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Abstract
Regional development is a complex process that can be analysed in various contexts, 
including environmental, social and economic factors. Variations in the levels of devel-
opment are naturally observed across countries and regions, but they play a special role 
in trans-border regions. The aim of this study is to investigate differences in the level of 
development of two Polish voivodships (Warmia and Mazury, and Podlasie) and two Lith-
uanian counties (Marijampolė and Alytus) which are trans-border regions (NUTS 4 level). 
The study was conducted by analysing three subordinate criteria, namely environmental, 
social and economic factors, as well as the overall development of the evaluated regions 
with the use of the analytical hierarchy process and technique for order preference by simi-
larity to ideal solution methods. The evaluated trans-border regions are characterised by a 
predominance of rural areas and considerable variations in development. The entire area 
is characterised by high natural value. This is an important observation because the condi-
tion of the natural environment is a key determinant of well-being, and it directly influ-
ences the quality of life. The analysis revealed considerable demographic problems, mainly 
in Lithuanian regions, resulting from low population growth and a negative net migration 
rate which influence population structure. Disproportions in regional development call for 
regional policies that are adapted to local needs and resources.

Keywords Regional development · Trans-border regions · Polish and Lithuanian regions · 
TOPSIS · AHP · Synthetic indicator

1 Introduction

Development is a highly complex and multi-faceted process. It can be defined as any long-
term process of directional changes which is composed of successive stages of transfor-
mation and produces discernible differences in an object in the evaluated context (Nowa 
encyklopedia powszechna 1996). Development is driven by the motivation to achieve 
an ideal (model) state where the differences between territorial units are levelled out. 
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Development induces positive changes that drive quantitative growth and qualitative pro-
gress in economic, social and environmental systems (Markowski 2008; Kowalik et  al. 
2017). These transformations are closely related to the concept of sustainable development 
which aims to achieve higher levels of economic and social growth while improving or at 
last not deteriorating the condition of the natural environment (Borys 2005; Markowski 
2008).

Regional development is largely determined by the availability of local resources. The 
resource base of a territorial unit influences its level and directions of development, and 
it contributes to an improvement in the quality of life. Resources can be divided into two 
main categories: man-made and natural assets (Pawlewicz et al. 2015). It should be noted 
that every territorial unit is characterised by variations in natural and man-made resources. 
Therefore, in order to equalize the level of development, one should try to diversify eco-
nomic structures that take into account the potential of these resources. The environmen-
tal, social and economic factors that drive regional development have to be identified. The 
influence of the constituent elements of every factor and their significance in the develop-
ment process are generally determined by the unique potential of the analysed region.

Variations in regional development are encountered in every country and every region 
of the world, and they have been long studied by economists, ecologists, sociologists and 
geographers. Local potential should be maximally harnessed to protect regions against 
marginalisation and peripheralisation, to improve local standards of living and contribute 
to the development of the global economy.

Variations in development are a particularly important criterion in analyses of trans-
border regions. These areas are located peripherally and far from economic hubs, which 
can further deepen the observed divide (Gwiazdzinska-Goraj and Jezierska-Thole 2013; 
Mitriča et al. 2017). Research into trans-border areas often focuses on the quality of life 
to propose strategies for improvement in areas with the lower levels of social and eco-
nomic development (Martin 2001; Pacione 2003; Angelovič and Ištok 2016). For many 
years, social policy has been one of the most important and effective tools for stimulat-
ing regional growth (Veenhoven 2002). The development of trans-border regions also has 
important implications for a country’s territorial security (Newman and Paasi 1998; Song 
et al. 2017) and the condition of the natural environment (Senetra et al. 2013).

The aim of this study was to analyse variations of the development of Polish–Lithua-
nian trans-border regions. The study was conducted by analysing three subordinate criteria, 
namely environmental, social and economic factors, as well as the overall development of 
the evaluated regions at the NUTS 4 level (as at 1 January 2017).

