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INTRODUCTION

Relevance of the topic. The European Union regions and countries have to solve
regional economic development problems that occur in global economy and the context
of the EU integration: income inequality, inability of some business areas to adapt to the
global changes, technological changes, labour migration. A significant part of the value-
added and resources for generating economic activity are concentrated in the more
economically developed regions and urban areas. Other regions have to find paths to
restructure business and to be competitive.

The EU integration processes affect the regional economies of member countries
that are different in business structures, the level of specialization and diversification
(Burda, Severgnini, 2009; Ertur, Koch, 2006). The integration influences a more
intensive movement of production factors between regions, induces a foreign direct
investment and migration flows (Marrocu et al., 2013). The movement of production
factors encourage a greater regional business specialization (Burda, Severgnini, 2009).
The regional economic development and policies related with that have a significant role
in today's economy, since the aim is to identify regional strategic development
directions, sources of growth, and to ensure competitiveness in the global and integrated
EU market.

According to the ,,Europe 2020* strategy, the EU aims to exploit the potential of
the workforce, to increase employment rates and productivity, to deal with an aging
population and high global competitive challenges (European Commission, 2010).
However, without a territorial cohesion it will be difficult to provide equal opportunities
for all regions to achieve positive economic results. The economic disparities between
the EU regions remains significant (ESPON 2012; Okubo 2012; Becker et al. 2012;
Busillo et al. 2012; Butkus, Matuzeviciute, 2011; European Commission, 2010;
Simanavicieng, et al., 2010 ; Barca, 2009).

After the EU territorial expansion (since 2004), regional economic differences in
the EU have increased significantly (EESC, 2006). The new member states (that joined
the EU in 2004) are still not creating enough of high value-added goods and knowledge-
intensive services. A significantly increased differentiation between the NUTS2 and

NUTS3 regional levels in the EU reveals that economic structure of the the new member
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states is more focused on low-tech industries and intermediary services (Becker et al.
2012; Busillo et al. 2012; Barca, 2009). The technological progress is not intensive
enough to change the current economic structures.

The new member states® joining in the EU means that the EU has to take some
responsibility of new members® economic development problems. The EU provides
investment support for economically less developed regions and initiates action
programs. One of the objectives of the Europe 2020 strategy for the period 2014-2020 is
to promote regional development, increase productivity and employment (European
Commission, 2010). About a third of the EU budget (over 350 billion) is planned for the
EU cohesion policy during the period of 2014-2020. It is important for each region to
identify its paths for economic growth and to provide information how it will contribute
to the achievement of the EU's strategic goals.

The EU member states also have to deal with the problems related to a financial
stability and a budget deficit, and emergence of the refugee crisis when there is a lack of
financial resources. Under these circumstances it is very important that the cohesion
policy funds were invested and managed properly, even though some of national,
regional, and local administrations could be not efficient enough to implement relevant
programs successfully (European Commission, 2015). Originally, the refugee crisis
provides both opportunities and threats to the EU regional development (IMF, 2016;
Draghi, 2016.). Therefore, an efficient allocation of financial resources and appropriate
regional policy options in response to emerging new threats are becoming one of the
EU's economic policy challenges to a sustainable regional economic development and a
greater economic growth.

Research problem. In the modern economic theory, there is a lack of practical
solutions and scientific knowledge for a reasonable assessment of regional economic
development and its efficiency, taking into account the new circumstances created by
globalization and integration processes in the European Union under the conditions,
which were not adequately covered. There are new approaches to the regional economic
development of the various European Union countries, regional priorities, including a
sustainable development, competitiveness and productivity objectives, and the
innovation promotion priority. In practice of the economic development efficiency these

new circumstances are not adequately covered, so the modern economic theory lacks
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adequate solutions and evaluation of the circumstances of the European Union
integration. Such theoretical attitudes make it possible to try to find a more precise
solution to the current regional economic problems.

The object of the research is the efficiency of regional economic development
and its evaluation practices, taking into account sustainable development challenges in
the context of the globalization and the EU integration.

The aim of the thesis is to analyze the current trends, important for the regional
economic development, and to develop and implement a theoretical concept for
increasing the efficiency of regional economic development and to improve an
assessment of the economic efficiency, taking into account sustainable development
challenges in the context of the globalization and the EU integration.

To achieve the goal, the following objectives are set:

1. To analyze the concept of regional economic development and related
economic research in the context of the European Union integration.

2. To analize the factors of the regional economic development and to integrate
them into a composite model.

3. To discuss the instruments for assessment of the regional economic
development and its efficiency on the basis of the EU strategies, reports and directives.

4. To compile the research methodology for measuring regional economic
development processes and their efficiency in the context of the European Union
integration.

5. Based on the research methodology, to measure the economic efficiency of
Central and Eastern EU regions, to evaluate the factors of regional economic
development and their interactions and to give recommendations for the regional
economic policy making.

Research methods. The research methodology is based on a systematic approach
to the regional economic development and planning in the context of the European
Union. The research is composed of the localized, fragmented studies that are
complementing each other. Each of them has its own approach, but all of them are
combined into a common methodological framework. In order to fully analyze the issues

raised, both theoretical and empirical research methods were applied.



Theoretical research methods were applied in the analysis of the regional economic
development concept, the main factors and trends in the European Union:
systematization and synthesis of ideas presented in the recent regional research,
strategies and policy documents and a descriptive analysis of statistical data.

The empirical study can be divided into two parts. The first part analyzes the
regional economic resources and the efficiency of using them to create economic results.
The input and output analysis is made using nonparametric linear programming methods:
data envelopment analysis (DEA), full disposal hull (FDH), and order-a analysis.

The second part of empirical research assesses the regional economic development
factors, their interactions and similarities. The analysis combines multidimentional data
visualization methods: Kohonen’s artificial neural network (the self-organizing map —
SOM) and Sammon’s projection to get most information about regional economic
development processes by analyzing multidimentional data. Statistical data from
Eurostat and national statistical databases are used. Statistical data are collected and
processed in SPSS, Stata, Deap, and MatLab programs. EU NUTS2 and NUTS3 level
regional data are analyzed.

The defended statements:

1. Human capital and other resources needful for a high value added are used
ineffectively in the Central and Eastern regions of the EU.

2. Investment in the Central and Eastern EU regions does not efficiently
contributes to restructuring of the regional economies, that leads to a lack of the regional
economic growth and development.

3. To identify efficient solutions of the regional economic development, there
should be made a composite evaluation of regional economic development factors and
their interactions.

Theorethical significance and scientific novelty of the research. From a
theoretical point of view, a regional economic development is not a new concept: at the
end of the twentieth century and the beggining of the twenty-first century it is analyzed
in various scientific directions. The result is a diversity of models underlying the
different processes of regional economic development. However, the studies lack a

systematic evaluation of the processes, in conjunction with the different elements on the



whole. In the thesis, methods are proposed that allow to analyze the available aggregated
data, to abstract and provide a systematic assessment of the situation.

For today‘s economy, the new evaluation criteria of the regional economic
development performance become important in the context of the European Union
integration. Regions should attempt to be efficient throughout the EU area, to achieve a
sustainable development, a higher social well-being and a higher quality of life.
Although the Central and Eastern regions of the EU have a higher economic growth than
the EU, however due to the relatively low households® disposable income, even greater
manifestations of unsustainable economic development are seen. In this thesis, the
proposed algorithm allows to take into account important factors, that have not been
adequately taken into account, e.g. regional innovation systems efficiency, resource and
infrastructure development, efficiency of human resources for creating high value-added.

In the dissertation, the regional economic development factors are systematized to
the overall regional economic development model according to their interaction. The
model investigates quantitative and qualitative factors, back-links and integrates the
concept of technical efficiency, which was not previously included in similar models.
The developed model allows us to explore and assess the regional economic
development trends in a broader perspective, to identify regional deficiencies, and to pay
attention to the qualitative factors in the regional economy.

The thesis has proposed research methods that reveal NUTS2 and NUTS3 regional
issues and enable us to explore less tangible factors and their importance for the regional
economic development by quantitative methods. In order to solve the problem of
exploring more qualitative aspects, non-parametric methods are applied in the
determination of an efficient frontier on the basis of assessing the total region's ability to
absorb the available resources and to generate a high value-added. That renders a
possibility to assess the overall performance of regional companies as a qualitative
capacity to exploit regional resources.

The ability to operate efficiently covers the business and public management
features, benefits from the synergy that takes place in businesses as well as business and
science cooperation, leadership to realize the knowledge, experience and to
commercialize the ideas, company‘s ability to develop competitive products in a market.

Although the non-parametric analysis does not specify which of the following areas of
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management is inefficient, it is possible to identify under-utilized resources and,
according to that, make more precise decisions on how to modify the related
management processes.

The novelty of work is based on the fact that non-parametric methods for
measuring the technical efficiency are applied to analyze the Central and Eastern regions
of the EU and Lithuanian NUTS3 regions, for the first time. As well as the regional
economic development factors are analyzed for the first time by combination of
multidimentional data visualization methods: Kohonen’s artificial neural network (the
self-organizing map — SOM) and Sammon’s projection.

Practical significance of the research. The results may be useful for researchers
and practitioners who study and develop the European Union and the Lithuanian
regional economic policy, the integration process of the EU, convergence issues and
create regional economic development strategies. Systematic assessment of the regional
economic development and the proposed research methodology make the basis for
developing a regional economic policy that would be problem-oriented to a higher value-
added in the Central and Eastern EU regions.

The proposed research methodology can be applied to other countries or regions of
the EU for a deeper analysis of economic development processes and their efficiency and
for modelling economic factors interaction in order to identify potential growth areas, to
examine regional economic policies and increase the efficiency of processes.

The limitations on the research and availability of data. Nonparametric efficient
frontier methods (DEA, FDH and order-a) provide opportunities to measure the
efficiency of regional economic development according to the level of inputs and
outputs. The main limitation of this analysis is that the estimated efficiency scores are
conditional, depending on the field of survey and selected indicators. If other fields of
economy will be chosen, other efficient regions could emerge in analyzed group.

This study copes with the problem of data availability. There was no possibility to
analyze the latest EU regional data. The EU regional data collection and submission to
Eurostat takes about 3-4 years. For example, "Europe2020" strategy, which came into
force in 2014, was composed according to 2010 regional data and the regional cohesion
report of European Commision, published in 2015, analized the regional GDP data of

2011. As a result, the most recent data analyzed in the paper, were of 2013-2014.
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Another problem of data availability is that there is no possibility to systematically
measure smaller than the NUTS2 level territorial units. The statistical data are
fragmentary for such territorial dimentions (NUTS3, LAUL), the comparison of regional
data in different countries is limited. As a result, the NUTS2 regional level was analyzed
in empirical research and some aspects of NUTS3 regions were analyzed using
Lithuanian data.

The structure of the thesis. The thesis consists of an introduction, four main
sections, conclusions and recommendations, a bibliography, and appendices. The thesis
is of 182 pages and contains 24 tables, 26 figures, and 21 appendices.

The first section analyzes the concept of regional economic development in the
context of EU integration. The factors of regional economic development are
systematized to the conceptual models. The second section consists of a detailed analysis
of recent challenges for the regional economic development in the context of European
integration. Planning tools and mechanisms of regional economic development are
analyzed at the EU and national levels. In the third section, the research methodology for
measuring the regional economic development and its efficiency is explored in detail.

The fourth part presents the empirical results.

REVIEW OF THE CONTENT OF DISSERTATION

The main factors of regional economic development in the integration process
of the EU

Over the past two decades regional economic development processes and emerging
unsustainable problems are complex and diverse. Structural changes in the global
economy since the 1980s have increased the importance of innovation for the economic
growth, highlighted the powerful agglomeration forces in the various territorial levels
and led to an increased need for enterprises‘ flexibility to innovate and compete in the
global and integrated market (Barca et al. 2012).

Regional economics is an additional part of economic science, which makes this
science even more difficult, to answer the question of why the areas, located in different
geographic territories, are developing differently. It is not enough to explain the complex

modern regional economic development processes by neoclassical growth theory. Only
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recently, in the last twenty years, more attention has been paid to the importance of non-
material resources and less tangible factors such as knowledge, cooperation,
entrepreneurship, and the importance of institutions and their abilities to innovate,

improve business competitiveness and ensure a long-term economic development.

RESOURCES AND THEIR
AVAILABILITY

The level of investments

INSTITUTIONAL

Availability of resources STRUCTURE IN GLOBAL
geographically and in ECONOMY —
terms of infrastructure REGIONAL ACTORS AND

THEIR INTERACTIONS

Human capital

The relationship with the
external markets

LEVEL OF INNOVATION Economic and
cooperative relations
Spread of technology and between market players
knowledge
REGIONAL
Industrial structure of the ECONOMIC
Systematized knowledge ; P
y 9 region, specialization b RESULTS
Specialists, scientists, Formation of innovative (GrowTH,
creative class Lo . DEVELOPMENT)
institutions in the region
Communication
technologies Processes of the
agglomeration

SPECIFIC REGIONAL Regional urban
CHARACTERISTICS infrastructure

Enterpreneurship, The growth of

leadership neighbouring regions
Local culture, traditions, Regional and national
positive attitude towards demand

entrepreneurship,  work
atmosphere, social capital

Fig 1. The conceptual model of regional economic development factors

Source: compiled by the author

In order to fully assess the modern regional economic development issues and
economic policy challenges, there are three main theoretical directions that deal with
complex economic development processes: endogenous growth theory, which basically
focuses on knowledge spillover and expands the neoclassical growth theory; the new
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economic geography, analysing spatial concentration of resources and related processes;
institutional economics, highlighting the importance of existing institutions that are
involved in the creation of economic value.

