414 | 1.0000 0.8718|0.6787 |0.3525| O | O

SourceMass C(1985.

Figure 1. Accessibility index scatterplots
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Sourceown calculations.

The problematic periodicity of the 1929 Uganda road network graph can
be resolved by modifying the wekhow matrix powering algorithm to estimate
the first egenfunction so that it includes an iteration lag:
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limit [17(C* +C*HyL"(C* +CH)1] - &

This modification produces the proper convergences of the principal
eigenvalue (Figure 1b) and its corresponding eigenvector (Figure 1d).

A challenge for spatial econometricialmereis to determine the value of
eigenvectolE, for empirical analyses. I§; a useful spatial analysis covariate?
Is the correspondence between the row/column sums of n@tsifficienty
close toE; that their vector is a useful spatial analysis covariate?

4. Georeferenced data generating mechanisms

Griffith and Paelinck (2011) present salient features of georeferenced
data, including how variance inflation occurs through, and how correlation
coefficients are impacted by, SA. They incorporate eigenvecutiasgilters
(ESFs) into georeferenced data generating mechanisms (i.e., a selected
probability model that includes both random and SA components that combine
together to yield individual observations) in some of their demonstrations.

Eigenvector spatialfiltering methodology employs the eigenvectors
extracted from a modified version of the geographic connectivity matrix
namely (I - 11" /n)C (Il - 11" /n)= MCM, whereM is the standard projection
matrix commonly encountered in multivariate statistics, afg is its |
eigenvector.This matrix expression comes from the numerator of the Moran
Coefficient (MC), whose matrix version for response ve®t@djusted only for
its constant mean is given by

MC = [n/(L"CD)][Y'MCMY /(Y MY)] .

Substituting the eigenvectiinto this expression results in a Rayleigh
guotient, with vectorcE; maximizing the expression. Accordingly, these
n eigenvectors can be interpreted as follows:

the first eigenvector, saE;, is the set of real numbers that has ldrgest

MC achievable by any set for the geographic arrangement defined by the
spatial connectivity matrixC; the second eigenvector is the set of real
numbers that has the largest achievable MC by any set that is orthogonal
and uncorrelated withE,; ard so on througRE,, the set of real numbers
that has the largest negative MC achievable by any set that is orthogonal
and uncorrelated with the preceding (h) eigenvectors.
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As such, these eigenvectors furnish n distinct map pattern descriptions of
latent SA in geographically distributed variables because they are mutually
orthogonal and uncorrelated. An ESF is constructemmfrsome linear
combination of aubset of these eigenvectors, and serves ggatal proxy
variable capturing SA effects irm modé specification This control variable
embeds stochastic spatial dependencies among logatiered observations
into the parameters of a probability density/mass function.

All but oneof the matrixMCM normalized eigenvectors have means of
0 and variance of 1/n.In other words, all ofiteir 1% and 2 moments match.
Consider the following linear combination of these vectors:

K K
WQ (20- 1)a,E/ /a a’ =WEB, (7)
j=1 j=1

where scaling coefficient W is some positive real number, binaty O
variable gis a Bernoulli RV, and;ds a positive coefficient for eigenvector |.
The termB describes the nature, whereas the scalar W describes the degree (i.e.,
the relative amount of variance accounted for), of SA. The mean of linear
combination (7) is 0, whersdts variance is Wh, and the term (2¢ 1) makes
no difference because each eigenvegt unique to a multiplicative factor ofl.

The central limit theorem governs expression (7), which implies that the
ESFs described by it are approximately ndhydistributed.

Lemma 1: K << n eigenvectors of matriCM are independent and are
not necessarily identically distributed RVs. As K goes to
infinity, expression (7) converges on a normal distribution.

PF: Because all of the K means are 0, and

.. ,a XK .9 . .

ILmlt a; /%l aag- 0(Bentkus et al., 1996; Chaidee and Tuntapthai, 2009).
- ¢ =t =+

Simulation experiments furnish evidence corroborating this lemmdgTab
2); it can betested for in practice with a normal quantile plot. Therefore, an
individual observation of a geosrbEnced Gaussian random variable may be
written as

Yi= Y +We,B, ®)

where the nYi* are iid N , 02), and the V&«B is an ESF.
Equation (8) comprises two normal components, one of which is
equivalent to a spatially structured random mean response (egB \éfeates
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random deviations abouwt ), and furnishes the data generating mechanism in
terms of the followig parametric mixture distribution:

~ 0%)a .
Y |SA N(szu )UY Y ~N(g (% +W?/n).
SA~N(O,W?/n)y

In other words, the distribution at each location i is conditional ep BY
and SA inflates variance while not affectiagaverage mean response across a
map.

A Manly transformatioh modifies the geographic distribution of
population density across Poland (Figures 2a and 3a), based upon communes, so
that it approximates a bedhaped curve (Figure 2b). The ESF (a linear
combination of 22 of 591 candidate vectors) for this geographic distribution
closely conforms to be bethaped curve (Figures 2c¢ and 3b), and accounts for
roughly 27% of the geographic variation in the transformed population density.
The random variable Y* approximates a normal distribution, deviating from
a bellshaped curve wittone heavy tail (Figures 2d and 3c). The estimated
mixture distribution is

~ Q.
Y |SA N(0.932110.0391%L)uY Y ~ N(0.932110.04598).
SA~N(0,0.02417)

The variance inflation factor is 1.38192; SA introduces an additional nearly 40%
geographic variability into the transformed population density.

Table 2. Compaisons of eigenvectors and of ES$: Poland surface partitionings

moments communes counties viovodeships
n 2,468 369 16
mean 0 0 0
standard deviation 0.02013 0.05206 0.25000
skewnessmean 0.05806 0.09079 0.20614
standard deviation 0.20666 0.14942 0.21966
excess kurtosis: mean 0.63105 0.17750 -1.14832
standard deviation 1.07388 0.42391 0.33501
# eigenvectors with MC > 0.25 591 85 4
eigenvectors: % with Pr(normality) < 0.01 0 18.82 0
simulated ESF$6 with Pr(normality) < 0.01 0 16.62 0.62

Source: own calculations.

3 The Manly transformation completes the family of BB&x power transformations. Hetfeet
empirically calibrated transformation is exp3319/(population/areXj®y.
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Figure 2. Normal quantile plots
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One advantage of the ESF specification is that it very accurately captures
spatial structure as reflected in map pattern (compare Figures 3a and 3b). Thus,
ESF supports simulation experiments for which Y* can be determined with
a pseudgandom number geratior, and then added to the ESF, resulting in the
spatial structure being held constant across simulation replicatitis
parametric mixture distribution specifies the geographic distribution of Y as
being conditional on this map pattern.

One challenge fo spatial econometricians suggested by this spatial
statistical conceptualization is the establishment of ESF properti€svigs
spatial autoregression model specifications. Another is to fully develop the
mathematical statistical theory associated \&igts.

Figure 3. The geographic distribution of population density

Notes: scale from light gray to black is proportional to density. Left (a): population/area. Middle (b). ESF.
Right (c): Y*.

Source: own calculations.
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5. Explicating spatially structured random effects

Random effects model specifications address samples for which
observations are selected in a highly structured rather than random way.
Frequently random effects can be estimated in one of two ways: employing
repeated measures in a freqtigt context, or employing priors in a Bayesian
context. This first conceptualization directly links random effects to means of
time series for individual locations. Because the random effects term is
a constant through time, its spatial structure caocadptured by an ESF. In turn,
this ESF can be estimated with only one slice of time (i.e., a map for a specified
point in time), as in the preceding section, revealing that an ESF model
specification is able to uncover at least part of a random effeatsvighout
repeated measures. Priors in a Bayesian analysis also allow the estimation of
a random effects term with only one slice of time.

An average exists for each time series in a sfiame dataset. This
average ignores both spatial and serial caioglain the spacéime series.
A random effects model essentially works with these averages, adjusting them in
accordance with the correlational structure latent in their parent -Hpace
series, as well as their simultaneous estimation. The randontseffesdel
specification achieves this by fitting a distribution with a few parameters (e.g.,
a mean and a variance for a k&laped curve), rather than n individual means
(fixed effects) for the n locations. Consequently, a relationship exists between
thetime series means and the random effects. This random effects specification
relates to a fixed effects specification that includes n indicator variables, each for
a separate district specific local intercept (one local intercept is arbitrarily set to
0 toeliminate perfect multicollinearity with the global mean).

A challenge for spatial econometricians suggested by this spatial
statistical analysis concerns a need to better understand the number of degrees of
freedom associated with a random effects tekmother challenge is to better
understand random effects terms in the presence of covariates. Given that
estimation of the spatially structured part of a random effects term is possible
with a single map, a third challenge is to investigate whether @stiatation of
the spatially unstructured component of a random effectsdanmbe simplified

6. Implications and conclusions

Spatial statistics and spatial econometrics are kindred spirits in terms of
empirical analysis methodologies. Problems and ehg#s faced by one of
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these fields reveals parallel problems and challenges already faced, or to be
faced, by the other field. Griffith and Paelinck (2011) present a number of
contemporary nostandard sources and treatments of such problems and
challenges This paper builds on their work, extending and identifying other
problems and challenges. No doubt the future will produce new problems and
challenges, too. Paelinck (2012) points out that spatial econometrics seeks to
obtain a better understanding oetlworkings of spatial economies. Similarly,
spatial statistics seeks to obtain a better understanding of the workings of
geographic landscapes, some of which constitute space economies. This paper
crystallizes the following challenges for spatial econoitiams suggested by
contemporary spatial statistical work: (1) formulating efficient and effective
spatial autoregressive implementations for massive georeferenced datasets;
(2) determining the utility of the principal eigenvector of a geographic weights
matrix for empirical analyses; (3) casting georeferenced data generating
mechanisms in terms of parametric mixture models involving ESFs; and,
(4) improving our understanding of spatially structured and unstructured random
effects terms that may appear igpatial statistical/leconometric model
specifications. New insights about these issues offer the potential to improve
both spatial statistical and spatial econometric work.
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Streszczenie

WYBRANE WYZWANIA STA TYSTYKI PRZESTRZENNE J DLA
EKONOMETRY WRRAESTRZENNYCH

Artykug prezentuje wybrane, niestanda
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wy zwani ach wyni kaj Ncych z autokorelacij.
Gaussowskiej zmiennej losgwetopologicznych cech danych georeferencyjnych,
wektor - w wgasnych, filtr-w

przestrzenny
generowania danych oraz
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Determinants for Spatial Location of Pharmacies

Abstract

The topic of drug reimbursement is an inoptant subject when one makes
adecision on the construction of the reform of the health sector. Any change in
the reimbursement list ends with a hot debate in the media and in everyday life.
Incomprehensible pricingtrategies used by pharmacies, force patients to seek
those places that offer the necessary medication at the lowest possible price.
Recognizing the economic opportunities for a profitable business, in recent years,
a significant increase in the numberpifarmacies is observed, and therefore, the
number of these entities makes the process of selling drugs, especially those from
the reimbursement list, almost impossible to control.

The article aims to reveal the spatial dependence for the pharmaceutical
market on the example of pharmacies in poviat districts of Polanditempt is
made to assess the prevalence of spatial dependence between the number of
pharmacies and other determinants indicatingalth care resourcesageing
process andhe state of heah of Poles. The summary of the study is to build
a spatial model with its diagnosis for the number of pharmacies according to
various socieeconomic factors

1. Introduction

In recent studies, both theoretical and empirical, diginguishing
between halth economics and health care economics should be considered.
far as the health economics are concerned it isdieatific disciplinethat treats
health as an economic issue. Following that definition, health economics relates

"University of G-df¥
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to the process of maratdturing, exchange and consumption of health services.
The issues of health economics continuously evolve under the influence of both
internal and external surroundings of health care system and the health
consideration of the population. On the other hahd health care economics
interests in the analyses of the health care functioning and the manner of
financing of the health services in different organizational health care system
types. Contemporary research in the field of health care economics,jon ma
part, considers mostly the characteristics of the connection between the
condition of national economy or/and the area of health care and health
(in a broad meaning). Due to the diversity of the health care system problems the
need for the interdisciipary research and the use of appropriate research
instrumentsnduces.

The health economics is the science of allocating resources to the health
system and within the system. In another words, health economics determines
the subject of interest for ecomists working in this field, as well as, the
methods of application of economic principles in health care.

In practice, several characteristic approaches to analysis can be used. One
can highlight many important attributes of the economy, but in headthoenics
threeshould be noted.

First of all, the scarcity of social resources. The classical economic
analysis is based on the assumption that individuals must resign from a certain
part of one resource in exchange for another. This means that on ithealnat
level, the growth in health expenditure to GDP results in reduction of other
expenses. The opportunity cost (cost of giving up to get something else) of
health care can be substantial. While most, pay attention to the monetary costs of
goods and serees, economists consider time as the most important scarce
resource. Individuals sell time in exchange for remuneration, and most probably
would refuse to work overtime, even if offered the rate of pay higher than
normal, because it is not profitable. dnsimilar vein, many individuals resign
from the use of admission free health care services because the costs of arrival at
the health establishment and waiting for the service are too high.

Rational decisionmaking is another important attribute. Typlgal
economists examine economic problems of human behavior, assuming that the
individual makesa rational decision. While rationality is defined as making the
best possible choice to meeting the objectives of the limitations of resources,
some oftheindvdual 6s behavior in the health
But when it comes to disputes about the rational behavior, economists often
point out that the soalled irrational behavior often makes sersé,only if the
achieved benefits are properlgderstoodThe importantharacteristic of recent
research in health care is the use of models in the analyses. In economics,
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models are developed to illustrate tbegoing or futurepossible processes,
though should be understood aefiection ofreality. However, the models can
be useful.

This article focuses mainly on the quantitative areslys the health care
systemcharacteristics and attempts to apply the spatial statistics and spatial
model in health economics.

2. Methods

The rapid development fothe methodological principlesand their
applicationenabled th extensiveuse of thespatialeconometrics methodsnd
modelsin economicresearchin manyother scientificfields, for instancelabor
market economic growth,social interactions environmemal protection and
health care

In the economial spatial studiesthe impact of exogenous variables
the endogenouwariablemust also include an interactive combination between
the observations. This follows from the fact that space is awotsistingof
mutually insulatedunits. The spatial interaction between two objects may also
affect other objects. It should be no
closer the objects are geographically, the spatial interactions are more
significant.

2.1.Testing the spatial dependence

The term of spatial autocorrelations refers to spatial clustering of similar
values and their interdependence or interactions in reference to the geographical
location of the objectshe study of interdependence relationshipgeographic
space requires the assumption on the existendbaedfunctional relationship
between the values of observed varialfiesselin 1988, p. 11)By definition,
this means a lack of independence between the observations and the direct
application of the Tobled s .1 a w

Spatialautocorrelations a degree oforrelation ofthe observedalues of
variable ina given locationwith the valus of the same variablén another
location. This means thathe testedvariable at the same timdetermineandis
determined byits implementationin other locationsWhen testing for spatial
dependence, two types of relations are considepeditive and negative
autocorrelation.Confirming the psitive autocorrelationmears in terms of
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location the spatial accunhation: high or low valueof observed variable©n
the other hand, egative autocorrelation can be interpretedhasevers of the
positive autocorrelation high valuesof observed variables aajp to low and
vice versa (Suchecki 201fp. 103105).

There are several types of indicatéos testing the spatial dependence
The most commonly used statistic is Mdiab(Cliff andOrd 1973)lt is used to
test the presence of global spatial autocorrelation according to the scheme
describedby standardizedveights matrixW. Let us considethe variablex of
observed values in n different regionsi(= 1, 2, ...,n). Then the value of the
Mo r alrstétistics can be describe as follosi¢hecki 2010, p. 113)

a.awx-xx-x)
| =iz 1)
a (x - xy

i=1

where:ni number of observations;,, X I values ofx variable in locatioai and
j, X T mean value ox variable,w; i elements of spatial weights matkiX.

While tesing for spatial autocorrelation, a structure of hypothesis is
examined, the null hypothesis for lack of spatial dependence against the
alternative hypothesis for occurrence of spatial dependence. If the adjoined
spatial objects are similar in referencehe descriptive characteristics, forming
spati al cl ust er s, | stdtigias is pdsitve. If thd adjeined f  Mc
spatial objects are varied (the spatial structure is regular, no clusters are formed)
thentte v al ue losfatistdois agnadtsi v e .  [Tstatisticdtanges n 6 s
from (-1) to 1. For better v i s U stdfsticg,i ng o
scatterplots are created arsdatistical significance grapls analyzed the
percentagef permutationgor spatially random layout of vafles iscalculated
On this basisjt can be concludedabout the existencer absence ofpatial
autocorrelation The value of probability (-value) is calledthe pseude
significance level ani theratio of the numbeof permutationgor whichl; > I,
to the number of alpermutationamadeplus 1. Thegreater the-value is the
less likelyis the actuapresence chutocorrelation

Apart fromthe need testudyglobal spatial autocorrelatigrihe literature
indicates to obtain detailed picture othe phenomenorf spatial dependence.
Therefore, local indicators for spatial association analysigAnselin 1995,
pp. 93 115) (LISA) should be performedt involves thestudy of correlation
betweenthe values of thevariable in particular location in comparson to
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locations adjoined.Local Morand d statistics I; are calculated as follows
(Suchecki 2010, p. 123)

_(x-x) 2 ]
I n Jaw (Xj - X) )
alx-xp=

i=1

S

here:nT number of observations;, X i values ofx variable in locatioai and
j, X T mean value ok variable,w; i elements of spatial weights mathiX.

2.2.Spatial weights matrix W

In the construction of the measures of the spatial interactions, the spatial
weights play a fundamental rol&éhe spatial weights form the spatial weights
matrix W and are calculated on the basis of distance or neighborhood matrices.
The weight matricexan be constructed with the assumptions of different types
and orders of contiguitySuchecki 2010, pp. 334). The weight matrices are
usually symmetric andh the analysis ofpatialinteraction row standardization
of the elements is assumethis involves creating the transformed matrix, in
which the sum of the elemeritseach row equalto 1L The values ofhe matrix
elements are standardized with a closed intexQal>. For the construction of
statistical measurethe standardiation ofthe elements of theeightsmatrix is
highly desirable because of the possibiés of comparing different spatial
processes and different modelherefor it iseaser tointerpret the processes of
spatial autocorrelation araitoregressian

2.3.Spatial modeling

Spatial modeling improwethe construction of theconometric modelf

the analysis starts from the simpleelém regression model, the application of
crosssectional sample as a localized data requires takiogaccount the spatial
interactions thatmay occur between the studied units, whiahe expressed
through the introduction of the model matrix of weighits The interactions
may relate to the endogenous variablespatial autoregression is assumed,
exogenous variable§ cross spatial regression is assumed and random
componenti spatial autocorrelation of errors is assum@iichecki 2010,
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p. 239) For thepurpose of this article Spatial Autoregressive and Spatial Error
Model are further described.

Spatial Autoregressive Model (or Spatial Lag Modéhrbia 2006)
assumes that the values of the endogenous variable in one location are dependent
on spatially lgged mean values of the endogenous variable in adjoin locations.
Formally, SLM model can be described as follo{@sichecki 2010, pp. 248
250y

y=rWy+Xb +J:Ny , ) ®)

where:y i endogenous variabl& i exogenous varidés matrix,b i vector of
structural parameterd)V i spatial weights matrix, } i spatial autoregression
parameterWy i spatially lag endogenous variabléj independentandom
componentin SLM modelsthe significance of parameter is tested.

Spatial Eror Model can be tested, when in regression an autocorrelation
in linear random component is assumed:

y=Xb+ 3 /3 =+W3~NJ, $§ (4)

where:y I endogenous variabl& i exogenous variables matrifa,i vector of
structural parameterdl i spatial weights matrix, i spatial autocorrelation
parameter,W3 1 spatially lag error (mean error from adjoin locations),
Ui independentrandom componentin SEM models the significance ofe-
parameter iverified. SEM model assumes the existen¢espatial interactions
(autocorrelation), caused by random factors (not included in modeling) or
measurement errofSuchecki 2010, p. 250)

3. Data set and research assumptions

3.1. Data source and specification

The source of data for the analysis is &lo®ata Bank of Central
Statistical Officé. At the time of constructing the research the most current data
was dated to 2010. The data used in the analysis was gathered on the NUTS 4

! http://www.stat.gov.pl/bdlen/app/strona.html?p_name=indeks [day of access 14.07.2012]
2|n accordance to thdomenclature of Units for Territorial Statistics.
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level 1 for 379 Polish poviats. As a subject of the research the nuofber
pharmacies in Poland was accepted and a data set of potential explanatory
variables was considered. The first group of explanatory variables was
connected strictly with the health care and included:

9 number of medical establishments,
9 number of doctorspharmacists.

The second group of explanatory variables included:

9 gross monthly average income,
9 number of people at age:
o working,
0 preworking,
0 postworking,
9 number of people threatened with:
o work environment,
0 work nuisance,
0 mechanical factors.

3.2. Main and specific objectives

The main objective of the article wasitientify the spatial dependence on
the example of the number of pharmacies in Polish distriApart from the
main objective, somepegcific objectivesvere assumed as well. Aaitenpt to
verify the presence of spatial dependence between the number of pharmacies
and explanatory variablésvas made. As a summary of the researcipatial
model for the number of pharmaciessdesigred and specifed depending on
various factors

3.3. Research hypotheses

For the purpose of the research hypotheses were formed. Fifstly, i
a patient goes to the doctor/medical establishment, then the pharmacy should be
located close to that doctorédical establishment. Secondlyeople at post

3 Group consisting of data for: gross monthly average income, numbecwislonumber of
medical establishments, number of people at-pmsking age, number of people at risk because
of the work environment.
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work age nedan easy access to medicines. Thirdsomle who work and claim
to be threatened because of their work environment need access to medicines.

4. Results

4.1. Baseline study

In the period 2002010, an increase in the number of pharmacies and
their emplyees has beeobserved. The averaggowth ratenoted for the
number of pharmacieandthe number of pharmacisésnounted t®.38% and
1.03% respectively. The figure 1 below presents the tendencies observed in
those time series and indicates that annub#ynumber of pharmacies increased
by 231,15 objects on average, and the number of pharmacists increased by
352,14 employees on average, ceteris paribus. Bathangetes for the time
variablet of the linear trend functions wesignificant.

Figure 1. Number of pharmacists and pharmacies

Pharmacists Pharmacies
24000 11500
23000 11100
22000 10700
21000 10300
20000 9900

19000 9500
2003 2004 2005 2006 2007 2008 2009 2010 2003 2004 2005 2006 2007 2008 2009 2010

y = 352,14x + 19616 ¥=231,15x+9340,)

~s=Pharmacists =—Liniowy (Pharmacists) =+Pharmacies =—Liniowy (Pharmacies)

Source: developed by author, on the basis of CSO dstiariosoft ExcelSoftware

Comparingthe ranks a regularity is observedon averagethere are
2 pharmacist& a pharmacy, which isonisistent with the guidelines of Ministry
of Health.
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4.2. Distribution of individual variables

Identfying a pattern for spatial autocorrelation is possible from the spatial
distribution of analyzed variableslhe figure 2 presents thegeographical
distribution of the number of pharmacies in Poland in 2010.

Figure 2. Spatial distribution of number of pharmacies variablei percentile map for 2010 data

Analyzing the distribution of number o
pharmacies, areas of similar amounts
pharmacies can be identified. THeightest
colors indicate that the lowest amounts !
number of pharmacies can be observed
northreast and nortivest Poland. In centra

and southern part of Poland, medium valt
. 3 were noticed. Outliers were possible tentfy
egend:

<1% (2)
1%-10% (25)

@ i darkand denser patterrspecifies poviats of
=

B 10%-50% (150)

=

s

[

highest number of pharmacies.
50%-90% (163)

90%-99% (35)
>99% (4)

Legend:dotted intensity indicatethe scale of the phenomehé#he higher values of the variable the darker and
the denser pattern.

Source: developed by author, on tlasib of CSO data in GeoDa 0.95.

4.3. Spatial autocorrelation

The spatial distribution map indicated that the location of pharmacies in
Polish poviats was arranged in clusters of similar variable. To verify the
hypothesis for spatial dependence, firstly, iuv a r i a t lestatisticsr wene 6 s
calculated and results are presented in table below.

on
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Tablel Uni v ar i ldotgbbalMmatialautodosrelation

R S B
number of pharmacies 0,0543 0,037 Positive
number of medical establishments 0,0465 0,084 None
number of doctors -0,01 0,485 None
number of people at risk because of 0,207 0,001 Positive
the work environment

number of people at pestorking age 0,038 0,078 None
gross monthly average income -0,037 0,152 None

Source: developed by author, on the basis of CSO data in GeoDa 0.95.

As the results show, only for the number of pharmacies and the number of
people at risk due to the work environment thies of spatial autocorrelations
were significantl assuming the 5% level of error, there were reasons for
rejecting the null hypothesis in favor of the alternative. The results allowed to
conclude that in both cases the correlations were positive, s sheuld be
clustering of similar values of mentioned variables spatially observed. That led
to further investigation and local indicators for spatial associdti&® were
calculated.

Figure 3. Local indicators for spatial assoation 1 significance and clusters maps

For number of pharmacies

¥ High-High
= Low-low
# Low-High
g High-Low
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For number of people at risk because of the work environment

F High-High
= Low-law
m Low-High
& High-Low

Legend: maps on the leftsignificance map$ dotted intensity indicates areas of significant LISA statistics;
mapson the right clusters maps checkered patterns indicate the neighboring areas of specific values of the

variable.

Source: developed by author, on tlsib of CSO data in GeoDa 0.95.

In both cases, it was possible to indicate the areas of speciiiesval the
variables. The regions with a low number of pharmacies were pointed out in
north-east Poland. The similar situation occurred for the number of people at
risk due to the work environment. These results led to conclusion that between
the ende and exogenous variables a bivariate spatial dependence might occur.
Foll owi ng t hatlwére caleulatedantherefevbace t ithé sumber
of pharmacies.

Table2. Bi v ar i &forglobdVispatia autdcsrrelation

Bivariate | p-value
Variable Type of spa_tlal
Mor an for autocorrelation
I u=o0,
number of medical establishments 0,04 0,25 None
number of doctors 0,00 1,00 None
number of people at risk because of the work 0,04 0.18 None
environment
number of people at pestorking age 0,04 0,11 None
gross monthly average income -0,02 0,80 None

Source: developed by author, on tlasib of CSO data in GeoDa 0.95.

on
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As it turned out, none of the variables shown spatial autocorrelation of
bivariate type with the endogenous edlei pval ues f or Mor ané
indicated that there is no reason to reject the hypothesis of lack of spatial
dependence.

4.4. Spatial modeling

Suggestion has been made that the methods of spatial econometrics can be
used for researching geographiealth care data. As a summary of the
considerations of the possible determinants for the number of pharmacies, an
initial modelhas been proposed, which was attempt of a crosspatial at time
point analysis The variables were selected on the basi¢ afl ues of Pea!
correlation and the general model form was adopted as follows:

LA = f (Lzop LLEK’ Lzsp L WPOP’WB pm€ ) (5)
where

Table 3. List of variables, their symbols and their impact on the endogenous variable

Symbol Variable Impact

La number of pharmacies N/A

Lzoz number of medical establishments

Liex number of doctors

Losr number of people at risk because of the work environment
Lwpop | Number of people at pestorking age
WBoym gross monthly average income

+ |+ |+ ]|+ +

Source: developed by author.

Having confirmed the existence of spatial dependence, it was advisable to
assume the existence of the dependence in model construction. In this purpose
the general model has been estimated with Ordinary Least Squares Method
(OLS) and diagnosed for spatial dependence.
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Table 4. Regression summary of output: Ordinary Least Squares estimation

REGRESSION DIAGNOBCS

MULTICOLLINEARITY CONDITION NUMBER 12.41284
TEST ON NORMALITY OF ERRORS

TEST DF VALUE PROB

Jarque - Bera 2 1410.908 0.0000000

DIAGNOSTICS FOR HETEROSKEDASTICITY
TEST DF VALUE PROB
Breusch - Pagantest 4 819.2369 0.0000000

Koenker - Bassett test 4 146.3062 0.0000000

Dependent Variable : LA Number of Observations: 379

Mean dependent var :  29.8074 Number of Variables : 5

S.D. dependentvar : 42.8941 Degrees of Freedom : 374

R- squared : 0.970746 F- statistic : 3102.64

Adjusted R -squared : 0.970433 Prob(F - statistic) : 0

Sum squar ed residual: 20399.5 Log likelihood : -1293.07

Sigma- square . 54.5442 Akaike info criterion : 2596.15

S.E. of regression :  7.3854 Schwarz criterion  : 2615.84

Sigma- square ML : 53.8246

SE of‘

(f)iglfﬁis' Variable Coeff icient Std,Error t - Statistic Probability

7.33653 CONSTANT 1,885 0,690 2,730 0,007
LzOz 0,202 0,023 8,611 0,000
LLEK 0,019 0,003 5,822 0,000
LZSP 0,002 0,000 3,886 0,000
LWPOP 0,001 0,000 12,997 0,000

on
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SPECIFICATION ROBUST TEST

TEST DF VALUE PROB
White 14 250.2937
DIAGNOSTICS FOR SPATIAL DEPENDENCE
TEST MI/DF  VALUE PROB

Moran's | (error) 0.243092 7.2472706
Lagrange Multiplier (lag) 1 7.9233089
Robust LM (lag) 1 0.7817883
Lagrange Multiplier (error) 1 50.0300481

Robust LM (error) 1 42.8885274

0.0000000

0.0000000

0.0048802

0.3765948

0.0000000

0.0000000

Source: developed by author, on tlasib d CSO data in GeoDa 0.95.

After the first estimation, the coefficients of explanatory variables turned
out to be significant assuming the 5% level of error. The impact of each

exogenous variable was consistent with previously made assumptions. As the

reallts showed, the proposed model defined the complete changeability of

endogenous variable in 97% and the standard error of regression indicated the

+-7, 38 miscalcul ati
indicate for the lineant problem, but unfortunately, the assumption for
normality of errors was not fulfilled. Test for heteroskedasticity indicated

on.

What 6s

mor e

t he

problem of heterogeneity of variance. There is a possibility that the assumptions

for normality of errors and homogeneity of vawga could be granted by

modifying the general model with spatial component.
As the diagnostics for spatial dependence module showed, introducing the

spatial effectsto the model indicate the existence of spatial dependence. The
Mo r almstatsstics was ighly significant. This confirmed the necessity to use

a model with spatial component. Looking at the values of Robust Lagrange
Multiplier probability, it was highly recommended to select a Spatial Error
Model (the Spatial Lag Model was insignificant). Enodel was constructed

and estimated with Maximum Likelihood estimation (table 5).

4 Spatial weights matridV was used row-standardized, first order, queen contiguity matrix.
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Table 5. SEM summary of output: Spatial Error Model - Maximum Likelihood Estimation

9

- 1270.366036

Dependent Variable : LA Number of Observations: 37
Mean dependent var : 29.807388 Number of Variables : 5
S.D. dependent var : 42.894081 Degree of Freedom : 374
Lag coeff. (Lambda) : 0.443498
R- squared : 0.975087 R - squared (BUSE) -
Sq. Correlation  : - Log likelihood
Sigma - square . 45.836938 Akaike info criterion :  2550.73
S.E of regression :  6.7703 Schwarz criterion  : 2570.419753
Variable Coefficient Std.Error z- value Probability
CONSTANT 2,96 6 0,804 3,687 0,000
LzOz 0,200 0,022 8,886 0,000
LLEK 0,023 0,003 7,900 0,000
LZSP 0,002 0,000 4,860 0,000
LWPOP 0,001 0,000 12,916 0,000
LAMBDA 0,443 0,061 7,219 0,000
REGRESSION DIAGNOSTICS
DIAGNOSTICS FOR HETEROSKEDASTICITY
TEST DF VALUE PROB
Breusch - Pagan test 4 13020.8 0.0000000
DIAGNOSTICS FOR SPATIAL DEPENDENCE
TEST DF VALUE PROB
Likelihood Ratio Test 1 45.41532

0.0000000

Source: developed by author, on tasib of CSO data in GeoDa 0.95.

on
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After the final estimation, the coefficients of the explanatory variables
turned out to be significant, assuming the 5% level of efiloe. impact of each
exogenous variable was consistent with previously made assumptions. The most
important fact was the significance @f parameter, which confirmed the
existence of spatial dependence and indicated the influence of random factors or
measurement errors on the number of pharmacies in Poland. Diagnosis for
spatial dependence (Likelihood Ratio test) was significant, whiclateti that
application of SEM model for explaining the changes in the number of
pharmacies in Poland in 2010 eliminated the problem of spatial autocorrelation
in data, but did not deal with the problem of heterogeneity.

5. Discussion and Conclusions

The implementation of spatial interactions improved the fit of model:

Table 6. Criterions of fit for OLS and EM

Criteria ® OoLS SEM
Log likelihood -1293,07 < -1270,37
Akaike 2596,15 > 2550,73
Schwarz 2615,84 > 2570,42

Source: developkby author, on thedsis of CSO data in GeoDa 0.95.

All of the criteria received for SEM model indicated the better usage of
that model, comparing with the OLS. Unfortunately, due to the high
heterogeneity of Polish poviats it was not possible to deal ti problem of
heteroskedasticity. The adel adjusted for spatial dependence (SEM)
eliminatal the problem of spatial dependerninghe data

Apart from the strictly technical results and findia@f the analyss, it
should be emphasized thide method of spatial econometrics can be widely
usedin health care analyses, for instance, in developing a tool/model for
defining the determinants for the number of pharmacies in Poland. It was
confirmed, that on average when five new medical establishmentsuaie in
a poviat, then a pharmacy appears in that region, as well. The methods for
revealing the spatial dependence allowed to identify thasaof occurrence of
spatial autocorrelation for the number of pharmaciestamdumber of people at

5 It is not possible to ampare the Rof OLS and SEM models, instead values of Log
likelihood, Akaike and Schwarz criterions are used. Better model has higher values of Log
likelihood, lower values of Akaike and Schwarz criterions.
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risk due 6 the work environmentoreover, theagsearch confirmethe need to
incorporate spatial interaction factor the modelng of health care on the
example of the number of pharmacies.
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Streszczenie
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Transport Availability v s . Devel opment of Pol a

Abstract

The article discusses the issue of transport availability, taking into
account road and rail infrastructure, as compared with seionomic
development in specific regions of Poland. The issue is studied tfrem
theoretical and empirical point of view. The nature of the of the research is to
use of existing methods for new dataset, namely the transport development level
is estimated based on a composite indicator of development and degree of
convergence amongegions is estimated using classical regionahwgrgence
tests. The main goal of the study is to assess the degree of transport availability
diversification amongegions (voivodships) of Poland in comparison with their
sociceconomic development. The btipesis assumes that there is strong
correlation between transport avability and development of the regions and
therefore similarity in the convgence inference.