2  Materials and Methods

2.1  Study Area

Four administrative units were analysed in the study: the Warmia and Mazury voivodship 
and the Podlasie voivodship in Poland, and the Lithuanian counties of Marijampolė and 
Alytus (Fig. 1). The evaluated trans-border regions occupy a total area of 54,243 km2 and 
have a combined population of more than 2.9 million. All units are NUTS 4 statistical 
regions. Research into trans-border regions at the NUTS 4 level has been conducted by 
Senetra et al. (2013), Churski et al. (2014) and Krupickaite et al. (2014). The development 
of the analysed regions has been influenced by similar factors, including their peripheral 
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location, the socio-economic changes that had taken place in Central-Eastern Europe in the 
1990s, and their accession to the European Union in 2004.

The analysed Polish voivodships and Lithuanian counties are characterised by high nat-
ural and scenic value and similar socio-economic potential. The Region of Warmia and 
Mazury has highly attractive scenery due to its diverse landform, a high share of forests and 
water bodies which occupy 6% of the region’s area. More than 50% of its territory is occu-
pied by agricultural land with average soil quality. Podlasie is also characterised by con-
siderable landform diversity, but it features fewer water bodies than Warmia and Mazury. 

Fig. 1  The analysed sites in the Polish and Lithuanian trans-border area Source: Own elaboration
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Agricultural land occupies more than 50% of the region’s territory, and the local economy 
is based heavily on agriculture (Wyniki narodowego spisu 2012). Warmia and Mazury has 
an area of 24,173 km2, and it is inhabited by around 4% of the Polish population. Podlasie 
has an area of 20,187 km2, and it is inhabited by around 3% of the Polish population. At the 
end of 2016, population density was estimated at 59 persons per  km2 in both voivodships 
(the Polish average is 123 persons) (www.stat.gov.pl, accessed on 2.07.2018). The key pri-
orities in the development strategies of the analysed regions include the promotion of tour-
ism based on natural resources and cultural heritage, harnessing the opportunities that arise 
from the trans-border location of the regions, increasing their attractiveness for investors, 
environmental protection and the development of transport networks (Senetra et al. 2013).

The Lithuanian counties of Marijampolė and Alytus have unique features, and they 
differ from each other and from Lithuania as a whole. Marijampolė is characterised by a 
predominance of productive clayey flat land or rolling clayey lowland. Hills and lakes are 
encountered only in the southern part of the county. Marijampolė has one of the lowest 
percentages of forest cover in Lithuania. The agricultural sector in Marijampolė has been 
visibly revived after Lithuania had regained its independence. Alytus county is character-
ised by the highest degree of naturalness relative to other parts of Lithuania, and it fea-
tures mostly unproductive sandy plains, lakes, hills and pine forests (Mačiulytė et al. 2012; 
Senetra et al. 2013). Alytus has an area of 5418 km2, it is inhabited by around 8% of the 
Lithuanian population, and its population density is estimated at 26 persons per  km2 (as at 
January 2017). Marijampolė has an area of 4465 km2, it is inhabited by around 7% of the 
Lithuanian population, and its population density is estimated at 33 persons per  km2 (the 
Lithuanian average is 44 persons) (www.osp.stat.gov.lt accessed on 28.05.2018).

The analysed regions are bound by a cooperation agreement which was signed on 6 June 
1997 in Augustów, Poland, by the authorities of trans-border regions in Poland, Lithuania 
and Belarus (and later Russia). This event gave rise to the Niemen Euroregion Associa-
tion which covers the Podlasie voivodship, a large part of the Warmia and Mazury voivod-
ship, and the Lithuanian counties of Alytus and Marijampolė, i.e. nearly the entire analysed 
territory which is regarded as a cohesive Euroregion. In 2007–2013, the Euroregion Nie-
men was covered by the INTERREG programme as part of the European Territorial Coop-
eration Objective financed by the European Regional Development Fund. Collaboration 
between the evaluated Polish and Lithuanian regions was established under a Cross-Border 
Cooperation Operational Programme (CBC OP) (Cross Border Cooperation Programme 
Lithuania–Poland 2007). The above indicates that the evaluated trans-border areas share 
many similarities and can be analysed as a cohesive region.

The territorial reach of the investigated areas in Poland and Lithuania is presented in 
Table 1.