Based on the current regional economic researches as well as the neoclassical
growth theory, a conceptual model of regional economic development factors is
proposed (Fig. 1). The model combines the importance of material resources,
infrastructure, together with innovation and knowledge aspects. In the model four groups
of factors are identified: resources and their availability, the level of innovation,
characterized by the level of knowledge and creative class, the specific, cultural
characteristics of the region and regional institutions that make usage of available
resources and create the economic value in global economy.

In the model, reversable connections are involed between regional actors and other
three groups of factors, which makes this model more dynamic. On the one side,
institutions affect changes of resources by employee‘s trainings, generating new ideas,
expanding the knowledge, and making new investments in infrustructure and other
fields. On the other side, a mix of regional resources and possitive cultural background
helps attract new companies to the region and in this way, can partly shape the
institutional structure. The most difficut changes are that of specific regional
characteristics that are very closely related with the cultural bachground and values. It
takes a lot of time to change attitudes and customs towards business organization,
cooperation, public sector initiatives, and to enhance leadership or enterpreneurship.

To sum up, the regional economy consists of dynamic processes. Regional
differences could be analyzed according to the proposed model of regional economic
development factors, that integrates ideas from the recent researches and classical
perspectives important in the context of globalization and integration processes of the
EU. A huge importance in the model is given to the institutions that are the main subjects
creating the economic value as well as to resources and specific characteristics that have

a strong influecne on shaping the regional economy and on the way it develops.
The technical efficiency concept in the regional economic development analysis

When analysing the regional economy, it is important not only to indentify the

factors for regional economic development, but also to assess whether the factors and
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available regional resources are used efficiently. According to OECD (2014), the
regional economic policy has not sufficiently reduced regional economic and social
disparities. The focus was on a large-scale investment into infrastructure, which did not
have a significant impact on the region's economic growth and it did not efficiently help
for economically weaker areas to catch up with more developed areas. So it is very
important for the investment and regional resources to be directed to appropriate
programs and be efficiently used, so that regions could exploit the available economic
potential and atchieve desired returns.

Regional economic development differences could be analyzed in two ways
(Fritsch and Slavchev, 2011). First, the regional differences could be explained by
different levels and qualitative characteristics of the resources. Secondly, the regional
differences could be assessed by evaluating decision making units‘ efficiency how these
resources are turned into economic results. So it is very important to analyze not only the
resources available, but also the efficiency of their usage.

The efficiency analysis of regional economic development is related to the region's
production function, measuring the level of resources and outputs achieved (Schaffer et
al., 2011; Fritsch, Slavtchev, 2011; Daou et al 2012; D'Agostino et al. 2013). Recent
researches of efficiency is based on Farrel‘s (1957) ideas, that investigated the economic
efficiency, consisting of a technical efficiency and an allocative efficiency. The technical
efficiency is the ability of a decision making unit to achieve the maximum output with
the available economic resources. The resource allocation efficiency reveals the
company's ability to choose the best resource ratio according to the market prices. By
means of the regional analysis it is not possible to assess the price of different resources,
so the economic efficiency is evaluated using the concept of the technical efficiency.

The economic efficiency and performance measurement are applied in the
investigation of the EU economic policy in order to find out more effective decisions for
distributing financial resources and policy formation (Broekel et al., 2010; Autant-
Bernard and LeSage, 2011; Castells and Sole-Olle, 2005; Schaffer, 2011; Schaffer et al.,
2011; Matei and Spircu, 2012; Bosco and Brugnoli, 2010; Fritsch and Slavtchev, 2011).
In the case of the lack of financial resources, when governments face budget deficit
problems, an efficient allocation of resources between the different programs is one of

the key EU regional policy challenges in the period of 2014-2020. The recent regional
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economic research has defined that it is important to analyze the region's production
function efficiency, i. e. how efficiently the available resources are used to create

economic value.

RESOURCES AND THEIR
AVAILABILITY
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Human capital REGION GROSS
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Fig. 2. The conceptual model of regional economic development factors with the
technical efficiency involved

Source: compiled by the author

In line with these ideas, the concept of technical efficiency is integrated into the

conceptual model bringing together the factors of regional economic development (Fig.
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2). The technical efficiency in the model is revealed as a filter that separates regional
economic resources from the economic value-added. Larger economic resources do not
necessarily generate a higher value-added. Such technical inefficiencies may exist in the
regions for a variety of qualitative and cultural characteristics that are important to the
regional economic development: leadership and the general ability to apply the
knowledge, abilities, to develop and commercialize globally competitive products,
business skills to manage the business, to build up cooperative relations with external
and internal market participants, cultural background. The economic environment and
trends, that are affected by the agglomeration economies, urban changes, legal and tax
liabilities, might also be important for the level of productivity and further development.

By evaluating the overall level of efficiency it is possible to identify how much
region DMUs are able to absorb economic resources and create the gross value-added. If
a region is indicated as being technically inefficient, it means that the increase of the
economic resources and investments will not necessarily contribute to the economic
growth. More attention in these areas should be paid to other factors that might influence
the efficiency, for instance, promotion of entrepreneurship, support for cooperation of
companies, and the efficiency of public administration and related areas. For the
implementation of regional policy, it is worth to evaluate the regional performance and
to monitor regional DMUs* abilities to transfer economic resources to the creation of a
higher economic and social value.

To sum up, the economic development is influenced not only by the factors that can
be measured by quantitative indicators - investment, human capital, road infrastructure,
telecommunications, persons in science and technology or others,- but also by economic
development processes, affected by the less tangible, qualitative and cultural factors,
benefits from cooperation and synergy, leadership and the ability to apply the knowledge
gained. Regions with a similar level of resources gain different economic results that
make up some inefficiencies in the economy. Even though the level of technical
efficiency is a relative factor gained through a comparison with other regions, it is an
important aspect to be evaluated while forming programs for the regional economic
development. All these tendencies make up a high complexity of regional economic

development studies.

16



Summary of the research methodology

The summary of the methods, used to evaluate the regional economic development
factors, their similarities and the level of technical efficiency is presented in Fig. 3. The
research consists of two main blocks. The first block combines methods for the
evaluation of regional production factors that are needed for creating a higher value-
added. Different efficiency levels of the EU regions’ decision making units (DMUSs) are
identified by applying DEA, FDH and order- «a techniques. The second block combines
multidimentional data analysis methods - Kohonen’s artificial neural network (the self-
organizing map — SOM) and Sammon’s projection - to get most information on regional

economic development processes, the main factors, their correlation and similarities.

The analysis of regional economic processes and their factors
For checking the ideas presented in the conceptual regional economic development models

|
v
Working out a system of regional
indicators for further analysis

v
The analysis of the regional production
factors, their level and changes

= Pearson correlation coefficient,

= Statistical descriptive analysis <
= Trend analysis by HP filter 1 correlation matrix of indicators
v ! L7
1| The analysis of regional economic
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interactions

1

)

|
efficiency {

)
Nonparametric techniques for :' A combination of multidimensional
evaluating the efficient frontier: | | data analysis methods: '
= Data envelopment analysis (DEA)  Ye»| Nonlinear Sammon’s mapping
* Full disposal hull (FDH) » Kohonen’s artificial neural
= Order-a analysis network (the self-organizing map)

[ |
v

Proposals for policy formation of regional economic development

Fig. 3. The structure of empirical analysis
Source: compiled by the author

The Central and Eastern EU regions are analyzed. These regions have a similar
historical and cultural background, common experiences of joining the EU in 2004 and

implementing the EU regional policy as well as being a part of integration processeses in
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the EU. Overall 40 NUTS2 regions of 8 countries are investigated in both research
blocks: Estonia, Latvia, Lithuania, Slovakia, Slovenia, Hungary and Czech Republic
(Eurostat, 2015). A part of the efficiency research is made at a more detailed regional

level — NUTS3 according to Lithuanian context.

Multidimentional data visualization methods for the analysis of regional economic
development processes

The regional economic development is affected by various processes in the regional
economy, that could be described by multidimentional data. The goal of this research is
to acquire most information on the processes in the regional economy, using
multidimensional data visualization methods, and to discover knowledge about the
interaction and similarity of subjects (regional economic indicators). The research

consists of several steps — setting a matrix X of regional economic indicators, setting
their correlation matrix R, conducting a system of vectors X according to the correlation
matrix and finding out similarities of the data by using a combination of nonlinear

Sammon’s mapping and Kohonen’s artificial neural network — the self-organizing map.
Assume that X ={x;j,i=1m, j =1 n}is the matrix of regional indicators, where m is

the number of regions, n is the number of indicators, X; is the value of the i-th indicator

for the j-th region. R={r,, ., 1, ] =1,n} is the correlation matrix of subjects determined by
the matrix X of regional indicators, where r,, " is a correlation coefficient of indicators x;
and x;.The matrix R is considered via the visual presentation of a set of variables by

using a combination of nonlinear Sammon’s mapping and Kohonen’s artificial neural
network — the self-organizing map (SOM).
Let S" be a subset of an n-dimensional Euclidean space R" containing vectors of

unit length, i.e. S" is a unit sphere, |v|=1 if Y eS". Dzemyda (2001) proposed to
determine a system of vectors Y,,...,Y, €S" corresponding to the system of variables
X, X, SO that cos(Y;,Y;) = Mex, | O cos(Yi,Yj):rXfXj. If only the matrix of cosines
K ={cos(Y;,Y)), i,j=1n} is known, it is possible to restore the system of vectors

Y, = (Vg Yo) €S", s=1n, as follows: y, =.[4 a, k=1Ln, where 1, is the k-th
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eigenvalue of matrix K, (ey.,...,a,,) IS @ normalized eigenvector corresponding to the
eigenvalue 4, . The mapping of the set of vectors Y,,...,Y, € S", which corresponds to the
set of variables x,,..,x,, on a plane, trying to preserve a relative distance between
Y,,...Y, €S", leads to the visual observation of a layout of variables x,,...,x, on the

plane.

In this research, the n-dimensional vectors Y,,..,Y, eS" are visualized by
integrated application of the self-organizing maps and Sammon’s mapping, proposed by
Dzemyda (2001, 2005). Sammon’s mapping nonlinear projection method tries to
optimize a cost function that describes how well the pairwise distances in a data set are
preserved. Denote the distance between the vector Y, and the vector Y; in the feature
space (in this case, in S") by d;, and the distance between the same vectors in the
projected space by d;. In this case, the initial dimensionality is n, and the resulting one
IS 2.The cost function of Sammon’s mapping is the following distortion of projection:

1 & (dy—dy)

dpip b

, 1)

The self-organizing map (SOM), proposed by Kohonen (2001), is a class of neural
networks that are trained in an unsupervised manner, using competitive learning. It is a
well-known method for mapping a high-dimensional space onto a low-dimensional one.
In this research, it is considered a mapping onto a two-dimensional grid of neurons. The
method allows putting complex data into order, based on their similarity, and shows a
map by which the features of the data can be identified and evaluated. In this research, a

rectangular topology of neurons connection is selected.
The rectangular SOM is a two-dimensional array of neurons

M ={m;,i=1k,, j=1k,}. Here k, is the number of rows, and k, is the number of

i
columns. The dimension of the vectors, which will be presented as inputs to train the
network, is n. Each component of the input vector is connected to every individual
neuron. Thus, there is a connection between a neuron of the network and every
component of the input vector. The weights of these connections form an n-dimensional

synaptic weight vector (the codebook vector). Thus, any neuron is entirely defined by its
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location on the grid (the number of row i and column j) and by the codebook vector, i.e.

considering a neuron as an n-dimensional vector m; = (m;,m?

5,m3,...,mi). In this way, each

vector (neuron) m; represents a part of S" because v;,...,Y, €S".

Using the SOM-based approach above, a table with cells corresponding to the
neurons can be drawn. The cells, corresponding to the neurons-winners, are filled with

numbers of vectors Y,,...,Y,. Some cells may remain empty. One can decide visually on
the distribution of vectors Y,,...,Y, in the n-dimensional space in accordance with their

distribution among the cells of the table. However, the table does not answer the
question, how much the vectors of the neighbouring cells are close in the n-dimensional
space. Therefore, Sammon’s mapping may be used for such a purpose. Finally, we
obtain information on similarities of different economic indicators that cluster together
as well as on the distance between indicators’ groups, visualised by Sammon’s mapping,

to gain an additional insight.

Nonparametric techniques for evaluating the regional economic development

efficiency

In the analysis of a production function, the locus of the maximal attainable level of
an output (the production) is estimated by given a set of inputs (the production factors)
(Daouia et al, 2012). Nonparametric frontier methods expand the application of a
production function while analyzing a case of multiple inputs and multiple outputs. It is
assumed that the regional efficiency is improved more likely by growing outputs rather
than by decreasing inputs because of the nature of infrastructure capital and human
capital (Schaffer et al., 2011). According to this fact, an output-oriented version of the
model is used.