1. Introduction

The issue of transport development evaluation in regions is frequently
raised as one of components of comprehensive studies on regional economy,
including t hose commenced i n 1993 by
Economics and concerning investment attractiveness of voivodships. Among
considered evaluation criteria was transpevailability of regions, including

*Ph.D., University of G-d¥
"University of G-df¥f
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their road and rail infrastructures, distance to airports, seaports, and border
crossings.

The main objective of this study is to prove that there is a relationship
between transport availability and economic growthasoeed by the GDP per
capita) in specifivoivodshipsof Poland.If such a relationship exists, and taking
into consideration numerous proofs of the lack of economic convergence among
voivodships of Poland, an attempt will be made to verify a hypothesishtre
is no convergence for a transport availability measure either. To that end,
a synthetic indicator of transport ava
variables characterizing road and rail transport), which is discussed in the first
chapter of this article. The verification of the convergence hypothesis applies
classical convergence tests described in the second chaptenglogiesl in the
third chapter to examine spatconomic cohesion.

The study covers years 2004 2009. The uppelimit of the period is
defined by data limitation of regional accountat the time of writing the paper
the latest data on regional GDPs were available for 2009. The lower limit of the
study period is the year of P eihcand o6 s
when the cohesion policy has been carried out in Poland in order to attain
economic, social, and spatial cohesid®patial cohesion is increased by
eliminating barriers to accessibility of regions, in particular fetigl ones, by
means of betteraammunications, which is synthetically expressed by a transport
availablity measure constructed in this article.

2. Transport Availability i the Essence, Issues, and Structure of a Composite
indicator

Transport infrastructure can be analysed from threentpodf view.
Firstly, it ensures connections among territorial units. Secondly, it provides
material conditions for carrying out production activity without which such
activity would be impossible. Thirdly, it necessitates the presence of production
activity preconditions associated with the presence of human capital, i.e.
appropriate supply of labour, properly qualified and educated labour force
(Woj e w- Kz k2802, pp. 1415). The role of transport infrastructure in
economic development and its spedificesult in the fact that any irregularities
in the praess of its development adversely affect the economy. Therefore,
efficient and effetive functioning of that area is vital from the economic point
of view.

As a rule, transport structures of speciéaitorial units are influenced by
numerous factors, which leads to considerable differences in their gdenagio



Transport Availability vs.l07Devel op

levels. Elements that diversify the transport system arrangement include, among
others: geographical situation, degree of urbanizationtitocaf indwstrial and
tourist centres, international cooperation, level of technical and diecfical
develgpment.

An analysis of the transport position may use specific or synthetic
measures, such as a transport availability indicator enabling to assassport
system from the spatial point of view. Simple indicators of provision with
transport infrastructure include: the length of motorways and other roads (meant
for the movement of motor vehicles) and railroads, number of railway stations
and airpats, time needed to reach the nearest transport hub of an interregional
network. Complex indicators have a more complicated structure. The essence of
complex transport availability indicators is that they take into account spatial
interactions (i.e. distaxe to be covered, time and cost of travel). The
attractiveness of agion can be assumed to increase along with its size and, in
turn, decrease along with an increase in distance, timeost of travel
( Mi c h a B00AvEp K7475).

Transport Availabilit y Indicator for Regions (Voivodships) of Poland

The structure of a transport availability indicator is not unambiguous and
may cause numerous problems. Researchers dealing with that phenomenon (e.g.
Ko¥Tl ak 2007; 2088ptend to basestheinr wadtestightly different
variables, which seems justified in both methodmlaband economic terms. In
general, variables describing road, rail, air, and water transport may be verified.

This study attempts to build a synthetic indicator of transport dititija
for voivodships of Poland, taking into account different diagnostic variables
(compare Table 1). Priority is given to variables related to road transport. The
study considers one variable characterizing rail transport (the length of utilized
railroads in km per 100 square knThus, such an approach will contribute to an
increase in the transport wivashipeheiel i ty
the density of rdfoad network is the highest in Poland.

In general, variables were selected basethe following premises:
1 road transport is the most common mode of transport in Poland,

finland water transport cannot function effectively in Poland due to the
insuficient traffic capacity of rivers and irregularity of river traffic flow
throughout theyear,

ffsea transport applies only to two regions (Pomorskie and
Zachodniopomiskie), hence, application of variables that characterize that



108 Ewa Kusi deg, Joanna G-rniak

mode of transport would be irrational and discriminate against regions
without access to the Baltic Sea,

i domestic ai transport is of no particular importance as not all regions have
passenger airports (the situation has slightly changed in the year of EURO
20127 however, it is a year not covered by analyses in this article).

Table 1. List of diagnostic variables condered inthe measurement of transport availability

No. Name of variable Conversion fector
1. Public roads with hard surface 100 square km
2. National roads 100 square km
3. Provincial roads 100 square km
4. Poviat roads 100 square km
5. Communal roads 100 square km
6. Motorways 100 square km
7. Expressways 100 square km
8. Bridgetype structures on public roads (bridgego¥ers) 100 square km
9. Tunnels and underpasses on public roads 100 square km
10. | Utilized railroads 100 square km
11. | Reguhbr bus transport lines (domestic) 100 square km
12. | Individual motorization indiator 1000 inhaitants
13. | Lorry number indicator 1000 inhaitants
14. | Paid passenger transport kilometer

Source: own work based on Central Statistical Office (CSO) data.

Variables listed in the above table have features of stimulants, and thus, it
is expected that their increase will positively affect the synthetic variable
characterizing transport availabilitfNevertheless, an excessive increase in
levels of variables spéied in the final lines of Table 1 may contribute to an
increase in an adverse phenomenon of transport conddstience, an increase
in the specified diagnostic features will be desirable only to a certain limited
extent.The calculation of the synttie transport availability measure applied the
devdopment pattern method. The selection of diagnostic features was tested
taking into account their uversality, importance (Malin2004, pp. 3637), and
variability. Moreover, two kinds of availability werconsidered: passenger
transport ava#bility and goods transport availability. In the case of both the
indicators, several variables were identified characterizing both of them (those

! Transport congestion may be understood as overcrowding, overloading, accumulation. In
other words, congestion is the occurrence of an excessive number of buyers or users of transport
services at the saméape and time (based on: Tundys B., 2008, ppi 128).
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were varables 110 and 13 for goods transport availability and, aoéilly,
variables 11, 12, and 14 for passenger transport availability). Maps provided
below present diversification of the synthetic availability indicator over the
period of six years (2002009).

Map 1. Passenger transport availability Map 2. Passenger transport availabity
indicator in 2004 indicator in 2009
Map 3. Goods transport availability Map 4. Goods transport availability
indicator in 2004 indicator in 2009

8§ W

Source: own work based on Local Data Ba@entral Statistical Office (LDB CSO) data.

The above maps indicate that regions with the highest indicator of
transport availability include: Dol no
passengers and goodsfhe lowest passenger and goods transport availability
indicator values dracterize the following voivodships: Lubelskie, Podlaskie,

Wa r mi -Mazbkrskie, and Zachodniopomorskie. At the same time, it can be
observed that changes over the period of PR0@9 (quartilebased) were minor
T low mobiity of the goods transport avdilgity indicator provides premises to
infer the absence of the indicatorés

é

c
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3. Regional Convergencé Types and Ways of Measurement

In free translation, convergence means similarity or gathering.
Convergence is a prag® in which various units, initially bearing no similarity,
become closer and more similar to one another. In studies, subjects tend to be
countries or regions (thus, the name: regional convergence). A term opposite to
convagence is divergence, i.e. lacksimilarity.

The concept of convergence was formed based on the theory of systems in
the 1940s and 1950s. It developed rapidly in the 1980s. Initially, convergence
studies consisted in analysing the the
developnent becoming similar. Over time, researchers began to refer to the
concepts of economic growth, systems of financial markets or lifestyles,
consumption, stateadmii st r at i @tral. 200000F58)i a k

An important moment for the convergence theory was identification of
classical convergence. The following three types developed within that kind of
convergence:

1 b-type convergence,
1 G-type convergence,
1 otype convergnce.

The fundamental element @ftype convergence is the study of the so
called catckup effect. Furthermordy-type convergence can be considered from
two different points of view: absolute and conditional. Absolutmnvergence
assumes that units puesthe same state of lotgrm balance, while the essence
of conditionalb-type convergence is the fact that specific units aim to achieve
their own convergence levels.

O-type convergence occurs when diversification of values of an analysed
variable amongcountries or regions decreases in consecutive units of time.
Diversification is examined by means of measures of variation (standard
deviation, coefficient of variation) or concentration (e.g. Gini coefficient).

b convergence is a necessary but insuffici@oendition for U-type
convergence to occur. That means that the occurreno¢ype convergence is
not tantamount to the presence fype convergenc@VolszczakDerlacz2007,
p. 11).

otype convergence aims to inform whether a given country or regien h
changed its ranking in respect of an examined variable. In order to perform
verification, each territorial unit is assigned a rank. The examination of that kind
of convergence may use Kendall's rank
coefficient. Val ues of Kendall 6s coefficient r
occur when the val uigcloseftoz&e((Bayldtdarthg c o e f
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1997, pp. 252 6 4 ) . On the other hand,-1tBéar son
When values of the coeffiemnt are negative or insignificant,ra@rgence occurs.

4. Analysis of SpatieEconomic Convergence among Regions of Poland

When convergence is discussed, researchers usually mean its economic
dimension reflected in decreasing disproportions in measuresarthdased on
the gross dmestic productHowever, the issue of convergence may be extended
to cover mmerous other aspects of life. In particular, the cohesion policy carried
out within the framework of the EU regional policy strives to increase thésleve
of not only economic but also social and territorial (spatial) convergence. Social
convergence means decreasing differences in human and social capital, and
standard of living Spatial cohesion is increased by eliminating barriers to
accessibility of egions, especially peripheral ones, through better
communications and connections with centrally located Aré&dss article
studies two kinds of ewergence:

9 economici measured using one of the basic measures of national income
(regional income, in thisase) determining economic development, i.e. the
gross domestic (regional) product,

1 spatiali measured by means of the synthetic transport availability measure
(described in Chapter 1).

In the case of the GDP per capital, attention should be paid tdicagni
differences in its value among specific voivodships of Polandmpare Maps
5i 6. The gross regional product varies significantly among regions of Poland.
A division into wealthier and poorer regions can be clearly observed. Regions
characterized bysi gni fi cantly hi gher GDPs per
Mazowi ecki e, $1 Nski e, and Wiel kopol ski
per capita characterize regions located in the Eastern part of the country, i.e.:
Lubdskie, Podkarpackie, Podlaskie, an&W mi -@#azurskie. Similarly to the
transport availability indicator, there are no changes (quédided) in the
arrangement of regions according to the GDP per capitaich is an argument
against cavergence of the GDP per capita among regions afrfeol

2 They are measured by means of the unemployment rate or participation rate (employment
rate) or indicators describing the standard of living, e.g. the HDI.

3 Additionally, numerous other areas of sergence can be considered, of which the most
important and very current, from the point of view of the EU strategy, is the convergence of
sustaimble development.
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Map 5. GDP per capita in Poland in 2004 Map 6. GDP per capita in Poland in 2009

Source: own work based on LOBCSO data.

There is a positive correlation of 0(B6 between variables characterg
transport availability and economic growth reeged by the GDP per cag.
It can be assumed that the studied variables (the GDP per capita and transport
availability indicator) will exhibit the same tendency as to their convergence (i.e.
the actual convergence or divergence). Based on the meresianaflymaps it
can be pointed out that regions characterized by a higher level of transport
availability indicator achieved a higher level of economic growth than those
having alower transport availability indicator.

In order to formally examine the ocecence of cohesion of (passenger and
goods) transport availability and economic growth among specific regiens,
type ando-type convergence was used. Eetype convergence (for which the
measure of diversification was the standard deviation), it was concluded that
there is no such convergence (for both passenger and goods transport availability
as well as economigrowth). It is impossible, however, to state the occurrence
of divergence as the parameter of the temporal variable in the trend model
matching the diversification graphs of variables is statistically insignificant.



Transport Availability vs.l1l3Devel op

Figure 1.0 convergence Figure 2.0 convergence Figure 3.0 convergence
passenger tansport goods transport economic growth measured
availability availability by GDP per capta
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Source: own work based on CSO data.

In order to determine the occurrence of gantype divergence,
Pea sonos l' i near correlation coefficiel
arrangement of voivodships in the first and last year of the analysis is high and
statistcally significant.That indicates the lack of changes in the arrangement of
regionsi i.e. thelack of gammaype correlatiori compare Table 2.

Table 2. Correlation for the arrangement of regions in two years of angsis: 2004 and 2009

Passenger transport Goods transport Economic growth measured
availability indicator availability ind icator by GDP per capita
0.994 0.997 0.968

Source: own work.

To sum up the methods applied to analyse the process of convergence, it
can be said that the specified methods produced unanimous results based on
which it can be stated that, taking into account both pamsavailability (for
passengers and goods) and economic growth (measured by the GDP per capita),
there was no convergence among regions of Poland in thé 2@t periodin
consequence, the regions did not exhibit a tendency to become more similar in
respect of the analysed variables.

5. Conclusions

Transport availability can be analysed at various geographical levels. This
study takes into consideration the NUTS 2 territorial divisiowhich, in the
case of Poland, means the level of voivodships. Bheed out study allowed to
prove, in accordance with indications provided by literature, that the studied
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variables: transport availability indicators and economic growth measured by the
GDP per capita show a mutual relationship. What is more, simildeteres of
changes in specific voivodships in respect of the analysed variables can be
observedi regions characterized by high values of transport availability
indicators (for passengers and goods) have higher GDPs per capita. A similar
relationship occu for less developed regions, i.e. those having lower values of
passeager and goods transport availability indicators and low economic growth
meaured by the GDP per capita. The study proves the formulated hypothesis of
the lack of convergence among regidn respect of (both types of) transport
avalability and GDP per capita.

Eventually, the conducted research indicates that there is a positive
statistically significant correlation between economic ¥elhg (measured by
the GDP per capita) and transpavailability (measured by the synthetic
measure of development), while the analysis of convergence of both the
variables proved that changes existing among regions in respect of those
variables do not decrease.rffallarly negative differences are obged for the
Eastern Poland regiofiswhose weak position in terms of the GDP per capita
and transport availability in 2004 did not improve in 2009. It ought to be
recommended that special funds meant for the development of Eastern Poland in
the 20072013 period be to a large extent allocated to infrastructural
investmentd due to their connection with economic growth as it is known that
one of the main baers to the development of less developed areas is the lack of
modern transport infrastructure beiagnong the fundamental conditions for
development. Inadequately déeped infrastructure adversely affects
investment appeal of an area and the quality of life of its population. Therefore,
appropriate development of transport infrastructure may prove tbebenost
important element of regional characteristics.
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Streszczenie

DOSTNPNOSL TRMONAPBRROZWESKIPOH WOJEWEDZTW
W $§ WI ET LAIZAKONWERGENCJI RE GIONALNEJ

W artykul e om- wi ono problem dostfipno$
infrastruktury drogowe|j or az -gbspotiaecyegow e j n
W poszczeg-lnych wojewi @nritevath woPpatscewanz
w aspekcie teoretycznym, j ak i empiryczr
i stniejNcych metod do nowego zestawu danyc
oszacowano na podstawie zgolopeg& wbkaln

pomi Aidzy regionami okreSlono przy uUyciu
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transportowN i rozwojem region-w, co pocil
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Abstract

This paper provides new insights into the role of individual inventors in
the innovation process. Individuals are central in this creafprocess because
innovation is not simply a product of firms and organizations; it requires
individual creativity Rothaermel and Hess, 200AVe focus our analysis on
prolific inventors (a rich sub category of inventors) because they contribute so
hugey to national invention totals (Le Bast al.,2010) and tend to produce
inventions that have more economic value (Gambardlid, 2005; Gayet al,
2008). Converging empirical evidence has established the significance of

prolific inventors (Ernstet d. , 2000) . Previous studie
inventors havedcused more on the firms in which they work or on the industries
in which the firms operate. Narin and

topic is based on an analysis of only four firin a single sector and a recent
paper by Pilkigton et al. (2009) uses only two firms. In contrast to these studies
on small samples, we use a very large data set which includes thousands of
inventors in thasands of firms from several countries.
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1. Introduction

The core of the research is to investigate the role that mobility plays in the
behaviour of prolific inventors. Labour mobility is a means for transferring
knowledge (and newly created knowledge in particular) across countries and
region (Saxenia, 2006). In general considerate seems that interregional mobility
is weak.Breschi et al(2010) find that inventors diffuse knowledge across social
networks within regions but not across regions. Felsenstein, (2011) concludes
that inventor mobility prodes support for knowledge spillovers across agents
and regions. The knowledge spillovers are important determinants of regional
economic growth. Our approach is a little different: our goal is not to assess the
rate and the direction of knowledge spilloselinstead we attempt to account for
the determinants of inventor mobility and measure its impact on inventor
productivity. The scale, determinants and effects of inventor mobility have been
analysed by Hoisl (2007 and 2009), Schankerraaal. (2006), Trajenberg
(2004) and Tratjenbergt al. (2006) among otherd-oisl, using European
patents and a survey of 3049 German inventors, finds that an increase in
inventor productivity, measured as the number of patents per inventor, decreases
the number of movesShe tests the effect of inventor productivity on inventor
mobility and finds thatmore productive inventors are not more maobif®r
Hoisl (2007), a move increases productivity but an increase in productivity
decreases the probability of observing a m@&ehankermaet al (2006) have
studied the mobility of inventors using patents in thevgarfe industry in the
US. Their findings are in accord with
inventors have a decreasing probability of moving betweelgresss as their
careers mgress (Schankermanat 2006; 26).

We focus our research on prolific inventors. Previous papers have
justified the identification of prolific inventors as those who have been issued at
least 15 patents (LBas et al., 2010; La#dm et al. 2011; Latham et &012). In
those papers we generally hypothesized that mobility of prolific inventors, as
measured by their average numbers of inventions per year over their active
inventive lives, affects both their productivity and the vadfi¢heir inventions,
measured as the numbers of citations a patent receives in the years after it is
issued, positively. Our previous papers present evidence supporting these
hypotheses for the five largest countries in terms of technological activity (th
US, Japan, Germany, the UK, and France). Our data come from patents filed by
inventors from each of the countries in the US Patent and Trademark Office
during the period from 1975 to 2010. While we focus on the activities of prolific
inventors, our dataet includes all inventors so the unique characteristics of
prolific inventors can be identified.
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In Le Bas et al. ( 2010), Latham et al.(2011), and Latham et al.(2012) we
extended the literature to prolific inventors in multiple countries, using
alternaive indicators for different kinds of mobility. In these papers we measure
i nventor mobility in two dimensions:
and across regions (fAigeographic mo bi |
equations for productivity, vaé and mobility. Our results for the determinants
of inventor productivity, mobility and invention value in Germany, France, and
the UK show (Lathamet al. 2011): 1) In all three countries productivity is
positively related to intefirm mobility and tempeal concentation of patenting
is also positively related to productivity. Howeveoy fFrance, productivity is
negatiely related to geographic mobility, For all three countries the value of
inventions (as measured by citations per patent) is pogitivelated to
productivity. For UK and Germany the equations show consistent positive and
significant relationships between value and Hfiten mobility (by contrast the
coefficient is not significant for France), 3) The mobility equations show that
produdivity is positively associated with mobility and value is negatively
associated with it. Inventaechnological specialization is also negatively related
to interfirm mobility while the temporal pattern of inventing seems to be
unrelated.

This paper exteds the previous results in an important dimension. By
focusing on Asian countries (China, Japan and Korea and Taiwan) in addition to
North America and Western Europe, we are able to test whether the
determinants and the effects of inventor mobility aseshme in Asia as they are
elsewhereln the two last decades the thm@ain Asian countriesafter Japan
(China, Korea, and Taiwatgave caught up with the rest of the developed world
by targeting the technologically most progressive industriegdrbergand
Godinho 2006)and by creating R&D industrial clusters of sufficient size. They
have established and developed significant domestic capabilities, first for
imitation and then for innovation (Ernst, 2005; Lundvall et al., 2009). They have
developed colrent national systems of innovation and are becoming important
international contributors to innovation (Dodgson and Gann 2010). As
a consequence, populations of researaharntors (including highly productive
groups of prolific inventors) have beestblished in these countries.

2. Data, Variables and Models Data

Our data are from the NBER Patent Data Base (http://www.nber.org/patents/)
which contains data for more than S5million patents granted to more than
2 million inventors by the USPTO from 19%&% 2010. For this paper we extract
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data for patents issued to inventors from eleven countries. For each patent we
obtain the application and grant datets, h e inventor 6s name
residence), assignee name and location, the US and internationakdkchn
classifications, citations of prior patents, and the number of separate technical
claims the patent makes. The data are compiled for individual inventors; we
focus on as the prdic inventors, those who with at least 15 patents

Primary Variables

Inventor productivity (PATENTS_PER_YEAR)s our most important
variable The si mpl est measure of an invent
patents he has obtained over a career. We adjust this for his career length to
obtain the average number of paterg@syear as our productivity variable.

Value of inventor patents (CITATIONS PER_PATENT) For large
patent data sets, many studies have accepted the numbetiohgias a proxy
for the value ofa patent (e.g., Gay and Le B2805). The value of all of an
inventords patents can then be measur
have recei ved. The val ue of an i nven
measured as (a) his average number of citations per patent, (b) his average
number of citations per year (c) his average number of citations per patent per
year, but we use the total number of career citations because it can be interpreted
as capturingtheconpet of an i nventords potenti al

Inventor technological specialization TECH_CAT_CONC). Inventors
may patent inventions in a few technological domains or in many. A small
number of different technological fields might be a good proxy for inventor
technological specialization. We use therfihelahtHirschman Index (HHI)
applied to the distributionoféh i nvent or 6s for technol oc¢
emphasis (by squang each fielddés percentage)
i mpl emented the HHI at the | evel of tF
Inter -firm mobility (FIRMS_MOVES) A simple wayof identifying interfirm
mobility is to count the number of firms for which an inventor has worked and
assume that the number of moves is this number minus one. . When it is the
dependent variable we use FIRMS_MOVES/ CAREER_DURATION as
a measure of thecale of inventor mobility over his career.

Regional and international mobility. The same principle applies for the
geographic mobility. RES_MOVES_CITY describes thembars of moves

2 In some papers we have defined prolific inventors as those in the top 1 percent or top
5 percent of inventors by the number of patents in their corresponding countries.
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between cities. RES_MOVES_INTL gives a measure of the scale of the
inventa 6 s rndtianal mobility.International moves do not duplicate intéty
moves.

Control Variables

In our dataset we observe that there are some inventors with careers of
patenting that span many years and others whose patents are all produced in
a veryshort period. To account for this variation we measure the duration of an
i nvent or 6 s c atrodast invertion,analusiseCAREER NDURAITION).

We wish to control for another phenomenon happening through an inventor
career. When we look ahé¢ data we observe that inventors do not invent
continuously. They seem interrupt the invention activity thetividy over

a more or less long time period. The variable is measured as the maximum
number of years between two consecutive patent apphsatio
CAREER_TIME_GAP. We also observe that the career patterns of inventing are
highly variable from prolific inventor to prdic inventor with some inventors
having most patents at the beginning, some having most at the end, some
showing a pattern of inease followed by decrease and still others having multi
modal distributions. To determine whether particular types of patterns are
associated with our measures of productivity, mobility and value, we create

(

measures of the temporal skewness and peakefineassr t osi s) of eac

own temporal patenting distribution (the variables are respectively
PATENT_TIME_SKEWNESS, PATENT_TIME_KUR). We observe from our
data and for particular inventors a dispersion of patenting activity over the
i nvent or Gegecideato emtrol for tNis phenomenon. The measure we
use in our analysis is the inverse of dispersion; it is the Herfifdiabthman
Index for the time pattern of the number of patents in each vyear

(PATENT_TI ME_HHI . Hoisl (200Rp wvsesah

similar to ours. In technological fields for which patenting is an effective means
of protecting inventions and where several patents aresssyefor protecting

a single invention inventors will tend to have more patents than in fieldsewhe
these conditions do not hold. As a consequence inventor productivity differs
across technological fields. We control for these differences by using dummy
variables for the primary technological field in which each inventor patents. The
control variablesr e TECH_CAT _i , w t{1¢ Chemicals, ) 1,
Computers & Communications, (3) Drugs & Medical, (4) Electrical & Electronic,
(5) Mechanical and (6) Other (the omitted category in the regressions).
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The way in which we deal with thecareer truncaton problemare discussed
in Latham et al. (2011)

In this paper our interest is in the relationships between interfirm and
interregional (intercity) mobility and the productivity of inventors. We estimate
the parameters of three regression models for eadntry. The first model
assesses the impacts of some determinants of inventor productivity (included
mobility); the second model accounts
mobility; and Table 1 the third examines the determinants ofaitemolility.
The depadent variables for the first and second models (patents per year and
moves per year) are quantitative continuous variables so OLS is the method of
estimation. For third model, where the dependent variable is a simple count, we
fit a Poissonmodel. The parallel specifications of the equations are the result
primarily of the limitations of our data. For example, while we are-ashre
that there are both theories and empirical studies of productivity that highlight
the roles of invet o r scatioreaddutraining, the capital available to them, the
nature of the ewards system and the role of institutional constraints such as
retirement ages and the nature of the patent system, we do not have those
variables available to us. Consequently ourkwisr not in the framework of
those that attempt to propose and test comprehensive theories of the
determinants of inventor productivity ancdbloility. Instead ours is a partial but
coherent approach. We examine the ways in which productivity and mobility
influence each other given our limited range of knowledge about other variables.
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3. Estimations Results and Findings

Table 1 give the estimated coefficisrior inventor productivity relation,
table 2 for the determinants of inventor interfirm mobility, and table 3 for
inventor intercity mobility. For the productivity model we find that the
coefficient for intefirm mobility is always positive, indicating #t inventors
with many moves are more productive and conversely. Of course we cannot
infer any causal relation between the two. Our regressions simply show that the
relationship between mobility and productivity well established by the literature
is clearl confirmed. As to the sign of the coefficient related to intercity mobility
we did not find casistent results; no relationship emerges from the results. The
same is true for international mobility except for Korea, for which the
coefficient is significatly positive. The coefficient related to the inventor degree
of technological specigdation is always positive when significant (for
9 countries on 12). It indicates that more specialized inventors are more
productive than those less specialized. Thisulteis in lines with the
evolutionary view of the determinants of inventor productivity. In general
temporal concentration of inventions has a positiféece on inventor
productivity. This result appears in
(2007)for a population of German inventors. One reason for the difference may
because we study only the the more productive inventors.. For this variable
differences appear between Western and Asian countriesndtande the result
is not valid for Korea and l@na. Career duration has a negative coefficient
(except for Taiwan and China) expressing the idea that inventors with a longer
career are less productive (to some extent this last result is irdance with
the result related to time concentration). éleswe find again diffeences between
Western and Asian countries. It might be that for China oasorefor the
difference is the very short time period in which we observe inventor
productivity because of Chi nadablel at e
CAREER_TIME_GAP matters as expected: inventors with a long time period
without patented inventions have lower productivity (the two directions of
causality are equally possible). This trend is pervasive and matches the situation
of 11 countries out 012 (the case of China is particular: fewer inventors and
a shorter observation period).

For the interfirm mobility model we note that inventor productivity has
a positive impact on the scale of interfirm mobility for all 12 countries of the
sample. Buwe still cannot interpret this result in causal terms. Strong inventor
technological specialization is related to less mobility. And conversely less
specialized inventors are more mobile. This trend is true for the largest western
countries but not for # smallest (Italy, Finland, and the Netherlands). By



Prolific I nventor Productli29i ty an

contrast it applied to all the Asian countries. Temporal concentration of
patenting is always netive and very often significant. This result is partly due
to a mechanical e f f rgirgtis; really fconcertirated inn v e n
a short time period he has fewer opportunities for moving. The opposite is true
when we consider the variable CAREER_DURATION. A longer career
generates many opportunities for vimg. The coefficient related to
CAREER_DURATON is positive and significant for 8 countries out of 12. For
the small European countries (ltaly, Finland, and the Netherlands) the variable
has significant effects. The variableAREER_TIME_GAP has negative and
significant effects for many countriesventors with a long time period of time
without patenting (all other things being equal) move less (we know from the
first regression that they are lessquctive as well).

The determinants of intercity mobility are strongly linked to interfirm and
intermational mobility. To put it in other terms: a great proportion of interfirm
moves match geographic mobility (intercity or international). After controlling
for different types of inventor mobility and career profile it appears that
technological specializimn matters significantly and for all the countries (the
Netherlands excepted): the more specialized an inventor is, the less he moves
geographically. Career duration has a trivial effect. The estimated coefficients
related to CAREER_TIME_GAP are negativehen significant. The same
explanative reasons put forth for interfirm mobility can be applied here as well.

4. Conclusions

Two lessons can be drawn from this study. First the set of variables we
have constructed and tested have been found to be higdbamefor explaining
inventor mobility. For instance the new variable CAREER_TIME_GAP has
significant explanatory power. One interesting finding is that the role played by
inventor technological specialization that is not the same for inventor
productivity and mobility. This variable is found to matter significantly in all the
three regression models. Second, with respect to our goal of comparing the
dynamics of inventor productivity and mobility according to the types of
countries, the main finding is ththere is not much difference between Western
and Asian countries. The evolutionary laws determining inventor productivity
apply generally, whatever the country. Moreover we have shown there are
significant diffeences within the set of Western countréesl within the Asian
countries as well. As a consequence this second block of countries is not
homogeneous. However, because the sizes of our samples of prolific inventors
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are very different across the countries, and are quite small in some cases, one
mustinterpret the compative results with caution.
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Streszczenie
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Spatio-temporal Analysis of Unemployment Rate in Poland

Abstract

The aim of this paper is to present results of spiioporal analysis of
unemployment rate in Poland, with the usage of advanced spatial econometric
methods. Thanal ysi s was done on data coll e
2006 and 2010. GIS and ESDA tools were applied for visualization of the-spatio
temporal data and identification of spatial interactions between polish counties
on labor market. Multequation patial econometric models were used to
describe unemployment rate in relation to selected seciahomic variables.

1. Introduction

For a long time now unemployment has aroused interest among
economists, sociologists and psychologists as, due to itsequossces, it
constitutes a serious socioeconomic problem. It produces adverse effects being
of importance to both the unemployed and the entire economy. A rise in
unempl oyment means not only a drop in
of means ofilelihood, growing social discontent, increased social pathologies
and crime) but also the workforce not being fully utilized, and thus actual
production being lower than the potential ¢hklewski 2000, p. 532).

Pol andés high une mptedondespreatl interestt it h a s
that issue. Specialist literature offers numerous studies whose authors try to find
reasons for high values of that variable in Poland. Those studies, however, do

"Ph.D., University of G -d¥
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not include spatiwemporal analyses applying mudiguation spadil
econometric models.

The objective of the study is to analyse the unemployment rate in Poland
from a spatieiemporal perspective, with the usage of advanced spatial
econometric methods. The research uses GIS and ESDA tools for visualization
of variablesand identification of spatial interactions occurring among studied
territorial units in the countryés | at
models with spatial effects are employed to describe the impact of selected
macroeconomic variables on thevél of unemployment rate in Poland in
specific poviats from 2006 to 2010.

2. Unemployment in Poland

There were considerable fluctuations in the unemployment rate in Poland
after 1990. Figure 1 shows clearly two cycles in that variable with the first
occuring in the 19901998 and the othei in the 19992008 period.The
inflection point of the first cycle was observed in 1993 when unemployment hit
16.4%. As for the other, its inflection point was in 2002 and 2003 when
unemployment reached a record higt20%6.

Figure 1. Unemployment rate in Poland in the 199Q010 period
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Source: own work based on statistical data of the Central Statistical Office.

1990
1991
1992

The first stabilization in the labour market appeared in 1994. The situation
improved thanks to a high ecanix development rate and the slowing down of
restructuring processes in some sectors of the economy. After 1998
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unemployment started to rise again due to expired undertakings contained in
privatization agreements of the ni€90s. They obligated companide
maintain employment at specified levels. When they were no longer valid,
companies began massaffs. In consequence, the unemployment rate soared
to as much as 20% in 2002 and 2003

The second stabilization period lasted from 2004 to 2008. Mass
emigration for economic reasons and rapid economic growth had a considerable
impact on the fall in the unemployment rate. In 2008 the unemployment rate
reached 9.5%, thus being the lowest since 1990. In 2009 the situation in the
labour market everely deterioeak the economic crisis caused a rise in the
unemployment rate to almost 12% to subsequently hit 12.4% in 2010.

The unemployment rate in Poland is considerably spatially diversified.
Figure 2 shows that in 2010 the highest level of the studied variablaoies
for the WarmiarMasurian voivodship (20%), while it was the lowest for the
Greater Poland (9.2%) and Masovian (9.7%) voivodships.

Figure 2. Unemployment rate in Poland in specific voivodships and poviats in 2010
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Source: own work based on shtal data of the Central Statistical Office.

The highest unemployment rate was observed for the following poviats:

Szydgowi ecki 36% (Masovian v-Maswiands hi p
voivodship) and Braniewski 30.9% (Warmisfasurian voivodship). The
| owe st | evel of the variable occurred

(Greater Poland voivodship), Warszawski 3.5% (Masovian voivodship) and
cities with poviatrights Pozna &® 3. 6% ( Greater Pol and
3.6% (Silesian voivodship)nal Sopot 3.9% (Pomeranian voivodship). It should

also be noted that the difference in unemployment rates between poviats with the
lowest and highest levels of the variable accounted for as much as 32.5
percentage points.

Figure 3 presents results of thauigtiering of poviats according to their
unemployment rates. In 2010 the lowest unemployment rate (below 5%) was
noted for six poviats with a majority of those being cities with poviat rights, i.e.
Pozna G, Kat owi ce, Sopot a orohed Gy paviats w . T
with values of the variable ranging between 10% and 14.9%. It consists of one
hundred and twentgine objects. Unemployment rates exceeding 20% were
observed in as many as eigimiype poviats, of which six showed levels of the
variable abwe 30%.
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Figure 3. Poviats clustered according to unemployment rates in 2010
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Source: own work based on statistical data of the Central Statistical Office.

3. Determinants of unemployment

Unemployment is a multidimensional phenomenon determined by
complex factors and mechanisms. There are numerous theories offered by
specialist literature that specify variables causing an increase or decrease in the
unemployment rate. The most frequently mentioned factors include, among
others:

1. Average Wagesi according tothe concept by A. W. Phillips, higher
unemployment rates are accompanied by a slower rise in nominal wages,
while a fall in unemployment coincides with an increase in nominal wages.