2.2  Methods

Regional development is a multi-faceted process that cannot be measured and described 
with a single parameter. Complex phenomena are analysed with the use of synthetic vari-
ables where numerous indicators are expressed by a single synthetic variable (Milenkovic 
et al. 2014; Holgado Molina et al. 2015; Pérez et al. 2015; Ding et al. 2016; Fura and Wang 
2017).

The search for metrics that facilitate assessments of regional development indicates that 
official statistics, although not free of defects, are the most reliable source of data. Various 
indicators are suitable for different types of analyses (Raupeliene et al. 2014). Parameters 

http://www.stat.gov.pl
http://www.osp.stat.gov.lt
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that support comparisons of territorial units are most suitable for monitoring local changes. 
They are composed of input values, and any changes in the observed phenomena can be 
monitored in reference to those baseline values (Brodziński 2011) to generate information 
about social, economic and environmental processes in the evaluated territory.

The development of trans-border regions was evaluated with the use of the Technique 
for Order Preference by Similarity to an Ideal Solution (TOPSIS) method. In this reference 
method, Euclidean distances between each object (NUTS 4 unit) and positive and nega-
tive ideal solutions are calculated. The evaluated objects are ranked based on a synthetic 
indicator. The most highly developed objects are characterised by the shortest distance 
from the positive ideal solution and the longest distance from the negative ideal solution 
(Hwang and Yoon 1981; Wysocki 2010; Huang et al. 2011; Tzneng and Huang 2011). A 
synthetic indicator was developed for subordinate criteria (environmental, social and eco-
nomic factors) and the main criterion (overall development of trans-border regions) with 
the use of the TOPSIS method according to the following procedure (Hwang and Yoon 
1981; Wysocki 2010; Huang et al. 2011; Tzneng and Huang 2011; Łuczak and Wysocki 
2012; Kusumawardani and Agintiara 2015; Hanine et al. 2016; Sarul and Eren 2016):

Stage 1. The available literature was analysed to select parameters (environmental, 
social and economic) describing the development of NUTS 4 units.

Stage 2. A system of weights was developed. In the TOPSIS method, a synthetic indica-
tor is developed by assigning weights to simple parameters (indicators). The weights were 
determined based on expert opinions. The weights for subordinate criteria were developed 
first in the analytical hierarchy process (AHP) (Saaty 2000).

In the AHP method, a hierarchical diagram is developed by breaking down the analysed 
problem into constituent parts, i.e. the main criterion (overall development of trans-border 
regions) and the subordinate criteria (environmental, social and economic factors) and sim-
ple parameters (indicators) (Fig. 2).

Parameters (indicators) describing regional development were selected based on 
a review of the literature (Žičkienė 2004; Borys 2005; Vitunskiene et  al. 2007; Heffner 
and Stanny 2007; Kompa 2009; Brodziński 2011; Bogdański 2012; Churski et  al. 2014; 
Pociute 2014; Krupickaite et al. 2014; Streimikiene 2014; Ruplienė et al. 2017). Indicators 
were selected for every subordinate criterion, and a total of 16 indicators were included in 
the analysis. Environmental factors as the subordinate criterion were described based on 
an analysis of natural resources, the quality of the natural environment and the utilization 

Table 1  Definition of territorial units

Source: Own elaboration based on the administrative division and statistical classification of Poland and 
Lithuania

Unit Territorial reach

Studied area Polish voivodships and Lithuanian counties—pooled data
Region Poland—voivodships (Warmia and Mazury, Podlasie)

Lithuania—counties (Alytus, Marijampolė)
Urban unit Poland—urban county at the NUTS 4 level (5 urban units)

Lithuania—city municipality at the NUTS 4 level (1 city municipality)
Rural unit Poland—rural county at the NUTS 4 level (33 rural units including 84 

towns)
Lithuania—municipality and district municipality at the NUTS 4 level 

(5 municipalities and 4 district municipalities including 15 towns)
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of environmental resources for human needs. Social factors as the subordinate criterion 
involved population growth, health and the standard of living. Economic factors as the sub-
ordinate criterion were related to the financial status of the analysed territorial units, local 
business activity and entrepreneurship. Variables were selected based on their availability 
and comparability between the two countries. The obtained data were valid for 2016 (data 
relating to the percentage of agricultural land in total land area were valid for 2013 because 
more recent statistical data were not available).