The order-a frontier method is applied together with the data envelopment analysis
and free disposal hull to determine their capabilities for evaluating regional efficiency.
These mathematical programming methods allow evaluating the efficiency of the
regional spatial aspects presented. The data envelopment analysis and free disposal hull
are applied as full frontier unconditional methods, while the order-a frontier is a partially

frontier method. For the research a set of different frontier methods is chosen in order to
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evaluate the appropriate tools for the Lithuanian regional analysis as well as the relative

efficiency scores of data making units.

] ]
A set of inputs: Data making )‘ A set of outputs:
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Fig. 4. Conceptual framework for measuring the regional performance

Source: compiled by the author

The relative efficiency score reveals how much output quantities can be
proportionally expanded without altering the inputs used (Schaffer et. al, 2011). The term
non-parametric is not meant to imply that methods lack parameters, but that the number
and the nature of indicators are not fixed in advance. The nonparametric frontier models
help to consolidate multiple performance measures into the efficiency score without
having to define the complex relationships among the indicators (Kuah et al., 2012).

The estimation of regional efficiency follows the techniques of data envelopment
analysis. The selection of data making units, explanation of inputs and outputs and
formulation of the model are considered. The enhanced data envelopment analysis is
described in detail by Daouia and Simar (2007a). Mathematical formulas (2)-(4) below
reflect a reduced version of this model. Formula (5) explains the efficiency score
calculated by a more advanced form of efficient frontier evaluation — order-a analysis.

It is assumed that every region disposes of a set of inputs x € R? for producing a

set of outputs y € R? that are positive numbers. Feasible combinations of (x,y) are
defined as (Schaffer et al., 2011):

Y = {(x,y) € rP*|x can produce y|} (2)
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The boundaries of y reflect maximum outputs that can be generated by the given
inputs. The efficiency frontier is defined as:
Y8 ={(x,y°())|y*(x) € Y(x) + AyP(x) & Y(x),VA > 1} ©)
Y(x) means a set of technology feasible outputs and y®(x) is the maximum
achievable output of the unit with the input level x. The efficiency score of a decision-
making unit is defined as:
A(x,y) = sup{A|(x, Ay) € ¢} = sup{A|ly € Y (x)} (4)
In this formula, A(x,y) = 1 is the proportionate increase of output y of the region
operating at the output level x for a region to be efficient (Schaffer et al., 2011). To
determine the unknown y nonparametric estimators, such as data envelopment analysis
and free disposal hull, have been proposed. Free disposal hull and data envelopment
analysis define an efficient boundary according to the highest technically achievable
output according to the performance of decision making units.
With Sy x)(Ay|x) defined as the probability Prob(Y = y|X < x) and Fx(x) as the
probability Prob(X<x), Daouia and Simar (2007a) defined the order-a quantile efficiency

score of the output-oriented case for each unit (x,y) € Y as

2 (x,y) = sup {A|Syixy(Aylx) > 1 —a}, Fy(x) >0, a €[0,1] (5)

In this paper, the order-a frontier analysis is also applied which allows extreme
observations to be above a partial frontier at different levels of confidence (o) while
searching for the efficiency of data making units. Efficiency scores, calculated by the
free disposal hull technique, are evaluated in the same way as by the order-o frontier
method with the confidence level of a=1. In the data envelopment analysis, the
confidence level of 0=1 is also used.

In selecting the appropriate analysis method to evaluate the efficiency score
Ao (x,y), Table 1 respresents selection process that was compiled according to Daouia
and Simar (2007a, 2007b), Schaffer et al. (2012). It is important to observe with what
confidence interval the super-efficient values of A, are obtained. If the confidence
interval is comparatively low that means there are no super-efficient values in the data

set and DEA or FDH could be more appropriate techniques for the analysis.
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Table 1. Regional efficiency scores with different confidence levels for selecting
nonparametric techniques (DEA, FDH, order-a)

Regions Confidence levels

o =0.80 o =0.95 FDH (a =1)
Region 1 Aa=08(x1,¥1) Ag=095(x1, Y1) | Ag=1(x1, 1)
Region 2 Ag=08(x2,¥2) Ag=0.95(X2,¥2) | Ag=1(x2,¥2)
Region n Aa=0.8 (xn' yn) Aa:O.QS(xn' yn) Aa:l(xn' Yn)
Average efficiency _ _ —
score Aa=038 . Ag=095 Ag=1

Source: compiled by the author according to Daouia and Simar (2007a, 2007b), Schaffer et al (2012)

It is important to mention that DEA calculations were performed by the DEAP
program where efficiency score interpretations are different. If 1,(x,y) < 1, it means
that region is inefficient. The FDH and order-o analysis are calculated by Stata where

efficiency scores are as that given in the explanation.

Regional economic development factors and their interactions in the Central

and Eastern EU NUTS2 regions obtained by the multidimentional data analysis

The results of the regional economic development factors and their indicators
analysis obtained by combining Kohonen‘s artificial neural network — the self-
organizing map (SOM) and Sammon‘s mapping - are presented in Figures 5, 6 and
Tables 3, 4. The numbers in the figures are of the indicators, as presented in Table 2. All
the indicators involed in the analysis are significantly correlated with the GDP per
inhabitant indicator (with significance of 0,05) and are related with various important
factors, such as the level of regional resources, innovative processes, infrastructure,
tourism development, and others.

Table 2. Indicators involved in the multidimentional analysis
1. Gross domestic product, eur per | 7. Persons in science and technology, %

capita 8. Patents, per capita
2. Gross capital formation, eur per | 9. R&D expenditure, eur per capita
capita 10. Labour force (calculated according to

3. Employment in high-technology Schaffer et al. (2011))
manufacturing and  knowledge- | 11. Students in tertiary education, per capita
intensive high-technology services, % | 12. Employment (of 15-64 years), %

4. Employment in low and medium | 13. Population density, inhabitants per km?

technology manufacturing, % 14. Nights spent at tourist accomodation
5. Employment in agricultural sector, % establishments, per capita
6. Persons with tertiary education, % 15. Railway network density, thousand km?
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Fig. 5. Cluster of indicators in a self-organizing map SOM of 3x3 dimensions and its’

Sammon’s projection for 2013

Source: compiled by the author according to Eurostat data (2016)

By applying of SOM and Sammon‘s projection it is possible to evaluate the distance
of different groups of indicators. The data analysis of 2011 and 2013 reveals that the
GDP indicator and most similar indicators make up a cluster and other indicators
surround this cluster, except indicators 4 and 5 that are remote from other indicators in

Sammon’s projection (Fig. 5, 6).
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Fig. 6. Cluster of indicators in a self-organizing map SOM of 5x5 dimensions and its’
Sammon’s projection for 2013

Source: compiled by the author according to Eurostat data (2016)

The indicators tend to be in similar interaction groups during both 2011 and 2013

periods 3x3, 4x4, and 5x5 SOMs. If in a more detailed neuron map indicators decompose
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into different clusters, they still tend to be very close to one another

projection (Table 3).
Table 3. Sammons* projections of SOM 3x3, 4x4, 5x5 in 2011 and 2013

in Sammon’s

SOM 2011 2013
3X3 | 1)
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Source: compiled by the author according to Eurostat data (2016)

In the same cluster with GDP (indicator 1) most ofen the same indicators tend to

appear in different dimensions of self-organizing neuron maps: gross capital formation

(2), employment in high-technology manufacturing and knowledge-intensive high-
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technology services (3), persons in science and technology (7) and R&D expenditure (9)
(Table 4). The 9-th indicator was most closely related with GDP in all the dimensions,
which means that total intramural R&D expenditures are the main attribute to a high
value-added. This tendency supports the idea that new knowledge generation, innovative
activities, the spread of high technology and investments related with that are essential
for the growth of regional economy.

The number of patents (8) tend to be apart from GDP, the level of investments and
human capital indicators. The number of patents is commonly analyzed in the research
as an output indicator of regional innovation systems. In this analysis, a number of
patents tend to be apart from the resources, generally needed for generating new ideas. In
2013, there were some links of patents and 11 and 3 indicators in SOM 5x5 and 4x4
which reveal the tendency that the number of patents becomes more related with an
intensity of universities’ activities and employment in sectors of a high technology

manufacturing and knowledge-intensive services.

Table 4. Clusters of indicators according to SOM 3x3, 4x4, 5x5 in 2011 and 2013

Years Dimensions of self-organizing map Discription
SOM 3x3 SOM 4x4 SOM 5x5
2011 1,2,3,7,9 1,29 72,9 Close similarities
2013 1,3,7,9 (1,7) (2, 9) 1,2,9 with GDP (1)
2011 6, 10, 11 6, 10 (11) (6) (10) (11) Labour force
2013 (6, 10) (11) (6, 10) (8, 11) (6) (10) indicators
2011 8 8 8 Patents (8) —as a
2013 8 8 11 8,3 separate cluster

Source: compiled by the author according to Eurostat data (2016)
*In brackets are clusters that are very close to one another in Sammon ‘s projection even though they fall

into different clusters.

Other indicators, such as persons with tertiary education (6), the size of regional
labour force (10), and students in tertiary education (11) tend to be in the same group and
more apart from GDP and innovative activity indicators, especially indicators 6 and 10.
This tendency reveals that people with a high level of education are still not enough
involved in the creation of a higher value-added and innovation processes in Central and
Eastern EU regions. From the qualitative and quatitative viewpoint even a higher level of

human capital does not necessarily mean a higher value-added. This tendency supports
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the idea that there is no straight path between resources and economic results and reveals
some technical inefficiency that is measured in detail in the the next section.

This section of the research has revealed that all the activities, related with science
and technology, investments in the gross capital formation and R&D, are very important
and have most interactions with a high value-added in regions. By means of this
research, some inefficiencies in regional economies of Central and Eastern EU are
identified: such an output indicator as patents is still apart from the resources needed for
generating new ideas; the size of labour market and its qualitative aspects are apart from
the GDP. And finally, employment of low-technology manufacturing and the

agricultural sector are those areas to cope with in less economically developed regions.

The analysis of technical efficiency in Central and Eastern EU NUTS2 and
NUTS3 regions

In this part, the efficiency is measured in two territorial levels NUTS2 and NUTSS.
Input and output indicators were selected according to the territorial dimensions and data
reliability. In the study of the Central and Eastern EU NUTS2 regional level, resources
needed for a higher value-added and innovative activities were involved in the research.
A smaller territorial dimension — NUTS3 regional level - was analyzed according to the
Lithuanian internal regions. The infrastructure and human capital indicators were

explored.

The efficiency of regional innovation systems in the Central and Eastern EU

NUTS2 regional level

The main indicators for evaluating the regional innovation system efficiency were
selected according to the reliability of regional datasets and to the latest research of
regional innovation systems. Two outputs were selected and evaluated in the first stage
of the research: y; is a gross domestic product in purchasing power parity per inhabitant;
Y, is a number of patents per inhabitant. y, is commonly used as the output of the overall
regional economy and y, is commonly applied as the output of regional innovation
systems (Bosco, Brugnoli 2010; Fritsch, Slavtchev, 2011; Dzemydaite et al., 2015). The
latest regional data of indicators from the Eurostat database were used in the research,
I.e. GDP in 2013 and the number of patent applications in 2012 (Eurostat, 2015).
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Three input indicators were selected that were mostly related to human capital
characteristics and investments to the regions: Xx; is the intramural cumulative
expenditures for research and development (R&D) in the purchasing power standard per
inhabitant, X, is human resources in science and technology, calculated as the number of
persons with tertiary education (ISCED) and/or employed in science and technology, as
the percentage of total population, X3 is the human capital employed in high technology

and knowledge-intensive sectors, the percentage of total employment.

Table 5. Correlation of GDP (y;) and Input Indicators

Indicators The intramural Human Human capital employed Number of
cumulative R&D resources in in high technology and patents
expenditures (X,) science and knowledge-intensive (y2)

technology (x,) sectors (X3)

Pearson’s 0.847 0.865 0.794 0.384

correlation rate

p value 0.000 0.000 0.000 0.015

Source: evaluated by the author according to Eurostat data (2015)

In order to select the most feasible indicators for the data envelopment analysis, the
Pearson correlation coefficient was evaluated. For the data analysed, the input indicators
significantly correlated with the output indicator — GDP per capita at the 0.01 level of
confidence (2-tailed). There was a strong correlation with all the input indicators x; X,
and xs. Therefore, all the three input indicators were involved in the further analysis.

With the number of patents, the situation was different. Correlation coefficients
revealed that the relations between all input indicators and y, were weaker and/or not
significant. The number of patents was indicated as being an indicator not reliable
enough for the further analysis. This indicator did not significantly correlate with GDP
per capita, which was supposed to be the main indicator of overall economic output. In
other studies made by Bosco and Brugnoli (2010), similar conclusions were drawn while
using the number of patents as an output indicator in the model. The calculation
techniques for this indicator differ among countries and due to this fact the results
remain unreliable for the analysis of different countries. Therefore, GDP per capita (y,)
was selected as an output indicator for the further analysis.

At the beginning of the research, regions were ranked according to the input and
output indicators. The highest values of almost all indicators tended to be in the capital

regions — in Slovakia the capital region is Bratislavsky (SKO01), in the Czech Republic —
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Praha region (CZ01), in Hungary — K6zép-Magyarorszag region (HU10), in Slovenia —
Zahodna (S102), in Poland — Mazowieckie (PL12). Higher values of all indicators tended
to be in capital regions of the Central EU rather than in the Eastern part of EU and Baltic
States. All the Baltic countries were between the highest values with indicator x,. One of
the Baltic States — Estonia (EE00) was between the leading regions with indicator x; —
cumulative intramural investments in R&D. The Praha region (CZ01) and Bratislavsky
region (SKO01) tended to be the leaders in all the indicators.