2. Gross Domestic Product A . Okunbdés | aw says that
the eal GDP as compared with the potential GDP results in a rise in the
unemployment rate by 1 percentage point. The unemployment rate is very
strongly connected with the GDP. When employment increases, the GDP
rises, and thus economic growth occurs with auiemeous fall in the
unemployment rate.

3.Investments i the number of created jobs is largely dependent on the
volume and type of investmentdew developmenbriented investments
contribute to increased demand for labour. On the other hand, current
investments aimed at property replacement allow to maintain existing jobs.
It should be emphasized that not all investments contribute to creating or
maintaining jobs as they increase the productivity of workf@Bremond,
Couet, Salort 2005, p. 134However, geater workforce productivity
enables enterprises to operate more effectively, hence, making them more
competitive, which improves employment situation in the long run.
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4. Socioeconomic Position of Adjacent Areas, Migration$ the economic
situation of the aga of origin is among important factors affecting the level
of migration. The most frequently mentioned motives behind migration
include high unemployment rates, low wages and high costs of living in the
place of residence. Migration is encouraged by besdtacioeconomic
conditions of adjacent areds higher standard of living, employment
opportunities (a greater number of offered jobs), higher wages, better
working conditions. According to the workystems theorfymigrations
result from an economic imbalee between the core, i.e. developed areas
(countries, voivodships) and peripheries, i.e. developing ones that
constitute workforce reserves for the core o u c i Es ki 2009,
105).Si nce Pol anddés accession to the
peqle have left the country, which resulted in the steadily declining
unemployment rate from 2004 to 2008 (Figure 1). It ought to be
emphasized, however, that the unemployment rate depends not only on
external migrations but also, in large measure, on iateteamporal ones
connected e.g. with commuting to another town every day.

The level of unemployment is also dependent on conditions in a specific
labour market, for example, the number of people at the working age, economic
activity of the population, nuber of registered economic entities and number of
offered jobs.

4. Statistical database

The unemployment rate in Poland was analysed from a dpatigoral
perspective based on statistical database built on the basis of information
available at the LocdData Bank of the Central Statistical Office published on
the official website of the officeStatistical data were collected for 379 poviats
of Poland in the 2008010 period. Major determinants of creating the database
were both reasons pertaining to tlsebject matter (see Section 3) and
availability of data at the time of carrying out the study.

Regrettably, not all variables needed for the analysis of the unemployment

rate are available for specific poviats. Such variables include inflation and the
GDP. Due to the fact that the GDP variable that describes economic

L1t is a concept of social development in which the erstwhile analysed units, i.e. the state,
economy, society, have been replaced by historical systems. The world is considered-a spatio
temporal whold Kuci &Es ki 2009, p. 105) .

E
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development is crucial for the study, it was replaced with one of local
development measures, i.e. budgetary revenues of poviats per capita.

5. Preliminary Analysis of Statistical Data

Spatial data are characterised by a more complex structure than time
series. When examining spatial objects (countries, regions, voivodships, povits),
it should be kept in mind that they are not isolated in space and may be affected
by other units. That may resuh the spatial clustering of similar values of
localized variables or their dispersion.

The first stage of the study used Exploratory Spatial Data Analysis tools
in order to identify interactions occurring among unemployment rates in poviats.
A spatial weight matrixW (row standardizedjvas generated based on a first
degree contiguity matrix, in the queen configuratiblext, values of global
Mo r alnn@easure were calculated, beibghs= 0.5342,15007= 0.5198,1 5005 =
0.5124, 15009 = 0.5022 andl,p0 = 0.4514 respectively. Theeeeived results
allowed to conclude that there are certain spatial relationships concerning
unemployment rates in Poland.

Apart from the need to examine global spatial autocorrelation, literature
indicates that, in order to abih a detailed picture of a studied phenomenon, it is
necessary to perform the analysis of local spatial autocorrelation (LISA). The
hi gh wval ue o fiscodfirmmédady theNsA armlpsts,shat indicates
positive spatial autocorrelation in allethperiods (as highi low - values of
unemployment rate adjacent to higHhow - values of the variable in polish
poviats). High unemployment rates are characteristic of poviats situated in the
North of the country in the Warmigviasurian and West Pomerania
voivodships. Low unemployment rates occur for central and Southern poviats
located in the Masovian, Greater Poland and Silesian voivodships.

The carried out analysis led to conclusions being of the utmost importance
from the point of view of econometrimodelling. It was proved that there are
certain spatial relationships concerning unemployment rates in Poland. It may be
inferred that a rise (fall) in unemployment rate in poviats defined in the weight
matrix as adjacent results in a rise (fall) in theeleof the studied variable in
poviati in all the studied periodsherefore, an econometric model ought to
contain a variable that takes into account those relationships.
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6. Modelling of Unemployment Rate

Three multiequation models were applied to d#se the impact of the
selected socioeconomic variables on the level of the unemployment rate in
Poland in specific poviats from 2006 to 2010 (Suchecki 2012, pp138)

1. Seemingly unrelated regression model (no spatial interactions).

2. Seemingly unrelatedegression model with spatially lagged dependent
variables.

3. Seemingly unrelated regression model with spatially lagged dependent
variables and additionally introduced selected spatially lagged independent
variables.

The multrequation spatial econometricodels used in the study were
characterised by better goodneédit and lower errors than the model not
taking into account spatial interactions. They also allowed to eliminate the
impact of spatial autocorrelation from the analysis. Therefore, it majabed
that spatial econometrics models are a better tool to analyse-tgpafioral data
than models that do not consider spatial relationships among the studied
geographical units, i.e. poviats. It was also observed that thdikaetihood test
value isthe highest for the spatial model that additionally took into account
spatial lags of selected independent variables (Tabl@Hg. model exhibits
lower root mean squared error (RMSE) values and higher significance of
parameters; hence it explains the sddphenomenon in the most detailed
manner. The received estimations are also consistent with the economic theory.

Table 1. Results of goodnessf-fit test

Model Log-Likelihood
SUR (no spatial interactions) -1070,74
SUR with spatially lagged dependentiables - 653,29

SUR with spatially lagged dependent and selected independent

_ -577,48
variables

Source: own calculation.

The multtequation unemployment model with spatially lagged dependent
and selected independent variables takes the following form:
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Uge =ap+ W _Uge + /W _Woe + /W _REys + b, Wy + D,,BRye +
+ Dyl g6 + D41SAG + D5, REgs + 0510356 + D1IM o6 + bg,FM o + €,
Ugr =@, + r,W _Ugy + /W _Wo, +/,,W _REy; + b Wy, + 5,,BR,; +
+ Dol 07 + D4,SA; + b5,REy; + 05,0357 + 075IM o7 + bg,FM 7 + €5,
Uog = @ggt rsW _Ugg + /W _Wog+/,;W _REg+ b, \Wog + 5,,BR + (1)
+ Daglog + D45SAG + DsgREgg + 05005 + 075IM o5 + D3sFM g + €55
Ugo =@os+ 7yW _Ugg + /1 W _Woo +/,,W _REgq + b, Woo + 0,,BRye +
+ Dyl 00 + D44SAe + D5, REsg + 0, 0Jog + 07,IM g + Bg,FM g + €,
Upp=ags+ 7sW _Uyo +/ W _Wio+/,0W _RE+ D, W5 + 0,BR, +
+ Dygl 1o+ B0,5SA + DssRE g + 05:0d10 + 076IM 15 + BgsFM 5 + €56

where:

Ui unemployment rate (20€8010);

Wi average wages in zlotys (262610);

BR1 budgetary revenues of poviats pepita (20062010);

I investment outlays per capita (262810);

SAI social assistance expenditures per capita (200®);

RET number of registered economic entities (22046.0);

QOJi offered jobs per 1 thousand working age individuals (2Z20B0);
IM 1 balance of internal migrations in poviats in Poland (22080);
FM 1 balance of foreign migrations in poviats in Poland (22060);
W i spatial weight matrix;

W_SBW_WYNW_PGT spatial lags otJ, WandREvariables;

a, b, }, i structural parameters;

Ui errors.

Estimations of the model parameters applied the maximum likelihood
method (Suchecki 2012, p. 159). Due to the fact that some of them appeared to
be statistically insignificant, a part of variables were eliminated from the model.
The receivedesults (after sequential elimination of variables) are presented in
Table 2.
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Table 2. Results of estimations of unemployment model parameters

Dependent variable- U

Independent
variables Coefficient t-ratio Goodnesof-fit
2006
Constant 15,945231 (1731)
W_U 0,1276212 (19,76)
W_W -0,0007961 (-10,99) pseudoR =0,5423
BR -0,0011871 (-3,11) RMSE= 2,96655
I -0,0001734 (-2,35)
SA 0,0023427 (2,32)
2007
Constant 12,26919 (14,43) pseudoR = 0,5591
w_u 0,128756 (16,31) RMSE= 2,73543
W_W -0,0004412 (-8,21)
W_RE -0,0003897 (-3,82) pseudoR =0,5591
BR -0,0007691 (-2,98) RMSE= 2,73543
I -0,0009192 (-2,21)
2008
Constant 9,987221 (16,43)
W_U 0,123231 (17,98)
W_W -0,0002971 (-7,44)
W_RE -0,0004967 (-3,98) pseudoR =0,5381
BR -0,0006941 (-2,67) RMSE= 2,89123
I -0,0014848 (-2,23)
RE -0,0012221 (-4,37)
M -0,4551298 (-2,93)
2009
Constant 14,52855 (11,14)
w_u 0,137211 (11,51)
W_W -0,0003907 (-8,21)
W_RE -0,0004366 (-2,73) pseudoR =0,5131
BR -0,0007314 (-4,31) RMSE= 3,00721
I -0,0001141 (-2,51)
RE -0,000851 (-2,76)
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2010
Constant 19,757000 (8,54)
wW_uU 0,5798206 (11,88)
W_W -0,0003996 (-4,19)
W _RE 10.0012519 (3.42) pseudoR = 0,5259
BR -0.0006549 (-2,34) RMSE= 2,93810
RE -0.0048212 (-3,46)
IM -0,0011247 (-2,57)
n 379

Source: own calculation.

The received results led to the following conclusions:

1. With other factors remaining constant, a rise (fall) in the unemployment rate
in poviats defined in the weight matrix as adjacresulted in a rise (fall) in
the unemployment rate in the studied poviat in all the analysed periods. The
unemployment rate in Poland is characterised by positive spatial
autocorrelation. Thus, the geographic clustering of high and low values of
the stidied variable is observe@here are spatial clusters of objects with
similar values of the variable.

At was noted for al | the analysed
budgetary revenues resulted in a fall in the unemployment ceteris
paribus Budgetary revenues of poviats per capita are among local
development measures. If they rise, economic conditions in a poviat
improve. Economic growth occurs and thus investments increase,
companies employ more workers and, in consequence, the unemploymen
rate goes down.

. With other factors remaining constant, a rise in the investment level caused
a fall in the unemployment rate in 2006, 2007, 2008 and 2009. Conditions
in the labour market depend in large measure on the level of investments
made by enterfges. The number of created jobs is dependent on the
volume and type of investments. New developrwignted investments
contribute, to a large extent, to increased demand for labour. On the other
hand, current investments aimed at property replacemiemt & maintain
existing jobs.

.In 2008, 2009 and 2010 an increase in the number of economic entities led
to a fall in the unemployment rateteris paribus In 2008, when fast
economic growth occurred in the country, a substantial increase was noted
in the number of economic entities, with the trend continuing in 2009 and
2010 as well. New economic entities create new jobs, hence, their impact on
the fall in the unemployment rate is obvious and clear.
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5.In 2006 it was observed that, with other factors remginconstant,
increased social assistance expenditures resulted in the increased
unemployment rate. Unemployment adversely affects the condition of the
society, leads to the loss of means of livelihood, loss of qualifications,
increased crime and social palogies. Therefore, the state intervenes in the
labour market by using instruments of the so called passive labour market
policy. Excessive protectionism, however, does not solve the problems as it
may contribute to a f wintthe ebourmarkett i n
which results in increased unemployment.

6. An impact of the increased balance of internal migrations on the fall in the
unemployment rategeteris paribuswas noted in 2008 and 2010. Higher
internal migrations mean increased movenarthe population withirthe
country. In most cases, population movement is forced by poor economic
situation of the area of origin high unemployment, low wages and poor
working conditions. A better socioeconomic position of adjacent areas
encourages th so called migration for economic reasons, often even
temporary (population movement connected with everyday commuting to
another poviat), which causes a fall in the unemployment rate.

7.1n all the analysed periods it was observed tbeteris paribusa lise in
average wages in adjacent poviats resulted in a fall in the unemployment
rate in the studied poviat. In 2007, 2008, 2009 and 2010 it was also noted
that an increase in the number of economic entities in adjacent poviats led to
a fall in the unemplayent rate in the studied poviegteris paribusit was
emphasized in the preceding point that a better socioeconomic condition of
adjacent areas, including also higher wages or greater demand for labour
resulting from an increased number of economic iestitencourages
migrations of the population. The movements of the population in search of
work contribute to reducing a disproportion between supply and demand in
local labour markets, which causes the unemployment rate to fall.

The received results als$ndicate that average wages, number of offered
jobs and balance of foreign migrations did not significantly affect the
unemployment rate in the studied period.

7. Conclusions

The study attempted to analyse the unemployment rate from a-spatio
temporal perngective.

The carried out research indicatbat multtequation spatial econometric
models are a better tool to analyse sptdinporal data than models that do not
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take into account spatial relationships. The spatial SUR models used in the study
were chaacterised by better goodnesfsfit and lower errors than the model not
taking into account spatial relationships; they also allowed to eliminate the
impact of spatial autocorrelation from the analysis. The models made it possible
to obtain a lot of valdale information about the impact of selected
macroeconomic variables on the level of unemployment rate in Poland from
2006 to 2010. It was proved thidwere are spatial clusters of areas with similar
values of the unemployment rate in Poland. Neighboupogiats have an
influence on each other. Aise in the unemployment rate in adjacent areas
results a rise in that variable in the studied poviat. Moreaveincrease in
average wages and number of economic entities in neighbouring areas led to
a fall in the unemployment rate in the studied poviat. This are very important
information for local governments, which should administer their areas in
collaboration with each other.

References

Bremond J., Couet J.F., Salort M.M. (200&pmpendium wiedzy o ekonionPWN, Warszawa

Kuci Eski K. GdografigekgnonicZnd OWo)l,t er s Kl uwer Pol ska, K
Milewski R. (red.) (2000)Podstawy ekonomiiWydawnictwo Naukowe PWN, Warszawa

Suchecki B. (red.j2012),Ekonometria Przestrzenna Il. Modele zaawansowdhalawnictwo

C.H. Bek, Warszawa

Streszczenie

PRZESTRZENNO-CZASOWA ANALIZA STOP Y BEZROBOCIA W POLSC E

Celem opracowania jest przestrzertmasowa analiza poziomu stopy bezrobocia
w Polsce, z wykorzystaniem zaawansowanych metod ekonometrii przestrzennej. Badanie
przeprowadzoo na danych statystycznych zebranych na poziomie powiatu, w latach

20062 010 . Narzndzia GI S i ESDA zostagy wyko
or az identyfikacij.i interakcij.i przestrzen
jednostkami terytorialnymi na y nku pracy. Wi el or-wnani owe
pozornie niezal eUnych zastosowano do op

makr oekonomi cznych na ksztagtowani e sin
w badanym okresie.
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Spatial Analysis ofthe Labour Market by Using Econometric Tools.
The Case of Lower Silesia Region

Abstract

This paper presents the application of econometric techniques to examine
the labour market in Lower Silesia. First the analysis was perforomed data
set for variables connected with labour market recorded in poviats (NUTS 4). In
order to determine the existence of spatial autocorrelaibmr an6s st at i ¢
was calculated. Then the spatial regression model was used to describe the
relationshp between the rate of unemployment and other variablest, LISA
cluster maps were generatéal units at NUTS 5 levelThe results indicate the
spatial dimension of the unemployment and its tendency to creating
concentrations

1. Introduction

Studies o European regional labour markets show a significant degree of
spati al dependence among them. These
| and spatial regression models. Both regions marked by high unemployment as
well as areas characterized by low upésgment have tendency to cluster in
space (Niebuhr 2003). Overman and Puga (2000) underline that existence of
clusters of units with similar level of unemployment rate corresponds with
polarization processes observed in Europe. However this fact istanttaken
into consideration by European polioyakers.

" Ph.D., Wroclaw University of Technology
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Poland has experienced changes of labour market both as a result of the
transformation in Polish economy and the integration process with the European
Union.

The paper aims to present an analysigadtionship among different
variables connected with labour market and Hnégional unemployment
disparities in Lower Silesia, one of the Polish region. The spatial analysis was
made by means of GeoDa software (Anselin 2005). The source of statiatacal d
is GUS (Gg-wny UrzNd StatystogatRamy, Ce
BankWoj ew- dzt wo 2@d)l noSI Nski e

2. Lower Silesia

Lower Silesia (DolnoSI Nski ewestemi vods
corner of Poland. Inheighbours Germany and CzeBRepublic The region is
strategically located in Poland and in Europe, at the intersection of transport
routes leading from the east to the west, and from the south to the north. It
covers an area of 19,947 sq.km and has a population of nearly 2.9 million

The Lower Silesian natural resources (including copper ores and lignite)
form a base for the development of mining and other industries. Modern
industrial processing and services are also developing. In addition, the region's
geographical location, engnmental conditions, medicinal waters and its rich
cultural heritage make tourism and spa healthcare one of the leading industries.

A significant part of Lower Silesia is or was in the past heavily
industrialized. During the transformation many productiacilities have been
liquidated as a consequence of technological, and market changes, as well as
conflicts with environmental requirements. The largest fall has affected the
textile industry and the coal mining. However key to the Lower Silesian
economy $ the extraction of copper, silver and lignitethe northern part of the
region there ishe LegnicaGgog - w Copper .ThEligniterngneiBi st r i
located in the gmina Bogatynia, in the seuiistern corner of the region.

Changes in economy havefesfted labour market, especially in the
beginning of 1990s. Fluctuations in number of jobs and unemployed people in
period 200€2010 are presented on Figurdri 2000, the industry provided jobs
to 343 thousand people, whereas in 2010 only 248 thousanesults from
a decay in many branches of industry, as well as obsolete technologies and
production facilities.
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Figure 1. Lower Silesia
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SourceOwn elaborabn based on GUS data.

3. NUTS 4 level (poviats)

In the first part of analysis it was taken into consideration the division of
Lower Silesia into 29 poviats (NUTS 4). The following variables connected with
labour market were taking into account: populati#OP), population in
working age (W_AGE), work places (JOBS), jobs in agriculture (AGR),
industry (IND) and services (SER), registered rate of unemployment (UNEMP),
the number oEntities of national economy recorded in REGON regi&EdIT)
and wages (WAGR). Wages were expressed by average monthly gross wages to
the national average (Poland = 100). Data set was for 2005 and 2010.

Changes between 2005 and 2010 may be presented by scatter plots
(Figure 2.). In the period 20810 the number of entities imased about 12%.
Selection of poviats in which the increase of the variable was noticed (points
lying above line) allows to show chosen units on the map. The growth was
noticed in Wroclaw and neighbouring poviats and in the group of units near
J e | e ni(with é&ceptian of this city). The decline was recorded in Kotlina
Kgodzka and in the northern part of \
economic situation.
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Figure 2. Lower Silesia (NUTS 4). The number of entites in 2005 and 2010. Scatter plot
(a) areas with growth (b) decreased areas (c)
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SourceOwn elaboration by using GeoDa.

Scatter plots for the number of all work places, jobs in industry and in
services show that in the period 26310 considerable growth was recorded
only in wroclawski poiat what demonstrates the impact Wfr oc gaw on
economy 6neighbouring units (Figure)3

Figure 3. Lower Silesia (NUTS 4). Scatter plots for all work places (a) jobs in industry
(b) jobs in services (c) in 2005 and 2010
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Note: The arrows point the unit with the biggest growth

SourceOwn daboration by using GeoDa.

Thefirst law of geographyccording to Tobler (1970) isAll places are
related but near by pl aces laotkerwods, e r el
spatial autocorrelation means that dependency exists between values of
avariable in neighbouring locations.
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The spati al autocorrelation anal ysi
| statistics (Moran 1950) which requires creating a weight mateiscribing
a local neighbourhood of each geographic uvibst common is using bima
connectivity based on contiguityy; = 1 if unitsi andj are adjacenty; = 0
otherwise.

The statistics | is based on crg@educts of the deviations from the mean
and is calculated for observations on a variatden locations:

a aw(x-3(x -¥

|:£i j" 1
S a (x-%° &

where X is the mean of thex variablew; are the elements of the weight
matrix, i, j are number of units, an8, is the sum of the elements of the weight
matrix: § = § évg(i,jz 1,n.2, é

The "Moranoés statistics | is a singl
set. It varies from1 to +1. High negative spatial autocorrelatioh) (means
dispersed pattern, and high positive spatial autocorrelation i(+dlustered
pattern. A random arrangement gives a value that is close to 0. It can be
interpreted as the correlation between varigblend t he fspati all
X formed by averging all the values oX for the neighbouring unitdy Xx.

The Moran scatter plot is a plot with the varialflen thex-axis and the
spatially lagged on thg-axis. The variables are standardized so that the units in
the graph correspond to standard dieeta The slope of the regression line
equals the Moranbs | statistics.

The Mor anbs I statistics wer e ger
population, population in working age, work places, jobs in agriculture, industry
and services, rate of unemploymengges and the number of entities for 2005
and 2010 as well (Table 1.). I nference
approach, in which a reference distribution was calculated for spatially random
layouts with the same values as observed variablese{iin 1986).49999
permutations were used in generating the reference distribution.

Wei ghts were constructed based on ¢
first order rook contiguity.
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Table 1. Poviats. Morands | statistics
Variable 2005 2010
Mo r an| p-value Mor an p-value
Population (POP) -0.0008 0.73 0.0095 0.22
Working age population (W_AGE) | -0.0047 0.71 0.0099 0.22
Work places (JOBS) -0.0175 0.66 0.0138 0.15
Jobs iln agriculture (AGR) 0.1288 0.09 0.1185 0.11
Jobs in industry (IND) -0.0362 0.53 0.0748 0.12
Jobs in services (SER) -0.0291 0.59 -0.0171 0.71
Rate of unemployment (UNEMP) 0.3050 0.005 0.2267 0.024
Wages (WAGE) -0.0529 0.46 -0.0166 0.630
Entities (ENT) 0.1235 0.09 0.2177 0.028
SourceOwn calculation based on GUS data and by usindb@&eo
The Mor anos I statistics i s

stati

unemployment rate in 2005 and for the unemployment rate and the number of
entities in 2010. Further analysis was conducted for 2010.

In the next step it was decidéal apply multivariag regression analysis

(Anselin  1988; Anselin,

where dependent variabje(nl 1)

Bera 1998; Suchecki 2010) with the rate of
unemployment as the dependent variable and following independent variables:
the number of jobs in agriculture, industry and services, the level of wages and
the numberof entities. The remained variables were excluded from the set
because of the high correlation among them.

The regression linear function is:

y

X

b

+

o

U

)

i sof obsewdad @ependent variable in

n spatial unitsx (nl k) represent& independent, explanatory variables. Vector

b (K 1cpntains unknown coefficients, and vediigni 1 represents error term.

In the F'variant of calculation mknown coefficients we solved by using
standard linear regression (Ordinary Least Squaf@sS). Not all coefficients

were significant (Table 2.) and in addition multicollinearity condition number
was greater than 20 what is not acceptable. AGR_10 (employment in
agriculture)was rejected from the set of independent variables.
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In the 29 variant the value of multicollinearity condition number
diminished but it was still bigger than 20. So the next independent value was
excluded. It was SER_10 (employment in services).

In the 3¢ variant there were three following independent variables:
IND_10 (employment in industry), WAGE_10 (wages) and ENT_10 (the
number of entities). The multicollinearity condition number was proper (18).
A test for nonnormality (JarquéBera) said that eors had normal distribution
(p=0.40) and three diagnostics for heteroskedasticity (BreRaghan, Koenker
Bassett, and White) showed a constant variance of empefs95, 0.87, and
0.46). But tests did not confirm spatial dependence. Therefore it walkeddo
limit a set of independent variables. Only the level of wages and the number of
entities were taken into consideration. The first variable measures the
attractiveness of poviat for employees, the second ogxpresses the level of
economic activig of local population.

In 4" variant of modeling both coefficients were significant. The
multicollinearity condition number was 14.3. Test JarBeea said that errors
had normal distributionpE0.51). Homoskedasticity was confirmep=0.91,
0.84 and 0.9) for three tests. Both Lagrange Multipliers;Lldg and LMError
statistics, rejected the null hypothegis@.020 and 0.0197), what told about the
spati al dependence. Al so Mor ands t e
autocorrelationf=0.0037).

Table 2. Poviats. Regression analysis. Significance of independent variable coefficients

(p-value)
Variant 1 Variant 2 Variant 3 Variant 4 S\:)Zrtigﬁ_zg

oLs oLs oLs oLs Model
W_UNEM_10 - - - - 0.004
AGR_10 0.245 - - -
IND_10 0.011 0.08 0.03 -
SER_10 0.007 0.17 - -
WAGE_10 0.052 0.06 0.065 0.014 0.007
ENT_10 0.082 0.14 0.5 0.035 0.002

SourceOwn calculation based on GUS data and by using GeoDa
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Then it was applied the spatially lagged mod&Iv@riant):
y=jwy + x b + U (3)

The spatially lagged rate of unemployment W_UNEM_10 appeared as the
additional indicator. Its coefficient parametgr=0.504) reflected the spatial
dependence, measuring the average influence on observation in neighbouring
units. BreuschPagan test detected hetroskedasticity. The final diagnostics was
for spatial autocorrelation. Likelihood Ratio Test was significen0(019).

Finally the equation has the form:
UNEM_10=0.504W_UNEM_10i 0.064QVAGE_10i 0.000499ENT_10 + 1817

what confirms spatial dependence of the unemployment rate and, what it is
obvious, the negative relationship between the unemployment and the level of
wages and the number of entities.

4. NUTS 5 level (gminas)

One of the problems with areal data islscaffecti spatial data at
different scales produce different results. In contrast, the next analysis examined
the spatial aspects of Lower Silesian labour market using smaller units of
observationi municipalities (gminas NUTS 5). There are 169 gmin436
urban gminas, 54 urbamral and 79 rural ones).

For the year 2010 there were taken into account: population (POP),
population in working age (W_AGE), work places (JOBS), rate of
unemployment (UNEMP)budget revenuger capita (REV), the number of
enities (ENT) and the variable describing attraction of labour market (ATR).
The last variable was equal the number of people coming to work from other
gminas divided by the number of inhabitants working outside their own gmina in
2006 Dojazdy do pracgy 2@.1

In the first place, three types of weight matrices were generated using both

rook and queen criteria, and 5 nearesi

| statistics was calculated (Table 3.).
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Table 3. Gminas. Mor ailnghbtmatitcesst ati stics for differe
W_matrix POP W_AGE JOBS UNEMP REV ENT ATR
Rook 0.0094 0.0072 0.0151 0.7285 0.5097 0.1342 0.0198

p-value | (0.148) | (0.162) | (0.105) | (0.00002)| (0.00002)| (0.0042) | (0.0039)
Queen 0.0087 | 0.0067 | 0.0154 | 0.7154 | 0.5072 | 0.1414 | 0.0210

5nn 0.0025 | 0.0031 | -0.030 0.6717 0.2895 0.1295 | -0.0844

SourceOwn calculation based on GUS data and by using GeoDa.

The highest value of Morands stati s
(0.7285) . Kossowski and Hauke (2012)
Polshgmhas and got value O0.7426. Besides
statistics is statistically significant for the budget reveperecapita the number
of entities and the attraction. But the last ones had value near zero (Figure 4.).

Figure 4. Lower Silesia(NUTS 5). Moran scatter plots for unemployment rate (a), budget revenyger
capita(b), entities (c) and attraction of gmina (d)

2
:%"2
T 12
12

1
o omn o
© af @R

W_ENT_2010
0

2

ATR_2010

W_UNEMP_2010
2 10

o @ oo
oo o
@ mammo o

2
-2
2

2

3 2 4140 1 2 3 302 10 1 2 3 3 02 40 1 2 3 302 10 1 2 3
UNEMP_2010 REV_2010 ENT_2010

a) b) c) d)

SourceOwn elaboration by using GeoDa.

In order to determine whether or not geographic patterns exist it was
performed LISA(the local indicator of spatial association), the local version of
Mor anés | ( Ans el i nthev&@ue 5f)indicateros caleilatedh u n
according to formula:

Ii:aawijzj 4)
i

wherez is the sandardized form of original variablg w; is the element of the
spatial weight matrix angdescribes neighbours of uiit

This measure can be used to identify local clusters or spatial olitliers
areas different from their neighbours.
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To illustrate he local spatial autocorrelation there were created LISA
cluster maps. This map shows a statistically significant relationship with
neighbours and four types of spatial autocorrelation. The positive spatial
association is when units with high values isreunded by ones with high
values (higkhigh, HH) or units with low values are bordered by similar units
(low-low, L-L). The negative autocorrelation says that units are different from
their neighbours (higtow, HL or low-high, LH).

On Figure 5, the LISA&luster map is reportefdr the budget revenuger
capita The adopted level of significance was0.05. Two clusters of the

highest budget revenues overlap with Legficg og- w Copper I n
District in the northern part of region and gmina Bogatitiaated in the west.

These areas have industrial character.
Ni emc z a, Pi gawa G-rna and Zinbice) wit

southern east part of the region.

Figure 5.LISA cluster map for budget revenueper capita

SourceOwn elaboration by using GeoDa.

The LISA map for the number of entities (Figure 6.) shows two groups of
low values. The first cluster is located in the northern part of region, where
either there are less developed municipaliter municipalities have little

entities, but employing a lot of employeégegnicaGgog - w | ndustri al
The second one consists of following gminas: Strzelin, Kondratowice,
Przeworno, Ciepgowody, Zi nbice and Kar

with high values is created by gminas near Jelenia Gora where tourisrii is we
devel oped and Wrocgaw with gmina $wiift
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Figure 6. LISA cluster map for the number of entities

SourceOwn elaboration by using GeoDa.

In the next step LISA cluster map was created for the rate of
unemployment (Figure 7.). There are twastérs of low unemployment, the big
one covers Wroclaw Metropolitan Area and smaller one is situated near Lubin.
Hi gh | evel of unempl oyment is recorded
of the region (G-r1a, Ni echl groups inWis os z
western part.

Figure 7. LISA cluster map for rate of unemployment

SourceOwn elaboration by using GeoDa.
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This image shows the spatial structure of regional unemployment

di sparities. On the one handadpbledfs sec¢
growth and on the other hand it is easy to notice that despite the great touristic
potenti al municipalities in Kotlina Kg¢g

The attraction of the gmina was definedtlas number of people coming
to work from other gminas divided by the number of inhabitants working outside
their own gmina. The variable defined in such a way does cneate
concentrations (Figure) 8

Figure 8. LISA cluster map for attraction of gmina

Sourceown elaboration by using GeaD

5. Conclusions

In this paper it was presented the spatial analysis of the labour market in
Lower Silesia. The first part of research was run on a data set for poviats (NUTS
4 . The Moranés statistics was <cal cul
for the unemployment was obtained.

In turn, division of Lower Silesia into gminas (NUTS 5) was taken into
account. Among different variables connected with labour market it were chosen
four of them with statisticahenlySAsi gni
cluster maps were created. The biggest clusters were found for the
unemployment and the budget revepee capita
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All these calculations confirm that the unemployment is spatially
dependent and tends to concentrate. The rate of unemploymenttedsensne
of the most important indicators which characterize the labour market.
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Streszczenie

PRZESTRZENNA ANALIZA RYNKU PRACY PRIZY NARZNDZI
EKONOMETRYCZNYCH.PRZYKGAD WOJEWEDZTWA
DOLNOSLt SKI EGO

Artykug pykoeysemet technék ekanometrycznych do badania rynku

pracy na Dol nym $1 Nsku. Najpierw analiza
z rynkiem pracy na pozi omi e powiat - w (N
autokorelacji przestr zreannnae j| ,poddtcemnpo stt af
regresiji przestrzenne,j do opisu zaleUnoS$S
Zzmi ennymi . W nastnpnym kroku wygenerowanoc
zal eUnoSci przestrzennej Ll SA dlestrzermyni n (N

wymi ar bezrobocia i jego tendencji do twor
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The Analysis of the Life Expectancy and the Selected Causes of
Deaths in Poland with the Use of Spatial Statistics Methods

Abstract

The goal of the presentedsearch was to test the spatial autocorrelation
of the life expectancy and the agfandardized mortality rates for selected
causes of death in Poland according to gender in 2010. It was assumed that in
the above mentioned cases the positive spatial awidation in populations of
men and women appears, and the spatial diversity of mortality depends on the
standard of living of the population in question and on the level of
industrialization of the region and its consequences. It has been stated that most
of the considered coefficients show positive spatial autocorrelation, but
differences between populations of men and women were observed. Agricultural
capacity of the voivodeship shows positive effect on life expectancy and the level
of some of the morti&y rates of both genders.

1. Introduction

With the development of the methods of spatial statistics, as well as of the
geographic information system (GIS), it became possible to conduct the
deepened research on spatial variation of mortality charaatsriSthe aim of
the presented study was to verify the suppositioosing the basic spatial
statistics methods whether life expectancyef and mortality rates from
selected causes of deaths in Poland show spatial autocorrelation. The especially
interestng question was, whether the pattern of spatial autocorrelation was the

" Ph.D., Professor at the University of Economics in Katowice



162 Zofia MieleckaK u b i e (E

same for men and women (living in the same country, at the same time). Finally,
an attempt was made to find factors possibly influencing the observed spatial
differences and spatial tgcorrelation patterns of the coefficients taken into
account.

2. The applied method

The research was conducted with the use of the basic spatial statistics
methods, i.e.:

1. Mor ano6s Igdefimdd ad follavs &apczewska 2006, p.72):

n aaW., (yi - y)(yj - )7)
|l =—F— 06— — ; (1)
aaw, aly-v)

[ i

where: n i denotes the number of spatial units indexedibgnd j (here
voivodeships or in the case of life expectancy, also subregions of Pgfand),
the considered coefficienty; T element of thematrix of spatial weightdW,
constructed according to numbers of the first order neighbours; row
standardized. Expected value of statikii

e L
E(I)—m—n_l )

Assuming that the sample comesnfréhe independent random variables
normally distributed, test statistig:

_1-E() o

is asymptotic normal distribute N ° (0.1). On thi basis the hypothesit : | = 0
against the hypotheds, : 1 | O is tested.