The weighting process begins with a pairwise comparison of subordinate criteria 
according to Saaty’s 9-point scale (Table  2). The score is presented in an n × n matrix 
(1). The pairwise comparison matrix is composed of n ones on the main diagonal. The 
comparison is performed by an expert who determines the influence of the elements on the 
left side of the matrix on the elements at the top of the matrix. The inverse of the pairwise 
comparison matrix is located below the main diagonal (Saaty 2000; Bryndza 2006; Łuczak 
and Wysocki 2012; Stoltmann 2015; Kluczek and Gładysz 2015; Mukherjee 2017):

Main criterion -
regional development

Subordinate criterion -
environmental factors

Simple variable 1 - indicator 1

Simple variable 2 - indicator 2

Simple variable 3 - indicator 3

Simple variable 4 - indicator 4

Simple variable 5 - indicator 5

Subordinate criterion -
social factors

Simple variable 1- indicator 1

Simple variable 2- indicator 2

Simple variable 3- indicator 3

Simple variable 4- indicator 4

Simple variable 5- indicator 5

Subordinate criterion -
economic factors

Simple variable 1- indicator 1

Simple variable 2- indicator 2

Simple variable 3- indicator 3

Simple variable 4- indicator 4

Simple variable 5- indicator 5

Fig. 2  Hierarchical structure of the analysed problem Source: Own elaboration
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In the inverse pairwise comparison matrix, the ith row is the reverse of the ith column; 
therefore:

where w—column vector with elements  w1,  w2,…,  wn.
The elements of eigenvector w constitute a priority vector in view of the main objective of 

the analysis. The priority vector is derived with the following formula:

In the AHP approach, the highest eigenvalue of the matrix is also calculated to determine 
the consistency of comparisons relating to preference proportions. The matrix eigenvalue is 
calculated with the following formula:

A pairwise comparison is consistent if �max approximates n (Stoltmann 2015 citing Babic 
and Plazibat 1998).

The consistency index (CI) is also calculated in the AHP method to determine deviations 
of the pairwise comparison matrix. The CI is calculated as follows:

(1)A =

⎡
⎢⎢⎢⎢⎣

1 a12 … a1n
1

a12
1 … a2n

⋮ ⋮ ⋮ ⋮
1

a1n

1

a2n
… 1

⎤⎥⎥⎥⎥⎦

(2)Aw = nw

(3)w =

n∑
j=1

wj ∗ aij

(4)�max =
1

wi

n∑
j=1

aij ∗ wj

(5)CI =
�max − n

n − 1

Table 2  Saaty’s 9-point preference scale between two compared elements

Source: Own elaboration based on Saaty (2000) and Stoltmann (2015)

Importance Weight Definition

The criterion is “more 
important” for evaluat-
ing regional develop-
ment

3 Slightly more important
5 More important
7 Strongly more important
9 Absolutely more important

Equally important 1 Both criteria are equally important for evaluating regional 
development

The criterion is “less 
important” for evaluat-
ing regional develop-
ment

1/9 Absolutely more important
1/7 Strongly more important
1/5 More important
1/3 Slightly more important

Compromise alternative 2, 4, 6, 8
1/2, 1/4, 1/6, 1/8

Intermediate values between two neighbouring scores can 
be used if compromise alternatives have to be numeri-
cally interpolated
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The consistency ratio (CR) is computed to determine the degree of inconsistency in 
comparisons of relative importance. The CR is computed from the following formula:

where RI is the random index which is calculated based on the below formula (Mukherjee 
2017):

The above procedure was applied to every expert opinion. Expert opinions where 
CR ≤ 0.1 were included in analysis. The weights for the analysed criteria were determined 
with the expanded AHP method proposed by Bryndza (2006) and Kluczek and Gładysz 
(2015). The weighting procedure is presented in Table 3.