Table 6. Regions in the Central and Eastern EU with the Highest Inputs and Output (2013)

TOP10 regions according to the values of y; TOP10 regions according to the values of Xx;
No. | Region Country Vi No. | Region Country X1
1 | SKO1 - Bratislavsky SK 49000 1 | CZ01 - Praha cz 5040.0
2 | CZ01 —Praha cz 46000 2 | SI02 - Zahodna Sl 3360.5
g | HUL0-Kozép- HU 28700 | ° | SKO1 - Bratislavsky SK | 2589.1
Magyarorszag
4 | PL12 — Mazowieckie PL oss00 | 4 | HUL0-Kozép- HU | 20628
Magyarorszag
5 | SI102 — Zahodna Sl 25900 5 | CZ06 — Jihovychod Ccz 1733.8
6 | CZ06 — Jihovychod cz 20600 6 | PL12 — Mazowieckie PL 1626.1
7 | PL51 - Dolnoslaskie PL 20100 7 EEQO — Eesti EE 15115
8 | CZ02 — Stredni Cechy cz 19500 8 | CZ02 — Stredni Cechy cz 1303.8
9 | EEQO — Eesti EE 19500 9 | SI01 - Vzhodna SL 1287.5
10 | LTOO - Lietuva LT 19400 10 | CZ03 - Jihozapad Cz 1080.7
TOP10 regions according to the values of x, TOP10 regions according to the values of x;
No. | Region Country Xz No. | Region Country X3
1 | CZ01 - Praha Ccz 8.6 1 | CZ01 - Praha cz 59.1
2 | SKO1 - Bratislavsky kraj S 7.9 p | HUI0-Kozép- HU 56.6
Magyarorszag
3 | EEQO — Eesti EE 7.6 3 | SKO1 - Bratislavsky Sl 44.3
4 | S102 — Zahodna Sl 6.5 4 | S102 — Zahodna Sl 43.8
g | HU10-Kozép- HU 5.7 5 | CZ06 - Jihovychod cz 43.1
Magyarorszag
6 | PL12 - Mazowieckie PL 5.2 g | HUsL-Eszak HU 42.9
Magyarorszag
7 | LTOO - Lietuva LT 5.1 7 PL12 — Mazowieckie PL 415
8 | LVOO - Latvija LV 4.8 8 | CZ02 - Stredni Cechy Ccz 37.6
9 | CZ02 - Stredni Cechy Ccz 4.8 9 PL51 — Dolnoslaskie PL 36.3
10 | PL63 — Pomorskie PL 4.8 10 | PL63 — Pomorskie PL 36.0

Source: evaluated by the author according to Eurostat data (2015)

The ranking of the regional indicators revealed how many resources the regions
had and which regions were leading with the input indicators. The main tendency is that

the highest levels of resources are in several capital regions in the Czech Republic and
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Slovakia from all the analyzed groups (Fig. 7). The further analysis gives a deeper

insight into how efficiently the available resources are used.
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Fig. 7. Spatial vizualization of the level of regional resources x;, x,, and x5in the Central
and Eastern EU NUTS2 regions in 2013

Source: compiled by the author according to Eurostat data (2015)

According to the results of data envelopment analysis, 7 efficient regions were
indicated out of 40 regions in Central and Eastern Europe. The average efficiency score
of all the regions analysed was 0.818. This score means that, if available resources were
used more intensively, it would be possible to reach about 18.2 % higher output.
Therefore, in inefficient regions more attention should be paid how to generate a higher
output with the current resources, how to exploit the human capital in science and
technology and R&D investments in order to create and better commercialise products
for a market.

Among the efficient regions (with the efficiency score A; =1) the highest output was
in SKO1 — Bratislavsky region. This region was the leader both in the economic output
(y1) and in the efficiency score. Other capital regions did not reach such good results. In
most of the capital regions with a comparatively high GDP per capita, such as CZ01 —
Praha, HU10 — Ko6zép-Magyarorszag, PL12 — Mazowieckie, a higher GDP could be
achieved with the current resources. These regions were considered to be inefficient,

since they had a lot of input indicators, but they were comparatively not efficient enough
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in generating the real output to the regional economy. The Bratislavsky region was
considered a peer-region and an example for other capital regions.

The regions such as PL41 — Wielkopolskie, SK02 — Zapadné Slovensko, CZ04 —
Severozapad, were considered to be efficient, even though they had comparatively lower
GDP per capita (Fig. 8). These regions with low input indicators generated
comparatively high economic results. To enhance the economic growth in these regions,

more investments in science and technology should be made.
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Fig. 8. The relationship between the efficiency score (A;)) and GDP per capita in
purchasing power parity (y,), 2013

Source:evaluated by the author according to Eurostat data (2015)

The Baltic countries were evaluated as the least efficient regions. Estonia stood out
from other regions with high rates of intramural cumulative expenditures on R&D that
could be used in a more efficient way. But the common tendencies for the Baltic States
were that they had comparatively high levels of human capital with tertiary education,
but that did not generate significantly higher GDP per capita. More programmes in these
countries should be worked out to solve the problem — how to the human capital with
tertiary education and in science and technology to create more output with a higher

value-added to the regional economy.
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Table 7. Central and Eastern EU NUTS2 Regions with Highest and Lowest Efficiency
Scores (4;) Applying DEA

TOP10 most efficient regions TOP10 least efficient regions
No. | Region Country | Efficiency | No. | Region Country | Efficiency
score (4) score (4;)
SKO1 — Bratislavsky SK 1 30 | CZ06 — Jihovychod cz 0.706
PL41 — Wielkopolskie PL 1 31 | PL63 — Pomorskie PL 0.702
SK02 = Zapadne SK 1 32 | L 700 - Lietuva LT 0.698
Slovensko
4 | cz04  Severozapad cz 1 33 | €202 - Stredni cz 0.689
Cechy
> | pL43 Lubuskie PL 1 34 | HU23 - Dél- HU 0.68
Dunantul
PL52 — Opolskie PL 1 35 | PL21 — Malopolskie PL 0.677
PL33 - : PL 1 % | Huss - Dar-Alfold HU 0.67
Swietokrzyskie
8 | PL62 - Warmlnsko— PL 0.999 37 | SI02 —?ahodna S| 0.664
Mazurskie Slovenija
9 | PL61 - K.UJawsko— PL 0.959 38 | HU31 - Esz?k- HU 0.628
Pomorskie Magyarorszag
10 | PL22 - Slaskie PL 0.924 39 | HU32 — Eszak-Alfold HU 0.577
11 | CZ01 - Praha Ccz 0.904 40 | EEOQO - Eesti EE 0.574

Source: evaluated by the author according to Eurostat data(2015)

The variance of the efficiency score among the Polish regions was the highest one.
This fact has revealed great regional efficiency disparities among te Polish regions. The
regional efficiency was not constant in all the country’s regions. Therefore, there is a
potential to spread good practices from one region to another, trying to find a higher

level of cooperation between different territories.

Table 8. The descriptive statistics of efficiency scores (4;) by DEA, 2009-2013

Indicators 2009 2010 2011 | 2012 | 2013
Average efficiency score (4;) 0,792 0,824 | 0,819 | 0,804 | 0,818
Median 0,759 0,774 | 0,869 | 0,844 | 0,814
Minimal value 0,48 0,55 0,56 0,57 0,57
Number of efficient regions (4;=1) 6 7 6 7 7

Coefficient of variation (CV) 0,155 0,166 | 0,176 | 0,155 | 0,170

Source: evaluated by the author according to Eurostat (2015)

To sum up, the research has revealed different levels of innovation system
efficiency in the Central and Eastern EU regions. These efficiency scores indicated
imbalances between the available regional inputs and the real output. It means that, even
though regions spend a lot on R&D and have a lot of human capital with tertiary
education and working in science and technology, it does not guarantee that innovative
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products with a higher value-added will be created and commercialised in the economy.
This type of analysis shows the results of innovation system efficiency and could be used

for the developing more precise and problem oriented regional innovation strategies.

Evaluation of regions’ efficiency in using the infrastructure and human capital

in Lithuanian NUTS3 regions

Assuming that regional endowment with immobile factors is essential to generate
regional production (Bronzini and Piseli, 2009), input variables are characterised by a
region’s transport infrastructure and human capital. With regard to infrastructure capital,
the input factor determines the intraregional equipment with transport infrastructure
characterised by the intensity of investments in regional transport infrastructure and the
density of local roads in the region. The transport infrastructure of a region i (I;) is

determined by the formula:

Tw,: IS the length of road network (in km) weighted by the differences of
construction and the maintenance cost of a region i; a; is the area of region i (in sg. km).
The human capital indicator is calculated according to educational achievements of

the regional workforce. The formula of human capital indicator (Q;) is as follows:

Z?=1 wjfij
Ql Z?:lfl] ( )

According to the International Standard Classification of Education (ISED), w; is a
weighting factor of the educational level. Educational achievements are weighted to 1,
1.8, and 2.6, respectively, according to the average time needed to obtain the
qualification (Schaffer et al., 2011), f;; is the number of workforce. Selected input
indicators significantly correlate with the GDP per capita indicator (p=0,01 2-tailed).

The convexity of Lithuanian regional data is evaluated by analysing the distribution
of efficiency scores, using different levels of confidence in the frame of order-a analysis.
The idea behind the order-a quantile-type frontier is to determine the frontier by fixing
first the probability (1 — o) of observing points above this order-o frontier (Daraio,

Simar, 2007a). There are no extreme values in the input data set at the level of a=0.90,
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0.95, or 0.99. According to these results, the full frontier method DEA is applied for

evaluation of regional efficiency.
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Fig. 9. Nonparametrically estimated production possibility frontier (isoquant) of
Lithuanian NUTS3 regions, 2011
Source: Compiled by the author according to Statistics Lithuania (2016)

The highest efficiency scores of Vilnius (LTOOA), Klaipéda (LT003), Utena
(LTO09) and Marijampolé (LT004) regions (A = 1) reveal that a possible production
frontier is reached with the current human capital and infrustructure capital indicators.
DMUs of Marijampolé (LT004) and Utena (LTO009) regions, with lower than average
gross domestic product per capita, are considered to use limited regional resources in
more efficient way than in other Lithuanian regions. To enhance the regional growth in
these regions, more emphasis should be put on indirect programs for human capital
development, enchancement of current qualifications, attraction of more workforce to
the region and also for the improvement of transport infrustructure, because the
“bottleneck® of using these resources is reached.

In comparatively inefficient regions, such as Alytus (LT001), Tauragé (LT0O07),
Kaunas (LT002), Siauliai (LT006), Panevézys (LT005), different programs should be
implemented. More emphasis should be put on direct economic activity programmes to
improve the economic activity so that the current resources could be used much more
efficiently. The model helps to evaluate not only inefficient DMUs, but also to project

possible outputs according to the efficient peers (DMUs). For example, the Kaunas
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(LTO02) regional production technology is most similar to that of Klaipéda (LT003) and
Vilnius (LTOOA) regions (77 and 23 per cent of similarity, respectively). These
similarities lead to the idea that regional GDP could be enhanced by 10-15 per cent with

the current resources.
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Fig. 10. Efficiency scores of Lithuanian NUTS3 regions by DEA, 2011

Source: compiled by the author according to Statistics Lithuania (2016)

A further analysis supplements the evaluation of infrastructure capital. Transport
infrastructure indicator is divided in two indicators: internal transport infrastructure (1)
- as in the previous analysis, and external transport infrastructure (I7*), calculated by the

formula:

Iiex — Z;lel GRP] . ew-min troad(.J) (8)

GRP is the gross region product of j region per-capita, t,,qq4(i,j) is a travel time
between the regions i and j, m is the number of regions, and w is a weighting factor that
fulfils the following condition that e®™"T = 0,5 for T=90 min. GRP that can be
reached in 90 minutes is weighted by 0,5. Smaller weights account for geographically
further regions and vice versa (Schaffer et al., 2011). 90 minutes is considered according
to the size of Lithuania and is commonly analyzed travel time for daily business trips
(Schoch, 2004).
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According to the new indicators, efficient NUTS3 regions are Vilnius (LTO0A) and
Klaipéda (LTO03) with the efficiency score A = 1. Panevézys region (LT005) made the
most significant change during 2010 and 2014 because of the GDP growth. Most apart
from the efficient frontier are Alytus (LT001), Tauragé (LT007), and Kaunas (LT002)
regions. During all periods, closest to the efficient frontier were Utenos (LT009) and
Marijampolé (LT004) regions. These regions need more human capital and investment

into transport infrastructure to have economic growth opportunities.
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Fig. 11. Efficiency scores of Lithuanian NUTS3 regions by DEA (with I™, I€¥), 2011

Source: compiled by the author according to Statistics Lithuania (2016)

Inefficientient regions - Alytus (LT001), Siauliai (LT006), Tauragé (LT007), and
Kaunas (LT002) - could enhance economic output by 20-40% with current resources.
More efforts should be put to achieve a higher intensity of economic activities, since

capital levels are sufficient to achieve the projected growth by DEA.