! See for instance (Ekonometria przestrzenna 2010, p.109).



The Analysis of the Life Effectancy

Local Moran statisti¢; is defined as:

(yi - V)a Wij (yj - y)

I, = ——— — (4)
aly-yy/n
with the expected value (Anselin 1995) given by:
-1 .0
E()=—=aw. (5)

n-175

The local Moran test, based on the conditional randomisation or
permutation (see: Anselin 1995), detects the local spatial autocorrelation. There
can be two interpretations of the local Moran statistics: dedtats of the local
spatial clusters (regions where adjacent areas have similar values) and as
adiagnosis for the outliers in global spatial patterns (areas distinct from their
neighbours). The Local Moran statistit decomposes Moran'd into
contributons for each location:

|
| =5 oo
a- (6)
Additionally the Moran scatterplots and maps were applied. Moran
scatterplot allows (Anselin 2005) to explore the global patterns of
autocorredtion in space. The graph depicts the standardized variable (here life
expectancy or agstandardized mortality rates) in tleaxis versus the spatial
lag of that standardized variable, where the spatial lag shows the effects of the
neighboring spatial nits. Moran scatterplot presents the relation of the variable
in the locationi with respect to the values of that variable in the neighboring
locations. By construction, the slope of the line in the scatter plot is equivalent to
the Moran'd statistic. f that slope is positive it means that there is the positive
spatial autocorrelation: high values of the variable in locatidand to be
clustered with high values of the same variable in locations that are neighbors of
i, and vice versa. If the slope the scatter plot is negative it means that high
values in a variable in locatidrntend to be cdocated with lower values in the
neighboring locations.
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3. Empirical results

The presented research was conddaedthe basis of 16 voivodeships of
Poland épatial units NUTS2); in the case of the life expectancy for men and
women smaller units (66 subregions, NUTS3) could be taken into account. The
data for the year 2010 come from the Chief Statistical Office in Warsaw. All the
considered mortality rates weestandardized with regard to age. The following
variables were subjects of the stddy men (m) and women (klife expectancy
in voivodeships(Yom Yox) and subregions (@$,Xo«), general mortality rates
(Yim Y1), cancer mortality rates ¥, Y2, circulatory system diseases mortality
rates (%m Y3 and respiratory system diseases mortality rateg, X¥.). While
circulatory system diseases and cancer were the most frequent causes of death in
2010 in Poland (tab.1), respiratory system diseases werenchitberegard to
their specific spatial differences pattern.

Table 2 presentghe results ofthe testing ofthe hypothesis abouthe
absence ofhe spatial autocorrelation on the basis of Moran global statigis
described above). It can be observedt thot all of the considered variables
show significant spatial autocorrelation.

Table 1 Percent of deaths for chosen causes in Poland, 2010

DISEASE PERCENT OF DEATHS
Circulatory system 46.0
Cancer 254
Respiratorysystem 5.1
Source: authordéds own.

As can be observed (fig.1, tab.2he life expectancy for merin
voivodeshipsdoes not show spatial autocorrelatibrdifferent values of life
expectancy are randomly distributed across the country. The shortest life
expectancy for men in Poland in the ye@i@ was observed in the voivodeship
Lodzkie; on the contrary, the longest life expectancy for men was in the
voivodeships Malopolskie and Podkarpackigthe southern part of the country.

2 For calculation there were used computer programs R and EXCEL, for visualisation
programEXCEL and Statistica.
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Table 2. Resullts of testing hypothesis of absence of spatial aotoelation

MORAN | STATISTIC TEST STATISTIClg

COEFFICIENT
MEN WOMEN MEN WOMEN

Life expectancy -0.1191 0.2771 -0.6163 4.0433
Life expectancy, subregions 0.4002 0.6095 45198 6.7966
General mortality rates -0.1311 0.1908 -0.7577 3.0285
Cancer mortalit rates 0.4194 0.4602 5.7161 6.1962
Circulatory system diseases mortality | i
rates 0.0790 0.1044 0.1453 2.0123
Respiratory system diseases mortality|
rates 0.1901 0.2502 3.0201 3.7268

Remark: cases of rejected null hypothesis=(0.05) are marked in bald

Source: authords own.

Figure 1. Moran plot for life expectancy &), men
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Source: aut hordés own.

However,the theoretical elimination of the three outliensoivodeships:
Lodzkie, Malopolskie, Podkarpackie, marked on fig.1 with black triangles)
indicates, that apart from the thremivodeshipsthe life expectancy for men is
characterized by negative spatial autocorrelation (y1*om, dashed line), which
means, that in the case of the remaimigvodeships it is revealed that the
neighboring values are nedissimilar than expected by chance.

A considerably different pattern emerges from the men life expectancy
considerations based time subregions of Poland (tab.2, figi2herethe spatial
autocorrelation is more positive than expected at random, whdibaies the
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clustering of similar values across smaller items in geographic space. The
longest life expectancy is observed (tab.3) in the big cities: Warsaw, Cracow,

subregion trojmiejski containing the cities of Gdansk, Sopot and Gdynia and in

the soutkeastern corner of Poland (subregions: rzeszowski and tarnowski). The
lowest values of men life expectancy can be seen (as in fig.2) in the subregions
of the voivodeship Lodzkie, and subregion stargardzki in the northern part of

Poland.

Figure 2. Spatial dfferences in men life expectancy (in years), subregions

Source: aut hor o6s own.

For women both spatial patterns of life expectancy (the one based on the
voivodeships as well as the one based on the subregions), are different than
those for men (fig.3 and). Apparently the Polish women living, generally
speaking, in the eastern part of the country enjoy longer life than the ones living
in the westren part. In this case both spatial differences patterns are similar,
however the more detailed analysis (sgiwas) uncovered some significant
exceptions: Warsaw, Wroclaw and subregion trojmiejski, but, as indicated in
table 3, the longest women life expectancy is observed in the eastern subregions
of Poland (and not in the big cities as in the case of men)shidmrest women
life expectancy was observed in the subregions belonging to the voivodeships:
Lodzkie and Slaskie.

A strong positive spatial autocorrelation can be observed for the men and
women mortality of cancer (tab.3, fig.5 and 6). Apparently the itduatis of the
northrwestern part of Poland are more at risk from cancer, and, in the case of
women, especially those living in the voivodeship kujawg&morskie. The
lowest values, for both genders, can be observed in the eastern part ofiPoland
with gererally much higher level of aggandardized cancer mortality rates in
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the population of men. For the ag@ndardized mortality rates for the diseases
of the respiratory system the spatial differences pattern as well as the level of
positive spatial cortation (tab.3) are similar for both genders, but the
voivodeship Warminskonazurskie takes the strongly exceptional position
(fig.7) i the mortality rates are very high (especially for men). The theoretical
elimination of that outlier could change the #opf the regression line in the
Moran scatter plot for men frora; = 0.1901 toa, = 0.6484 (fig.8, y1*4m,
dashed line), and for women fraan= 0.2502 tca,= 0.6762.

Table 3. Subregions of highest and lowest life expectancy (in years) according to gender

HIGHEST LIFE EXPECTANCY, MEN HIGHEST LIFE EXPECTANCY, WOMEN
75.3 Warsaw 82.1 bialostocki
75.1 Cracow 82.0 tarnobrzeski
74.6 trojmiejski 81.8 gomzyns
74.4 rzeszowski 81.7 rzeszowski
74.2 tarnowski 81.7 suwalski
LOWEST LIFE EXPECTANCY, MEN LOWEST LIFE EXPECTANCY, WOMEN
70.0 lodzki 79.1 grudziadzki
70.0 Lodz 79.1 sosnowiecki
70.0 skierniewicki 79.0 Lodz
70.0 stargardzki 78.8 lodzki
69.9 piotrkowski 78.5 katowicki

Source: aut horé6s own

Figure 3. Spatial differences in women life Figure 4. Spatial differences in women life
expectancy (in years), voivodships expectancy (in years), subregions

Source: aut hordés own
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Figure 5. Spatial differences in cancer momlity Figure 6. Spatial differences in cancer
rates*, men, voivodships mortality rates*, women, voivodships

Note: *i per 100 000 population

Source: authords own.

Figure 7. Spatial differences in respiratory diseases mortji rates*, men

* 1 per 100 000 population

Source: authords own.
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Figure 8. Moran plot for respiratory diseases mortality rates, men
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For women, the positive spatial autocorrelation was observed also for the
general mortality rates the pattern is similar to the one for the life expectancy
and for the circulatory system diseases mortality yategre the women living
in the northeastern part of Poland are in the most favourable position; the
highest level ofcirculatory system dieases mortality rates can be observed in
voivodeships: Lodzki, Swietokrzyski, Lubelski in the central part of the
country. In the case of men both adequate global Moran statistiese not
significant @ = 0.05) though in the case of general mortatites, similarily, as
in the case of life expectancy, this situation is due to the same three outliers.

Table 4 presents the results of the testing of the significance of Local
Moran Statistid;. Significant ¢ = 0.9) negative local statistic occurredyoimn
one casé for men general mortality rates in voivodeship Kujawpkonorskie,
which is surrounded by voivodeships with lower level of the mortality rates.
Most of all the significant positive Local Moran Statisticsan be observed in
the case ofancer mortality rates for melN«4,) and womenY,,) which supports
the previous conclusion that in case of cancer clusters of items of similar values
of mortality rates are distinctly visible.

The question arises what factors influence the values of th&dewed
coefficients and cause the specific spatial autocorrelation patterns? To look for
a possible explanation the set of 16 diagnostic variables was applied. The
variables are indicators of factors often associated tivéimortality level such
as: the standard of livingthe health care levelthe irdustrialization andhe
connected phenomena including air pollution and population density, some
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stressful social occurrences (unemployment). They wemeulation per 1 kf
(Z1), share of urban populati (Z), voivodeshiprevenues per 1 inhabitantsjZ
voivodeshipexpenditures for health care per 1 inhabitanj, (district revenues
per 1 inhabitant (g, district expenditures per 1 inhabitantg)Zdistrict
expenditures for education per 1 inhabitéfy), district expenditures for culture
per 1 inhabitant (¢, district expenditures for health care per 1 inhabitagj, (Z
share of forest land in land aread)Z sold production of industry per
1 inhabitant (4,), average monthly wages and salaries)(Zinemployment rate
(Z13), emission of air pollutant particulates per 1°k{#,), emission of air
pollutant sulphur dioxide per 1 KniZ,s) and emission of air pollutant nitrogen
oxides per 1 kin(Zye).

On the basis ofhe diagnostic variables ZZ,¢ the following synthetic
variables were constructedv, = (Z;, Z, ) 1 characterizing the demographic
features of the voivodeship,¥ (Z4, Zo) T describing its level of health care; V
= (Zs, Zs, Z7, Zg); the purpose of introducing the variable was t@gine the
factors influencing the social standard of living, ¥ (Zus, Zis, Zig) |1
characterizes the level of pollution in the voivodeships.

The coefficients ofthe correlation betweethelife expectancythe above

considered mortality rates arttie syrthetic or the diagnostic variables are
presented in table 5.

1In the form of unweighted averages, the values of diagnostic variaplswarflardized
_%-2
according to formulae% = «2) -
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TheAnaysi s of the Life Expect®dacyé

The most important factors determining the life expectancy taed
mortality pattern irthe voivodeship®f Poland seem to be the ones connected
with the agricultural character of the voivodeshipd2/,) 1 less industry (&)
and its consequences (population density, share of urban population) respond to
the more favourable values tfie mortality characteristics of theoivodeships;
on the contrary th factors contributing tohe affluence of a voivodeship are
positively correlated with some of the mortality rates and negativelytiagtife
expectancy for men. The life expectancy for women and some kinds of their
mortality rates are sensitive to pgibn (V,) 1 the more polluted the
voivodeship the less favourable the women mortality characteristics. Some of
the both genders mortality rates are positively correlated with the unemployment
rate, which seems to be an important factor determining th&almppattern,
and the average wages and salaries are, at leasheirprofile of the
voivodeships not important. The above remarks can be indicators for the
directions of the more detailed analysis of the mortality patterns in Poland and
thefactors infuencing them.

Table 5. Correlation between coefficients ¥-Yam Yo-Ya Synthetic variables \{-V, and diagnostic
variables Z,o1Z3

VARIABLES COEFFICIENTS OF CORRELATION r(Y,V), r(Y,Z):
MEN POSITIVE VALUES NEGATIVE VALUES
Yom Z14(0.57) V4(-0.4)
Yim V4(0.41) Z,4-0.48)
Yo V1(0.32). Z5(0.31). V4(0.41) Z14(-0.38)
Y3m Z,50.33) -
Y V4(0.59). Z(0.54) -

WOMEN POSITIVE VALUES NEGATIVE VALUES
Yo Z15(0.40) V1(-0.51). V,(-0.42)
Y V1(0.44). V4(0.41) Z14(-0.39)

Yo V1(0.48). Z(0.44) Z14(-0.35)
Yk - -
Y V4(0.61). Z(0.56) -

Remark: For 16 observations coefficient of correlation is significant (accordirf§toudent 6 s t est )
from the value* : (1 = 0.05,r* =0.50; (] =0.1,r* =0.42; [1 = 0.2,r* =0.33.

Source: aut hordés own.
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4. Conclusions

1. The selected causes of death as wellhadife expectancy in most cases
showthe positive spatial autocorrelation, which may indicate that there are
some common determinants of their level in bigger parts of the country.

2.In many cases thepatial autocorrelation pattern is different for men and
women, which means that there are some special determinants of the level
of the discussed coefficients, apart from coming out fiikageographical
position of the items.

A

3.Intheaut hor 6 s ialpaitentioro should peepaid to the outliers
(identified with use of Morands scat
statistic li), because the differences (e.g. semionomic) among the
outliers and their surroundings may explain their causes. Thereace of
the outliers may also strongly influence the spatial correlation pattern of the
considered variable.

4. The results of the study could be applied in the process of formulating the
soci al policy within the scope of th
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Streszczenie

BADANI E DGUGOAQRAZ WYBRANYCH PRZYCZYN
ZGONCW W P OLZESTESORVANIEM
METOD STATYSTYKI PRZ ESTRZENNEJ

Celem prezentowanego badania bygo testc

przestrzennej w odniesieniud o przeci Atnego dal szego t
standaryzowanych ze wzglndu na wiek wsp-gc
zgon-w w Polsce wedgug pgci w 2010 r. Pr
przypadkach wystninpuje deommd nwapaptubhiojath
i kobiet oraz, Ue przestrzenne zr-Unicowan
popul acj i i stopnia industrializacij:. regio

z rozwaUanych wsp-gczynuwoi lokwr eWyakca ziuj @ r zde
zaobserwowano teU r-Unice mindzy popul acj
wojew-dztwa wykazuje pozytywne oddziagywa
i wartoSci niekt-rych wsp-gczynnik-w zgon-
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Dynamics of Change in Spatial Dependencies in Blood Donation
System in Poland

"Blood is to health care as oil is to transportation”
Arthur Caplan

Abstract

Blood donation allows to obtain blood and its components frontheal
people in a bid to help treatment of anonymous individuals, relying on timely
and sufficient supplies of matching blood. Being a social initiative, it depends on
multiple factors. Those factors are possible to be shaped and are subject to
research. Th paper aims to present the dynamics of change in spatial
dependencies determining development of blood donation in Poland from 2005
to 2010. Spatial analysis of data enables identification of similarities and
differences between voivodeships in a givenoge Testing of hypothesis
concerning spatial autocorrelation was carried out using tools of spatial
statistics. This paper's subject matter concentrates on pointing towards the
direction and extent of changes illustrated with an example of analysis
invegigating the number of blood donations per hospital bed in wards with high

" University of Economics in Katowice

™ University of Economics in Katowice

This cantent is the result of implementing research project N N115 411040, concerning
Logistics aspects of blood supply chain management in Pofanded by the National Science
Centre.
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demand on blood and its components. The number of blood donors per 1000
residents in 18 65 age was also analysed.

1. Introduction

Could oil be the most precious of all liquids?tA¢ current time, when oil
prices rocket this is a popular perception. In reality though, that idea is far from
truth. We each carry in our bodies several litres of much more valuable Jiquid
blood. It remains a medicine which have not been synthesiaedar and blood
demand increases-#% yeatonyear. Keeping blood availability at levels
necessary to efficiently carry out complex medical procedures is one of factors
determining national health security and citizens' initiative is key here.
Determinat of that security is a reliable blood donation system. The Polish
blood donation system consists of two concurrently operating subsystems: civil
and uniforned services (Szoltysek, Twar@§09, p.14). The civil part, which is
an area of interest for auttsoof this paper comprises 1) donors of blood and its
components (residents of Poland, satisfying provisions stipulated by the Act
and regulatiohconcerning age: 1865 years and health), 2) blood recipients,
3) hospitals managing allocation and adstirsition of blood components, and
4) 21 Regional Blood Donation and Hemotherapy Centres (RBDHC) managed
independently, responsible for collecting, processing, storing and relocating
blood and its components.

This paper set out tadentify voivodeships with high degree of
proximity which could be grouped into clusters. This could be the first stage
in creating the Polish blood donation network.The impulse for exploring
spatial dependency dynamics of Polish blood donation between 2005 and 2010
were results banalsis concerning 2000 Oj r z y n g R0, pp.TL2Q44]).-
Authors of this paper would like to address scientific circles and practitioners
managers of blood donation and hemotherapy system in Poland (Ministry of
Health, National Blood Centre,egional blood donation and hemotherapy
centres), and other parties with interest in health care (blood donation). This
paper's outcomes can trigger and give grounds to modify the national blood
donation and hemotherapy policy in Poland.

L Act from 22 August 1997 concerning public blood service.

2 Regulation by lte Minister of health from 18 August 2005 Journal of Laws, No. 79, item
691, 2005) concerning blood collection condition for candidates applying to become blood donors
and blood donors, amended on 31 December 2009 (Journal of Law Journal of Laws NB0Y. item
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2. Data and methodtogy

Data for this research came in form of information provided by the
Journal of Transfusion Medicinavhich concerns all Regional Blood Donation
and Hemotherapy Centres (RBDHCs) operating in the Polish blood donation
system between 2008 and 2010 as wslifrom analyses provided by RBDHC
for 20052007 concerning the total number of donors and packed cells units
(PC)- most commonly used in medicine blood component. Data on hospital bed
numbers came frortatistical Bulletinissued by the Ministry of Hegdl. All
data is voivodeship specific.

In order to determine spatial dependency between voivodeships spatial
analysis was employe#ey assumptions for autocorrelation investigation draw
on presumption the intensity of phenomena subject to dependency giitaim
location depends on intensity of that phenomenon in proximal locations. No
spatial autocorrelation means the phenomenon is spatially variable. Parameters
observed for given area do not depend on parameters observed in proximal
locations and observegpatial pattern is equally as probable as any other pattern.
Positively autocorrelated values cluster across a space and neighbouring areas
are similar. Negative autocorrelation means proximal locations are dissimilar to
a greater extent than would be babeen dictated by random distribution
(Kopczewska 2007, p. 14). Fundamental to all spatial analyses is determining
structure of proximity through spatial weights. Spatial weights could be
determined using the criterion of either tangency or distanchidpaper it was
assumed that voivodeships sharing a common border are correlated. Hence
a binary matrix is created, where voivodeships sharing a common border
represent 1 and if there are no shared borders they are represented by 0. This
matrix is then ow-standardised in order to maintain weights comparable
(Suchecki 2010, pp. 16807).

Global and local spatial statistics are parameters of spatial autocorrelation.
Global Moran'd is used to test for global spatial autocorrelation. It is given by
(Kopczevska 2007, p.72):

s’a.a,w

where X is the number of observation within locationX; X is mean of all
analysed locations; is the number ofdcations, andvvijj is the element of
spatial weights matrix.
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To analyse dimensions of significant clusters of similar values grouping
around particular location used are measures of local autocorrelation, which are
derived for each observation and they measure the relationship between
investigated regions and their neighbours (Suchecki 2010, p. M28an's |
statistics I;, measures whether any specific region is surrounded by
neighbouring regions with similar ardissimilar values of observed variable
relative to random spatial distribution of those values. It is given by the formula
(Kopczewska 2007, p. 90):

(Xi - )_()a. r;:lWij (Xj - )_()
=0 — 2)
ai:]_(xj - X)

3. Results

Autocorrelation relatinships between voivodeships were identified in
respect of the number of blood dorfoamd the number of packed cells uhits
For significance levela = 0,05 global statistics for number of blood donors
presented in table 1, callated for period 2003007 are statistically significant
and are indicative of weak positive spatial autocorrelation. Between 208
that statistic is not statistically significant i.e. there no statistically significant
tendency for voivodeships witkimilar number of blood donors to group into
clusters.

Table 1 Moran's | statistics for number of blood donors

YEAR MORAN'S | STATISTICS P-VALUE
2005 0.204 0.033
2006 0.171 0.050
2007 0.228 0.024
2008 0.166 0.061
2009 0.042 0.224
2010 -0.030 0.389

Source: own research.

% The variable is: total number of blood donors / 16&dents aged between-&8.

4 The variable is: number of PCUs / hospital beds at words with highest PCU demand
(cardiologic, surgical, intensive care, nerosurgical, haematological, obstetriyaaecological)
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The global Moran's | statistics has been graphically represented by scatter
plot. It enables to visualise local spatial relationships (clusters). The relationship
between given region and its neighbours is determined by distribdtepatal
areas across coordinate system across the OX axis where standard value of given
variable is marked. Standard value of spatially lagged variable is marked across
the OY axis. The plot is divided into quadrants relative to the origin (0, 0)

In orde to identify spatial regimes, different voivodeships were plotted on
the cartograms-12 according to quadrants of Moran's scatter plot. Figu@s 1
show distribution of voivodeships according to the number of blood donors.

W |7 HH 7 High surrounded by Hih 7 LL ¥ Low surrounded by Low
B 117 HL 7 High surrounded by Low IVi LH i Low surrounded by High

Figure. 1 Distribution of regions according Figure. 2 Distribution of regions according
to the quadrants of Moran's scatter plot for to the quadrants of Moran's scatter plot for
the number of blood donors in 2005 the number of blood donors in 2006

Figure 3. Distribution of regions according Figure 4. Distribution of regions according
to the quadrants of Moran's scatter plot for to the quadrants of Moran's scatter plot for
the number of blooddonors in 2007 the number of blood donors in 2008
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Figure 5. Distribution of regions according Figure 6. Distribution of regions according
to the quadrants of Moran's scatterplot for to the quadrants of Moran's scatter plot for
the number of blood donors in 2009 the number of blood donors in 2010

‘ﬁ ; il :
i

= .
- -

=

Source: own development.

Voivodeships enjoyinghe highest number of blood donors grouped into
high value clusters are marked by the darkest shade. Between 2005 and 2007
those were voivodeships located North and N&dlst of the country.
Voivodeships with low values surrounded by similar regionsvaaeked by the
lightest shade. Between 2005 and 2007 those were voivodeships located South
and SoutkEast of Poland. Voivodeships located within the band spanning from
North-West to SouttWest are also clusters with low number of blood donors,
however, neigbouring with regions displaying high value of that variable.
Figures 5 and 6 are a confirmation there is no spatial dependency between
variables describing the number of blood donors between 2009 and 2010,
because there are no explicit clusters. This medhat the number of blood
donors observed in that area is independent of similar numbers in proximal
locations.

At the next stage the hypothesis there is spatial autocorrelation between
the number of PCUs was verified. For significance leset 0,05 global
statistics for that variable (table 2) calculated for the period between 2005 and
2008 are statistically insignificant i.e. values observed for given region are
independent of similar values in neighbouring areas. Between 2009 and 2010,
however, lhose statistics indicate there is a positive autocorrelation i.e. the
proximal locations are similar.
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Table 2 Moran's | statistics for number of packed cell units

YEAR Moran's | statistics P-VALUE
2005 0.169 0.057
2006 0.151 0.071
2007 0.114 0.112
2008 0.138 0.085
2009 0.232 0.022
2010 0.221 0.027

Source: own calculations.

Voivodeships enjoying the highest number of PCUs grouped into high
value clusters are marked by the darkest shade.

B |7 HH T High surrounded by High 7 LL 7 Low surroundedy Low
B |7 HL 7 High surrounded by Low IVi LH 7 Low surrounded by High

Figure 7. Distribution of regions according Figure 8. Distribution of regions according
to the quadrants of Moran's <atter plot for to the quadrants of Moran's scatter plot for
the PCU in 2005 the PCU in 2006
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Figure 9. Distribution of regions according Figure 10. Distribution of regions according
to the quadrants of Moran's gatter plot for to the quadrants of Moran's scatter plot for

the PCU in 2007 the PCU in 2008
-

i v
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Figure 11. Distribution of regions according Figure 12. Distribution of regions according
to the quadrants of Moran's <atter plot for to the quadrants of Moran's atter plot for
the PCU in 2009 the PCU in 2010

Source: own development

Between 2009 and 2010 those were voivodeships located in Central part
of the country. Voivodeships with low values surrounded by similar regions are
markel by the lightest shade. Between 2009 and 2010 those were voivodeships
located anywhere between West and Sdtakt of Poland. An exception is the
Silesian voivodeship which in 2010 had a high number of packed cells units.

Spatial data analysis requires otn only investigating global
autocorrelation, but also to analyse local spatial autocorrelation which gives
better insight into how investigated variable is spatially distributed across given
area and it also enables to identify unusual observations.sTalded 4 show
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analytical local statisticeempirical significance levels are given in brackets
the two variables analysed.

Table 3. Moran's local statistics for the number of blood donors

MORAN'S LOCAL STATISTICS | i

VOIVODESHIP

2005 2006 2007 | 2008 2009 2010

-0.289 | -0.221 | -0.153 | -0.037| -0.096 | -0.020
(0.786) | (0.709) | (0.621) | (0.458)| (0.542) | (0.433)
0.696 | 0.415 | 0.634 | 0.389| 0.388 | 0.151
(0.018)| (0.090) | (0.027) | (0.107)| (0.102) | (0.262)
0.586 | 0.436 | 0.581 | 0.538| 0.409 | 0.229
(0.098)| (0.157) | (0.102) | (0.119)| (0.168) | (0.262)
-0.039 | -0.012 | -0.007 | 0.009| -0.014 | -0.006
(0.465)| (0.432) | (0.426) | (0.407)| (0.433) | (0.421)
-0.077 | -0.006 | -0.061 | -0.266| -0.188 | -0.060
(0.508) | (0.452) | (0.496) | (0.651)| (0.597) | (0.494)
-0.025 | -0.020 | 0.013 | 0.074| -0.006 | -0.058

Wielkopolskie

KujawskoPomorskie

Magopol ski e

G-dzkie

Dol noSl Nskie

Lubelskie (0.461)| (0.456) | (0.425) | (0.371)| (0.441) | (0.491)

| buekie 0031 | -0.075 | -0.009 | 0.088| 0012 | -0.033

(0.471)| (0.507) | (0.455) | (0.381)| (0.437) | (0.471)

rowickie 0.154 | 0.038 | 0009 |-0.044] -0.099 | -0.083

(0.244)| (0.371) | (0.406) | (0.472)| (0.541) | (0.521)

opolskic 0394 | -0112 | -0.088 | -0.101| -0.155 | -0.105

(0.781)| (0.543) | (0.520) | (0.532)| (0.584) | (0.539)

. 0398 | 0.121 | 0289 | 0.010| -0817 | -L.461
Podlaskie

(0.178)| (0.354) | (0.242) | (0.440) (0.935) | (0.999)

. 0.954 | 0610 | 0672 | 0.502| 0410 | 0236
Pomorskie

(0.008)| (0.052) | (0.041) | (0.091)| (0.125) | (0.221)
0.220 | 0.267 | 0351 | 0.343| 0.121 | -0.003
(0.248)| (0.212) | (0.163) | (0.169)| (0.325) | (0.436)
0.662 | 0.811 | 0.873 | 1.046| 0.940 | 0.984
(0.074)| (0.039) | (0.032) | (0.015)| (0.021) | (0.012)
0.198 | 0.299 | 0.343 | 0549 0437 | 0.384
(0.202)| (0.123) | (0.099) | (0.027)| (0.054) | (0.070)
0.574 | 0.449 | 0.708 | 0.534| 0.092 | -0.328
(0.064)| (0.108) | (0.034) | (0.080)| (0.351) | (0.747)
-0.323 | -0.269 | -0.503 | -0.986| -0.765 | -0.302
(0.695)| (0.658) | (0.804) | (0.964)| (0.921) | (0.693)

§1 Nski e

Podkarpackie

Swintokrzyski

War mi -Wazlrskie

Zachodmopomorskie

Source: own calculations.

Between 2006 and 2010 the podkarpackie voivodeship was the most
correlated with its neighbours in terms of the number of bltmtbr, indicative
of which were statistically significant positive Moran's loLadtatistics. In 2005
and 2007, on the other hand, the number of blood donors in pomorskie and
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kujawskepomorskie voivodeships was correlated with values obsemwed
proximal locations. Unusual areas though, where those statistics were negative
and statistically significant are voivodeships zachodniopomorskie (in 2008) and

podlaskie (in 2010).

Table 4. Moran's local statistics for the number of PCUs

MORAN'S LOCAL STATISTICS |,

VOIVODESHIP i
2005 2006 2007 2008 2009 2010
Wielkopolskie -0.024 -0.108 -0.041 | -0.089 | 0.003 0.004
(0.440) | (0.558) | (0.464) | (0.531) | (0.403) | (0.401)
Kujawsko-Pomorskie 0.459 0.459 0.497 0.574 0.739 0.504
(0.077) | (0.077) | (0.062) | (0.042 | (0.014) | (0.059)
Magopol ski e -0.053 -0.103 -0.101 0.044 0.218 0.368
(0.490) | (0.5280) | (0.527) | (0.416) | (0.291) | (0.197)
G-dzki e -0.095 -0.086 0.034 0.127 0.186 0.080
(0.536) | (0.524) | (0.376) | (0.274) | (0.216) | (0.323)
Dol noSI Nski el 0.897 0.842 0.783 0.704 0.781 0.798
(0.031) | (0.039) | (0.049) | (0.069) | (0.051) | (0.045)
Lubelskie -0.166 -0.116 -0.047 | -0.043 | -0.056 0.012
(0.592) | (0.546) | (0.482) | (0.479) | (0.490) | (0.427)
Lubuskie 0.329 0.330 0.375 0.269 0.377 0.238
(0.221) | (0.221) | (0.194) | (0.259) | (0.196) | (0.275)
Mazowieckie 0.249 0.174 -0.113 | -0.114 | 0.179 0.221
(0.162) | (0.227) | (0.558) | (0.559) | (0.222) | (0.183)
Opolskie 0.514 0.467 0.328 0.096 0.013 -0.193
(0.088) | (0.107) | (0.178) | (0.353) | (0.427) | (0.617)
Podlaskie 0.168 0.197 0.059 0.081 0.126 0.252
(0.324) | (0.305) | (0.403) | (0.388) | (0.355) | (0.267)
Pomorskie 0.819 0.814 0.785 0.934 0.834 0.718
(0.020) | (0.020) | (0.023) | (0.010) | (0.018) | (0.033)
$§1 Nski e 0.042 0.057 0.017 0.007 0.026 -0.088
(0.400) | (0.387) | (0.423) | (0.433) | (0.415) | (0.520)
Podkarpackie -0.201 -0.230 -0.297 | -0.189 | 0.224 0.380
(0.603) | (0.624) | (0.673) | (0.593) | (0.287) | (0.191)
S§wintokr zysk| -0.809 -0.775 -0.820 | -0.659 | -0.332 | -0.065
(0.990) | (0.986) | (0.991) | (0.967) | (0.796) | (0.498)
War mi -azlrskie 0.504 0.544 0.481 0.552 0.482 0.286
(0.092) | (0.078) | (0.100) | (0.076) | (0.101) | (0.204)
Zachodniopomorskie 0.069 -0.043 -0.111 | -0.094 | -0.086 0.026
(0.396) | (0.482) | (0.535) | (0.521) | (0.515) | (0.428)
Source: own computations.
I n t he investigated peri od,

apart

pomorskie voivodeships wetlkee most correlated with its neighbours in terms of
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the number of PCUs, indicative of which were statistically significant positive
Moran's locall; statistics. An unusual area though, where those statistics were
negative and statistically sigi f i cant was the magopol sk
2005 and 2007).

4. Discussion

1. The spatial dependency between the number of blood donors over the
investigated period fluctuated between moderate and none.

2. The spatial dependency between the number of R@blsthe investigated
period fluctuated none and moderate.

Hence, lower number of blood donors between 2005 and 2010
accompanied by concurrent increase in the number of PCUs is indicative of
higher number of multiple donors. That change might be thdtresithe
following events:

9 Implementation of Nationwide health initiative promoting honorary blood
donation.

9 Higher social sensitivity.
1 Higher number of mobile blood donation points, mobile units.

5. Conclusions

There are voivodeships in Poland, whererenir situation is satisfactory
as well as unsatisfactory, what from perspective of logistics management will
enable building an efficient network stalgg-stage (aggregation of voivodeships
sharing the same blood donation situation). Furthermore, the ngpésns
articulated in the discussion section of this paper open a new research field
recognising importance of logistics and marketing in terms of motivating
blood "suppliers" - donors of blood and its components.
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Streszczenie

DYNAMI KA ZMI ANOZERLRLEPRZEST BRYHBEMUE J
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Spatially Integrated Social Research and Officiabtatistics:
Methodological Remarks and Empirical Results on Local
Development

Abstract

This paper aims to elucidate some aspects of confluence of the
devel opments in modern methods of spat
data generating processe along with empirical illustration of these
interconnections from the development policy evaluation standpoint. Especially,
how the growing availability of data at the finest level of territorial division
(such as commurgrhinalevel data within the LodaData Bank system) may
improve decisional processes at the regional and local level, while paying
special attention to allocation of resources assuming geographic system of
targeting public support or intervention. Three interrelated questions that are
enpirically treated in the context of botb-convergenceand U-convergence
issues at the local level involve (i) measurement of the level of local
(under)development /local deprivation; (i) assessment of how responsive and
equitable are distributive policies in the domain of asshiressed public
resources; and (iii) evaluation of their impacts in terms of convergence and
social cohesion, which are among chief objectives of development policy
(especially in the 6newd EU member st a
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1. Introduction

Space plays growingly important role in sealesocial science disciplines
along with methodological developments in statistics, geography, economics,
and urban planning and community studies, to mention the few leading in this
respect. Consequently, it became a natural candidate for providindaarplét
integrate crosslisciplinary research efforts in social and behavioral sciences in
terms of data, methods and problems (Goodchild et al. 2000, pgl4839
There are, however, significant differences between the types of spatial analysis
employedn particular domains that need to be acknowledged at the outset when
interdisciplinary approach is being adopted, especially from a socioeconomic
perspective, as in this paper.