In the next step, the weights for simple parameters (indicators) wj
* were calculated in 

each subordinate criterion. It was assumed that parameter (indicator) weights are identical 
in each criterion, and they were calculated by dividing the weight of a subordinate criterion 
(uj) by the number of simple parameters in the criterion  (np) (Wysocki 2010):

The eigenvector was calculated based on the following formula:

Stage 3. Indicator values were normalized with the following formula:

Stage 4. Normalized indicator values were weighted with the following formula:

Stage 5. The coordinates of ideal units—positive ideal solution  (A+) and negative ideal 
solution  (A−)—were determined based on the below formulas:

where v+
j
= maxvij, when j ϵ S and v+

j
= minvij, when j ϵ D for j = 1, 2, …, n

where v−
j
= minvij, when j ϵ S and v−

j
= maxvij, when j ϵ D for j = 1, 2, …, n where S—is a 

set of stimulants, D—is a set of destimulants.
Stage 6. Euclidean distances were calculated between every evaluated object (NUTS 4 

unit) and the ideal positive solution  d+ and the ideal negative solution  d−:

(6)CR =
CI

RI
, where CR ≤ 0.1

(7)RI =
1.98 ∗ (n − 2)

n

(8)w∗

j
=

uj

np
, where np−−number of simple parameters in the criterion.

(9)W∗ =
[
w∗

1
,w∗

2
,… ,w∗

n

]
, where

n∑
j=1

w∗

j
= 1

(10)
rij =

xij�∑m

i=1
x2
ij

for i = 1, 2,… , m and j = 1, 2,… n

(11)vij = rij ∗ w∗

j
for i = 1, 2,… , m and j = 1, 2,… , n

(12)A+ =
(
v+
1
, v+

2
,… , v+

n

)

(13)A− =
(
v−
1
, v−

2
,… , v−

n

)

(14)d+
i
=

√√√√ n∑
j=1

(vij − v+
j
)2, d−

i
=

√√√√ n∑
j=1

(vij − v−
j
)2, i = 1, 2,… ,m
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Stage 7. A synthetic indicator was calculated for subordinate criteria and the main 
criterion:

Stage 8. The evaluated objects (NUTS 4 units) were arranged in a linear order and four 
typological classes were determined for the subordinate criteria (factors) and the main cri-
terion (regional development) with the use of the arithmetic mean and standard deviation 
of the synthetic indicator (Wysocki 2010; Fura and Wang 2017):

• Si ≥ S̄i + sSi—class I—high values of: environmental, social and economic factors, 
overall regional development;

• S̄i ≤ Si < S̄i + sSi—class II—moderately-high values of: environmental, social and eco-
nomic factors, overall regional development;

• S̄i − sSi ≤ Si < S̄i,—class III—moderately-low values of: environmental, social and 
economic factors, overall regional development;

• Si < S̄i − sSi—class IV—low values of: environmental, social and economic factors, 
overall regional development;

where

Si—value of the synthetic indicator calculated with the TOPSIS method for the subordi-
nate criteria and the main criterion.
S̄i—arithmetic mean of synthetic indicator Si,
sSi—standard deviation of synthetic indicator Si.

The proposed classification was used to visualise spatial data relating to the analysed 
phenomena.

The development of the studied trans-border regions was analysed based on the data 
obtained from the Polish Central Statistical Office (GUS) and the Lithuanian Department 
of Statistics (Lietuvos Statistikos Departamentas).

3  Results and Discussion

In the first stage of the study, a hierarchical structure for evaluating regional development 
was developed based on the following subordinate criteria: environmental, social and eco-
nomic factors. The applied indicators are presented in Table 4.

In stage 2, the AHP method was used to calculate weights for the subordinate criteria 
and simple parameters (indicators). The procedures described in Table 3 were used in this 
stage. The final values of parameter weights (wj

*) were calculated with the use of formula 8 
(Table 5).

Parameter (indicator) values were normalised in stage 3 and weighted in stage 4. In 
stage 5, the positive ideal solution was developed based on the desirable values of param-
eters (indicators) in all NUTS 4 units, and the negative ideal solution was developed based 
on the least desirable values of parameters (indicators) in all NUTS 4 units.

(15)Si =
d−
i

d+
i
+ d−

i

, where 0 ≤ Si ≤ 1, (i = 1, 2,… , m)
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Table 4  List of simple parameters (indicators) of regional development based on subordinate criteria

Source: Own elaboration based on Žičkienė (2004), Borys (2005), Vitunskiene et al. (2007), Heffner and 
Stanny (2007), Kompa (2009), Brodziński (2011), Bogdański (2012), Churski et al. (2014), Pociute (2014), 
Krupickaite et al. (2014), Streimikiene (2014), Ruplienė et al. (2017)
S stimulant; D destimulant

No.