Table 9. The descriptive statistics of efficiency scores (4;) by DEA with the transport
input factors (I ir I¢¥), 20102014

Indicators 2010 2011 2012 2013 2014
Average efficiency score (4;) 0,868 0,883 0,896 | 0,910 | 0,902
Median 0,875 0,957 0,936 | 0,904 | 0,983
Minimal value 0,611 0,615 0,705 | 0,719 | 0,709
Number of efficient regions (1;=1) 4 3 4 4 4

Coefficient of variation (CV) 0,160 0,148 0,121 | 0,105 | 0,133

Souce: compiled by the author according to the data of Statistics Lithuania (2016)
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Dynamic tendencies during the period 2010-2014 show that in Lithuania there is a
comparatively high number of efficient regions or close to efficient frontier. This
tendency reveals that in most NUTS3 regions the economic growth is possible by
expanding transport infrastructure, connectivity, and human capital. During the period of
2010-2014, the average efficiency score increased by 3,4 pp, the minimal efficiency
score also increased from 0,611 to 0,709 (Table 9).

The largest positive changes in the efficiency results were achieved in Alytus,
Panevézys and Siauliai regions, by increase of A; by 11,1 pp, 12,5 pp and 23 pp,
respectively. It happened because of the growth of GDP and shows good signs of
economic development in these regions. The least progress was in Tauragé and Kaunas
regions. In Tauragé, the efficiency score has not changed during the whole period
analyzed (4; = 0,781), which indicates that there were no good economic changes in
this region. In the Kaunas region, efficiency fell by 13 pp, since resources increased
more than the economic value created. So it is important to find new paths for the
regional economic development in Kaunas and Tauragé, because the previous programs
do not help to enhance economic results.

Table 10. Similarities of inefficient regions to efficient regions by DEA in 2014

Inefficient regions with Efficient peers and their similarities

Ai<1 LTO03 LTO004 LT005 LTOOA
LTOO01 0,627 - 0,337
LT002 0,077 - - 0,898
LT006 0,197 - 0,798
LTO07 0,100 - 0,835
LT008 0,154 - 0,686

Source: compiled by the author according to Statistics Lithuania (2016)

Regional economic growth opportunities were also evaluated in the case the
resources were used in an efficient way. This projection is made according to peer
regions that have similarities in the production function. The Kaunas region (LT002) is
mostly similar with Klaidéda (LT003) and Vilnius (LTOOA) regions regarding the level
of resources. To Vilnius region (LTOOA) only Kaunas could be a peer. All other
inefficient regions have comparative similarities with Klaipéda (LT003) and Panevézys

(LT005) (Table 10).
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The similarities of regions reveal the coordinates on the efficient frontier
(isoquant). The coordinates are calculated according to the technologically feasable
output with the current level of input indicators. According to the model calculation,
Kaunas should be the second region in terms of GDP per capita. Also the Alytus region

(LTO01) could be the fourth region according to the output indicator.
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Fig. 12. Projected values of Lithuanian regions’ efficient outputs in 2014

Source: compiled by the author according to Statistics Lithuania (2016)

To sum up, the nonparametric estimation of regional techncal efficiency scores and
their distribution among different territories revealed inefficient regions. The
comparatively large number of efficient regions in Lithuania (4-5) reveals that transport
infrastructure and human capital should be increased to achieve the economic growth.
The worst situation was in Kaunas and Tauragé districts where there were no positive
change in the economic activity during 2000-2014, which indicates the inefficiency of
regional development programs during the analyzed period. The largest growth potential
could be seen in Kaunas and Alytus regions, but only Alytus tends to move to the

efficient frontier during the analyzed period.
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CONCLUSIONS AND RECOMENDATIONS

The theoretical analysis and empirical studies of the dissertation have revealed that
the regional economic development is a relevant scientific and practical theme in the
context of the EU integration. According to the research results, the following main
conclusions and recommendations were drawn:

1. From the analysis of theoretical aspects of the regional economic development
in the context of the EU integration, the main conclusions are as follows:

a. The regional economic development process could be understood in two ways:
as being a multifaceted process, involving the region's dynamic social and economic
development, and also it could include political tools and strategies for encouraging the
regional economic and social change. The results of regional economic development
shoud be evaluated with regard to dynamic changes in the regional economy: economic
growth, increasing level of economic and social cohesion, regional technological
development.

b. The recent regional economic development problems could be explained by
three main theoretical trends, that try to explain complex economic development
problems in the context of global competition and an inegration processes of the EU —
endogenous growth theory that expands neoclassical growth theory and emphasizes the
importance of knowledge and the abilities for human capital to learn; the new economic
geography that analyze the processes of concentration in spatial dimensions and
emphasizes the influence of urban areas for a higher level of production; and institutional
economies, that reveal the importance of institutions, as being the main actors of
generating the economic value. Other important concepts overlap with these theoretical
trends, trying to explain the importance of various apects to the regional economic
development, as enterpreneurship, leadership, learning regions, urban economies, social
capital, regional innovation clusters, and so on.

c. In the thesis, a conceptual model of regional economic development is
proposed. It summarizes the main ideas and important factors, presented in the resent
researches, and aims to reveal dynamic processes that shape the regional economy and
economic development differences among territories. Four groups of factors are

identified that explain the level of resources, innovative activities, specific and cultural
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characteristics of a region and the role of institutions — regional actors, that create the
economic value. The model integrates the reverse links among regional actors and other
groups of factors. It means that both regional institutions could have influence on the
changes of the level of resources, knowledge and specific regional characteristics from
both the qualitative and quatitative viewpoint. Thus the level of resources and all the
other circumstances, presented in the model, could shape companies that are established
and come to the regional economy.

d. The conceptual model of regional economic development and its factors could
be reorganized by integrating the concept of a technical efficiency. Recent trends in EU
reveal a need for a higher level of efficiency so that the maximum output could be
reached with the current financial and other resources. The technical efficiency in the
model is visualized as a filter that separates regional economic resources from the
economic value-added. Larger economic resources do not necessarily generate a higher
value-added. Such technical inefficiencies may exist in the regions for a variety of
reasons, related to qualitative factors and cultural characteristics, that shape the regional
economy, for example, leadership and a person‘s ability to apply knowledge, abilities to
commercialize innovative products, some synergies that arise from cooperations, cultural
background, and agglomeration economies. This model forms a basis for a better
understanding of complex processes in the regional economy and supports the idea that
there is no straight pathway between inputs and economic results.

2. According to the theorethical analysis of economic tendencies in the EU and
the main regional economic development strategies, policies and instruments, the
following conclusions could be drawn:

a. The results of implementation of the EU Cohesion Policy revealed a greater
convergence only in a part of regions in the EU. Less economically developed regions
still lack the high value-added activities, the spread of knowledge, technology
development and sustainable development. The economic results have reflected that
there is an inefficient use of investments in some areas, which means that the EU has to
find the way to increase the efficiency of EU regional policy that could yield real
economic results.

b. In regard to a situation, the EU Cohesion policy has been reviewed in the

programming period of 2014-2020. When shaping the Europe 2020 strategy, the latest
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researches and insights into the current globalization circumstances were taken into
account: a strong focus on innovation, the search for regional uniqueness and strengths
that could be a basis for creating the competitive products, a greater emphasis on the real
economic and social results, and their monitoring. The importance of specialization and
the need to promote specific potential growth of regional economic activities, not only to
improve the general regional infrastructure, where emphasized as well.

c. The financial support for regional cohesion was significantly increased in the
programming period of 2014-2020. It is planned to allocate about one-third of the EU
budget. Thus, there is a need to monitor the regional economic and social progress,
which could be expressed by the real economic indicators and not only by increased
levels of financial resources and better infrastructure indicators.

3. The empirical research methodology is proposed in this thesis to assess the
effectiveness of the regional economic development. To obtain the most information
from the multidimentional data it is proposed to apply a combination of the self-
organizing neural maps and Sammon's projection, that has not been previously applied to
regional economic studies. Methods provide the possibility to analize regional economic
development factors according to their similarities and to find their interaction
components. Also nonparametric linear programming methods (DEA FDH, order-a) are
applied, that expand the capabilities of the multidimensional data analysis, and assess
more accurately the distribution of the technical efficiency between regions. Thus,
fragmented, but complementary to each other methods are proposed for the efficiency
analysis of regional economic development.

4. The efficiency evaluation of the Central and Eastern EU NUTS2 regions by
nonparametric techniques has disclosed some technical efficiency problems:

a. The Baltic states are among the regions with the lowest efficiency scores.
Among the Baltic countries Estonia stands out because of its relatively high investment
in R&D. All Baltic countries have relatively high level of the skilled human capital. The
main inefficiency occurs because these resources do not create an efficient level of the
gross value-added compared to the other Central and Eastern EU regions.

b. This analysis reveals uneven regional economic growth possibilities. For
example, by DEA estimates, Estonia could reach the economic output up to 40% higher

with the current resources by increasing its efficiency. According to the model, if the
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Central and Eastern EU regions used their current resources to the maximum, it would be
possible to reach up to 20% greater economic results.

5. With regard to the efficiency scores of the Central and Eastern EU regions, the
following proposals for regional economic policies are given:

a. In technically inefficient regions, it is important to intensify the economic and
business activities that generate a higher value-added, since the available resources and
human capital characteristics indicate that it is possible to achieve about 20% better
economic results.

b. More attention should be paid to attract companies from other areas and to
promote the expansion of the regions® local business. The sufficient amount of resources
could be attractive for business development.

c. The distance from the efficient frontier of some regions shows that there is
some potential to achieve better economic results, if more attention is paid to achieving
real results - scientific production commercialization. The current resources, human
capital, and investments are not used in the appropriate way to maximize economic
results.

d. Inefficient regions with high education indicators, such as the Baltic states,
should pay more attention to the system of education and promoting of enterpreneurship,
because highly educated people lack to realize their knowledge in the creation of high
value-added products and are not sufficiently involved in knowledge-intensive services.

e. One of the reasons of this process is the lack of opportunities in the regional

market to realize the accumulated knowledge in the high value-added sectors. So more
responsibility should be put on the regional government how to create more better
working places with the ability to generate a high value-added and fully exploit all the
knowledge gained.

6. The allocation of financial resources for the regional economic development
should be made with respect to the regional performance in using the existing resources.
That could allow each region to choose the right tools and avoid wastage of excess
allocation of financial resources to the areas not adequately promoting the regional
economic growth.

7. The efficiency measurement of Lithuanian NUTS3 regions taking into account

the development of road infrastructure and human capital elements has revealed:
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a. The least efficient regions over the period of 2010-2014 were the Kaunas
(LT002) and Tauragé (LTOO07) regions. According to the DEA, the Kaunas region could
achieve a significantly higher GDP per capita with the available economic resources and
road infrastructure and could be the second region with regard to the economic
development after the capital region (now its in the third place). In the period of 2010-
2014 the efficiency results did not improve in the Kaunas and Tauragé regions, which
shows economic policy problems, as it is important to find a new path for the regional
economic development, because the current strategies do not increase the economic
efficiency.

b. A high economic growth potential is seen in the Alytus region. Although it is
one of the least effective regions in Lithuania, the improvement of economic results
during the recent years has shown that it has the ability, under the existing transport
infrastructure and geographical position, to improve the economic performance about
30% and reach the fourth position in terms of GDP per capita in Lithuania. Improving
results are also visible in the Siauliai region.

c. The relatively high number of efficient NUTS3 regions (4-5 regions from 10)
in Lithuania reveal that it is important to increase the quantities of economic resources to
achieve a better regional economic development. The economic growth of Vilnius,
Klaipéda, and Panevézys regions can be achieved primarily by increasing the amount of
human capital, and that of Utena and Marijampolé regions by improving the transport
infrastructure.

8. In the thesis, some methodological aspects are suggested for evaluating the
efficiency in the selected region group of the EU:

a. The paper has proposed a methodological interpretation, how to chotse the
approriate non-parametric linear programming method from the DEA, FDH and order-a
analysis for the regional analysis. It is applied in a thesis.

b. For the efficiency analysis of a group of technologically similar regions, the
DEA method is more appropriate, because it helps to better identify the technological
differences among regions. FDH and order-a methods could be used for a larger sets of
regions. The main difference is that DEA tries to find the efficient regions according to
the data of the whole regional group, and the remaining methods evaluate the efficiency

according to the comparison to the regions, with a lower or similar level of resources.
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c. The paper presents two ways to evaluate the road infrastructure. While
evaluating the road infrastructure, it is proposed to analyze not only the density of the

road, but also the travel time and connectivity with other regions.

Further research fields and recommendations

The thesis has proposed the conceptual models to disclose the factors of regional
economic development. These models pay attention to the fact that, in order to design
and implement effective regional economic policies, it is important to evaluate not only
the quantity of resources in the regions, but also the other circumstancies that effectively
transform the resources into economic results. The increased economic resources do not
necessarily mean an increase in the economic performance or social welfare. This
technical inefficiency scores are important for economic policy-makers to achieve the
real and tangible economic development and social cohesion results, since the increased
investments in infrastructure do not necessarily cause a higher value-added and social
welfarein some regions. This should be taken into account of the EU and Lithuanian
regional economic policy makers.