One may distinguish between more and less advanced disciplines in terms
of the advancement in some or all of the overlapping anéapatial analysis
(SA) encompassing (iflatadriven emphasis of SAspatial statistics(map
related, geometrical presentation of information, points, lines, patterns, and map
testing patterns),ESDAExploratory spatial data analysis (predelling
exploration of geageferenced data); (i) methattiven emphasis of SAspatial
econometricgtool of regional sciencespatialautocorrelationandregressiori
GWR/geographically weighted regressioggpstaistics (physical phenomena in
spatial data environmenit variograms, kriging); and (iii) problemriven
emphasis of SAinterdisciplinary approach(crossdisciplinary interaction and
spatially integrated social sciencéyee Fischer and Getis (2010, i424).

Despite the fact that all social phenomena take place in space, as Georg
Simmel noted ma than a century ago (e.g. U904, p. 5), such categories as
6spaced and o6éplacebd have, for a |l ong
obvious attributesFor example, in such schools of thinking @sological
analysis in sociology, that is seen by others (mainly, economists) as
impressionistic rather than systematic due to not being based on a regular type of
georeferenced dafa Things have changed ovémne past two decades. The
guestion Ahow do pl aces (Geym2000tpo46PH e t h
absorbs sociologists analyzing spatial effect of such phenomerinacaslity,
power, politics, interaction, community, social movements, poverty, dajian
crime, life course, science, identity, memory and history.

2According to G. Si mmel , the difference bet we
is due to five qualities which form uniqueness afpace: (i) the ways in which a space may be
divided into pieces and activities spatially ¢

may be localized in space; (iii) the degree of proximity/distance, especially in the city; (iv) the role
of the sense of sight; (v) and the possibility of changing location, and the consequences of the
arrival of the o6strangerd (cf. Urry 2004, p. 5)
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For economists, the regional and local growth and development are of
main objects of interest, with special attention being jpaidrticularly within
socal l ed d&énew e cbtoeadogecousgaetory incudingsuch as
technological progressand knowledge creatiormprocesses. And focusing on
innovation, learning procesand scale economiesvhich generate increasing
returns in factor productivityoffsetting the effect of diminishing nginal
productivity assumed in the neoclassical conceptualization of the production
function)- e.g., Capello (2009, pp. 388).

As regards statistics, specialization is progressing from methods of
detecting autocorrelation, autoregression and spatiarpator clusters offered
within general spatial statistics and geostatistics, to methods of exploring
complex forms of spatial dependence, I
of growth and dynamics employed in spatial econometrics, ecological or
epideniological studies (Fisher and Getis 2010), to hierarchical models for
spatiotemporal data (Cressie and Wikle 2011). Public statistics both responds to
increasing demand for geeferenced data while employing new techniques of
generating data for spatiahalysis and benefits from the advancement in overall
spatial methodology. In Poland, the most significant out of all recently organized
activities in this matter was employment of GIS technigdégital mapping)to
Census 2011 alongside a new fieldwoektnology (GP%rientedhandheldy
for obtaining spatial information on households and population. Among the
products, in addition to maps of about 35 thousand of statistical subregions and
about 200 thousand of enumeration districts it was planned tte areetors of
geographic information (borders) for territorial units of all levels in digital
version, in the shape format (Dygaszewicz 2007, p-1889; however, some of
these products are still being under preparation.

So far, as no cartographic autoioatsystem has been establishediyat
least for socieeconomic data at the level of the lowest territorial units, i.e.,
gmna(in terms of t he TEDRDBEwWay toperfdid T S5)
spatial analysis is to use substitute for -geferenced data dnto explore the
Local Data Banko6s files (formerly Bank
the CSO (GUS). Given the impressive advancement that has recently been made
in broadlyconceived spatial analysis oriented researchihe utilization of
refined methods and constantly richer gemded data on a larger scale may
require a coordination of a dumbck i academic and institutional (meaning
greater involvement of official statistic)n analysis of real problems.

General thesis of this paper, emphexg reciprocal influence of the
developments both in methods of spatial analysis and in the data generation
processes in public statistics remains valid, but as a postulate only, without
further elaboration here. The chief intention is to call attenionpportunity
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that is being brought about by the emergspgtially integrated social science
framework and to enhance a bigger involvement of the public statistics in
supporting the development of such an interdisciplinary approach.

The paper is structad along the sequence of three interconnected
guestions which design its contents. The next (second) section is devoted to the
issue of measurement of local (under)development. In third section an
evaluation exercise is performed for checking the effenttgs (in addition to
equity) of the policies distributing public resources to territorial units at the
smallest levelgmina. Finally, in fourth section, the issue of spatial disparities
will be analyzed in the context Gfconvergencéo check whether ahhow the
inequalities had eventually been reduced over time (between the years 2008 and
2010) due to the employed policy of public resource allocation.

2. Community deprivation as an argument for local developmerit research
problem operationalization andthe measurement issues.

Since the choice of a measure of development (underdevelopment) as well
as of observational unit in spatial analysis determine to a large extent its results,
the typically employed solution is to use highly disaggregated data,ifbdihe
context of regional growth (see Abreu et al. 2005, p3dand of spatial
inequality (Rey 2004, pp. 19193). Therefore, all variables analyzed in this
study are observed at the finest level, gejna

The basic unit of analysigmina,is treated here as an operationalization
of 61 ocal canmompheing concdptuafized holistically. That is, as
a kind of a social space thatin addition to standard definitions as a unit of
development (cf. Bhattacharyya 2004, pplZ% Cnaan et al2008), or as
asociological category (for a survey of such meanings see Vaisey, 2007, pp.
851-60) i is characterized in terms of four types of communiipstituting
factors or dimensions, embracing: (i) integrated local capital; (i) community
wellbeing; (i) local deprivation or risk factors; and (iv) communhyilding
activities, agents and programs (see Okrasa 2011, pi27298

Researcloperationalizationof the problem involves some assumptions
and needs to formulate explicitly the main questiand hypotheses. The chief
assumption can be stated brieflgcality matters Along with conviction that
gmina is the appropriateunit of analysisin studying local development.
Especially if it is the endiser of programs or intervention despite the v
sources might be distributed at other levels (as it is the case-sp&tsored
programs). It is complemented by both policy and methodological observations.
The first underlies the usefulness gatial analysis for policy design and
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evaluation of prgrams that involve distribution of public resources at the local
community level. Second makes it clear that in order to aspebsies
employing geographic targetingnechanism of resource allocation suitable
indicatorgto capture the complexity ofaudis wel | bei ng are i nd

The respectivguestiongrefer to:

i. What is the level of (under)developmentgrhing taking into account most
of the important aspects of | ocal p
require employment of multidimensionalndex of local deprivation.

ii. How responsiveis the ared ar geti ng di stributive p
devel opment 06, t a &quityigsuél Im padicularct@ whatn t tt
extent has the policy about distribution of public resources (represeneed her
by 6t ot al gminalfdldwddi the iincipte mhorizontal equity
according to which a greater amount of subsidies ought to go to poorer
units.

iii. How effectiveis public allocation policy in terms of reduction of tloeal
deprivationover time specifically between 2008 and 20107

iv. At which level of groupings ofminasi powiator voivodshipi is the process
of changes toward a greater homogeneity more visible and advanced?

Hypothetically,we may expect that publinterventionpolicy follows the
principle of bothhorizontal andvertical equity, contributing to social cohesion
and territorial convergence, while reducing disparities and demonstrating overall
efficiency through providing relatively more for underprivileged localities.
However, such ra expectation is not obvious in the context of Central and
Eastern European (CEE) countriethis point is discussed in the next section.

The measurement of local deprivationsing Local Data Bank for the
years 2008 and 2010 involved process that stavittdselection of the domains
along with the appropriate sets of variables descrigiminain the relevant
respect. Altogether 11 dimensions have been defined, each containing several
dozens of variables, making it necessary to employ factor analysi) (RC
order to reduce them. Actually, confirmatory version of the analysis was
conducted as only the first factor was extracted for constructing the scale of
deprivation, and factors loading were used as weights in calculating the
composite index; the s@ivas transformed to have origin at zero and maximum
at one hundred. In consequence, the constructed Multidimensional Index of
Local Deprivation (MILD) embraces the following domains of deprivation:
ecologyi financei economyi infrastructurei municipal utilities T culture i
housingi social welfarei labour markefi educationi health.The reliability of
the composite measure (MILD) was sufficiently high (al@inanbacha above 0,8).
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The index oflocal deprivationwas used first to assess tlesponsivenss
of policy about public resource distribution. How close (distant) is the actual
distribution of total subsidies accrued gminasto the one expected on the
ground of the MILD (that supposes to |
latter distributionwas simulated according to the proportionality formula (see
Okrasa et al., 2006, p. 1058):

R OMILD,

pPS == P GMILD, Qi S 1)

where i 1 subscript for territorial units, i= 1, 2, 3 . . . n (fgminasin
Mazowieckievoivodshipn = 314; in country, n = 2478pS1 subsidies accrued

to i-th gminaaccording to the proportionality indeMILD; - Multidimensional

Index of Local Deprivation used as index of proportionaliB; - local
population (number ofy mi nrasidents);S - actual amount of subsidies
accrued to-th unitgmina. The spatial distribution of the simulated and actual
values of subsidies per person are visualized on figures 1a and 1b at the level of
gmina in Mazowieckievoivodship for the whole country the samgpes of
distributions are presented for the levepofviaton figures 2a and 2b.

Figure 1a Allocation of subsidies togminas Figure 1b. Actual distribution of subsidies
proportionally to MILD, Mazowieckie voi. to gminas Mazowieckie voi. (208)
(2008)

= BA49 9917
B49 9917 - 906,4056
B <06.4057 - 928 B741

. - o258 8741 i
= 715,2854 — 1060, 1014
B 1060,1015 — 1214,4610
N - 1214,.4610

Source: aut hordés calcul ations.
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The evident similarity of actual distribution of subsidies to the ones
expected under the local deprivation index (MILD)except for northeast
subregioni accords with the assumptions of convergence and sociasioahe
as well as the equity principle. With clearly recognizable metropolitan and
centreperiphery effects that exists in practically all of the eleven dimensions,
analogous comparisons between actual and expected distribution can be made
for each of them.

The countrywide distribution of resourcéssubsidies t@minasgrouped
in powiatsi expected under the local deprivatibased criterion of allocation,
despite showing some spatial resemblance to the actual distribution (in 2008
year), differ from it inseveral areas significantly. The most unith@ested from
this point of view are some eastemivodshipg especially Lubelskie voi., and

centr al south (Swintokrzyski e voi .);
6di sproportionallyd beneficial

Figure 2a. Allocation of subsidies t@minas Figure 2b. Actual allocation subsidies to

grouped in powiats proportionally to gminas grouped in powiats in country

MILD in country (2008) (2008)

< 83,9137 = 95,3851
939137 - 8334829 Aa95 3851 - 8172143
BN 5334230 - 368,3518 B 5172144 - 353,2730
. - 3653518 M > 953,780
Source: authords calcul ations

Slightly less, but still noticeably smaller than expected are amounts
allocated togminasin westernvoivodships wi t h Dol ndeSandNs ki e,
Opol skie wvoi . showing relatively Dbigagt¢
the local deprivation basis. In addition to the above presented empirical results
which, in general, conform to the equity concern in the context of convergence
and sociakohesion policies, further analysis are needed to address the issue of
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how effective they are in this respect. This leads to the necessity of involving
dynamic aspect.

3. Local development i dependence in deprivation and efficiency
of resource allocatio

Two aspects of the question of hetfectiveis public allocation policy in
the local development contekt descriptive and inferential are discussed
below using the same type of data as previously, but for the years 2008 and
2010, to make some compsoins in time. Descriptively, an efficient use of
public resources ought to be reflected in greater reduction of local deprivation in
more disadvantaged uniggiinas(i.e., higher on the MILD scale). In particular,
in such a case as illustrated by figurefdaMazowieckie voi. we might expect
a kind -oégatpihwed effect: the I ighter
marking smaller deprivation at the previous moment of observation (year 2008),
the heavier they ought to be marked (the bigger changesdest) at the next
moment (year 2010); andce versaThe figure 3 presents results of the changes
for one voivodshipi on the left map reduction of local deprivation is shown
(darker means bigger reduction), while the right map depicts increased
deprivaton.

Figure 3. Changes in local deprivation (MILD) at the level ogminaduring 2008-2010, Mazowieckie voi

guxal I;?;&vlatgxon reduce: ivation increased 2008-10
ring 2008-
. <-19101
B -1.9101--1,0678
-1,0677 - -0.4873
> 04873

<0.519

0.5196 - 1,2261
Bl 1.2262-19006
B > 1.9006

Source: authordos calcul ations.

Indeed,gminaslocated at the central metropolitan area (including the
capital city) show relatively biggest irease in local deprivation, whilgminas
located at the periphery show the relatively biggest reduction in it, with
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significant exceptions in the south part of theivodship where several
underprivileged communes suffer from persistent deficiencies. Tha te
6relativelyd is <critical here because
gminaslike Warsaw and nearby occurs at much lower level than its reduction at

the bordetperiphery units.

In order to shed light on the relations between the levels of local
deprivation over time a simple regression was run for the MILD in 2010 on its
values in 2008. For the whole country428 gminag, the slope was 0,7968082
(sign. at p < 0,0001); and RsgAdj = 0,82; there is high dependence of the
deprivation, supportinghe above observation of its persistence at the absolute
level (deprived areas remains deprived over time, at least at the short time
perspective). On the other hand, in a given dimension of deprivation changes
could occur in one direction (for instancedueing the level of deprivation in
labour market) but in the opposite direction in another (for instance, increasing
in the domain of health); therefore, such an exercise was performed for all
domains. The results are illustrated below, for Mazowieckie (@i models
significant).

Table 1. Selected parameters of the linear regression of local deprivation in 2010 on local deprivation

in 2008

Domain of deprivation RSOug; Slope
MILD Total deprivation 0,87 0,773
Ecology 0,76 0,661
Economy 0,96 0,990
Infrastructure 0,08 0,315
Culture 0,33 0,478
Municipal utilities 0,99 1,002
Housing 079 0,667
Social welfare 0,19 0,324
Labour market 0,43 0,653
Education 0,89 0,939
Health 0,93 0,994

Sour ce: aut horés calcul ations.

The scope of autdetermination inthe different domains of local
deprivation over timé that is pretty high for the joint measure (MILD)aries
considerably, towards a bipolar patter
of infrastructure, social welfare, labour market and cultargigh for the rest,
peaking for economy, municipal utilities and health. This underlies analytical
i mportance of O0sectoré (all parameters
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In the context okefficiency of allocationpolicy analyzed from spatially
oriented ®aluation perspective, focused on the convergence and social cohesion
issues, both aspects of changegrowth @-convergence) and disparitieg- (
convergence) are of objects of research interest. The former is addressed
below, the latter in the next semt.

In a study of social cohesion and convergence policies across EU member
states 1 for instance, as reported in the World Bananized paper
(KochendorfeiLucis and Pleskovic2009)i a serious difference was stressed
bet ween t he 0o lerdstatesaWhie the foemerdemuorestnated the
b-convergencei pattern of growth (defined as a negative relationship
between initial income levels and subsequent growth rabesthe CEE
countries quite opposite tendency was observed: a positive relationship between
the initial level of development dnits dynamics, with capital and metropolitan
regions developing faster than bergheripheral regions (Gorzelak009, pp.
259264).

As noted byQuah (1993p. 5) the ternconvergenceaefers to different
things, even in the context of comparative analy$isnoome growth (with
ABarro regressiond as its core). But
notion is being evoked here to simply validate the commonly employed and
usually empirically confirmed pattern of income dynamics, checking atthe s
time the above conclusion at the levebafina(other calculations wenmadeat
theNUTS3 level). To this aim, a common OLS approach was employed with the
local deprivation (MILD) measure used instead of incameith conwerted
val ue of 0 dsincewredbctionr it degrivation may indicate
development), as follows:

[(Yu-Yw)/Yu]l=a + bYu+eg (2)

where Y; and Y, stand for values of MILD in 2008 and 2010, respectively.

The obtained resultBeta= 0,56 (t=33,85; p <0,001; Rgg= 0,32) i
despite using somewhat different, indirect concept of growth (decrease of local
deprivation) i look rather surprising. The positive value loéta coefficient
confirms the above quoted findings, indicating two things. First, that discussed
earlierdst ri buti on of subsi di es, despite
devel opment 6, and apparently to the
objectives, may in fact contribute further to gaps between advanced and
disadvantaged areas, also at the loe&kll Second, slightly weakening this
argument, one may claim that the overall impact of subsidies is too small as
afactor of development, while others influence the level of deprivation more
effectively 7 in the direction of divergence rather than cogesice and
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cohesion. This observation yields the need to look at the second aspect of
convergence/divergence in terms of local deprivation, i.e., trends in spatial
disparities over the same period of time.

4. Spatial disparity in local deprivation i doelsetoweend or ow
inequality prevail?

Spatial disparities in regional and local growth measures become an
increasing object of interest along with shift from international income dynamics
to intranational dyamics in recent literature (Re3004, p. 198 When local
deprivation is used instead of income, the main question concerns the level of
territorial unitsi gminaor powiator voivodshipi at which a tendency to greater
homogeneity (heterogeneity) can be expected in terms of a measure of overall
dewelopment, such as the multidimensional index of local deprivation (MILD).

Inequality of local deprivation is here measured by the Theil index (Theil
1967) which is commonly used to describe spatial disparities (cf. Rey 2004,
p. 194), according to formula:

T =& 5log(ns) ©

s=yi/la iy (4)

where: n is the number ofgminas vy; is local deprivation in-th gmina and
(i = 1, é , n)

The first impression from the results calculated for inequalitigsmfi n a s 6
deprivation for the years 2008 s = 0,00137) and 2010 ¢d;0= 0,00102),
respectively, was their low level. Partly at least, it might be attributed to very
large number of the observational uni@sA8 gminag. But, more importantly,
the clearly declining tendency by onefourth of overall inequality in local
deprivation between 2008 and 20L0raises the question about the level of
grouping at which thiseduction is primarily taking place. Specifically, are there
powiats or voivodshipsof that level of aggregation at which the apparent
processes of homogenization is becoming more visible? For this, spatial
decomposition of the T indéxinto intra and iner-regional components was
performed.

The choice of thd index forspatial inequality decompositiois due to
its convenient characteristids as a member ofgeneralized entropy class of
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inequality measure$ such as beingdditively decomposable (Sharcks and

Wan 2004 Rey 2004, pp. 194198). And there is a possibility to employ it to
determine the extent to which total inequalitgan be attributed to each of two

types of sources of differentiations, one operating {irged other intraegions:

T=Tg+ Tywhere i s inequalityyiBbethnwageamd i aygd
agiven set of appropriately partitioned territorial units. In particular, such as
powiats encompassinggminas as their own units. Accordingly, T can be
decomposeds follows:

T= 6} s,log(n/n,s,)+Q s,a s, log(n,s ;) (5)

g=1 g=1 iig

Thatis,allngminag 2 478) are partitioned int
exhaustive sets gfowiats(379). The results of such decomposition are listed
below, in Table 2.

Table 2. Decomposition of the Theil indexfdocal (gmina)d e pr i vati on i nto inequal
Owi t hindé c¢componenpaviatsafidoB) redioAsyoivodshifs|vakeies iare n s
rescaled by 16]

A. Inequality of local gmina)deprivation

decomposed into betweengfTand within
(Tw) powiats;country

B. Inequality of local deprivation
decomposed into betweeng]Tand
within (Ty,) voivodshipsgountry

Years

Total Ts Tw Total Ts Tw
2008 0,1371 0,0708 0,0663 0,1371 0,0229 0,1142
2010 0,1029 0,0497 0,0532 0,1029 0,0127 0,0902

Source:authr 6 s cal cul ati ons.

Figures suggest that generally diminishing inequality of local deprivation
over time (confirming overall tendency to convergence and social cohesion)
shows some differences in its structiiree., in proportion between and within
comporentsi at powiat andvoivodshiplevels, as well as in pattern of changes,
respectively. However, since the measure reaches maximum atfpghe
number of units of observations counts for the value of the components. In other
words, results of inequalityecomposition are highly sensitive to the scale of the
observational unit and their partitioning (see Rey, 2004, p. 198; Abreu et al.,
2005, p. 34). Therefore, the problem of homogeneity/heterogeneiéynd
especially of spatial convergences in terms eflttal deprivatiofi ought to be
interpreted cautiously. But due to the fact that employed here decomposition
involves the same units of observatiog®iing in both types of partitioning, this
bias seems to be significantly less harmful. Hypotheticaltye should expect
that between units component will prevail over within component at the lower
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level of aggregation (e.g. NUTS4, compared to NUTS2). Some simple indicators
proposed in the literatuiiesuch asP = Tg/ Tw and R(B) = E/T (see Rey, 2004,

p 197-198)1 may facilitate qualitative assessment of the relative importance of
betweerandwithin inequality; results are in table 3.

Table 3. Patterns of changes in local deprivation during 2068010 using ratio indicators

Years \ P=Te/ Tw \ R (B)=Tg/T
between and withipowiats ,countrywide
2008 1,067 0,516
2010 0,934 0,483
between and withinoivodships countrywide
2008 0,200 0,170
2010 0,140 0,120
Source: authordéds calcul ations.

In the light of these results, the above expectations are ¢jgneet:
when countypowiat level aggregation is used, the insabregional inequality
seems to be more important. The opposite can be said for higher level
aggregation, voivodship, where within region differentiation plays more
important role. Despite wiilarity of the patterns of changes at both levels, this
suggests a tendency towards a less homogewvoivsdshipsdue to greater
heterogeneity amongowiats To shed light on this question, the same type of
analysis has been conducted for easivodshipfor the years 2008 and 2010
see Figure 4a and b.
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Figure 4. Decomposition of local deprivation inequality into between and withipowiatscomponents,

by voivodship for the years 2008 and 2010

Figure 4a - 2008
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In addition to generallgmaller inequalities of local deprivation in 2010
than in 2008 in all voivodshipsexcept for Pomorskié the most impressive
information carried out by the above figures is very big variation of disparities in
local deprivation amongoivodships Somevoivodships(Zachodniopomorskie,
and Pomorskie) surpass 3 to 4 times the level of disparities in others (Kujawsko
e, Swi ntokrzyskie)
discernible differentiations amongowiats along with declining inequalities
amonggminaswithin them, meaning a likely shift gfowiats(if this short time
trend continue) toward a greateprhogeneity in terms of overall measure

Pomor& i e,

G-dzki

deficiencies (MILD).

5. Conclusions

Official statistics has contributed a great deal in terms of the appropriate

Figure 4b - 2010
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data to the progress of spatial analysis and its relevance for policy purposes.

Especially in regionagirowth and local development areas of research that are
increasingly involving micrdevel aspects of such issues as convergence and
social cohesion, along with evaluatitotused interest in patterns of spatial
disparities. Some of these issues were aedlyn this paper starting with a holistic
approach to measuring communitgm(ing level of (under)development (with
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amultidimensional index of local deprivation (MILD) created for this purpose)
and using data from Local Data Bank to address the questiequity and
efficiencyof public resource allocation (subsidiesgiminag. Bearing in mind

the complexity of the relationship between development and inequality, the
Theil index was employed to check the impact (weak, as showed by data) of the
resourcesaccrued tagminas(subsidies) on reducing disparities in measures of
local deprivation. Decomposition of the T index revealed a tendency to
homogeneity of powiats but also to their greater differentiations within
voivodshipswhich, subsequently, are mucohore differentiated intraregionally
than between themselves. In addition to some policy suggestions for public
resource allocation policy, this resul
approach and for factdrased (by the dimensions) decompositid inequality.
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Streszczenie

PRZESTRZENNA INTEGRACJA BADAG SP OKIESTATNSTEKI
PUBLICZNEJ - UWAGI METODOLOGICZNE ORAZ WYNI KI BADAG
ROZWOJU LOKALNEGO

Celem artykugu |jest podkreSlenie wsp-gzal
metod analizy przestrzear] a podaUN odpowiednich danyct
statystyki publicznej. Przedmi otem rozwalO
danych na poziomie jednostek terytorial n
proces- - w decyzyj nyc hebluz blahymd iz igionaingm, pea Sz
szczeg-lnym uwzglfindnieniem decyzji dotyczNK
(lokalnego) poprzez tzw. geograficzne adresowanie interwencji publicznych.
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Measuring Cost Efficiency of Ukrainian Banks in 2008

Abstract

The paper presents the results of a stochastic frontier analysis (SFA) of
costefficiency of Ukrainian bank#s of lack of data on the personnel costs, we
had to set limits to the year of 2008 onlp.modeling banking activityye apply
the intermediary approach as one of the most commonly used in literature.
Considering the results of statistical tests, we chose translog functional form of
cost function and halhormal distribution of random inefficiey term.As
a result of the research, we found out that efficiency of Ukrainian banks varies
within 0.5224 and 0.9869 with an average value of 0.8734. Having checked
a range of hypotheses, we discovered insignificant distinctions among banks by
their si2, type of owner and location.

1. Introduction

Present state of economy of Ukraine requires constant attention to
banking system, conducting of a policy aimed at a creation of favorable
conditions of stable and efficient functionirfganking systemplays akey role
in the modern market economics. It is banks that attract deposits and give loans
to the market participants, contribute to increasing competition and efficient re
distribution of money resources.

" Ph.D., Full Professor, Department of Management, Lviv Academy of Commerce
" Department of Management, Lviv Acadg of Commerce
" Ph.D., Full Professor, Institute of Economics and Finance, Lviv Academy of Commerce
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The economic crisis and pestsis unstable poital situation in the
country predetermines the necessity of banking activity assessment and
discovering of the causes of worsening financial position of commercial banks
in order to preserve their financial stability. This is an important precondition of
the countryds coming out of the crisis
attractivenessThat is whyinformationon b a n &fficiency is rather important
for the market participants. The problem is that none of the existing coefficients
on bankingactivity (either absolute, or relative) give exhaustive information on
bankds efficiency. Therefore in the m
along with classical analysis of financial coefficients more sophisticated
methods of frontier analysis erused. One of the main advantages of these
methods is a possible integral estimation of efficiency of banking activity. With
such an approach the results of activity of a certain bank can be integrally
compared with the results of the selected banks amutesent are the best
practice ones (i.e. make the most of the existing technology), nhamely are on the
so called frontier. The methods of frontier analysis can be parametric or non
parametric depending on the assumption used modeling a frontier.

In our pevious research papers (see Pilyavskyy and Magig pp. 91-
106, Pilyavskyy et al. 2010pp. 1622) we used a noeparametric method of
frontier analysis, namely DEA, while in this very paper we use one of the
parametric approaches, igochastic froner analysis(SFA). SFA is widely
used for bankds efficiency esti mati ol
particular Russia (Byelousova 2009, pp489, Styrin 2005, pts .i 29,
Peresetsky 2010) , Hungary i22Hp Slaveniaand |
(Stavs8rek and Gulganov§g J. 2009) , Cze
Ukraine, we are acquainted only with one paper devoted to efficiency
measurement of Ukrainian bankising SFA method (sedertens and Urga
2001, pp. 29B808. That is why we considaesearch in this direction rather
vital. In this research paper we suppose to check if:

1 costinefficiencyis present in the Ukrainian banking system

1 foreign banks are merefficient, than Ukrainian ones;

1 efficiency of Ukrainianbanksdepend®n their size;

1 efficiency of Ukrainianbankssomehowdiffers dependingpn their location.

The structure of our paper is as follows. In section 2 method and model of
banking activity asvell as data used for estimation of efficiency of Ukrainian
banks are discussed. In section 3 we provide the main results of efficiency
measurement and test some hypotheses. Finally, in section 4 we summatrize.
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2. Method, model, data

The foundationsof the methodologyof frontier analysisand modern
efficiency estimationare in the paperby Farrell (Farrell 1957, pp. 25290),
who, in his turn, on the basis of the preceding works by Debreu (Debreu 1951,
pp. 273292) and Koopmans (Koopmans 1951, pp-933 offered simple
measure of economic efficiency of a firm and its decomposition onto allocative
and technical. Depending upon the way a production frontier is built, methods of
frontier analysis fall under: negparametric, in which linear programming
technique is used and parametric, where econometric analysis is applied. SFA
method is the most widely used of the parametric methods.

SFA was introduced in the works Bygner et al. (Aigner et al. 197pp.
21-37) andMeeuserandvan den Broeck (Meeusemdvan den Broeck 1977
pp. 435444) independently from one another. In the approach to measurement
of technical efficiency, econometric analysis is used to model production
function, which contains two random componen®ne of them estimates
random errors, wite the other one deals with inefficiency measurement. Then
firm& efficiency depends on a functional form for approximation of
a productionfrontier and a distribution form of random component€obb
Douglasandtranslog are the two functional forms moften used for efficiency
estimation, taking into considerationnaultiplicative nature of efficiencyand
thatCobb-Douglasandtranslogcanbelinearized.

Having somewhat modified a model used for technical efficiency
measurementSFA alsoallows costefficiency estimation Costfunction canbe
expresseasfollows:

INnC=1f(y,w2 +u % (1)

here C T costs y 1 outputs (volume of outpu), W T prices for inputs
(resourcel z i socallednetputs(fixed parameters u T randominefficiency
term v 1 random error term Distribution of random error term can be
considered normal, whileancbm inefficiency term - half-normal truncated
normal, exponential, gamma etc. There are no clear criteria for choosing
a distribution of random inefficiency term. That is why, more often they choose
either halfnormal or truncated normal distributionsrahdom inefficiency term.

Then, havingK banks, efficiency of bank (k=1....,K) of them (Eff,) can
be calculated as follows:

Eff =g &, @)

where [ - estimate oparameter, .
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Unfortunately, there exists no simple way of calculatiggpf u, . It
depends upon both distributiop, and a chosen method of estimation. For
details see, e.g. Kumbhakar and Lovell (Kumbhakar and Lovell 2000).

Efficiency of the bankingsystemon the whole ( Eff ) is arithmeticmean
of measuresgf efficiencyof individual banks

K
3 Eff,
Eff = = 3
” 3

In our researchfor efficiency measuremendf Ukrainian bankswe use
dataon the activityof Ukrainian banksin 2008 that are onthe NBU& Web
sit¢’. Selectingdatafor the researchwe appliedthe intermediaryapproachto
modeling bankin@ctivity (seeSealey and Lindley 1977, pp251 1266.

According to the intermediary approach banks are considered as financial
intermediaries between depositors and borrovigssks 6 p r o dhterenedéry
servicesattractingdepositsand other obligationsand allocatethemin earning
assetqloans securities etc.). Loansand securitiesand otherearningassetsare
outputs in our model. Prices of labor, borrowed funds and physipithl make
price of inputs. We use an amount of banking capital as a netput (fixed input) (in
details for the list of variables see table 1). However, independent variables that
form a regressioequation may significantly correlate with each other,that
is undesirable, because of sensitivity of regressors even to inconsiderable data
changes, so we calculated variance inflation factors (VIF)Gsgarati 2004 to
di scover multicolinearity. For alll i N
be lesghan 10, so it can be considered that there is no multicolinearity.

! We use data of 2008, since the NBU ceased publishing data on personnel costs after 2008
and it is the key parameter for efficiency estimation.

2\www.bank.gov.ua
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Table 1. Variables and their definitions

Variable Name Definition

TC Total costs operative costs, interests and charges

personal or commercial loans but for the reser

TL Total loans under them

Securities  and othe securities (incl. state securities) and assets in @

SOEA earning assets banks but for the reserves under them
. interest and charge costs divided by all the type:
PBF Price of borrowed funds borrowed funds
PL Price of labour personnel costs divided by asSets
PPC Price of physical capital Fotal a_dmlnlstratlve costs divided by tangible a
intangible assets
BC Capital of bank banking capital

Source: developed by the authors.

Consequentlywe havedataon activity of 151 Ukrainian banksin 2008.
The following step is to choose a functional form and a distribution of a random
inefficiency term. In order to choose between functional forms of either Cobb
Douglas or Trandog models, we used the Ldgkeliood Ratio Tet (LR Test)
(seeCoelli et al 200% According to the results of the test, on the level of
significance equal to 0.05, a halbrmal distribution is preferred. We also used
the LR Test to choose a distribution of random efficiency term betiwakn
normalandtruncated normalA halfi normal distribution is preferred according
to the results of the test on the significance level of 0.05. Consequently, the
specificationof our modelis asfollows:

% Let us note that the best approximationof labour costsis aratio of personnel costs to
a number of employeebinfortunately NBU do not publish data on a number of personnel.
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IN(———) =
(PPCGSC)
ph +@Inl o SOEA gy PBF b P 2Tt
BC BC PPC PPC BC
+b6ln2 SOEA + bl 2 PBF PBF +8m —TLIn SOEA N
PPC BC BC
TL, PBF PL SOEA PBF
+b In—In— — OYER TP
"BC + i BC ppc " PPC
4
+bygln SOE n—PLy bin (PBEPL L 4)
PC PPC PPC
Random components are disuted in the following way
v~N(©0,s52Z), u~N (0,§) (5)

It is known that the cost function has to be homogeneous. To satisfy this
condition, we used one of the prices (PPC), namaiyeraire and divided total
costs byit. In order to eliminate a heteroscedasticity effect, total costs and all
outputs were dividetly bankingcapital.

3. Results

To estimate the efficiency of Ukrainian banks, we applied R program,
namely Benchmarking package (¥egetoftand Otto2011). The estimates of
costfunction parameters (4) are given in, Table 2.
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Table 2. Summary of estimation

Parameter name Estimator of paramete Std.err  t-value Pr>ft)
by -1.50712 0.08606 -17.5126 0.000
by 0.65071 0.05497 11.8368 0.000
b, 0.50007 0.06704 74589  0.000
bs 0.39522 0.05632 7.0176  0.000
by, 0.61489 0.07581 8.1113  0.000
bs 0.11808 0.01891 6.2449  0.000
be 0.07776 0.01102 7.0588  0.000
b, 0.11479 0.01545 7.4289  0.000
bg 0.11395 0.01562 7.2942  0.000
bg -0.20917 0.02032 -10.2942 0.000
1o 0.006® 0.02680 0.2272  0.820
b1y 0.04712 0.02704 1.7424 0.083
b1o 0.06520 0.02262 2.8819 0.004
b1a -0.05360 0.02698 -1.9868 0.048
b14 -0.21266 0.02898 -7.3376 0.000
S 4.60382 1.30053 3.5400 0.000

52=0.035358,52=0.001593, s 2 = 0.033765

log likelihood = 120.2094/ =

U)|tn
<NIEN

Source: developed by the authors using the R pro@anthmarkingpackage

Having usedthe Wald test (seeCoelli et al 2005) on the significance
level of 0.05,we canaffirm thatinefficiencyis presenin the Ukrainianbanking
system. Moreover, taking into consideration the results of estimation, 95% of
total variation can be explained by the inefficiency and only-3%g random
errors.
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Theaveragecostefficiency of Ukrainianbanksis ratherhigh; it is 0.8734,
while individual measures of ceefficiency vary within 0.5224 to 0.9869.
Within the framework of our researchwe also discuss costefficiency of
Ukrainian banks by their siZetype of owners (banks witforeign capital and
Ukrainian ones) and their location (Kyiv or regional).