In the dissertation, a combination of methods are applied to estimate the efficiency
and to identify the resources that are used inefficiently in creating the value-added. In
further studies, it is worthwhile to measure factors that influence the level of efficiency.
Evaluation of these processes could provide more information about what regional
economic development policies are needed according to territorial specificities.

The author of dissertation proposes for future research fellows, scientists, and
regional economic policy makers to expand the conceptual model of regional economic
development and its factors with regard to the emerging challenges for the regional
economic development. The study methodology could also be applied to other countries
in the analysis of their inner regions or other regional groups for measuring the
efficiency and development factors in the context of the European Union and
globalization.

Approbation and dissemination of the scientific research results. Statements
and results of the scientific research were published in 9 academic publications and

presented in 7 international and national scientific conferences.
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REZIUME

Temos aktualumas. Europos Sajungos regionai ir $alys susiduria su nevienodomis
regiony 1iSsivystymo problemomis: pajamy nelygybe, tam tikry verslo sriciy
nesugebéjimu prisitaikyti prie atviros rinkos poky¢iy, tikio sektoriy technologiniais
poky¢iais, darbo jégos migracija. Didel¢ pridéting vert¢ generuojanti ekonominé veikla ir
iStekliai sutelkiami labiau ekonomiskai i$sivysciusiose $alyse ir urbanistinése teritorijose.
O Kkitos teritorijos turi ieSkoti priemoniy ir Saltiniy didinti sukuriamg pridéting vertg,
restruktiirizuoti versla.

ES rinkos integracija veikia Saliy nariy ekonomikas, skirtingas verslo strukttiromis,
specializacijos ir diversifikacijos pobudziu (Burda, Severgnini, 2009; Ertur, Koch,
2006). Integracija skatina gamybos veiksniy judéjima tarp Saliy regiony, tiesioginiy
uzsienio investicijy ir migracijos srautus (Marrocu ir kt., 2013). Gamybos veiksniy
judéjimas skatina didesng¢ regioninio verslo specializacijg (Burda, Severgnini, 2009).
Regiony ekonominés plétros planavimas jgauna reikSmingg vaidmenj Siuolaikinéje
ekonomikoje, nes siekiama identifikuoti regiony strateginio vystymosi kryptis, augimo
Saltinius, kurie uztikrinty konkurencingumg globalioje ir integruotoje ES rinkoje.

Pagal strategija ,,Europa 2020 ES siekia iSnaudoti darbo jégos potencialg, didinti
jdarbinimo rodiklius, produktyvumg ir taip iki 2020 m. spresti gyventojy senéjimo ir
didelés pasaulinés konkurencijos problemas (EK, 2010). Taciau tik skatinant teritoring
sanglaudg galima suteikti vienodas galimybes visiems regionams siekti teigiamy
ckonominiy rezultaty. Integracijos siekiancioje ES ekonominiai netolygumai tarp
regiony islicka reikSminga ES problema (ESPON, 2012; Okubo, 2012; Becker ir kt.,
2012; Busillo ir kt., 2012; Butkus, Matuzeviciate, 2011; EK, 2010; Simanaviciené, kt.,
2010; Barca, 2009).

Istojus naujoms Salims naréms (nuo 2004 m.) regioniniai skirtumai ES iSaugo
smarkiai (EESC, 2006). Naujose Salyse narése (jstojusiose nuo 2004 m.) vis dar
nepakankamai sukuriama aukstos pridétinés vertés prekiy ir paslaugy, kurios biity imlios
zinioms. ReikSmingai padidéjusi diferenciacija tarp NUTS2 ir NUTS3 lygmens ES
regiony rodo, kad naujose Salyse narése tkio struktiira labiau orientuota j Zemy

technologijy pramonés sektorius ir tarpiniy paslaugy teikimg (Becker ir kt., 2012; Busillo
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ir kt., 2012; Barca, 2009). Technologinis progresas néra pakankamai intensyvus, kad
keisty jprastas ekonomikos struktiiras.

ES priimdama naujas Salis nares prisiémé ir jy ekonominio vystymosi problemas.
ES skiria investicing paramg maziau ekonomiSkai iSsivysCiusiems Vidurio ir Ryty ES
regionams ir inicijuoja veiksmy programas. Vienas i§ ,,Europa 2020 strategijos 2014—
2020 m. tiksly yra skatinti regiony iSsivystyma, didinti produktyvuma ir uzimtuma (EK,
2010). Jgyvendinti ,,Europa 2020 regioninés sanglaudos strategijai 2014-2020 m.
planuojama skirti apie trec¢dalj ES biudZeto (vir§ 350 mlrd. eury). Labai svarbu, kad
kiekvienas regionas identifikuoty savo ekonomikos augimo S$altinius ir numatyty
priemones, kurios prisidéty prie teritorinés sanglaudos ir sékmingo ES strateginiy tiksly
1gyvendinimo.

ES Salims naréms susiduriant su finansinio stabilumo, biudzeto deficito
problemomis, atsirandant naujam finansiniy iStekliy poreikiui pabégeliy krizei spresti,
labai svarbu ieskoti, kaip optimaliai panaudoti finansinius iSteklius. D¢l silpnos
nacionalinés, regioninés ir vietos administracijos gali buti rizika sékmingai jgyvendinti
atitinkamas programas, todél itin svarbu, kad sanglaudos politikos 1éSos bty
investuojamos ir valdomos tinkamai (EK, 2015). Kilusi pabégéliy krizé suteikia tiek
galimybes ir grésmes ES regiony vystymuisi (TVF, 2016; Draghi, 2016). Todél
efektyvus finansiniy iStekliy paskirstymas ir tinkamy regioninés politikos krypciy
pasirinkimas, reaguojant j kylancias vis naujas grésmes, tampa vienu i$ pagrindiniy ES
regioninés politikos sunkumy, siekiant darnios ekonominés plétros ir spartesnio
ekonomikos augimo.

Moksliné problema. Siuolaikinéje ekonomikos teorijoje stokojama praktiniy
sprendimy ir mokslinio pazinimo, skirty pagristai jvertinti regiony ekonomin¢ plétrg ir
jos efektyvumg, atsizvelgiant ] naujas aplinkybes, atsiradusias globalizacijos ir
integraciniy procesy Europos Sajungoje salygomis, | kurias nebuvo adekvaciai
reaguojama. Atsiranda nauji poziiriai ] regiony ekonoming sanglauda, jvairiis Europos
Sajungos Saliy regiony prioritetai, tame tarpe — darnios raidos, konkurencingumo ir
produktyvumo didinimo siekiai, inovaciniy procesy skatinimo pirmaeiliSkumas.
Ekonominés plétros efektyvumo praktikoje 1 Sias naujas aplinkybes adekvaciai
neatsizvelgta, todél Siuolaikinéje ekonomikos teorijoje stokojama sprendimy ir

adekvataus aplinkybiy Europos Sajungos integraciniy procesy salygomis jvertinimo.
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Tokiy teoriniy pozitriy visuma sudaryty galimybes $iai dienai aktualiy ekonominiy
problemy sprendimui.

Tyrimy objektas — regiony ekonomingés plétros efektyvumo didinimo procesas bei
efektyvumo vertinimo praktika, atsiZvelgiant ] poreikius jgyvendinti darnios
subalansuotos plétros poreikius ES integraciniy procesy saglygomis.

Darbo tikslas — istirti Siuolaikinius reiskinius, svarbius regiony ekonominei plétrai,
bei parengti ir jgyvendinti teoring¢ koncepcija, skirta regiony ekonominés plétros
efektyvumo didinimui bei vertinimo tobulinimui, atsizvelgiant j Siuolaikinius darnios

Darbo tikslui pasiekti keliami Sie uZdaviniai:

1. ISanalizuoti regiony ekonominés plétros sampratg ir Sios Srities ekonominius
tyrimus, aktualius ES integracijos procesy salygomis.

2. Atlikti regiony ekonominés plétros ir jos veiksniy analize ir pasitilyti sisteminj
regiony ekonomings plétros veiksniy sgveikos modelj.

3. ISanalizuoti regiony ekonominei plétrai ir jos efektyvumo vertinimui skirtus
instrumentus, taikomus integraciniy procesy Europos Sgjungoje salygomis, remiantis ES
strategijomis, ataskaitomis ir direktyvomis.

4. Sudaryti empiriniy tyrimy metodologija, skirta regiony ekonominés plétros
procesy ir jy efektyvumo vertinimui integraciniy procesy Europos Sgjungoje saglygomis.

5. Remiantis sudaryta metodologija atskleisti Centrinés ir Ryty ES regiony
ekonominés plétros efektyvumo skirtumus bei svarbius ekonominés plétros veiksnius ir
ju saveikos komponentus ir pateikti sitilymus regiony ekonominés politikos formavimui.

Tyrimo metodai. Darbo tyrimo metodologija remiasi sisteminiu pozifiriu j regiony
ekonoming plétrg ir jos planavima Europos Sgjungos kontekste. Darbui pasirinktas
jvairiy tyrimo metody derinys, numatyta atlikti lokalius fragmentiSkus vienas kitg
pildancius tyrimus, kiekvienas i§ jy turi savo metodika, taciau visos jOS yra sujungiamos
] bendra metodologine sistemg. Regiony ekonominés plétros tyrimai atlikti dviem tyrimy
blokais. Atlikta regiony ekonominés plétros bendryjy tendencijy Europos Sajungos
kontekste analizé, ekonominés plétros procesy ir planavimo mechanizmy saveikos
Europos Sagjungoje ir pasirinktose Salyse narése jvertinimas ir regiony techninio
efektyvumo tyrimas, siekiant jvertinti ir palyginti regiony istekliy kiekj ir gebéjimus
generuoti didelg pridéting vertg.
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Siekiant visapusiskai iStirti darbe iSkeltas problemas, taikyti teoriniai ir empiriniai
tyrimo metodai. Regiony ekonominés plétros sampratos, ekonomikos augimo Saltiniy ir
tendencijy Europos Sajungoje tyrimuose atlikta Siuolaikiniy moksliniy tyrimy analize,
svarbiausiy idéjy sisteminimas ir sintezé, politiniy dokumenty analizé ir statistiniy
duomeny apraSomoji analizé.

Empirin; tyrimg galima skirstyti 1 dvi dalis. Pirmojoje dalyje analizuojami regiony
ekonominiai iStekliai ir jy naudojimo efektyvumas. Tyrimai atlickami regiono
produkcijos funkcijos rémuose, taikant neparametrinius tiesinio programavimo metodus
ir siekiant nustatyti efektyvia regiony gamybos galimybiy riba. Pritaikyti metodai:
duomeny apgaubties analizé¢ (DEA), laisvai i$sidésCiusiy dydziy analizé (FDH) ir order-
a efektyvios ribos analizé. Remiantis tyrimo rezultatais siilomos ekonominés politikos
kryptys, kurios padéty didinti iStekliy naudojimo efektyvuma.

Antrojoje empiriniy tyrimy dalyje siekiama jvertinti regiony ekonominés plétros
veiksnius ir jy sgveikg. Sudaryta rodikliy sistema, jos kompotenty sgveika tiriami ir
vizualizuojami taikant Sammono duomeny Zemelapio ir save apsimokanciy neuroniniy
tinkly (Kohoneno tinklo) metody derinj. ISskiriamos panasSios sgveikos rodikliy grupés
bei vertinami jy tarpusavio nuotoliai.

Empiriniuose tyrimuose naudojami Eurostat ir atskiry Saliy nariy nacionaliniy
statistiniy duomeny baziy duomenys. Tiriami Vidurio ir Ryty ES NUTS2 lygmens
regionai (jstoje 1 ES nuo 2004 m.) ir Lietuvos vidiniai NUTS3 lygmens ES regionai.
Statistiniai duomenys grupuojami ir apdorojami SPSS, Stata, DEAP ir MatLab
programomis.

Ginamieji teiginiai:

1. Zmogiskasis kapitalas ir kiti iStekliai, skirti didelei pridétinei vertei kurti
regionuose, néra efektyviai iSnaudojami Vidurio ir Ryty ES regionuose.

2. Investicijos | Vidurio ir Ryty ES regionus, jy infrastruktiira nepakankamai
prisideda prie ekonomikos restruktiirizavimo, o tai lemia nepakankama S$iy regiony
ekonominj augimg ir vystymasi.

3. Nustatant regiony ekonominés plétros sprendimus turi biiti taikoma visuminé
ekonomikos augimo veiksniy sgveikos vertinimo metodika, kad galima biity identifikuoti

tinkamas regiony ekonomingés plétros priemones.
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Darbo mokslinis naujumas ir teoriné reik§mé. Teoriniu poziiiriu regiony
ekonominés plétros koncepcija néra nauja: XX a. pab.—XXI a. jg plétoja jvairios
mokslinés kryptys. Rezultatas — modeliy, pabrézianciy skirtingy procesy svarbg regiony
ekonominei plétrai, jvairoveé. Vis déelto tyrimuose triiksta sisteminio proceso vertinimo,
siejant skirtingus veiksnius j visumg. Siiilomi tyrimo metodai, kurie sudaryty salygas
apibendrinti ir i§gryninti turimus agreguotus duomenis, abstrahuoty ir pateikty sisteminj
situacijos vertinima.

Siuolaikinéje ekonomikoje atsiranda nauji regiony ekonominés raidos efektyvumo
vertinimo kriterijai Europos Sgjungos integraciniy procesy sglygomis. Regionai turi
siekti buti efektyviis visoje ES erdvéje, darniai vystytis, siekti didesnés socialinés
geroves ir gyvenimo kokybeés gerinimo. Nors Centrinés ir Ryty ES regionai pasiZymi
didesniu nei ES ekonomikos augimu, taciau dél santykinai Zemo namy ikiy
disponuojamy pajamy lygio formuojasi dar didesnés nedarnios ekonominés plétros
apraiSkos. Taikant darbe pasitlyta tyrimy algoritmg atsiranda galimybés atsizvelgti i
veiksnius, kuriy nagrin¢jimui nebuvo skirta pakankamai démesio: regiony inovacijy
sistemy efektyvumui, iStekliy ir infrastruktiros kuriamos ekonominés vertés ir jy
naudojimo efektyvumui, zmogiSkyjy istekliy jsitraukimui j didesnés pridétinés vertés
kiirimo procesus.

Disertacijoje sistemiskai vertinami regiony ekonominés plétros veiksniai, jungiami
1 visumin] regiony ekonominés plétros veiksniy ir jy sgveikos model;. Modelis
atskleidzia kiekybiniy ir kokybiniy veiksniy svarbg regiony ekonominéi plétrai,
griztamuosius rySius bei integruoja techninio efektyvumo koncepcija, kuri nebuvo
anks$ciau jtraukta j panaSius modelius. Sudarytas modelis leidzia platesniu poZitiriu tirti ir
vertinti regiony ekonominés plétros tendencijas, identifikuoti regiony trikkumus ir
nepakankamo ekonominio vystymosi priezastis, atkreipia démesj i kokybiniy veiksniy ir
efektyvumo svarbg regiony ekonominés plétros planavimo ir finansavimo procesuose.

Disertacijoje pasitlyta tyrimo metodika, kuri geriausiai atskleisty tiriamyjy NUTS2
ir NUTS3 regiony problematikg ir sudaryty salygas kiekybiniais metodais ir remiantis
oficialia statistika iStirti ir maziau apciuopiamus veiksnius ir jy svarbg regiony
ekonominei plétrai. Siekiant iSspresti kokybiniy aspekty vertinimo trikumg darbe
pritaikyti neparametriniai efektyvios ribos nustatymo metodai, kuriy pagrindu

vertinamas bendras regiono geb¢jimas absorbuoti turimus resursus ir generuoti auksta
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pridéting verte. Jis sudaro galimybe vertinti regione veikian¢iy jmoniy bendrg
efektyvuma, kaip kokybinj geb¢jimg bei bendras galimybes pasinaudoti turimomis
ekonominémis gérybémis.

Gebéjimas veikti efektyviai apima verslo ir vieSojo valdymo ypatumus, ganamag
naudg i$ sinergijos, kuri vyksta jmonéms bei verslui ir mokslui bendradarbiaujant,
lyderystés apraiSkas ir gyventojy gebéjimus realizuoti jgytas zinias, patirt], jas
komercializuoti ir kurti rinkoje konkurencingus produktus. Nors neparametriniu tyrimu
ir néra galimybés tiksliai nurodyti, kuri i§ iSvardinty valdymo sri¢iy yra neefektyvi,
ta¢iau yra galimyb¢ identifikuoti nepakankamai iSnaudojamus resursus, jy grupes ir
pagal tai priimti sprendimus, kaip keisti su tuo susijusius valdymo procesus.

Darbo naujumg grindZia ir tai, kad neparametriniai efektyvios ribos metodai pirma
kartg pritaikyti Vidurio ir Ryty ES ir Lietuvos regiony ekonominei plétrai vertinti. Taip
pat regiony ekonominés plétros veiksniai pirmg kartg tirti daugiamatés analizés metody
kombinacija: save apsimokanciy neuroniniy tinkly su Sammono projekcija, kuri
susudar¢ galimybes gauti daugiau informacijos apie tiriamg regiony grupe bei nustatyti
ekonomings plétros veiksniy tarpusavio sgveikos komponentus.

Praktiné darbo reik§mé. Tyrimo rezultatai gali buti naudingi mokslininkams ir
praktikams, nagrinéjantiems ir formuojantiems Europos Sajungos ir Lietuvos regiony
ekonoming politika, sprendZiantiems integracijos procese dalyvaujanciy Saliy ir regiony
konvergencijos klausimus, formuojantiems regiony ekonominés plétros strategijas.

Sisteminis regiony ekonominés plétros efektyvumo ir svarbiy ekonominés plétros
veiksniy identifikavimas ir sitiloma tyrimy metodika sudaro pagrindg formuoti labiau j
problemines sritis orientuotg regiony ekonoming¢ politika, jvertinti regiony ekonominio
vystymosi trukdZzius, Kuriuos svarbu mazinti siekiant auksStesnés pridétinés vertés kirimo
Centrings ir Ryty ES regionuose.

Autorés sitiloma tyrimo metodologija galima taikyti ir kity Saliy vidiniy regiony
arba ES regiony grupiy ekonominés plétros procesy ir jy efektyvumo tyrimams,
ekonominés plétros veiksniy sgveikos modeliavimui, siekiant identifikuoti potencialaus
augimo regionus, nagrinéti regiony ekonominés politikos kryptis ir jy efektyvumo
didinimo procesus.

Tyrimo apribojimai ir duomenuy prieinamumas. Tyrime pritaikyti
neparametriniai efektyvios ribos analizés metodai (DEA, FDH ir order-a) suteikia
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galimybes nustatyti regiony ekonominés plétros efektyvumo jvercius ir jy skirtumus
pagal pasirintus rodiklius, rodan¢ius resursy lygj ir ekonominius rezultatus. Siy tyrimy
esminis ribotumas, kad efektyvumo jverciai yra sglyginiai, priklausantys nuo tiriamos
srities 1r pasirinkty veiksniy. Tyrime tiriant kitas veiklos sritis, gali iSsiskirti kiti
efektyvis regionai.

Tyrimuose susidurta su duomeny prieinamumo problema. Nebuvo galimybes
analizuoti naujausiy ES regioniniy duomeny. ES regioniniy duomeny surinkimas ir
pateikimas Eurostat sistemoje uZtrunka apie 3—4 metus. Pavyzdziui, ,,Europa 2020*
strategija, isigaliojusi 2014 metais, suformuota remiantis 2010 m. regioniniais
duomenimis, EK Regioninés sanglaudos 2015 m. ataskaitoje nagrinéjami 2011 m. BVP
duomenys. Dél to naujausi tyrimuose analizuoti duomenys buvo 2013-2014 mety.

Kita duomeny pricinamumo problema — néra galimybés sistemiskai tirti smulkesniy
nei NUTS2 teritoriniy vienety. NUTS2 lygmuo apima regionus su 800 tikst.—3 min.
gyventojy. Smulkesniy teritoriniy dariniy (NUTS3, LAUL) statistiniai duomenys
pateikiami fragmentiSkai, néra galimybés atlikti kokybisko skirtingy Saliy regiony
lyginimo. Dél to empiriniuose tyrimuose nagrinégjamas NUTS2 regioninis lygmuo,
NUTS3 lygmuo tiriamas Lietuvos lygiu.

Disertacijos struktiira. Disertacija susideda i$ jvado, keturiy daliy, iSvady ir
pasitlymy, literatiiros saraso ir priedy. Disertacijos apimtis — 182 puslapiai, joje
pateiktos 24 lentelés, 26 paveiksléliai ir 21 priedas.

ISvados. Disertacijoje iSnagrinéti teoriniai Saltiniai ir atlikti tyrimai patvirtino, kad
regiony ekonominé plétra yra aktuali moksliné ir praktiné tema ES Saliy nariy ir jy
regiony integracijos kontekste. Remiantis Lietuvos ir uzsienio mokslininky darby analize
bei autorinio tyrimo rezultatais, suformuotos pagrindinés disertacijos iSvados ir sitilymai:

1. Atlikus regiony ekonominés plétros moksliniy Saltiniy analize ir susisteminus
skirtingy autoriy nagrinétas teorines prielaidas, gauti rezultatai:

a. Lietuviy moksliniuose tyrimuose regiony ekonominés plétros, vystymosi,
ekonominio augimo sgvokos, jy skirtumai ir sgsajos néra pateikti sistemingai,
apibrézimai yra fragmentiSki. Nors i§ angly kalbos tiesiogiai verCiamas terminas
»regional economic development®* gali turéti reikSmes ,,regiony ekonominé plétra™ ir
»regiony ekonominis vystymasis®, jos galéty biiti vartojamos kaip sinonimai, tafiau
pagal LR Regioninés plétros jstatymag ir remiantis kity moksliniy tyrimy darbais Sias
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sgvokas vertéty skirti. Regiony ekonominé plétra gali biti apibréziama kaip daugialypis
procesas, itraukiantis ne tik dinaminius regiono socialinés ir ekonominés biikles
poky¢ius, bet ir priemones, taikomas siekiant regiono ekonomikos pokyciy. Regiono
ckonominés plétros poveikis turéty buti analizuojamas pagal pasiektus rezultatus:
ekonomikos augimg, didéjancig regiono ekonomine ir socialing sanglauda, regiono
technologin} Vvystymasis. Regiono ekonomikai poveikj gali daryti ne tik vietinés
ekonomings plétros strategijos ir jy igyvendinimas, bet ir iSoriniai veiksniai, kurie yra
globalizacijos procesy pasekmé, pavyzdziui, eksporto rinky pokyciai, teigiamos arba
neigiamos tendencijos tarptautinéSe finansinése rinkose, i jas taip pat svarbu reaguoti
formuojant regiony ekonominés plétros strategijas.

b. Esminés regiony ekonoming plétra aiskinancios teorinés kryptys, atspindin¢ios
diversifikuotas sudétingas Siy dieny regiony ekonomines problemas ir aiSkinancios
atsirandancius regioninius skirtumus — tai endogeninio augimo teorija, pabrézianti ziniy
ir inovacijy svarbg, naujoji ekonomikos geografija, aiSkinanti ekonominiy iStekliy
judéjimo poky¢€ius ir miesty plétros svarbg, ir instituciné ekonomika, pabrézianti rinkos
veikéjy charakteristiky svarbg regiono ekonomikai. Jomis turéty biiti grindZiamos
Siuolaikinés regiony ekonominés plétros priemonés, siekiant efektyviy rezultaty.

C. Sudarytas konceptualus regiony ekonominio augimo ir ilgalaikés plétros
veiksniy modelis remiasi jprastais neoklasiky ir naujais poziiiriais j regiony ekonoming
plétra, t. y. endogeninio augimo tyrimais, naujosios ekonomikos geografija,
analizuojan¢ia aglomeracijos procesus, ir tyrimais, pabrézianciais ziniy plitimo,
technologijy sklaidos svarbg regiony ekonominei plétrai. Modelis integruoja
griztamuosius ryS$ius, vertina regiony ekonominés plétros procesus dinaminiu poZiiiriu.
Tyrime pateikta schema, kaip sudaryta modelj gristi empirinio tyrimo metodais ir
parodyti jo taitkymo galimybes, siekiant geriau jvertinti regiony ekonominés plétros
charakteristikas, ieskoti efektyviy regiony ekonomings plétros sprendimy.

d. Atlikus empirinius tyrimus regiony ekonominés plétros veiksniy ir jy sgveikos
koncepcinis modelis papildytas, i ji integruojant techninio efektyvumo aiSkinima.
Remiantis patikslintu modeliu, norima parodyti, kad siekiant didesnés pridétinés vertés
regione yra svarbu ne tik didinti ekonominius iSteklius, bet taip pat sudaryti maksimaliai
geras galimybes tuos iSteklius integruoti | verslo veikla ir didesnés pridétinés verteés
kiirimg. Tai ir parodo regiono rinkos veikéjy efekyvuma. Efektyvuma gali jtakoti jvairis
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veiksniai, kurie daugiausiai siejasi su kokybiniais ir kultiiriniais sunkiai kiekybiSkai
Jvertinamais aspektais: lyderyste ir gyventojy gebéjimu realizuoti savo jgytas Zinias ir jas
komercializuoti  rinkoje, jmoniy gebé&jimu pasinaudoti mokslo ir  verslo
bendradarbiavimo, jmoniy tarpusavio bendradarbiavimo sinerginiais  rysiais,
aglomeracijos ekonomikos apraSkomis ir kitais aspektais.