Table 3 Resullts of efficiency estimation

N mean min max Std
All banks 151 0.8734 0.5224 0.9869 0.0885
Banks by size
w (The Lar 17 0.9153 0.8340 0.9869 0.0470
Il (Large) 19 0.8785 0.7019 0.9612 0.0739
I (Medium) 21 0.8768 0.7044 0.9652 0.0730
IV (Small) 94 0.8640 0.5224 0.9797 0.0974
Banks by owner
With foreign capital 44 0.8708 0.5224 0.9797 0.0877
Ukrainian 107 0.8744 0.5697 0.9869 0.0888
Banks by location
In Kyiv 96 0.8765 0.5697 0.9869 0.0944
In regions 55 0.8678 0.5224 0.9709 0.0769

Source: developed by the authors.

We canseefrom table 3 that the larger the banksare, the higher s their
efficiency Thus, the efficiency of the largest banks is 0.9153, while of the small
ones1 0.8640. Inthe largestbankgroup the least efficiency variation is
observedwhile in the group of small banks it is the highesHowever having
usedan ANOVA to checka hypothesison efficiency differencesamongthe

4In thepaperweuset he NBUO6s medifférantiatioh oflsayks inté groupsThe
methodologyanticipates referring aertainbankto oneof four groupsby amountof their assets
and regulatory capital.
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bank groupsby their size on the significancelevel of 0.05,we canaffirm that
thereexistno differencedn efficiency of banks by the groups.

As to the efficiency of banksby the type of owner, the averagevalue of
bankswith foreign capital (0.8708) it hardly differs from that of Ukrainian
banks(0.8744) The thing is quite the same with the banks located in Kyiv or
regions (the average values respectively @765 and 0.8678. On the
significance level 00.05 thet- tests also point to the fact that efficiencies of
foreign banks vs domestic ones, as well Kyiv banks vs regional ones do not
differ.

4. Summary

The paper is a preliminary research of a possible application of stochastic
frontier analysis to eghation of costefficiency of Ukrainian banks.
Unfortunately, as of lack of data on the personnel costs, we had to set limits to
the year of 2008 only. According to the results of efficiency measurement, we
found out that the efficiency of Ukrainian bankaies within 0.5224 and 0.9869
with an average value 68734

Having checked a range of hypotheses, we discovered insignificant
distinctions among banks by their size, type of owner and location.

Appendix A

Table A.1. Descriptive statistics of data ugd for estimation
Variable mean min max Std
TC 544 081 7 396 10 000 821 1194 851
TL 4431940 25548 64 420 601 10 067 381
OEA 800 842 1343 18 916 820 1949 545
PBF 0.086 0.011 0.262 0.033
PL 0.027 0.003 0.143 0.017
PPC 0.332 0.027 0.978 0.221
1 C 747 273 28 057 15471 943 1721791

* Variables TC, TL, OEA and BC given in thousands of UAH

Source: developed by the authors.
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ELtBIETA SOBCZAK

Smart Specialization of Workforce Structure in the European Union
CountriesT Dynamic AnalysisApplying Shift-Share Analysis
Method®

Abstract

The objective of the hereby paper is to present dynamic analysis and
assessment of workforc&ugeture in the European Union countries based on
structural and geographical shifihare analysis. Workforce structure in
economic sectors, distinguished based on R&D work intensity in the European
Union countries in the period of 20®10, was the subje of diversification
and transformations assessment.

Shifeshare analysis enabled the decomposition of occurring changes into
regional, structural and global effects as well as the identification of the, so
called, allocation effect resulting in the ctafication of the studied countries
with regard to combinations of local specialization and competitive advantages.

The performed research also allowed for the identification different kinds
of workforce structure chacderized by smart specialization (sifjcant share
of workforce in higktech manufacturing sector or highch services sector) and
the assessment of generated structural and competitive effects.

"Ph.D., Wrocgaw University of Economics

! The study was prepared within the framework of research grant providédetyational
Centre of Science n0.2011/01/B/HS4/04743 entit®@dssification of the European regional space
in the perspective of smatewelopment conceptdynamic approach.
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1. Introduction

Contemporary socieconomic processes stimulate the importance of
economy sectarbased on knowledge and innovation. It results in the growing
interest in sectors distinguished by research and development intensity level.
Workforce level and structure and also their changes in sector and regional
system constitute key elements of emmry functioning analysis. They may also
be used for comparative analysis of changes occurring in regions against the
reference area.

In 2010 the European Union approved Eheope 20205trategydefining
objectives aimed at providing support for membetestéo overcome economic
crises successfully and ensure smart, sustainable and facilitating social inclusion
development. The specified, by the strategy, smart development consists in
knowledgeintensive economy and innovation development. Smart
specializéion of workforce structure constitutes one of the components of this
development.

Innovations, as the major source of smart development, may manifest
themselves in improvements occurring in particular sectors andsketesr
shifts. In relation to empionent they may result in workforce structure
transformation by shifts to more productive sectors and, in this way, exerting
alonglasting impact on economy. Therefore the growing interest, in EU
countries research referring to changes in workforce lemdl structure in
sectors distinguished by volume of R&D outlays, seems justified.

Workforce in hightech manufacturing and knowledggensive services
presents the domain focused approach covering production and services defined
as hightech in line with dterion of R&D outlays volume against added value.
This relation is defined éR&D intensity.

Shift-share analysis (SSA) represents one of the research tools for
investigating structural changes occurring in regional space in the given time
range. SSA &ws for analysing fluctuations in employment rate characteristic
for a given country at the background of reference area (e.g. European Union),
as well as their assessment in the context of the occurring structural and
competitive changes. Additionally, S® results provide information
indispensable for the identification of key types of activities in a given region, as
well as facilitate the typology of workforce structure with regard to different
types of smart specialization and competitiveness.
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2. Basicinformation and applied research methods

The domain focused approach is based on NACEstatistical
classification of economic activities in the European Community. The division
of high-tech sectors was first published in 1997 by OECD. From 1 January 2008
updated NACE classification (NACE Rev. 2) and the definition of -égin
manufacturing and knowledgetensive services has changed. Therefore data
comparisons before and after 2008 must be carefully performed or these changes
must be referred to as aelak in data continuity. Therefore it was accepted that
the research time range will cover the period of 2B080 (in line with NACE
Rev. 2).

Prepared byeurostatand OECD workforce structure in the cross section
of the following activities types by R&Dntensity levels became the basis for
conducting analysis: higtech manufacturing (HTM), mitdigh-tech
manufacturing, midow-tech manufacturing, lowech manufacturing,
knowledgeintensive services (KIS), less knowledigéensive services (LKIS),
other setors.

27 EU countries were covered by the study. Statistical data, necessary for
workforce structure diversification analysis in EU space, were taken from
Eurostat Internet database.

Structural and geographic workforce analysis by R&D intensity was
condwcted in EU member states applying classical and dynamic-séfzife
analysis and Estebaviarquillas model using allocation efféct

Shift-share analysis is a research tool allowing to determine changes rate
of total employment and R&D intensity sectorsdach EU country on the
background of reference area i.e. EU area.

Shift-share analysis of workforce changes rate in EU countries allowed for:

1. specifying structural and regional effects of workforce number changes in
sectors distinguished by R&D intensity,

2. identification of key sectors for regional development,

3. classification of EU countries by positive and negative change effects
values: structural and competitive,

4. classification of EU countries by components of allocation effects:
specialization and comptteness.

2 For more information about the listed methods check, among others, the following
publications (Dunn 1960, pp. 9112), (Barff, Knight 1988, pp.-10), (EstebaiMarquillas 1972,
pp. 249261), (Suchecki 2010, pp. 1485), (Malarska, Nowakowska 1992, pp-8%).
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3. Shift-Share Analysis of workforce in economy sectors distinguished by
R&D intensity

Table 1 presents the results of classical SSA analysis for the period of
2009 and 2010 in relation to the previous year and referring to the overall result
and structural effects of employment changes in the distinguished sectors. The
general declining tendency of employment in the European Union is responsible,
on average, for 1,82% of workforce size drop rate in every country and economy
sector in 2009, as el as 0,5% in 2010. The global crisis diverted growth
oriented tendencies in employment, which were observed in the EU since 2000,
and one of its effects was the liquidation of many work places.

Individual structural effects for particular economy sectars quite
diversified. Structural gross effects refer to the average rate of employment
changes in selected economy sectors in the EU countries. As the data presented
in table 1 illustrate the highest average employment rate drop in 2009 was
observed, rgmctively, in lowtech processing industry sectoB,04%), mid
high tech {6,66%) and higtiech ¢5,84%) and also in mitech industry sector
(-5,61%). In 2010 the observed employment rate decline in all sectors was
lower. The only sector in which the elapment rate increased, in both studied
time periods, was the knowledgeensive service sectdrthe increase by 1,5%
in 2009 and by 0,6% in 2010. The lowest drop rate in workforce number was
characteristic for less knowledg@ensive services sector1(97% andi
0,43%).

Table 1. Results of classic shifthare analysis with regard to effects of employment changes in sectors
distinguished by R&D intensity

Effects of employment changes in EU countries (in %9 2009/2008 2010/2009
Total effect (growth ratef employment in EU) -1,82 -0,50
1. hightech manufacturing (HTM) -5,84 -2,81
2. mid-high-tech manufacturing -6,66 -1,93
Gross 3. midlow-tech manufacturing -5,61 -1,44
structural 4. low-tech manufacturing -8,04 -2,62
effect 5. knowledgeintensiveservices (KIS) 1,50 0,60
6. less knowledgtensive services -1,97 -0,43
7. other sectors -3,87 -1,68
1. hightech manufacturing (HTM) -4,02 -2,31
2. mid-high-tech manufacturing -4,84 -1,43
Net 3. midlow-tech manufacturing -3,79 -0,94
structural 4. low-tech manufacturing -6,22 -2,12
effect 5. knowledgeintensive services (KIS) 3,32 1,10
6. less knowledgtensive services -0,15 0,07
7. other sectors -2,05 -1,18

Source: Authoro6s estimations.
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Net structural effects were defined by meahslecreasing gross effects
by workforce growth rate in the EU. Employment changes in knowledge
intensive services sector in 2009 resulted in higher workforce humber in all EU
countries, on average by 3,32% and in 2010 by 1,1%. Employment growth rate
in less knowledgentensive services sector in 2010 also influenced the slight
growth of workforce size in the EU countries (0,07%). The employment in
remainingsectors distinguished in line with R&D activities intensity was related
to the drop of employment ithe analysed countries. However, in 2009 the
largest employment rate decline in the EU countries was caused by
transformations occurring in loetech industry sector-§,22%). In 2010
employment rate decline in the EU countries (by 2,31%) was, to thestiarge
extent, influenced by the changes taking place in-tégh industry sector.

In order to identify sectors responsible for the EU countries development
table 2 presents Pearson linear correlation coefficients values for structural
effects (distinguisheéh accordance with the classical stsftare analysis) and
the share of workforce in particular economy sectors. The relations referring to
both studied years turned out similar. Definitely, the strongest positive relation
occurred between structural effeand the share of workforce in knowledge
intensive services sector (0,964 and 0,965). Positive relation, but of much lower
intensity (statistically irrelevant
characteristic for structural effects and siniare of workforce in less knowledge
intensive services sector and in higich industry sector. The remaining sectors
featured negative influence on structural effects in the particular EU countries.
Definitely the strongest negative correlation wassteged in case of structural
effects and the share of workforce in kech sector-0,870 and 0,851).

Table 2. Correlation coefficient of structural effects and workforce share in the analyzed sectors

Structural effect
Workforce share in sectors 5009/D08 2010/2009
1. hightech manufacturing (HTM) 0,008 0,070
2. mid-high-tech manufacturing -0,393 -0,310
3. midlow-tech manufacturing -0,590 -0,534
4. lowtech manufacturing -0,870 -0,851
5. knowledgeintensive services (KIS) 0,964 0,965
6. less knovedgeintensive services 0,289 0,229
7. other sectors -0,736 -0,821
Source: Authoros estimations.

Table 3 and picture 1 present the decomposition of overall workforce
growth rate, ranked by R&D activities intensity in the period of 2010/2008,

f

(0]
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preformedin line with the shiftshare dynamic analysis rules. Therefore further
analysis covered aggregated structural and competitive effects calculated based
on the effects for the years 2009/2008 and 2010/2009. Countries were ranked by
the declining values of ggegated structural effects. The interdependence
between aggregated net effect and aggregated structural effects and also the
competitive ones measured by correlation coefficient was 0,385 and 0,995
respectively (both values are statistically significafitherefore it may be
concluded that the relevance of structural factor was much lower than in case of
competitive factor.

In thirteen of the analysed EU countries a positive aggregated structural
effect was observed, which means that workforce structutbeise countries
had a positive impact on workforce size changes. Only two countries form the,
so called, new accession were included in this group, i.e. Malta and Cyprus. In
the countries characterized by positive structural effects the share of workforce
in knowledgeintensive services ranged from over 35% in Cyprus to almost 55%
in Luxemburg.

Table 4 illustrates the classification of the EU countries with regard to
positive and negative values of aggregated structural and competitive effects.
The first goup includes countries featuring positive influence of both structural
and competitive factors on employment structure fluctuations, which indicates
that workforce number changes in these countries may be more favourable for
two reasons: because sectowarkforce structure has a positive impact on
employment rate growth and also because economic sectors are characterized by
higher dynamics of workforce size fluctuations than in other regions. This group
covered six countries from EU 15 and 2 countriemfeeJ 12.

Table 3. Dynamic shiftshare analysis results of workforce number growth rate in economic sectors by
R&D activities intensity in the period of 2010/2008

No Country Net total Structural Competitive Workforce share
effect effect effect in KIS
Positive structural effect
1 Luxembourg 12,40 1,67 10,73 54,98
2 Sweden 1,31 0,99 0,32 50,70
3 United Kingdom 0,78 0,91 -0,14 48,01
4 Denmark -2,35 0,75 -3,10 49,72
5 Netherlands 0,50 0,74 -0,24 45,64
6 Belgium 3,24 0,63 2,61 46,12
7 France 1,63 0,56 1,07 43,69
8 Ireland -10,57 0,38 -10,96 44,71
9 Finland -0,99 0,35 -1,34 42,22
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10 | Malta 4,90 0,31 4,59 40,49
11 | Cyprus 2,82 0,24 2,58 35,24
12 | Germany 2,16 0,04 2,12 40,00
13 | Austria 2,48 0,02 2,47 37,11
Negative gructural effect
14 | Greece -1,48 -0,13 -1,35 33,29
15 | Spain -6,73 -0,13 -6,60 34,48
16 | Italy 0,01 -0,29 0,30 33,69
17 | Latvia -14,55 -0,34 -14,22 34,34
18 | Hungary -0,22 -0,47 0,25 35,03
19 | Lithuania -9,66 -0,56 -9,10 33,93
20 | Estonia -11,12 -0,61 -10,50 35,25
21 | Portugal -2,02 -0,70 -1,32 30,05
22 | Slovenia -0,81 -0,87 0,06 33,51
23 | Czech Republic -0,09 -0,93 0,83 31,84
24 | Slovakia -2,53 -0,94 -1,58 32,35
25 | Poland 3,34 -0,95 4,29 30,36
26 | Bulgaria -6,89 -1,13 -5,77 28,86
27 | Romania 0,93 -1,86 2,79 19,95

Source: Authordéds estimations.

Table 4. Classification of EU countries by positive and negative effect values: structural and competitive

(dynamic SSA 2010/2008)
Criterion of . Number
Group S Countries :
division of cowntries

effects: Luxembourg, Sweden, Belgium, France, 8
I structural (4 Germany, EU15 6
competitive (+) Austria, Malta, Cyprus EU12 2

effects: United Kingdom, Denmark, Netherlands, 5
Il structural (+) Ireland, EU15 5
competitive ) Finland EU12 0

effects: Italy, Hungary, Slovenia, The Czech Republi 6
11} structural §) Poland, EU15 1
competitive (+) Romania EU12 5

effects: Greece, Spain, Portugal, Latvia, Lithuania, 8
v structural §) Estonia, EU15 3
competitive ¢) Slovakia, Bulgaria EU12 5

Source: Authoroé6s compilatio
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Figure. 1. Dynamic shiftshare

15,00 1

10,00 +

-15,00 +

-20,00 -

I Structural effect (in %) EEE Competitive effect (in %) Net total effect (in %)

Source: Authorodés compilation.

The second group, characterized by positive influence of only the
structural factor does not include any country from the, so called, new EU
accession. The third group, featuring positinfilience on employment changes
of only the competitive factor, covered 5 new EU accession countries, including

Poland. The forth group lists countries in which both the employment structure
and internal regional development determinants exerted negativenice on
workforce number changes in the period of 2@080. It covers 8 countries
including Greece, Spain and Portugal of EU 15.

Tables 5 and 6 present the classification of EU countries with regard to
allocation component effects: smart specializatorits absence as well as the
advantage or disadvantage of competitiveness in -teigh industry and
knowledgeintensive services sectors, respectively.
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Table 5. Classification of EU countries by allocation effect components of workforce in HTM in 2010

Components of allocation effect

competitiveness
Definition Countries specialization (growth rate of
(workforce share employment
in HTM in %) in HTM in country
less in EU in %)
Reference area EU 1,08 -8,48
1. Ireland 3,10 2,13
2. Hungary 2,77 5,15
3. Malta 2,58 6,54
4. Finland 1,89 6,53
Smart specialization 5. Sbvenia 1.76 10.02
Competitive advantage | 8- Denmark 167 10,68
7. Germany 1,51 1,36
8. Czech Rep. 1,49 6,76
9. Esbnia 1,24 8,86
10. France 1,09 1,07
Smart specialization | 1 Sovakia 1.46 -13.61
Compéitive ' i
disadvantage 2. Belgium 1,27 -0,73
1. ltaly 1,05 5,77
2. Poland 0,78 7,14
Absence of smart 3. Sweden 0,71 2,65
specializtion 4. Romania 0,53 3,57
Competitive advantage| 5. Greece 0,46 4,81
6. Lithuania 0,32 1,27
7. Luxamburg 0,31 40,98
1. United Kirgdom 1,06 -2,47
2. Austria 0,98 -0,16
Absence of smart 3. Spain 0,64 -12,97
specializtion 4. Netherlands 0,62 -11,07
Competltlve 5 Bulwla 0,59 -24,76
disadvantage 6. Latvia 0,38 -7,39
7. Portugal 0,37 -36,85
8. Cyprus 0,20 -40,5

Source:

Aut hor 6s

esti mati ons.
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Table 6. Classification of EU countries by allocation effect components of workforce in KIS in 2010

Components of allocation effect

Definition Countries Specialization Competitiveness (growth
(workforce share| rate of employment in KIS
in KIS in %) in cowntry less in EU in %)
Reference area EU 38,54 2,12
1. Luxembourg 54,98 9,73
Smart specialization 2. Denmark 49.72 0,97
3. United Kirgdom 48,01 1,48
Competitive 4. Belgium 46,12 0,63
advantage 5. Malta 40,49 2,59
6. Germany 40,00 0,69
1. Sweden 50,70 -0,92
Smart specialization|™ “\jetherlands 45,64 4,27
» 3. Ireland 4471 -1,90
Competitive
disadvantage 4. France 43,69 -0,85
5. Finland 42,22 -4,45
1. Austria 37,11 4,53
2. Cyprus 35,24 0,67
Absence of smart | 3- Hungary 35,03 0,61
specialization 4. Spain 34,48 0,49
5. Slovenia 33,51 2,00
Competitive 6. Slovakia 32,35 2,04
advantage 7. Czech Rep. 31,84 2,51
8. Poland 30,36 6,12
9. Romania 19,95 1,56
1. Estonia 35,25 -3,90
Absence okmart 2. Latvia 34,34 -12,68
specialiation 3. Lithuania 33,93 -3,62
4. Italy 33,69 -3,63
Competitive 5. Greece 33,29 -3,18
disadvantage 6. Portugal 30,05 -0,78
7. Bulgaria 28,86 -5,16

Sour ce:

Aut hor 6s

esti mations.
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A country is characterized by workforce structure featuring smart
specialization in highiech industry sector (knowledgetensive services) if
workforce share in this sector is higher than EU average. On the other hand,
competitive advantage in higbch indistry sector (knowledgtensive
services) is present in the country in which employment changes rate in this
particular sector is more favourable than sectoral changes rate in EU.

Based on the information presented in tables 5 and 6 the typology of
workforce structure in EU countries was prepared with regard to smart
specialization and the presence of competitive advantage, which was illustrated
in table 7. As this analysis indicates, both smart specialization and competitive
advantage, in both higiech sectors in 2010, were characteristic for workforce
structures in Denmark, Germany and Malta. agctoral absence of smart
specialization and competitive advantage occurred in Bulgaria, Latvia and
Portugal.

Singlesectoral smart specialization in hitdth industry sector, as well as
competitive advantage in this sector were registered in Estonia, The Czech
Republic, Hungary and in Slovenia. Singlectoral smart specialization in
knowledgeintensive services sector and competitive advantage were present i
this sector in 2010 in Luxemburg and Great Britain.

Table 7. Typology of employment structure by smart specialization and competitiveness in 2010

29 r kfor c

Competitiveness
Smart
specializtion ) single sector in| single sector in
two-sector HTM KIS absence
Denmark, Malta Ireland, France, .
two-sector ; Belgium -
Germany Finland
single sector | Czech Rep., . . i
in HTM Hungary, Sloenia Estonia Slovakia
isr:np?:g sector Luxembourg Sweden United Kingdom | Netherlands
Poland, Greece, Italy, Spain, Cyprus, Bulg_arla,
absence ! . ! . Latvia,
Romania Lithuania Austria
Portugal
Source: Authordéds compilation.

Poland and Romania were included in the group for whichsweatoral
absence of smart specialization, as well as the occurrence efetiaral
competitive advantage were iddied which, while maintaining high
employment rate growth in both higach sectors, may be the prognosis for
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workforce structure evolution in these countries towards smart specialization
development.

4. Conclusions

The global crisis resulted in the faittat the average employment rate
changes in EU were negative and eqdaB2%in the period of 2009/2008
0,5%in the period of 2010/2009 and,31%in the period of 2010/2008. In the
period of 2010/2008 the employment rate changes were better thageairera
UE in 13 countries (including four UE12 countries i.e.: Malta, Cyprus, Poland
and Romania). These changes resulted mainly from internal changes occurring
in the analyzed countries (competitive effect). The relationship between net
effect and structal and competitive effects was respectively 0,385 and 0,995.
Low-tech industry workforce number had the largest influence on employment
rate decline in the period of 2009/2008. It resulted in employment rate drop in
EU countries on average 1§/22%.In the period of 2010/2009 this influence
was significantly lower, however, persisted negative,12%9. Number of
workforce employed in knowledgatensive services resulted in higher
employment rate in EU countries in 2009 :32%on average and in 2010 by
1,1%. Slight positive influence had, in 2010, the number of workforce in less
knowledgeintensive services. The influence in remaining sectors was negative.
14 analyzed countries (including 10 from EU12, excluding Malta and Cyprus)
were characterized by agaive structural effect, which confirms that in these
regions workforce structure had negative impact on employment rate changes. In
the countries featuring positive structural effect the workforce share in
knowledgeintensive service ranged frod5% in Cyprus to almosts5% in
Luxemburg. In the group of countries characterized by negative structural effect
the lowest workforce share in knowledig¢ensive services was registered in
Romania at the level 0f9,95%. Negative competitive effect occurred in 13
countries, which means that their sectors were characterized by lower than
average dynamics of changes as compared to other EU countries. This group
covered 5 EU12 countriésLatvia, Lithuania, Estonia, Slovakia and Bulgaria.

Two-sector smart specializati was identified in Denmark, Germany and
Malta. These countries were characterized by both higher share and better
employment rate changes in hitgch industry sectors and knowledgé&nsive
services than in EU. Bulgaria, Latvia and Portugal were irdud the group of
countries which featured the absence of both specialization and competitiveness
in hightech sectors. Poland and Romania constituted the target group
characterized by the absence of smart specialization and competitiveness in both
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high-tech sectors which may open an opportunity for smart specialization
development in the future.

The ongoing employment changes were related to economic crisis and
their interregional diversification resulted mainly from internal conditions. It has
to be empasized that the competitive effect of employment rate changes was of
dominating importance, which allows to assess favorably the positive
competitive effects of less wealthy EU12 countries, including Poland.
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Streszzenie

INTELIGENTNA SPECJAL IZACJA STRUKTURYPRACUJt CYCH
W KRAJACH UNII EUROP EJSKIEJ i ANALIZA DYNAMICZNA
Z WYKORZYSTANIEM SHI FT-SHARE ANALYSIS

Celem referatu jest dynamiczna anali za
Unii Europejskiej w oparciu o struktamog eogr afi cznN metodid pr z
(ShitShare Analysis). Ocenie zr-Unicowania i

w sektorachedh omi cznych wyodrnbnionych wg -intens
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rozwojowej w kajach Unii Europejskiej w lateh 20082 0 1 0 . Analiza ptr
udziag- -w umo@o 2 wé jja dakmodz Ncych zZzmi an r
strukturalne i g htoybfail knaec,j nj atkz w.- wenfi eeklt ui deel o
kl asyfikacji badanych kr aj - wacje specjalizagjil i du
|l okalnej i korzySci konkurencyjnoSci

Przeprowadzone badania pozwoli gy na i d:¢
pracuj Ncych cemrwnjtMdycshpecijial ianej N (znacz
w sektorze przemysduwbwwysdgkigejoptaedclyrcihk na
generowane przez nie efekty strukturalne i konkurencyjne.
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Abstract

Europe 2020 strategy, as the sugs@r of Lisbon strategy, represents the
vision of social market economy for Europe of th& @ntury covering three
related priorities: 1/ smart growth: knowledge based economy and innovation
growth; 2/ sustainable growth: support for effective &mking advantage
of resources economy which is more environmentally friendly and more
competitive; 3/ inclusive growth: support for high employment level economy
providing social and territorial cohesion.

The paper presented classification results includingolpaan regional
space positional statistics regarding advancement and smart growth level in
NUTS 2 regions. Regional smart growth covers three pillars: innovation,
creativity (Knowledge Based Economy) and smart specialization illustrated by
characteristicsavailable in Eurostat data resources. These qualities constituted
the basis for constructing aggregate measures for specific pillars and also for
the purposes of regional classification. The results of obtained classes were
assessed in an overall Europeapace, in groups of regions distinguished in
line with integration processes chronology and also in capital regions and these
including the country capital, as well as in the system of Polish regions.
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1. Introduction

Three main components of Europe 20&@tegy (Europe 2010), i.e. smart
growth, sustainable growth and inclusive growth, constitute the unity and reflect
an integrated and holistic territorial approach towards the European economic
development. It is required from regional managers to defirestantive
combinations of the five goals resulting from Europe 2020 strateggymely:
improved conditions for innovation, research and development; improved
education levels; meeting goals with regard to climate change and energy;
employment promotion osocial inclusion promotion, especially by means of
reducing povertyi which also reflects major challenges they face in local
perspective. Preparing clear and measurable indicators, regarding each objective
results and assumptions, becomes indispensadteong others, for all
stakeholders, including these at regional level, to be capable of defining
progress, impact and effectiveness of both projects and Operational
Programmes.

The objective of the hereby study is to provide classification, using
positiona statistics, of the European regional space with regard to smart growth
advancement degree and level in NUTS 2 regions.

2. Smart growth 1 vision, concept, measurement

6l ntelligenceo refers t o cognitive
intelligentia), whii e 6smartdé i s understood as i
changes in a given time. The most compact way to define smart growth is by
referring to it as economic development based on knowledge and innovation.

Economic situation in Europe results, amontpess, from economic
growth downturn, as compared to its most important competitors, which results
from differences in labour productivity as the consequence of lower investment
level in R&D and innovation, insufficient implementation of information and
communication technologies, as well as inconvenient access of some social
groups to innovation.

The StrategyEurope 2020 as the successor of the Lisbon Strategy,
presents the vision of social market economy for Europe, heading towards
overcoming the existip crisis and focused on preparing economy for the
challenges of the decade to come. On MaftB®L0 the European Commission
issued the Communicatidburope 2020 A strategy for smart, sustainable and
inclusive growth fostering social inclusioifhe promsal announced by the
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European Commission, referring to the initiation of a new strategy, was accepted
by the European Council on March "2@010. The Strategfurope 2020
specifies both the position and goals of the European Union (EU) till 2020
(Europe D10).

In the EU strategic documents smart growth is understood as obtaining
better results in:

9 education by encouraging to acquire knowledge, study and upgrade
gualifications,

f research work and innovation by means of creating new products and
services infliencing economic growth and stimulating employment, as well
as facilitating social problems solving,

i digital society, i.e. the implementation of IT and communication
technologies.

Smart growth means increasing the role of knowledge and innovation as
the diving forces in economy which requires: improving education quality,
better research work results, support for innovation and knowledge transfer, full
implementation of information and communication technologies, as well as
undertaking efforts to transforimnovation ideas into new products and services
which could result in higher growth, opening new jobs and solving social
problems in Europe and worldwide.

The Strategfurope 202@overs three related priorities (Europe 2010):

fsmart growth: development ofknowledgeintensive economy and
innovation;

1 sustainable growth: support for economy using its resources efficiently,
more environmentally friendly and a more competitive one;

T inclusive growth: support for economy featuring high employment rate,
ensuring ecial and territorial cohesion.

Within the framework of streamlining activities and stimulating progress
the European Commission accepted that the strategy should present an agreed,
reduced number of measurable goals for 2020. These targets should teonstitu
a part of the leading motive, i.e. smart and sustainable growth facilitating social
inclusion. The objectives should be measurable and reflect situation diversity
characteristic for the member states and, for the sake of comparisons, be based
on suffidently credible data.

However, in professional literature widespread research referring to smart
growth is currently absent, both in national and regional dimension.

Strategic documents for EU countries indicate the following goals
(Europe 2010; A strated®010):
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1 employment rate of population aged-@0 should increase from the current
69% to at least 75% level, among others, as the result of the growing number
of working women and elderly people, as well as better integration of
migrants at the job market;

1 current EU goal regarding investment in research and development activities
(R&D) is 3% of GDP;

9 carbon dioxide emission should be reduced to at least 20%, as compared to
the level of 1990, or if the situation allows, even by 30%; the share of
renewable eergy sources in an overall energy consumption should increase
to the level of 20% and energy efficiency should also grow by 20%;

1 the goal referring to education and referring to the problem of individuals
finishing school education prematurely, coversrimuction of dropout rate
indicator to 10%, as compared to the current 15% level, and also increasing
the percentage of people aged3Dwho completed tertiary education from
31% to at least 40% till 2020;

9 the number of Europeans living below the natiqmalerty level should be
reduced by 25% (i.e. by over 20 million people).

The implementation of priorities and meeting goals set forth by the
Strategy requires numerous activities carried out at both EU level and within
particular member states. Therefthe European Commission suggested seven
thematic projects, including these focused on the following goals
implementation:

9 smart growth (Innovation 2011; Youth 2010; Digital 2011): Innovation
Union, Youth on the move, A Digital Agenda for Europe,

I sustainal#@ growth (Europe 2010): Europe taking effective advantage of
resources and Industrial policy for globalization,

1 social development fostering social inclusion (A strategy 2010): Programme
for new skills and employment and also the European programme for
fighting poverty.

3. Measures facilitating smart growth identification and assessment

Owing to the fact that professional literature, so far, has not offered any
studies on smart growth, both in national and regional dimension, the
identification of measuresnd measurement methods based on literature studies
turned out, at the current stage, impossible. The approach followed by the World
Bank (Knowledge 2006) was helpful in defining research areas and measures,
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where the methodology of difficult to measurediriedge Based Economy was
facilitated by specifying its pillars, for which lists of measures were prepared
reflecting their nature in the best possible way.

In order to define areas allowing the specification of pillars and
preliminary lists of measures lpéul in smart growth measurement the studies of
strategic objectives, flagship projects fostering smart growth as well as data base
statistical resources for the European NUTS 2 level regions, were performed.
Initial analysis indicates that significaneetents of smart growth take the form
of three component§ pillars: smart specialization, creative regions and
innovation. The proposals of measures for specified pillars, allowing for smart
growth characteristics, are presented below.

Pillar | 7 _smart specialization (SS) smart specialization indicators (whether

a given variable is a stimulant (S) or a destimulant (D) was indicated in

brackets):

(SS) - workforce employed in knowledgatensive services as the share of
workforce employed in services (S),

(SS) - average growth rate of workforce in knowledgeensive services as the
share of workforce employed in services (S),

(SS) - workforce in mid and highech industry sector (as % or workforce
employed in industry) (S),

(SS) - average working ratef avorkforce in mid and higtiech industry sector
(as % of workforce employed in industry) (S).

Pillar Il i creative regions (CR) creativity indicators:

(CRy) - share of tertiary education workforce in total workforce number in the
region (S),

(CR,) - shae of population aged 264 participating in lifdong learning in
a region (S),

(CRs) - human resources in science and technology as % of working population (S),

(CRy) - people aged 164 born in a different country as % of population aged
1564 (S),

(CRs) - unemployment rate as % of active population (D),

(CRy) - basic creative class (% of population ageebd’(S),

(CRy) - share of residents in their working age who moved from different EU
regions in the recent year (S),
-share of people with poor resulin maths, reading and learning (D),
national data,

(CRy) - tertiary education graduates aged330(% of population aged 3) (S),

(CRy) - access to broadband Internet (% of households) (S).
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Pillar_Ill T _innovation (1), indicators of innovation pot#al, capacity and
effects:
(1) - patents registered in the European Patent Office (EPO) per 1 million of

workforce (S),

(I2) - productivity in industry and service sectors (PPS per worker) index

EU27=100 (S),

- productivity trend in industry and service cg®s (annual mean
productivity growth in real perspective) (S), data from a different year
unavailable,

(13) - employment rate (% of population aged&) (S),

- new foreign enterprises per 1 million of inhabitants (total number of new
foreign enterpriseper 1 million of inhabitants) (S), data unavailable,

- changed number of new foreign enterprises per 1 million of inhabitants
(total number of new foreign enterprises per 1 million of inhabitants) (S),
data unavailable,

(14) - investments in private sectaempl inhabitant by purchasing power parity (S),
(Is) - R&D expenditure in business sector (% of GDP) (S),
(Ig) - R&D expenditure (% of GDP) (S).

Indicators listed for the purposes of each smart growth pillars
measurement represent the consensus betweesdtieements presented in EU
strategic documents and database resources offering information at EU NUTS
2 level regions.

4. The proposal of research methodology

For the purposes of European regional space analysis regarding smart
growth pillars, each ofvhich is described by a set of qualities, the classification
method, based on positional statistics, was suggested (Markowska, Strahl 2003,
Strahl 2002).

A set of hierarchical objects is givéh={Py, P,, € , P,, € , Py}, within
which there are placed lowerder sets of objectsp, i.e.:

R={pCp.C.p}.
R={pcpc.pl (1)
P={prCmc.pt
P={p'cpc.n}



European Regional Space Classific i o n é 239

In the study hierarchical objects represent EU countries, while lower order
objectsrefer to NUTS 2 level EU regions of which each is described by a data
matrix illustrating, in the first stage, the values of qualities assigned to smart
growth pillars. Each pillar stands for a phenomenon characterized by a set of
qualities, which were naralized using zero unitarization (considering their
properties st i mul ant , destimulant) (Kukuga
for each pillar aggregate measure was calculated as the arithmetic mean of
gualities responsible for a given pillar. Following thapproach aggregate
measures constitute variables) (marked byX = {Xi, ..., Xy} symbols and
observed in the studied objettsegions.

For eachX; (j = 1,2,é , m) variable the chosen positional statistics are
calculated, which in this case is the medisle), i.e. the central value below and
above which 50% of variable realization is present. The suggested classification
procedure allows for the construction dfRe. G = 2") classes possible to enter
into combination withm variables (Markowska, StraBD03). Therefore:

- S class covers these objectsegions fromp set for which values of alin
variablesX; meet condition (2), i.e.:

X2 MeX,; da p'TS. (2

S class includes these objeetsegions fromp set for which values of only
(m1) variables onstructing one of{%ﬁm g combinations of variables meet
¢m- 1=

condition (2),

- S class includes these objectsegions fromp set for which values of the
next combinationr(+1)-element variables meet condition (2),

- when no morerr1)-element combinations are possible classes rfeR)¢
element combinations are constructed and condition (2) is put forward,

- § (g=2") class is constructed of regions for whigh values of allX|

variables do not meet condition (2).

5. European regonal space classification regarding smart growth pillarg
research results

The initial set of suggested variables was characterized by extensive data
gaps, because out of 271 EU regions only 102 rows were complete (37,6%). In
order to fill in data gaps évapolation methods were applied, also including the
regression method.
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Years from which data originate for particular variables were different
owing to their availability in Eurostat data base and in EU reports. Therefore for
CRs, I,, |5, I qualities itwas 2007, for CRi CRs, CR, |4, I3 qualities- 2008, for
CRg1 2009, for Sgand S$i 2010, mean value from the period of 2002006
for 14, mean value for 200Z008 in case of CR geometric value from the
period of 2002010 for Sgand S qualities

For the classification of regions, with regard to smart growth level,
aggregate measures were used in relation to the following pillars: smart
specialization, creative regions and innovation which, as the result of the
described procedure variants impkmation, allowed for the construction of the
following classes (see table 1) to which regions were assigned based on
aggregate measuresd values and their c
all analyzed regions.

The classification covers data for®26egions, i.e. for 97,8% of all EU
NUTS 2 level regions (Regions 2007). Due to the absence of all data the
following regions were not included: French overseas Guadeloupe, Martinique,
Guyane, R®u n iarmnSpanish.Re gi « o0 Aut - noma dos A -
Aut - ada Madeira.

Table 1. Characteristics of classes

Measure value higher than the median
Class

SS CR I

1 + + +
A + + T

> B + I +
C ) + +

A N i .

3 B i + i
C . i N

4 i i i

Source: Authorsé compilation

The lowest aggregate measure value veggstered for innovation pillar
and the highest for creative regions pillar. The largest diversification related to
aggregate measure valuiesissessed on the basis of variability coefficienn
characteristic for EU regions from the perspective obuation. Median values
and other characteristics of aggregate measures in regions for each of the pillars
are presented in table 2.
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Table 2. Basic statistics of aggregate measures in pillars

Statistics SS CR |
Min 0,1799 0,1600 0,0721
Max 0,6625 0,8945 0,7126
Mean value 0,3969 0,4052 0,2586
Median 0,3971 0,4087 0,2453
Standard deviation 0,0886 0,1171 0,1160
Variability coefficient 22,32 28,90 44 .86
Source: Authorsd compilation

Aggregate measure value lower than 0,2 was registered for the following
pillars:
9 smart specialization only for the Spanish region of Comunidad Valenciana,

1 creative regions for ten regions including five Greek ones (Notio Aigaio,
Sterea Ellada, Peloponnisos and lonia Nisia), four RomanianESt éud
Vest Oltenia, NoreEst aml Sudi Muntenia) and the Italian region of Sicilia,

T innovation for 86 regions, however, below 0,1 in case of 16 following
region: six Polish (Lubelskie, Zachodniopomorskie, Lubuskie, Opolskie,
KujawskcP o mor s ki e a AvdizurSiie), threedomkamian @kt
Vest, Centru, SuEst ) and t hreeDuBM8nNng#®kj ant s |
MagyarorszA8dg,°l dszak wo Bul gari an ( Se
tsentralen) and two Italian (Calabria, Sicilia).

On the other hand, aggregate measure value above 0,6 in particutar pilla
was registered in case of the following regions:

9 smart specialization: German Bremen, Saarland and Kassel, as well as the
French region of Corse,

i creative regions: British (Inner London, Outer London, Berkshire,
Buckinghamshire and Oxfordshire and a&arrey, East and West Sussex),
Netherlands regions (Nooidolland, Utrecht), Swedish Stockholm, Belgian
Prov. Brabant Wall on, DaniSwommi, Hovedst

i innovationi only for the German region of Stuttgart.

In the first and fourth classaeh of the 57 regions were classified, in the
second class 78 regions (with nine in classi2aggregate measure value for
innovation pillar was lower than median value, 26 regions in 2B dlass
aggregate measure value for creative regions pillar lowartbleamedian and 44
regions in 2C class characterized by lower than median value of aggregate
measure for smart specialization pillar), while the third class covered 72 regions
(of which 41 were listed in 3A clagssmart specialization aggregate measure



242 Danuta Strahl, Maggorzata Mar kowsk

value more favourable than the median, 23 in 3B dlakggher than median
aggregate value for the pillar including creative regions and seven in 3G class
only aggregate measure value for innovation pillar more favourable than the
median value).

Among regons listed in the first class the largest representation originated
from EU 15 regions with the vast majority from Germany (15), The Netherlands
(9 out of 12), Great Britain (8), Belgium (7 of 8) and 5 out of 8 Swedish regions.
While analyzing the numbeof regions in this class in the perspective of
countries attention should also be paid to the fact that it includes 3 from each of
5 Danish and Finnish regions. The first class covers 26,8% from 209 EU 15
regionsi see table 3.

Table 3. Regions from EU contries in the obtained classes

Class Regions (number of regions)

(BE 7) Prov. Antwerpen, ProvOostVlaanderen, ProvVlaamsBrabant,
Prov. Brabant Wallon, ProL i ~ g e, Prov. Luxemb
3) Hovedstaden, S (DB 115) aStuttgart, Warlsduhe
Freiburg, T¢bingen, Oberbayern,
Ber !l in, Br emen, Hambur g, D a r-Rfedzt
1 (ES 1) Comunidad Foral de Navarra, (FR 4) Alsace, Frafichemt
(57) Bretagne, MidiP y m ®e s , (LU) Luxembourg,
Drenthe, Overijssel, Gelderland, Utrecht, Zeeland, Nd&yabant,
Li mbur g, (Sl 1) Zahod8&ao ngl,eSuni
il and, (SE 5) ¥stra Mellansver
Mell er sta Norrl and, ¥vre Norrlan
Yorkshire, Derbyshire and Nottinghamshire, Herefordshire, Worcester
and Warwickshire, Berkshire, Buckinghamshire and Oxfordsk
Hampshire and Isle of Wight, Gloucestershire, Wiltstaind Bristol
(FR 1) LanguedoeRoussillon (HU 1) K° z-Rlpgy ar ,0(SK 4)§
A Brati s| a(Wk & Teesk\aley and Durham, Northumberland 5
9) Tyne and Wear, Cumbria, East Yorkshire and Northern Lincolnshire.
Midlands, Nortlern Ireland

(BE 1) Prov. Hai naut , (cz 1) Stredn?
Schwaben, Brandenbur§ S¢ dwe st , Kassel, Br
B L¢enebur g, D¢ssel dor f, M¢nster,
(26) | Dresden, Schleswiglo | s t e iingen, (IE H); Border, Midland an
2 Western, (FR 2) Hautdormandie, Centre, (IT 2) Piemonte, Lombard
(78) (AT 3) Burgenland, Nieder®°sterr g
(BE 3) R®gi on d e-Cajtaley V. |Linburg, Prov. Wes
Vlaanderer(CZ 1) Praha(DK) Syddanmark, NordjyllandDE 1) Trier, (IE
1) Southern and Easter(ES 5)Pa2 s Vasco, La Rio
de Madri d, Catalufa, ( FR 5 )Alpes,




European Regional Space Classific i o n é 243

Class

Regions (number of regions)

(44)

Auvergne, Provenec@lpesCt t e d' Azur , ( N L-Ho8and,
Zuid-Ho | | and, (AT 5) Wi en, Ober ©°st
(PT 1) Lisboa, (FI 1) PohjoiSuomi, (SE 3) Stockholm, Sydsverige, No
Mellansverige, (UK 12) Leicestershire, Rutland and Northamptonshire,
Anglia, Bedfordshire and HertfordshjreEssex, Inner London, Outg
London, Surrey, East and West Sussex, Kent, East Wales, Eastern Sg
South Western Scotland, North Eastern Scotland

(41)

(71)

(CZ 6) Ji hoz8pad, Severoz§pad, Se
Morava, Moravskdszsko, (DE 5) Brandenburg Nordost, Mecklenburg
Vorpommern, Chemnitz, Leipzig, Sachsénhalt, (GR 3) Anatoliki
Makedonia, Thraki, Sterea Ellada, Voreio Aigaio, (ES 2) Caddill
Mancha, Extremadura, (FR 4) Picardie, Bourgogne, Lorraine, Corse,

Val l e d' Aost a, Provincia Autone
Dung8nt %l-DunNgynutg@la,n § P®VIMaggaraks z
Al f ol dAl f D@, (PL 4) Podkarpac
War mi-lBakar ski e, (PT 3) Al enA€9gm

Regi «o Aut - noma d a iMMuwhteniar dest, (I R
Vzhodna Slovenija, (SK 2) Z8pad

(23)

(BG 1) Yugozapaden, (EE) Eesti, (ES 5) Galicia, Principado de Astu
Cantabria, Comunidad Valenciana.efll Balears, (FR 1) Limousin, (CY
Kypros, (LT) Lietuva, (PL 1) Mazowieckie, (RO 1) Bucurestifov, (FI 1)
| tStomi, (UK 11) Greater Manchester, Merseyside, South Yorks
West Yorkshire, Lincolnshire, Shropshire and Staffordshire, Dorset
Somerset Cornwall and lIsles of Scilly, Devon, West Wales and 1
Valleys, Highlands and Islands

(@)

(DE 2) Oberfranken, WesdEms, (IT 4) Provincia Autonoma Bolzang
Veneto, FriuliVenezia Giulia, EmilisRomagna(AT 1)K2 r nt e n

(58)

(BG 5) Severozapade Severen tsentralen, Severoiztochen, Yugoiztoc
Yuzhen tsentralen (GR 10) Kentriki Makedonia, Dytiki Makedor
Thessalia, Ipeiros, lonia Nisia, Dytiki Ellada, Peloponnisos, Attiki, N
Ai gai o, Kriti, (ES 4) Casti |l tiaa
Canarias, (FR 5) ChampagAedenne, Bassdlormandie, Nord Pasde-
Calais, Pays de la Loire, Poit@harentes, (IT 13) Liguria, Toscan
Umbria, Marche, Lazio, Abruzzo, Molise, Campania, Puglia, Basilig
Calabria, Sicilia, Sardegna, (MT) Malta, (PL1 ) G- dzki e,
§1 Nski e, Lubel ski e, Swintokr 7
Zachodniopomorskie, Opolskie, KujawsRommorskie, Pomorskie, (PT 3
Norte, Algarve, Centro, (RO 5) Noidest, Centru, NordEst, SudEst, Sud

Vest Olteni dan® SKoven¥koho

Sour ce:

Aut hhor sd compil ati on
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The second class includes 18 British, 17 German, 8 Austrian and 8 French
regions with regard to aggregate measures values of smart growth pillars, which
gives the total result of 35,4% of all EU 15 regions.

In the third class 44 EU 15 regions and 28 EU 12 regions were classified
including 11 British, 7 German, 7 Spanish, 6 Italian, 6 Hungarian, 6 Czech and
also 5 French and 5 Polish regions.

In the fourth class, which covered regions for which each of the three
aggregate measures illustrating smart growth pillars was lower than the median
defined for all analyzed EU regions, the most numerous were Italian regions
(13), Polish (11), Greek (10), as well as French, Bulgarian and Romanian ones
(5 regions each).

Isolaed regions from EU 12 were registered in the first class (Zahodna
Slovenija) and the second clagsr(at i sl avskl kraj, Praha
we |l | a-Ma K9 a ®)p50% af §hg remaining ones were classified in the
third class, while 41,1% in thieurth class. It means that as many as 91,1% of
regions from EU 12 are listed in classes where two or none of aggregate
measures, for the distinguished smart growth pillars, did not present better
values than the median value.

While analyzing positions otapital regions or including the country
capital in the overall classification it has to be emphasized that out of 28 first
class regions (aggregate measures values for each pillar higher than the median)
five regions were listed including only one fromuotries of the recent
accessions Zahodna Slovenija see table 4.

Table 4. Capital regions or including the country capital in the obtained classes

Class (number| SS| CR | | Capital regions
of regions)
1(5) + + | + | Hovedstaden, Berlin, Luxembourg, Zahodnaov&hija,
Et eSudgmi
AR | + ]| + |i|K° zWagyarBrarziggl avskl kr a
B + i +
2(13) C i + |+ | R®gi on d eCataley Rr&ahiSouthern and Easter
(11) Comunidad de Madr i d,-Holandg
Wien, Lisboa, Stockholm, Inner Londo@uter London
AQ) | + T 7 | Latvija
3 B@®) | 1 + | T | Yugozapaden, Eesti, Kypros, Lietuva, Mazowieck
©) Bucurestii llfov
C ) ) +
4 (3) T T T | Attiki, Lazio, Malta
Source: Authorsd compilation

The following two -Mdgylax or sgi§iga s Bl
kraj) are currently included in 2A class (aggregate measure value for innovation
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pillar is lower than the median). The most of regions, because as many as 11,
were listed in 2C class which contains regions characterized by aggregate

measure valudor smart specialization pillar lower while for innovation and

creative regions pillars higher than the median value).

Polish regions, in positional classification, with regard to aggregate
measures values for smart growth pillars, were listed in 3A (Rasikarpackie,

Lubuski e, Do | n o-Blazdtskikii aggregataneasure®sr lsrart
specialization pillar better than the median) and 3B class (Mazowiéckie

aggregate measure value for creative regions pillar better than the median) see

table 5.

Table 5. Polish regions in the obtained classes

(number of
regions)

Class SS|CR | I Polish regions

1

+

A

|+

2 B

|+ [+

+ [+ |

C

+

3(5) Mazurskie

A@) |+ |17 i |Podkarpacki e,

Lubuskie, -

B(@) |7 + I | Mazowieckie

C i i 4

G-dzki e, Magopol skie, $IN

4(11) i T i | Podlaskie, Wielkopolskie, Zachodniopomorskie, Opols
Kujawsko-Pomorskie, Pomorskie
Source: Authorsdé compilation.

The majority of Polish regioris 11 out of 16 were classified the fourth

class in which each of aggregate measures was lower than the EU median

value).

6. Conclusions

The presented analysis constitutes a part of broader research stream

eval

uat

ng

the results of AEur ope

socal cohesion and social exclusion prevention.

It illustrated the occurring extensive differences between EU 12 and EU
15 regions with regard to aggregate measures. The largest number of capital

202
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regions was listed in class 2 (13/27), in particular in clads 2( K2 z ®p
Magyarorsz&gg, Brati sl avs kT-Cdpitala,jPrrha,and 2
Sout hern and Eastern, Comuni eHalldnd,d e Ma
Wien, Lisboa, Stockholm, Inner London, Outer London).

Mazowieckie was placed in class BBne agregate measure higher than
the median. The majority of Polish regions (11/16) are included in the class
where all measures are smaller than the median.

The need occurs for conducting more dynamic analyses in order to assess
changes of positions in thdm@ined classifications as well as the distance to be
covered in accordance with Europe 2020 strategy.
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Streszczenie

KLASYFIKACJA EUROPEJ SKIEJ PRZESTRZENI RE GIONALNEJ
ZE WZGLNDU NA INNELEGENOTMEGO ROZWO JU

Strategia Europa 2020, jako sukcesor St
gospodarki rynkowej dla Europy XXI wieku, obejin Nc N trzy powi Nzan:¢
1/ rozw- j inteligentny: rozw- j gospodar ki
zr -wnowaUony: wspieranie gospodar ki ef ekt
przyjaznej Srodowi sku [ bjar dpi By | akjoNickyu r
spogecznemu: wspieranie gospodar ki 0O Wyso
sp-jnoSi spogecznN i terytorialnN.

W pracy przedstawiono wyniki Kklasyfikacji ze statystykami pozycyjnymi
europejskiej przestdwewena stegpbe@&l zajawaers o

inteligentnego rozwoju wW regionach szczeb
uwzglindnia trzy filary: i nnowacyjnoSi, kr
i inteligentnN specj al inziacznfiajid uusNcryonwa nsei Mc
informacyjnych Eurostatu. Cechy t e stan
agregatowych dl a okreSlonych filar .- w, a

uzyskanych podziag-w oceni ono wjwgapaeh eur o
region-w wydzielonych zgodnie z chronol ogi
stogecznych i zawierajNcych stolici oraz w
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Pl OTR STROt EK

Comparative Analysis of the Level of Knowledgéased Part
of Economies in European Union Countries with KAM Methodology

Abstract

The article presents regional classification of EU countries according to
the knowledge development of economy, which in these days is treated
asfundamental factor ahternational competitivezss. This differentiation
created with Knowledge Economy Index (KEI) and Knowledge Index (KI), which
are use by The World Bankkmowledge Assessment Methodology (KAM).

In the analysis used four main pillars (i.e. The Economic Incentive and
Institutional Regime,The Innovation System, Education and Human Resources,
Information andCommunication Technology), which showed relation between
individual components.

The purpose of this article is to identify disparities in the use of knowledge
in socioeconomic ife in the EU countries. This research was conducted with
use of the cluster analysis (tools belonging to multidimensional comparative
analysis).

1. Introduction

Creating an economy based on knowledge is a multidimensional process
which occurs on many plas of social and economic life. The process involves
not only technology of production but
ability to absorb knowledge. Effective social relationships and economical
partnership ensure social capital forming. lbdern infrastructure is equally

"University of G-df¥
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available to everyone that means that innovative activity among manufactures
and consequently general competition increase.

Measuring such a complicated phenomenon like a knowledge based
economy is very difficult. The WorloBank suggests the use of KAM
(Knowledge Assessment Methodology) which consists of two basic indexes:

1. Knowledge Index (KI) which determines the whole knowledge potential
of acountries while combining the creation, applying and flow
of knowledge.

2. Knowledge Economy Index (KEI) in a more complicated tool, which
isused to create global statistics of certain economies according to
economic aspects.

Both of them arereated on the basis of the 4 GOW pillars: The
Economic Incentive and Institutional Regime, Thandvation System,
Education andHuman Resources, Information a@dmmunication Technology
(ICT).

In different countries the meaning of the above pillars on overall concept
canbe diversified. Clarity of KAM methodology allows to analyse certain
indexes thaks to which that we can observe which country has some arrears.
However, knowledge index and knowledge based economy index ensure
theoverall comparison. In the article there is also used analysis of concentration
is also used. Thanks to that method wa galicate similarities among some
European countries and show them on the map of the knowledge based
economies.

2. The essence of knowledge based economy

The phenomenon of knowledge based economy (KBE) was first observed
atthe beginning of the 1990s.dbon spread on other well developed economies
all over the world. People noticed that knowledge is the main index
of production and it determines its growth. It guarantees more effective use
of manufacturing potential mainly through the use of qualifiechdnu resources.
(Malara 2006, p. 126). Knowledge must be perceived more extensively, taking
into consideration at least four factors:

fwhole society together with its traditions, culture and social behaviour
patterns,

1 state, its units and its policy,
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1 manufaturing plants and their potential, growth strategies, ways of using
knowledge, demand for knowledge and the ability of its absorption,

1 system of education, system of research and system of popularization

ofk nowl edge resourcesil40)swital ski 2005,
Together with the growth of knowledge significance for economy
appeared new ter ms, such as: Anet ec

e ¢ 0 n 0 mymany th€& maost suitable definition describing growing trehd

the meaning oknowledge for efficiency of sociakconomic system is
Afknowl edge based economyo. It is a typ
information both in production process and in the distribution of the products
(The Knowl9as,dpg &.8ubjects (i.e. people, institutions, companies)
building the economy gain knowledge to spread it and consequently be able to
use it in a more effective way. The above subjects grow their competence
(Kukl i Bs k95). 2003, p.

The solid basis of KBE functioning is technical factor, i.e. temporarily
very fast development of ICT Sector. This crucial development delivered
effective information flows technology and data transfer which have a very
positive nfluence on the total factor productivity (TFP) and consequently on all
partsofa countryés economy (Porwit 2001, p
wecan say about the third or even fourth technological revolution, because
the conditions of KBE enablachieving faster pace of lonigrm growth without
the threat of inflation. However, sceptics say that the Internet cannot
becompared to such inventions as steam engine or electricity. They claim that
the influence of the Internet and the expansion of I&T the efficiency
of aneconomy will be not so effective as the influence of the inventions
oftheX] X and XX centuries. That fact can
shows that the era of computers can be seen in all aspects of an economy except
the gatistics showing the efficiency of work. Moreover, we have to take into
account the growth of risk which can unsettle the fluidity of decision making.
Sceptics also doubt the theory of lack of inflation threat, because even if fast
economic growth, fastehan the pace of efficiency and employment, is noticed,
that means the decrease of unemployment rate. If the index falls below stated
nonaccelerating inflation rate of unemployment (NAIRU) the inflation increases
automatically (Wojtyna 2001, p. 6).

Nobody doubts that we can talk about spectacular changes in economy.
Thepriorities of functioning of the whole system change. Service sector,
investments into ndmnaterial assets, popularization of new technologies
andcreating information technology societyeagaining importance (Platform,
SyskeRo ma E&c z u k , Moszoro 2004, p . 87) . Al
implementation. This term was first defined by Joseph Alois Schumpeter while
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presenting his theory in 1920 which indicated 5 rules describingnitiefi
of innovation:

1. Innovative good is unconventional good so far unknown by the consumers
because they could not purchase it earlier.

2. Innovative process of production means applying technics not used so far,
which enable most of all reduction of coshflience productivity
andeffectiveness impositive way and they also ensure that interference
into natural environment is smaller than with the use of traditional
production methods.

3. Innovation is opening a new market, i.e. the market on which a certain
branch of industry was not introduced earlier.

4. Innovation is the use of natural resources or sinmhed products which
come from an unknown so far source.

5.Innovation is ceordination of new industry, e.g. through creation
or breaking monopolistic positn (Schumpeter 1960, p. 60).

We have to pay attention to the fact, that today innovation is perceived
wider, because it involves changes which occur in intellectual, economical,
organizational and administration spheres. In a wide perspective innovation
isanoriginal idea which influences the changes in social system, economy
structure, technology and environment. That is why we can say that innovation
means number of actions, which meet the expectations of consumers both
in material and nomaterial sphe e s . The term fAinnovatio
with the idea, method of acting or a thing which was unknown so far. Another
meaning of this issue in the ability to discover the new. Here innovation
is perceived as the opposite of traditional and routingomc(Janasz 2003,
pp.47i51).

3. Theoretical aspects of the use of KAM methodology

The whole process of measuring the knowledge of economies is very
complex and complicated. In the area of the programme of The Knowledge
for Development (K4D) the World Barsuggests the use of KAM methodology,
which has been constantly upgraded since 1998. Now the methodology consists
of 148 variables (both quantitative and qualitative) which are collected for 146
countries. Periodical and precise analysis is to ensurpassbility to collect
more and more accurate data. KAM methodology is created by 4 important
pillars:
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1. The Economic Incentive and Institutional Regime which is responsible
for the perfection of economic policy and the activity of different
institutions. Depening, spreading and using the knowledge in the units
canensure effective actions through sharing resources and stimulation
of creativity.

2. The Innovation System which involves acting of economic subjects,
research centres, universities, advisory cone@ittand other organizations
which adopt their activity to the preferences of more and more demanding
customers.

3. Education and Human Resources which mean personnel who can adopt
to constantly developed technological solutions thanks to developing their
skills.

4. Information and Communication Technology (ICT), which ensures
effective communication and faster transfer of data. All these aspects
influence transfer and processing information and knowledge (Chen,
Dahlman 2006, pp.i®).

Theory of the World Bank saythat the knowledge factor can only be
involve in the national production when a certain financial structure of the above
pillars in kept. Such actions are to ensure the economic success of country,
through raising the added value of goods, services anihlsand economic
growth which raises competitiveness of the country on global market.

The process of collecting certain data in some countries can differentiate
alittle. Such situation leads to problems when we want to compare the countries
being survegd. To ensure the clear researchers use 12indeles i
3 connected with one of the pillars and additionally 2 connected with general
functioning ofan economy (see table 1).

Table 1. Subindexes used in individual pillars

Overall GNPi Gross National Product (in %),

functioning .
of economy HDI i Human Development Index,

RB rates barriers and neamates barriers(based on trade policy),

. RQ7 regulation quality (applies to frequency of unfriendly policy which
Incentive and - : ) ;
Institutional hinders international trade and business development),

Regime LR T law regulations (which apply to effectiveness of crime detection g
the efficiency of judiciary),

The Economic

EBRT employment in the sector B+R per million of citizens,

The Innovation | Pi patents ganted by USPTO (Us Patent and Trademark Office)
System permillion of citizens,

SRAI scientific and research articles published per millionitifens,
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RLAirate of | iteracy among adult
in relation to the number of citizens),

PPSi percentage of people who attend secondary schoodaition tothe
population who should attend suck school,

PPAT percentage of people attending colleges and universitietaiion
to people who can attend them,

Education and
Human
Resources

Information and | PLT number of phone lines per one thousand of citizens,
Communication | Ci number of computers per one thousand people,
Technology I'i Internet users per one thousand people.

Source: own studies based on www.worldbank.org/kam, states @200.D.

The four pillars described above two key indexes:

1 Knowledge Index which determines the whole knowledge potents$taite
while combining the creation, applying and flow of knowledge. The index is
represented by the average of standardized fjsdiioracertain country
with the use of three most important pillars (withoutelenomic incentive
and institutional regime).

9 Knowledge Economy Index in a more complicated tool, which is used to
create global statistics of certain economies accordirgooomic aspects.
The most important characteristics of this group of variables assigned data
is subjected to a normalization process through assigning certain. Later,
partial indexes are calculated dimhlly they are valued again until the final
indexis assigned (www.worldbank.org/kam, states on 10.02.2012).

The effectiveness of this method is provideditbysimplicity, clearness
andversatility. Crosssectional analysis of its certain aspects allows to create
overall vision of a knowledge based econyo Another advantage is the fact that
comparisons are done periodically and in international dimension, both from
thesynthetic and detailed perspective. Moreover, KAM methodology ensures
clear graphic presentation thie analyses economic changes. Thare some
disadvantages of it as well. First of all, it is the aspiration to comprehensive
picture of GOW. Furthermore, i¢ duplicating of information through taking
into consideration highly correlated variables and of data in some countries
which leaddgo difficulties incomparative analysi®iech 2005, pp. 131).

4. KAM methodology in the light of empirical research

Constant analysis of a knowledge based economy conducted by the World
Bank allows to determinate the growth and decreases of KEI andde€kes
in stated periods of time. The visual way of presenting the changes are scattering
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graphs (see picture 1 and 2), which are layouts of points (each point means one
country) according to real index valueshich are presented by standardised
measuremas ranging 010. The higher the index rate, the more developed
theeconomy is from the point of view the measured phenomenon.
Onthehorizontal axis there are index values from the year 2000 whereas
onthevertical axis current values from 2012. The gsaplere prepared for 27
European Union countries. Through the centre of the graph runs a straight line
expressing the equation y=x, whidlvides the area into equal parts. Points
which are on the line show countries whose index level does not change in two
research periods. Points which are above the line represent countries in which
index growth wagbserved in 2012 in comparison with 2000. However, points
under the line represent the countries where there was index value decrease
in 2012 incomparison wii the year 2000. The further from the beginning of the
system of coordinates, the better because it indicates bigger potential
of knowledge andts better allocation in a country

Figure 1. Scattering graph of KEI index in European Union countries

10,00

Fl

Sip-]
9,00
GB
EE ES IE
s o [
M7 g HU —
8,00
g
E O LT 24
o
) Y
7.00
o O

6,00

5,00

T
5,00 6,00 7.00 8,00 9,00 10,00
KEI2000

Soure: own studies based on www.worldbank.org/kam, states on 10.02.2012 with SPSS Statistics.

! To make the graphs more clear a set of values ranging from 5 to 10 was set and the

abbreviations of the names of countries were used according to the ISO 3166 systém: AT
Austria, BET Belgium, BGi Bulgaria, CYi Cyprus, CZi The Czech Republic, DE Germany,
DK i Denmark, EE Estonia, ES Spain, FIi Finland, FRi France, GB Great Britain, GR
Greece, HU Hungary, IEi Ireland, ITT Italy, LT i Latvia, LUT Luxemburg, LVi Lithuania,
MT T Malta, NLT Holland, PLT7 Poland, PTi Portugal, ROi Romania, SE Sweden, Sl
Slovenia, SKi Slovakia.

é
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Looking at picture 1 we can assume that in the majority of top countries
there was an index value decrease in the knowledge based economies in 2012
in comparison withlthe year 2000. The decrease also affected the leading country
T Sweden. The only top countries, which reported index growth are Finland and
Germany. Bottom and middle countries registered index, growth, which may
indicate slow but constant processcafding up the arrears to the countries
which can make a better usekobwledge in the economy. It is also worth
mentioning that Bulgaria arfdomania despite the biggest KEI changes, diverge
from the rest ofthecountries.

Figure 2. Scattering graph of the Kindex in European Union countries

10,00

SE|
F,
— DE (=1
9,00 Io
e
| T el
8,00
© [ur i

KI12012

7,00 v

=

6,00

5,00

T T T
5.00 6,00 7.00 8,00 9,00 10,00
KI12000

Source: own studies based on www.worldbank.org/kam, states on 10.02.2012 with SPSS Statistics.

Kl is very similar to KEI in most top countries (except Germany and
Finland which noticed a slight growth of knowledge mtitd) are characterized
by theindex value decrease. Some middle and bottom countries (Romania,
Bulgaria, Latvia, Lithuania, Slovakia, Malta, Cyprus, the Czech Republic,
Hungary, Slovenia, Estonia and Greece) noticed the growtheofndex.
Situation issimilar to the first graph where Bulgaria and Romania diverge from
other countries, whereas Poland and Latvia are on the third position from
theendin the year 2012 (after a decrease of a few positions comparing with
theyear 2000).

The graphs show two rnma indexes used in KAM methodology.
Butto beable to define the elements describing the indexemust analyse
thefour main pillars (see table 2). Clarity of this method rely on possibility
to construct four separate rankings which are assigned teajpikars. Thanks
to this it is easily to notice in which field certain state have development
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backlog. Only high values in all pillars guarantee this high values in main pillars
(Kl'and KEI) and high place in general ranking.

Table 2. Ranking of the Eurgpean Union countries by KAM (2012)

Ec;)r:c?mic _ Information
EU | Global Incentive The_ Education and .
rank | rank Country KEI | Kl and Innovation | and Human| Communlc

InstituFional System Resources o (_‘,ahtlnoonlogy

Regime
1 1 Sweden 9.43| 9.38 9.58 9.74 8.92 9.49
2 2 6 | Finland 9.33|9.22 9.65 9.66 8.77 9.22
3 3 Denmark 9.16{ 9.00 9.63 9.49 8.63 8.88
4 4 -2 | Holland 9.11| 9.22 8.79 9.46 8.75 9.45
5 8 7 | Germany 8.90| 8.83 9.10 9.11 8.20 9.17
6 11 Ireland 8.86| 8.73 9.26 9.11 8.87 8.21
7 14 -2 | Great Britain 8.76| 8.61 9.20 9.12 7.27 9.45
8 15 -1 | Belgium 8.71| 8.68 8.79 9.06 8.57 8.42
9 17 -4 | Austria 8.61| 8.39 9.26 8.87 7.33 8.97
10 19 7 | Estonia 8.40| 8.26 8.81 7.75 8.60 8.44
11 20 2 | Luxemburg 8.37| 8.01 9.45 8.94 5.61 9.47
12 21 2 | Spain 8.35| 8.26 8.63 8.23 8.82 7.73
13 24 -3 | France 8.21| 8.36 7.76 8.66 8.26 8.16
14| 26 |7 ;2%&2”‘?“ 8.14|8.00| 853 7.90 8.15 7.96
15 27 2 | Hungary 8.02| 7.93 8.28 8.15 8.42 7.23
16 28 Slovenia 8.01| 7.91 8.31 8.50 7.42 7.80
17 30 -3 | ltaly 7.89|7.94 7.76 8.01 7.58 8.21
18 31 8 | Malta 7.88|7.53 8.94 7.94 6.86 7.80
19 32 Lithuania 7.80| 7.68 8.15 6.82 8.64 7.59
20 33 7 | Slovakia 7.64|7.46 8.17 7.30 7.42 7.68
21 34 -4 | Portugal 7.61|7.34 8.42 7.62 6.99 7.41
22 35 -3 | Cyprus 7.56| 7.50 7.71 7.71 7.23 7.57
23 36 -5 | Greece 7.51|7.74 6.80 7.83 8.96 6.43
24 37 Latvia 7.41|7.15 8.21 6.56 7.73 7.16
25 38 -3 | Poland 7.41|7.20 8.01 7.16 7.76 6.70
26 44 9 | Romania 6,82| 6,63 7,38 6,14 7,55 6,19
27 45 6 | Bulgaria 6.80| 6.61 7.35 6.94 6.25 6.66

Source: own studies based on www.worldbaigiam, states on 10.02.2012.