2. Isanalizavus ES teritorijy ekonominiy pokycCiy tendencijas ir pagrindines
regioninés politikos jgyvendinimo priemones ir mechanizmus, darytinos iSvados:

a. Jgyvendinamos ES Sanglaudos politikos rezultatai, siekiant didesnés
konvergencijos, matomi tik dalyje ES regiony. Ekonomiskai pras¢iau iSsivyste regionai
vis dar susiduria su nepakankama tkinés veiklos specializacija didele pridétine verte
generuojancioje ekonomingje veikloje ir urbanistiniy teritorijy, palankiy ziniy ir
technologijy skvarbai, darnios plétros trikumu. Ekonominiuose rezultatuose
atsispindintis nepakankamai efektyvaus ES istekliy naudojimas rodo, kad ES turi ieskoti
priemoniy, kaip didinti ES regioninés politikos efektyvuma ir kaip geriau vertinti
efektyvumga lemiancius procesus.

b. Sickiant ES ekonominés ir socialinés konvergencijos, ES Sanglaudos politika
buvo perzitréta planuojant 2014-2020 m. programavimo period3. Formuojant ,,Europa
2020 strategija Stipriai atsizvelgta ] naujausiy moksliniy tyrimy jZvalgas ir aktualias
globalizacijos procesy aplinkybes: daug démesio skiriama inovacijy plétrai, regiony
unikaliy stiprybiy, kuriomis biity galima kurti konkurencingus produktus, paieskai,
akcentuojama realiy ekonominiy ir socialiniy rezultaty stebésenos svarba. Taip pat
pabréziama specializacijos svarba ir poreikis skatinti specifines potencialaus augimo
ekonomings veiklos sritis, ne tik gerinti bendrajg infrastruktirg.

c. 2014-2020 m. programavimo periodu stipriai padidéjo skiriama finansing
parama regiony sanglaudai. Jai planuojama skirti apie trecdalj ES biudzeto, tad kyla
poreikis stebéti ir griezCiau vertinti regiony pasiekimus, kurie biity iSreiksti realiais
ekonominiais rodikliais, o ne tik iStekliy naudojimo charakteristikomis. Taigi turéty biiti
taikomi metodai iStekliy naudojimo efektyvumui vertinti ir ekonominei vertei kurti.

3. Darbe pasiilyta empiriniy tyrimy metodologija, kuria siekiama jvertinti
regiony ekonominés plétros efektyvuma integraciniy procesy Europos Sgjungoje
salygomis. Siekiant gauti daugiau informacijos i§ daugiamaciy duomeny yra pasitilyta
taikyti save apsimokanciy neoroniniy tinkly ir Sammon‘o projekcijos metody
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kombinacijg, kuri ankS$Ciau nebuvo taikyta regiony ekonominés plétros tyrimuose.
Metodai suteikia galimybe tirti regiony ekonominés plétros veiksnius ir nagrinéti jy
sgveikos komponentus. Tai pat sitiloma taikyti neparametrinius tiesinio programavimo
metodus (DEA, FDH, order-a), kurie papildo daugiamaciy duomeny analizés galimybes
ir tiksliau jvertina techninio efektyvumo skirtumus tarp regiony, leidzia identifikuoti
silpngsias sritis ir pateikti pasitilymus regioninei politikai. Taigi efektyvumo ir svarbiy
regiony plétros procesy tyrimui yra sitloma taikyti fragmentiSkus, vienas kit
papildancius tyrimo metodus, siekiant identifikuoti problemines sritis ir gauti naudingos
informacijos politikos formavimui.

4. Atliktas Vidurio ir Ryty ES NUTS2 lygmens regiony efektyvumo jverciy
nustatymas neparametriniais programavimo metodais rodo regiony technologiniy
skirtumy diferenciacija ir dalies regiony efektyvumo problemas.

a. Baltijos Salys yra vienos 1§ pras€iausiai jvertinty pagal efektyvuma. IS Baltijos
Saliy iSsiskiria Estija, nes joje santykinai didelis investicijy | MTTP srautas ir santykinai
didelis zmogiskojo kapitalo, turin¢io aukstajj iSsilavinima, Kiekis, taciau Sie iStekliai
sukuria nepakankamai didelés pridétinés vertés kaip bendro ekonominio rezultato
Vidurio ir Ryty ES regiony grupg¢je.

b. Analizé atskleidZia ir nevienodas regiony galimybes, nes, pavyzdziui, Estija,
padidinusi istekliy naudojimo efektyvuma pagal DEA skaiciavimus, galéty pasiekti iki
40 % didesnj ekonominj rezultata. Apskritai, jei Vidurio ir Ryty Europoje turimi istekliai
biity naudojami efektyviai, buity galima pasiekti iki 20% didesnj ekonominj efekts.

5. Pagal Vidurio ir Ryty ES regiony efektyvumo jveréius pateikti sitilymai
regiony ekonominés politikos kryptims formuoti:

a. Techniskai neefektyviuose regionuose svarbu intensyvinti ekonoming ir verslo
veikla, kuri generuoty didesne pridétineg vertg, nes turimi iStekliai ir Zzmogiskojo kapitalo
charakteristikos rodo, kad galima bty pasiekti apie 20 % geresniy ekonominiy rezultaty.

b. Daugiau démesio turéty buti skiriama jmonéms i§ kity regiony pritraukti ir
vietinio verslo plétrai skatinti, nes regionai, pasizymintys pakankamu istekliy kiekiu ir
nepakankamai i§naudotomis jy charakteristikomis, galéty biti patrauklis verslo plétrai.

c. Dalies regiony nuotolis nuo efektyvios gamybos galimybiy ribos rodo, kad yra
potencialas pasiekti geresnius ekonominius rezultatus, jei daugiau démesio biity

skiriama realiy rezultaty siekimui - mokslinés produkcijos patentavimui ir
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komercializavimui. Su turimais istekliais, zmogiSkuoju kapitalu ir investicijomis néra
pasiekiami maksimaliis ekonominiai rezultatai.

d. Neefektyviuose regionuose, turinfiuose auks$tus iSsilavinimo rodiklius,
pavyzdziui, Baltijos Salyse, turéty biiti skiriama daugiau démesio kiirybiSkumo ir
verslumo ugdymui Svietimo sistemoje, nes aukstaj] iSsilavinimg turintys gyventojai
nepakankamai prisideda prie didelés pridétinés vertés kiirimo regionuose, nepakankamai
dalyvauja zinioms imliuose paslaugy ir aukstyjy technologijy pramonés sektoriuose.

e. Viena i§ Sio proceso priezas¢iy — nepakankamos galimybés regiono rinkoje
realizuoti sukauptas ir jgytas zinias didele pridéting vert¢ kurianciuose sektoriuose.
Svarbu ieskoti sprendimy, kaip regionuose kurti daugiau ir geresniy darbo viety .

6. Skirstant finansinius iSteklius regiony ekonominei plétrai turéty bati
atsizvelgiama j regiony efektyvuma, kai naudojami jau turimi istekliai. Taip buty galima
parinkti kiekvienam regionui tinkamas priemones ir i$vengti netikslingo perteklinio
finansiniy iStekliy skirstymo } sritis, nepakankamai skatinancias regiony ekonomikos
augima.

7. Lietuvos NUTS3 lygmens regiony keliy infrastruktiiros i§vystymo ir
zmogiskojo kapitalo veiksniy vertinimas, siekiant nustatyti regiony efektyvuma parode,
kad:

a. Maziausiai efektyviis regionai, kuriy efektyvumas nepasikeité per paskutinius
2010-2014 m. — Kauno (LT002) ir Tauragés (LT007) apskritys. Pagal DEA Kauno
apskritis galéty pasiekti i§ esmés geresnj BVP 1 gyventojui rodiklj (y) su turimais
ekonominiais iStekliai ir keliy infrastruktiiros iSvystimu ir biiti antroji Lietuvoje apskritis
po Vilniaus pagal BVP 1 gyventojui rodiklj. Taip pat matomas technologinis panasumas
su Vilniaus apskritimi rodo, kad Kaunas turi potencialo ir pakankamai iStekliy kurti
didesn¢ pridéting verte. 2010-2014 m. nepageréjes efektyvumo jverciai Kauno ir
Tauragés apskrityse rodo, kad svarbu ieskoti naujy ekonominés plétros priemoniy Siuose
regionuose, nes esamos nepadeda didinti ekonominio efektyvumo.

b. Didelis augimo potencialas yra matomas Alytaus apskrityje. Nors ji yra viena i$
maziausiai efektyviy apskriciy, taciau jos geréjantys ekonominiai rezultatai rodo, kad ji
turi galimybe pagal esamg susisiekimo infrastruktiira ir geografing padétj pagerinti
ekonominius rezultatus apie 30% ir pasiekti ketvirta pozicija pagal BVP 1 gyventojui

Lietuvoje. Geréjantys rezultatai yra matomi ir Siauliy apskrityje. Siose apskrityse
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siekiant didesnio BVP pirmiausiai reikéty ieSkoti priemoniy, kurios sudaryty galimybes
daugiau ekonominiy iStekliy nukreipti 1 didesnés pridétinés vertés kiirima, didinti
idarbinima, skatinti verslumg ir esamo verslo plétra.

c. Santykinai didelis efektyviy NUTS3 regiony skaicius (4-5 regionai i§ 10)
Lietuvoje rodo, kad siekiant jy ekonominés plétros labai svarbu didinti ekonominiy
1Stekliy kiekius. Vilniaus, Klaipédos ir Panevézio apskrityse ekonominis augimas gali
biti pasiektas pirmiausiai didinant Zmogiskojo kapitalo kiekj, Utenos ir Marijampolés
apskrityse — gerinant susisiekimo ir keliy infrastruktiirg.

8. Darbe pasiiilyti metodologiniai dalies tyrimy atlikimo aspektai, pritaikyti
tiriamajai regiony grupei:

d. Darbe pasiiilytas metodologinis iSaiskinimas, kurio pagrindu biity galima grjsti
neparametrinio tiesinio programavimo metodo pasirinkimg, renkantis tarp DEA, FDH
arba order-a efektyvios ribos metody, labiausiai tinkantj tam tikros regiony grupés
efektyvumo tyrimams. Jis pritaikytas, atliekant darbo tyrimus.

e. Atliekant tyrimus pastebéta, kad mazy Saliy regiony arba technologiskai labai
panasiy regiony tyrimams tikslinga naudoti duomeny apgaubties analizés metodg (DEA),
nes jis geriau padeda iSgryninti technologiSkai panasiy regiony efektyvumo skirtumus.
FDH ir order-a efektyvios ribos analizés metodai nepakankamai atskleidzia tokio tipo
regiony efektyvumo skirtumus. Pagrindinis skirtumas, kad DEA lygina visg regiony
grupe pagal ekstremalias efektyvumo reikSmes, o like metodai skirtingy regiony
efektyvuma lygina tik su mazesnius resursus turinciais regionais, leidziant dalies regiony
ekonominiy jverciy reikSméms biti vir§ efektyvios gamybos galimybiy ribos su tam
tikrais pasikliovimo lygmenimis o. Lyginant technologiSkai panaSius regionus
tikslingiau ieskoti visos grupés lyderiy, kuriy pagrindu biity galimyb¢ daryti iSvadas apie
bendra regiony grupés efektyvuma.

f. Darbe taikomi dvejopi keliy infrastruktiros lygmenj vertinantys rodikliai
Lietuvos NUTS3 lygmens atzvilgiu, kuriy pagrindu buvo tiramas regiono vidinés keliy
infrastruktiiros iSvystymas ir susisiekimas su kitais regionais. Atliekant keliy
infrastrukttiros tyrimus tikslinga vertinti ne tik keliy tankuma, bet ir susisiekimo su kitais
regionais greitj pasvertg pasiekiamo regiono ekonomikos dydziu, kuris parodo tiriamojo

regiono svarba.
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Tolesniy tyrimy kryptys ir rekomendacijos

Disertacijoje sitilomas regiony ekonominés plétros veiksniy ir jy sgveikos teorinis
modelis atkreipia démesj ] tai, kad siekiant numatyti ir jgyvendinti efektyvias regiony
ekonomings politikos kryptis yra svarbu jvertinti ne tik iStekliy lygj regionuose, bet ir jy
naudojimo efektyvuma kuriant ekonoming vertge. Didesnis ekonominiy iStekliy kiekis
nebitinai reiskia geresnius ekonominius rezultatus ar socialing gerove. Sio atotriikio
(techninio neefektyvumo) jvertinimas yra svarbus ekonominés politikos formuotojams
siekiant ekonominés plétros ar socialinés sanglaudos rezultaty, nes didesnis tam tikry
sri¢iy finansavimas nebiitinai nulemia didesn¢ pridéting vert¢ ar socialing gerove. [ tai
turéty atsizvelgti ES ir Lietuvos regiony ekonominés politikos krypciy formuotojai.

Disertacijoje pritaikyty metody kombinacija yra jvertintas techninio efektyvumo
lygis ir identifikuoti iStekliai, kurie naudojami nepakankamai efektyviai regionuose
kuriant pridéting verte. Tolimesniuose tyrimuose tikslinga placiau nagrinéti ekonomine
aplinkag bei maZiau apciuopiamus kulttrinius aspektus, kurie suformuoja veiklos
neefektyvumo apraiSkas tam tikrose teritorijose. Tikslesnis §iy procesy jvardinimas
suteikty daugiau informacijos, kaip didinti regiony ekonominés politikos priemoniy
veiksmingumag ir kaip geriau adaptuoti politikos priemones pagal teritorijy specifika.

Disertant¢ siiilo ateities tyrimuose kolegoms mokslininkams ir regiony ekonominés
politikos formuotojams taikyti, plésti regiony ekonominés plétros ir jy veiksniy sgveikos
plétrai. Taip pat sudarytg tyrimo metodologija biity galima taikyti kity Saliy vidiniy
regiony ar regiony grupiy ekonominés plétros efektyvumo tyrimams integraciniy procesy

Europos Sgjungoje salygomis.

Mokslinio tyrimo rezultaty aprobavimas ir sklaida. Pagrindiniai mokslinio
tyrimo teiginiai ir rezultatai paskelbti devyniose mokslinése publikacijose, skaityti

septyni pranesimai disertacijos tematika tarptautinése ir nacionalinése konferencijose.
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