é
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The first column in table 2 shows European ranking, the second world
ranking while the third one represents growth/decrease in the world ranking
in comparison with the year 2010. Both in the world and Europe Scandinavian
counties dominate. Finland with its spectacular growth (6 points up within
thelast 2 years) in the ranking is also worth paying attention to. We must
alsomention that leading Sweden is constantly on the same position. Poland has
a bottom position ithe European Union. Unfortunately, Poland has registered
adecrease ad positions in the world ranking since 2010.

Analysing the key pillars we can notice that the most work must be done
in the education and human resource pillars (the level of these indexes in th
majority ofthecountries is relatively lower than the level of indexes in other
pillars). Spain, Hungary and Romania are the only exceptions. There indexes
connected with education are higher than in other pillars. In Luxemburg (placed
11 inEurope) edaation index only 5,61. But high index in other pillars allow
the country arather high position in the general ranking.

5. Territorial classification of the EU based on KAM methodology

Similarities of education potential and its implementing in the ecgnom
between the European Union countries can be seen with the use of cluster
analysis. The analysis comes from the multidimensional statistics which
combines methods of data classification. The technique of cluster analysis
guaranties the division of a reselaed area into consistent class objects. Object
in one area are similar according to a stated measure of similarity and can
beidentified with some distance between them and differ from the objects
in other areas. In the article hierarchic agglomeratiethod of Ward was used.

To estimate the distance between the clusters the method uses variation analysis.

Figure3.Semgr oup di stances in Wardo6s minimal variatior
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Source: own sidies based on Suchecki 201063
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The distance between clustessdefined as a module of the difference
between sums of squares of distances of points from the small created subsets
join into numerous groups until the biggest subset contaitisealbjects. In the
end the whole research process can be expressedierarchic tree, thanks to
which we can observe the consecutive analysis stages. This method is most
frequently used in the economic analysis. By many researchers it is said to be the
best, because if ensures the highest effectiveness of structure iecognitata
matrix which describes analysed areas (Suchecki 2010, p. 62).

Figure 4. The diagram of Wardods aggl omeration met
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Source: own studies based on www.worldbank.org/kam, states on 10.02.2012 with Statistica 8.

Analysing picture 4 we can notichat two most similar countries are
Sweden and Finland, which join into clusters on the level of consistent bond at
0,5. Themost different is Greece which joins the group containing Poland,
Latvia and Lithuania on the level slightly lower than 3.

On the bais of the diagram a map was constructed showing special
relation of researched countries in different parts of the continentdrber of
groups was decided on the level of consistent bond 3, which allowed to
determine 6 groups. Two groups were distisbad. There aré countries which
belong toeach of them. In the first group there is Sweden, Finland, Denmark,
Holland, Germany, Ireland and Belgium. The second Estonia, the Czech
Republic, Spain, Hungary, France, Slovenia and ltaly. Other groups contain
4 countries. Inthefirst one there are: Poland, Lithuania, Latvia and Greece. The
second #Apart group consists of Malta, Slovakia, Cyprus Bodugal. The least
numerous is Bpart group, formed of Great Britain, Austria and Luxemburg.
Bulgaria andRomania form the smallest,i2lement group.
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Figure 5. Map of GOW potential in the European Union Countries (in 2012)
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Source: own studies.

Looking at the map (drawing 5) we can see, that knowledge is the most
effectively used irthe economies of Scandinaviauntries and in central
Europe. The measures are slightly worse in SWudst European countries.
Theworst situation isn East Europe. It is also worth paying attention
onthefact, that countries witthe highest grades are in immediate proximity
(except Ireland). Theituation is similar as far at the countries with the lowest
grades areoncerned (two weakest groups), which are on the east border (from
Latvia to Bulgaria).

6. Conclusions

The use of knowledge potential in the European Union counsriesry
diversified. Between the top countries in the ranking and those which
areatthebottom there is a very big developmental difference. But in the last few
years the index growth dbwest classified countries and the slight decrease
inthe leading ountries have been observed. It can indicate a slow make
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upin the arrear worse developed areas. But it will take a lot of time and effort
tobalance the levels &fl anld KEI. There is also a threat that this can
beimpossible.

Poland, in terms of the usef knowledge in the economy presents
average. lhas the third position from the end in Europe and very distant
position intheworld ranking. Moreover, in the last few years the position of
Poland hakeen weakening (which may indicate too slow pacenuinfedge
allocation in social and economic areas). What makes the situation worse,
countries which joined European Union together with Poland (1 May, 2004), i.e.
Cyprus, Lithuania, Latvia, Malta, Slovakia and Slovenia have got higher
indexes. Wecannot foget Estonia, the Czech Republic and Hungary where the
indexes are much higher. It must be also mentioned that the Kl and KEI are
constantly increasing in Bulgaria and Romania (the only two countries which are
lower inthe ranking comparing with Poland).

Therefore, we can ask a question if Poland fully used the development
chances after joining EUPhere is naclear answeto this questionBut to make
Polish manufactures more competitive it is necessary to unite education and
business. The government lewyery important role to play in this area.

Its policy should be for innovation and should support the use of knowledge

in economic life through raising expenditure on research and developmental
sectors. Changes should alsoifteoduced in education whicthsuld not deal

with perfecting peoplebs abilities bu
tothe needs of human resources on the job market. More frequent use of
computers and the Internet bgitrepreneurs is crucial. According to the results

in KAM, ITC pillar hasthelower index in comparison with the other three.

There are no doubts that in Poland there are a lot of areas which demand
bigger involvement of knowledge to increase its effectiveness. But we must look
into future with hope that it wilhappen and that the indexes of knowledge
andeconomy based on knowledge will be higher and that it will influence
notonly the higher position in the ranking but also sé@abnomic reality
andreal effects taking place visible in the economy.
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Spatial Quantile Regression

Abstract

In a number of applications, a crucial problem consists in describinnlg an
analyzing the influence of a vector, ¥f covariates on some reaélued
response variablé;. In the present context, where the observations are made
over a collection of sites, this study is more difficult, due to the complexity of the
possible spatialependence among the various sites. In this paper, instead of
spatial mean regression, we thus consider the spatial quantile regression
functions. Quantile regression has been considered in a spatial context. The
main aim of this paper is to incorporateuantile regression and spatial
econometric modeling. Substantial variation exists across quantiles, suggesting
that ordinary regression is insufficient on its own. Quantile estimates of
a spatiatlag model show considerable spatial dependence in theeatiffparts
of the distribution.

1. Introduction

1.1 Linear Regression introduction

Linear regression is the standard tool for many empirical studies. When
the relationship between a dependent variapleand a set of explanatory
variables, X, can be wtten asy=Xb+u, a simple ordinary least squares

" Ph.D., Professor at the University of Economics in Katowice
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(OLS) regression of y on X can provide
and a predicted valugE= X4

This heavy reliance on linear regression models has beendcavee to
the analysis of spatial data. The most commonly used spatial model adds
a weighted average of nearby values for the dependent variable to the list of
explanatory variables:

y=rWY+ Xb+u. (1)
In this model, W i s a Aispati al wei ght o ma t
relationships between observations. W

that sum to one and zeros on the diagonals) dadh parameter measuring the
strength of the relationship.

The model can be useful when X does not fully account for the tendency
for the dependent variable to be highly correlated over space, so that nearby
values of Y provide significant explanatoryvper. The endogeneity of WY
poses challenges for estimation. Most empirical applications are based on
maximum likelihood estimation of the model under the assumption of normally
distributed errors. Other approaches are based on instrumental variables (IV)
estimation, usually with spatially lagged values of X (such as WX and WWX) as
instruments for WY. Several researchers have used the spatial AR model as the
basis for quantile regressions in which bptAndb are allowed to vary across
guantiles.

Typical specifications of the spatial weight matrix are based orofidsr
contiguity when the data are drawn from geographic units such as counties or
census tracts. Though the approach is used less comfooplgint data, typical
specifications are similar in that the spatial weights are assumed to decline
rapidly with distance between observations.

Predicted values are then based on
(1) the structural model

We) = Bvy + XE
(2) the reduced form
W) =(l - BV) 1XE
(3) or a decomposition into Atrendo an

) = X+ BN(1 - BN) 1 XE
Spatial effects generally appear as noise around a spatial trend that looks
much like the predicted values from an OLS regression of Y on X. Thetiwkje
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of a regression analysis is to estimate the coefficigngdb, and to obtain
predictions ofy at given values oX.

Regression analysis is not well suited to explaining diséibution of
a variable. When the predicted values from a regressienz= XF, then the
distribution of the predicted values simply mimics the distribution of the
variables in X. The implied effect of a change in one of the explanatory
variables is to cause parallel shift of ¥ by an amount determined by the

variablebs estimated coefficient. Thot
some cases, it is limitation that a research may not want to impose beforehand.

1.2.Quantile Regression

Quantile regression is a method for estin@tfunctional relations
between variables for all portions of probability distribution. Typically
a response variabl¥ is some function of predictor variabl. Regression
application focus in estimating rates of changes in the mean of the response
variable distribution as some function of a set of predictor variables. In the other
words the function is defined for the expected valu¥ obnditionalX, E(Y|X).
Regression analysis gave incomplete picture of the relationships between
variables especiallior regression models with heterogeneous variances.

Quantile regression was developed as an extension of the linear model for
estimating rate of change in all parts of the distribution of response variables.
The estimates are semi parametric in the sdratenb parametric distributional
form (eg. normal, Poisson, negative binominal, etc.) is assumed for the random
error part of the modeg, although a parametric form is assumed for the
deterministic portion of the model (efpXo + b:X;). The conditional gantiles
denoted byQ,(#|X) are the inverse of the conditional cumulative distribution
function of the response variabléy'l(t|X), wheret [ [0, 1] denotes quantile
rank.

The quantile model posits th& quantile of Y conditional on x to be,
Q(t|x) =a(t)+xb(t),0 <t <1. (2)

If b(t) is a constanb, the model reduces to the standard conditional
expectation model, E@&) = a +xb, with constant variance errors. Whi(t)
depends on, the model allows the digbution of Y to depend on x in different
ways at different parts of the distribution. The traditional linear model can be
viewed as a summary of all the quantile effects; thqﬁ@{t‘x)df = E(Y|x).
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Under this interpretation, traditional analysissde information due to its
aggregation of possibly disparate quantile effects. Many different quantile paths,
for example, can lead tm, = 0. On the one hanth, = 0 can meanxdoes not
matteri does not affect the distribution of Y. But it can also m#sere are
important but compensating quantile effects relating Y and x.

Quantile regression is much better suited to analyzing questions involving
changes in the distribution of a dependent variable. Quantile regressions allow
for separate effects of amxplanatory variable on different points of the
dependent variable distribution. The coefficient estimates are then frequently
interpreted as being analogous to standard linear regression estimates, albeit for
different points in the distribution of the plendent variable (Trzpiot 2008, 2009
a, b, ¢, 2010, 2011 a, b).

It is less commonly recognized that quantile regression can produce
estimates of changes in the full distribution of the dependent variable when the
values of the explanatory variables chanfee set of coefficients produced for
independent variables imply a change in the full distribution dependent
variables.

Special issues do not necessarily arise when estimating quantile
regressions using spatial data. Several researchers have propiemad whrthe
spatial autoregressive (AR) modeat= rWY+ Xb +u, for quantile analysis.

These procedures treM/Y as just another endogenous explanatory
variable. The spatial AR model may not necessarily be the best choice for spatial
modeling, paicularly for large data sets comprising individual geographic
points rather than large zones or tracts. In situations where the distribution of the
dependent variable changes smoothly over space, a nonparametric procedure
may be a much better approach.

2. Distribution of the Dependent Variable

In general, the conditional quantile function for y given a set of variables
X can be written:

Q,(¢|X) = Xb(t|X), 0<t<1. (3)

Usually, we have limited our attention t@small number of values for the
quantile, . Focusing on that values provides useful information about the
distribution of the dependent variable given valueX,djut it certainly does not
provide a complete picture of the full distributionyof
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One wg to use guantile regression estimates to simulate the distribution
of the dependent variable is to draw randomly from possible values of and then
estimate a separate quantile regression for each valuie Fdr example, we
might draw 1000 values af from a uniform distribution ranging from 0 to 1,

i.e.,, t ~ U, 1). If we letd represent the number of draws from the U(0,1)
distribution, then we have:

& [})=xBe |x) j= 17e, )

With J estimates of the conditionalugntile in hand, a standard kernel
density function can be applied t)iﬁl‘j|X) to estimate the density function
for the dependent variable. Since quantile estimates are generally fairly smooth
across, drawing multiple values @f from a U(Ql) distribution is a very
inefficient way of constructing the density function. Using a limited range of
value fort is more efficient. For example, we might restrict the estimatés,to
or a still more limited set of values for that provides good @meof the set of
permissible values fot. Since quantile estimates are likely to have very high
variances at extreme values#aguch as 0,01 or 0,99, it generally is a good idea
to trim the extreme observations if a grid of values is used for

3. TheEffect of a Discrete Change in an Explanatory Variable

Quantile regression estimates can have interesting implications for the
distribution of y values even in a model with a single explanatory variable.
Consider a model witk explanatory variable in adibn to the intercept. After
estimating quantile regressions fbguantiles, the predicted values for quantile
are simplyt;:

& [ X)=&e)+ B+ B )%, = 136,06
When simplified the notation by replacing(¢|X) with b(¢,), but it
should be clear that the estimates depend on the observed values of X. Even in

the singleexplanatory case where k = 1, the implied effect of changing from to
produces] separate values for

&t [Xox =) = e )+ Bt Yoo+ + B x. 1= 11 6.6)
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& X =) =B )+ B )a+. + B@)x, = 1€, @)

With J quantiles anah observations, equatign (6) and (7) implyvalues
for the conditional quantile functions. Sincé(f;)is not constant, the
conditional quantile functions implyfall distribution of values foy even when
X is the only variable in the model.

4. Quantile version of the Spatial AR Model

The analysis up to this point has not been explicitly spatial. Although the
explanatory variables might include measures of scde various amenities
such as a cityds central business dist
the analysis of spatial data. Several attempts have been made to adapt the
standard spatial autoregressive (AR) model for quantile regression.

The spatial AR model adds a weighted average of nearby values of the
dependent variable to the list of explanatory variables. The model is written
y=rWY+ Xb+u, whereX is the nxk matrix of explanatory variable¥, is
the dependent variable, and/ is an nxn matrix specifying the spatial
relationship between each valueYodind its neighbors.

Suppose the observations represent census tracts. If each tract is
contiguous to four other tracts, they = 1 for each of the four tracts that is
contiguaus to observation andW; = 0 for all other values df In this example,
each of the n elements WY is simply the average, for each observation, of the
four neighboring values of. More generally, if observationis contiguous to
other tracts, theMVj = 1/n; for the tracts that are contiguous to observaij@amd
W = 0 otherwise. For point dat&/Y might form a weighted average of the
nearestK neighbors, or the weights might decline with dista®.is clearly
an endogenous variable. Indeedeonterpretation o¥VY is that it is the set of
predicted values from kernel regressions Yofon the set of geographic
coordinates. For example, suppose we were to wtite f (lo,,la,) +u . If we
use a rectangular kernel with a very small window fzg, the four closest
observationsi then the crossalidation version of the kernel regression
estimator is

alyy . (8)
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where |, indicates that observation is one of he nearest neighbors to
observationi, and indicates the number of observations that are being given
weight when constructing the estimate for observaitidwot surprising, adding

the predicted value of as an explanatory variable f¥roften produces lghly
significant results.

Although the spatial lag variablgyY, is formally equivalent to a kernel
regression, the approaches could hardly be more different in spirit.

The spatial AR model is based on an assumption that the researcher can
truly specify he full spatial relationship between all of the observations. After
specifying the entire path by which eachnofbservations can influence all of
the other observations, all that is left is to determine the strength of the
relationship by estimating

In contrast, nonparametric and sgmarametric regressions involve far
less difficult. We could easily write the model in semiparametric form as

y, = f(lo,la)+ X b+u (©)
or in the conditionally parametric form
y, = X, b(lo,,la)) +u,. (10)

The spatial AR model is based on the assumption that the researcher can
specify a simple parametric function that accounts for both the relationship
betweenX and Y and the entire spatiaelationship between all observations.
Nonparametric approaches are based on an assumption that the researcher can
correctly specify the variables that influen¢ebut they allow for local variation
in the marginal effect oK onY. The spatial AR modeind its variants may be
useful in situations where the objective is to estimate a causal relationship
betweenY and neighboring values of the dependent variable.

4.1 Quantile Regression with an Endogenous Explanatory Variable

The spatial AR model is mosommonly estimated by maximizing the
log-likelihood function that is implied under the assumption of normally
distributed errors. An alternative approach based on the generalized method of
moments method allows the model to be estimated using a variamb-efage
least squares (2SLS). In the first stage, the endogenous vari&hle,s
regressed on a set of instruments.
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The predicted value AVY is then used as an explanatory variable in the
second stage regression. Most researchers Xys&VX, and, somimes,
additional orders of the spatial lags sucWMAA/X as instruments foNVY.

Though this method can work well when the goal is to estimate a standard
regression, quantile regression may be more complex because instrumental
variables are needed fdf'Ywh en esti mating a regressic

Two methods have been used to form the instrumental variables needed
these quantile regressions. The simpler version was proposed by Kim and Muller
(2004). Their approach is a straightforward extensic2SafS.

For each value of U, they WYusigt est
the set of instruments (e.g,andWX) as explanatory variables. The predicted
values from the quantile regression afdY(¢). In the second stage, they
est mate another gquantile regressYiasn for
the dependent variable akcandWY(¢) as the explanatory variables.

Only 10 quantile regressions are needed to estimate the model for 5
quant i | e sl10,0,85 @50,,0,759J0,95ietd et al.(2008) and Liao and
Wang (2012) use this approach to estimate quantile versions of the spatial AR
model. They use bootstrap procedures to construct standard error estimates.

Though somewhat more complicated, thbefozhukov and Hansen
(2006) approach may be more robust than the Kim and Muller (2004) approach
because it does not require that the same quantile be used in both stages of the
procedure.

An additional advantage is that Chernozhukov and Hansen present
a covariance matrix estimate that is easy to construct.

In the version describe here, the predicted val\®y,, from an OLS
regression ofVY on the instruments are used as the instrumental variable for
WY. This instrumental variablesithen used as an gxplanatory variable for
a series of quantile regressioffs YWY of onX andWY The same quantile,
U, is used for each of the regrgession
for J}. The estimated value of JWYis the
that is closest to zero. After findidg the estilmt ed val ues of b a
by a quantile regression o¥ - BNY on X. The motivation behind this
estimator is a property of twstage least squares: when instruments are chosen
optimally, the coefficient odlVY will be zero when both the actual variable,
WY, and the instrumental variable are included in a regression.

Standard error estimates are easy to construct for the Chernozhukov and
Hansen method. Le¢ represent the residuals from the quantile regression
ofY - BNYon X, and define I(g|<h)/(2h), where h is a constant
bandwidth.
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%)
. DefineF, = fWY; and Z = f,X;. Then the covariance matrix for

&= (EBis:
V(& =3(e) se)ae) (11)

where
.o .
g WY FiX ) L@
J(l‘):g:I ' gand S(t) =t(1- t)g/W|WY VWIXU

As is the case for any instrumental variables (IV) estimator, the estimates
from either approach can be sensitive to the choice of instruments. Hoaerve
important advantage of the IV approach over maximum likelihood estimation,
which is commonly used for the ngpuantile version of the spatial AR model, is
that that there is no need to invert the nxn mattix /W) *when estimating
themodel.

It may still prove necessary to invert large matrices when constructing
predicted values foly. Let ﬁ[)denote the set of predicted values of the
dependent variable for quantile U.

Three procedures are often used to conshﬁcb:
guantile version of the structural model

W)= By + XY (12)
guantile versiorof the reduced form
W) = (1 - B W) xBr) (13)
guantile versionchdecompsi ti on i nto fAtrendd andfisi
W)= X ) + Bl - By X8e) (14)

Though the first procedure may be viewed as cheating because it uses
actual values oMWY to predicty, it is commonly used for standard linear
simultaneous equains models.

The second version follows directly from the original model specification:
the equation impliesY = (I - rW) *(Xb+u), from which equation (13)
follows by settingu = 0. Finally, equation (14) is derived by noting that equation
(13) also pruides a way to estimaW®'Y for the expression given in equation (12):

WY(E) =W(I - B )W) X (15
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5 Conditionally Parametric Quantile Regression

Nonparametric approaches can be adapted to quantile regression models.
In the case of amsgle explanatory variable, x, all that is necessary to make the
model nonparametric is to add a kernel weight functiiix-x)/h) when
estimating ajuantile regression for a target poirt After estimating the
function for a series of target points, t&imates can then be interpolated to all
values ofx. The nonparametric approach is a flexible way to add nonlinearity to
the estimated quantile regressions. Although nonparametric approaches can
potentially be applied to variables with many explanat@yables, the variance
of the estimated can become very high when there are more than two or three
explanatory variables.

The problem can be simplified significantly in the case of spatial data sets.
It is usually reasonable to assume that a simplerlimealel fits the data well in
small geographic areas. The difficulty is in specifying a global parametric model
that fits the data well across a large region. The spatial AR model allows for
local variation around a global parametric trend. In contrastoralitionally
parametric approach allows for flexible trends by allowing the coefficients to
vary smoothly over space. Nonparametric models can be hard to summarize
because they produce separate estimates for every observation. As we have seen,
this is nota problem for quantile regression models because the easiest way to
interpret the results is to present sets of density estimates showing how the
distribution of the dependent variable changes as the values of individual
explanatory variable change. As rasult, it is just as easy to estimate
nonparametric quantile regressions as it is to use a linear approach.

5.1 CPAR Quantile Regression for Spatial Data

Consider the conditional quantile functio®, (t|X) = Xb(t|X), in
which the dependent variabie a linear function of a set of explanatory
variables,X. Now suppose that we want to allow the coefficients to vary over
space. Usindp andla to represent the geographic coordinates, we can write the
conditional quantile function as:

Q,(t]X,lo,la) = Xb(¢| X, lo,la) (16)

Although it is possible to include andla as explanatory variablésin
which case they are part of tkematrixi the more common approach is to keep
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them separate. Also, note thatandla can represent any gg@phic coordinate
system rather than just longitude and latitude.

All that is necessary to estimate a nonparametric version of equation (16)
is to specify a kernel weight function that indicates the weight given an
observation with coordinatel(la) when estimate the function at a target point
(lo, la;). One approach is to use a simple product kernel:

K((lo- 1o,)/h,(la- Ia,)/h,) (17)

A more commonly used alternative is to make the weights depend simply
on the straightine disance between each observation and the target ppint,

K(d, /h) (18)

The kernel weight function in equation (19) draws a circle around the
target point to form the weights. Although, equatiéhis slightly more general,
there is little difference between the two in practice. Withifferent quantiles,
the set of estimated coefficients for explanatory varikb@, is an nxJ matrix.
With K explanatory variables in additi to the intercept, thaxJ matrix of
guantile predictions is

= b+ A x b (20)

These predictions can be used to calculate density functions for predicted
values of the dependent variable forbigary values of the explanatory
variables. Suppose we want to evaluate the modgl=atl. Then thenxJ set of
predicted values is simply

= b +a+ 3 x & (21)
k=2

The calculations can be repeated for othalues o f @ and f ol
explanatory variables. The results can then be summarized using estimated
kernel density functions.

Model is analogous to conditionally parametric (CPAR) local linear
regression. The estimation procedure involves estimating sepavatdile
regressions for various target points, with more weight placed on observations
that are close to the target. Unlike a fully nonparametric approach, the CPAR
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approach produces coefficient estimates for the explanatory variables. But unlike
the spatl AR version of quantile regression, the estimated coefficients vary
over space. The CPAR approach is less sensitive to model misspecification than
the fully parametric spatial AR approach, and it accounts for local variation in an
overall spatial trendThe approach is well suited for quantile analysis in
situations where the distribution of the dependent variable is, for example,
highly skewed in some locations, tightly clustered in others, while all the time
varying smoothly over space. Moreover, theABPapproach does not require

the specification of a large ¢nn) spatial weight matrix, making it amenable to
large data sets.

We present results (Chambers, Pratesi, Salvati, Tzavidis 2005) obtained
for the estimation spatial distribution of the mean amefdian production of
olives per farm LES. The data are from Farm Structure Survey (2AQBe
incidence matrix of dimensions 2508 farm per 42 LESs. The neighborhood
structureW is defined as follows: spatial weighy;, is 1 if area shares an edge
with j and O otherwise.

The median map is intensive to the presence a few big farms that raise the
medium level of production as a consequence the spatial distribution of the
median is more homogenous.

Figure 1 a) Mean b) median production of olives

= (a) 4. (b)
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Source: Chambers R. & all (2005)
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6. Conclusions

In summary we can say that the classic paper for quantile regression is
Koenker and Bassett (1978). Koenker (2005) presents an extensive examination
of the econometric theory related to wide variety of quantile models.
Buschinsky (1998) helped popularize the use of quantile regression analysis on
the distribution of wages. The spatial AR version of the quantile model relies on
approaches developed by Chernozhukov and Hansen (2006) amdard
Muller (2004). The approaches have been applied to studies of house prices by
Kostov (2009), Liao and Wang (2012) and Zeitz et al. (2008). The studies rely
on the IV approach for estimating the spatial AR model. Nonparametric versions
of quantile modls relies heavily on Koenker work. Splines are also a potential
alternative to kernel smoothing; it was done in Koenker and Mizera (2004). The
use of nonparametric methods for spatial models has been forced by the
invention of new terms by geographers foocedures that have already been
used extensively in statistics and economics.
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Streszczenie

PRZESTRZENNA REGRESJA KWANTYLOWA

W wielu zastosowani ach, podstawowym pr
wektor a skorel owanych zmi ennych objaSni aj
W przypadku, gdy obserwg e badanych zmi ennych sN do

przestrzenni e, zadanie jest jeszcze trudn
wyni kajNce ze zmiennoSci przestrzennej

W tej pracy, w mi ej sce przestrzennej
rozpatrzyny przestrzenna regresjn kwantyl owN.

om-wiona w przestrzennym kontekScie. Gg -
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mo Ul i woSci powi Nzani a me t o dekonamegtiydznegor e g r e
modelowania przestrzennego. Dodatkoweozasy 1 nf or mac j i O zmienn
badaj Nc kwantyl e, wychodzNc poza tradycyj

kwantyl owa w modelu przestrzennym wuwydatn
fragment -w rozwaUanych rozkgad:- w.
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WL ESGAW WAGKOWI CZ

Land Management of the Areas of High Landscape Values:
An Economic Model

Abstract

This paper presents selected results of the research entitled Planning the
Space of High Landscape Values, Using Digital Land Analysis, with Economic
Appraisal, supervisedybDr . Pawegdg Ozi mek, Cracow
conducted since 2009. Usually, we do not pay attention to surrounding
landscapes in our everyday life. However, for the persons who deal with spatial
planning, geography, natural environment, or cultural reg#, the validity and
value of landscape are the terms which do not have to be defined. The first part
of the paper is dedicated to the landscape features that decide about its value.
The author discusses whether those features are the same as thoset we wan
protect and how we can appraise landscape values. The next part contains an
analysis of the economic bases of development. In reference to space, the
analysis and opinion on land use in the context of the development of usable
functions are essentialConsequently, the identification of the limitations
connected with the protection of landscape and delimitation of the areas on
which such limitations exist are required. Another component consists in the
determination of the land requirements associatét existential and economic
needs of the local population. Such a general balance of needs and requirements
is the starting point of the adoption of development policies and action
programmes. The programmes should include the location of individuagsoj
and capital investments on land, as well as their proper timirgrdmation.
Owing to the complexity of the tasks, the option analysis is the preferred method
of search for the best possible solution. The reconciliation of individual land use
(titte to land), public and business land uses, with the protection of
environmental and cultural values, can be difficult or next to impossible to

" PhD., Institute of Urban Development
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attain. Therefore, we need some mechanisms to compensate the losses occurring
in individual interests and in localregional, or national developmenthe

choice of options for local or regional development is based on balancing the
costs and benefits that depend on the sizes of both protected apdotented
areas.In conclusion, the author attempts at answering destions whether the
landscape and landscape values can be saved owing to their economic assets,
and what instruments should be implemented to utilize economic mechanisms of
protection.

1. Introduction

We do not pay much attention to local landscapeun everyday life,
especially when the need to satisfy our daily needs and our aspirations
associated with the consumer life style are in opposition to the rules of
sustainable spatial management. People are active in the contexts of their living
condition s . They are aware of such condi ti
interests or objectives. People create their projections not only of their social
environment, but also of the shape of that environment. Landscape is simply
defined as the appearance afdasurface in a specific location, or the view of
our surroundings. Although landscape is a common commodity, it may not be
fgoodo for somebody, and people may h:
For those who are involved in spatial planning, geographtural environment
or cultural heritage, landscape importance and value are the premises that do not
have to be defined.

2. Landscape and its Characteristics

Landscape may have different values for various people or groups:
property owners, land useisr public authorities. Space is appraised differently
on a local, national or international scale. Space becomes landscape in the
observerés eyes, and it can become a ¢
with the attractiveness of a given placevigw opening to distant areas. We
should, thereor e, turn to ®Sanzq2eAGoINE3B3S)K i an
to try to discover how one perceives, values or adapts space. Based on displayed
human imagination and verbalized needs, people can shape space. In the
research dedicated to the perceptiod amaluation, it is important not only to
obtain answers to the question of how a given person (persons or communities)
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perceives and appraises space, but also why the method of perception and
evaluation is so particular. Thus, we intend to discover thé@hlas that
determine such processes. The perception of space is equivalent to informed
reception of stimuli. The patterns of space image shaping depend on the
following:

1 perception of space in whole or in part,

1 separate perception of objects and people

fobserverds experience, his or her sk
different for land users, land owners, or developers: designers, urban
planners, architects, or decisionakers).

Various perceptions of space makes it either easy orculiffito
communicate on the matters of appraisal of both existing status or vision of the
future. Landscape perceived in a particular manner indicates that we evaluate
space when appraising landscape. When shaping landscape, we actually shape
space.

How can we practically resolve the problem of the space appraisal during
spatial planning and project design or implementation (in case on new
developments, replacements, remodelling etc.)? To appraise space, we can apply
the indicators which allow us to measspace for the following purposes:

1 problem description (appraisal of landscape values in our case),

1 project need evaluation (an intervention when landscape is negatively
appraised),

1 definition of the purpose of action (indication of success measures) and

1 evaluation of the degree of success (have the landscape values been
improved owing to intervention?).

Referring to our assumption that narrowly understood landscape is the
object of our analysis, we have applied an approach based on aesthetic and
appeaance values for the purpose of landscape evaluation (including space
evaluation as a result) (a broader description can be found in: Bajerowski, 2007,
pp. 729). The features that allow us for such landscape evaluation include
beauty, sublimity, and curitg (aestheticalllor i ent ed | andscape
2006, pp. 292293). As to the primary (original) landscape value, the proposed
method is subjective in nature: the first step in managing space of high
landscape values belongs to experts. The appraisddevdh average evaluation
made by a competent group. The competent group, selected for the purpose of
analysing specific land, will indicate all attractiveness factors, such as
volumetric objects (buildings, structures, and landscape units which decide
abou the landscape value). Those objeéits) should be assigned to two
separate groups, with negative and positive impact on the analysed landscape,
respectively. Each object should be evaluated on the basis of selected criteria
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(see aboveg;; 1 value of object for the criterionj, w; i weight of the criterion

j) and assigned aggregated total valii®a(). The issue of the evaluation scale,
standardization of variables or aggregation rules are omitted here as they are
associated with the main topic of the paper.

LVo, = f[c}-i,w}-) (2)

Nominal landscape valuel4) of the analysed areai) will be the
following (the objectsd values referri
will reduce theotal value):

LVA=X.LVo, 2)

3. Space and Landscape as the Elements of Development Processes

The value of the preserved (restored and conserved) natural and cultural
environment, although associated with a possibility of useful and effective
utilization of selected space cab be a measure of the business value of landscape
( WaE owi ¢z 2-859)0 The geperal balédn2e of the needs and
possibilities should be a starting point for the determination of the development
policy and later for drafting fospatial management plans. In particular, we
should aim at balancing the land needs in respect of the indication of land use
(specific manner of development, e.g. land for house building, or businesses) of
the selected areas, taking into account the gtiote of those components whose
use and development should be subjected to special needs, owing to the features
of the natural and cultural environment. That would allow for the
implementation of the principles of sustainable development: on the one hand,
preservation of selected resource, and, on the other hand, a possibility of the
development of local communities.

What is an essential element in reference to landscape is the analysis and
evaluation of the usefulness of particular plots of land for #hesldpment of
various useful functions which will allow us to maintain and utilize landscape
values. Assuming that the landscape use is associated with a possibility of
providing aesthetic experiences, the landscape value increases with the increase
of the possibility of providing such experiences to observers, just like in case of
masterpieces (landscape has real value only when one can see it). The areas
which are affected by the objects mentioned before are the lands on which the
objects are passively pased (or the places where we can see such specific
objects). To put it simply, the larger the area from which an object can be seen
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the higher landscape value. Omitting at this stage the dependence of the object
exposition on other factors (such as theesif the object which can limit the
distance of exposition), or its form, colour etc., we can determine the passive
exposition area for a given object, using a digital land model and GIS type of
software. An example is shown in Fig. 1. The exposition wesadetermined by

the team of Dr. Pawedg Ozimek (Cracow T

Figure 1. Passive exposition aregé (a4 ) of the Czorsztyn Castled; )

Source: P. Ozimek (Cracow Technical University)

If we take into account the expasit, the modified value ( ) of the
object will reflect the size (surface area) of object exposition ( ), e.g.
in respect of the analysed surface arba (

®3)

And the landscape value ( ) of the analysed areai) will be as
follows (the negative object values affecting the landscape will reduce the total
value):

(4)

Depending on the nominal valugi{p;) of the objects recognized to be
important for the landscape, we can determine their scope of protection on the
exposition area. Consequently, the management and use of both object and its
exposition area will be subjected to restrictions. Using the terms from the field












































































