Environmental factors
1 Percentage of agricultural land in total land area (%)—S
2 Percentage of forests in total land area (%)—S
3 Air pollution (sulphur dioxide, nitric oxide, carbon monoxide) in t/person/year—D
4 Water consumption in  m3 per resident—D
5 Percentage of treated municipal and industrial wastewater in total wastewater 

(%)—S
Social factors
1 Natural population growth per 1000 people—S
2 Net migration rate per 1000 people—S
3 Infant mortality rate (number of deaths per 1000 live births)—D
4 Percentage of welfare recipients in total population (%)—D
5 Number of hospital beds per 10,000 people—S
6 Residential space per person—S
Economic factors
1 Employment in the working age population—S
2 Registered unemployment in the working age population—D
3 Number of small and medium-sized enterprises per 1000 working age population—

S
4 Number of hotel beds per 1000 persons—S
5 Municipal incomes per person in EUR ‘000—S

Table 5  Weights for subordinate criteria and parameters (indicators) describing the development of trans-
border regions

Source: Own elaboration

Specification Expert

1 2 3 4 5 6 7 8 9

Expert weight  (ze) 0.049 0.033 0.148 0.148 0.134 0.134 0.087 0.087 0.179

Subordinate criteria Weights for subordinate criteria based on expert opinions  (wje)

Environmental factors 0.083 0.600 0.072 0.072 0.102 0.081 0.091 0.600 0.120
Social factors 0.193 0.200 0.232 0.232 0.211 0.168 0.455 0.200 0.272
Economic factors 0.724 0.200 0.697 0.697 0.686 0.751 0.455 0.200 0.608

Weight indicators—subordi-
nate criteria  (uj)

Number of parameters per 
factor  (np)

Parameter 
weights 
(wj

*)

Environmental factors 0.152 5 0.030
Social factors 0.241 6 0.040
Economic factors 0.607 5 0.121
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In stage 6, Euclidean distances between the evaluated NUTS 4 units and positive and 
negative ideal solutions were calculated. In stage 4, the results were used to determine the 
value of the synthetic indicator Si (i = 1, 2,…, 48) for the subordinate criteria and the main 
criterion for NUTS 4 units. In stage 8, the analysed units were arranged in a linear order 
and 4 typological classes were identified.

The set of environmental factors for determining variations across NUTS 4 units 
involved indicators for describing the percentage of agricultural land and forests in total 
land area. The remaining three factors were largely indicative of the quality of the natural 
environment and its impact on living standards. Environmental quality is a key measure of 
the quality of life, and it exerts a direct influence on health because community members 
are increasingly likely to recognize the importance of local scenery and an unspoiled envi-
ronment. Water, clean air, availability of space, forests and access to green areas satisfy 
basic human needs, create recreational options and contribute to the quality of life. The 
quality of the local environment also influences the local economy by enhancing the health 
of the local workforce and creating access to natural resources (Streimikiene 2014).

Poland and Lithuania are characterised by similar land-use types, and agriculture and 
forestry are the predominant types of land use (Senetra et al. 2013). In 2016, the percent-
age of agricultural land in total land area reached 60% and 53%, and the percentage of 
forests − 30% and 34% in Poland and Lithuania, respectively (www.stat.gov.pl; www.stat.
gov.lt). The area occupied by farmland is one of the key determinants of agricultural per-
formance. In the analysed regions, the percentage of agricultural land in total land area was 
determined at 52.5% (Table 6), and it exceeded 65% in 30% of the investigated units in the 
county of Marijampolė and the northern part of the Podlasie voivodship and the Warmia 
and Mazury voivodship. The analysed regions were also characterised by a high percentage 
of forests in total land area which reached 29.3% on average (Table 6). The above param-
eter exceeded 50% in 10% of the evaluated units. The Warmia and Mazury voivodship and 
the Podlasie voivodship are characterised by the most valuable natural habitats in Poland 
and Europe, and these areas are collectively referred to as the Green Lungs of Poland. 
These regions are renowned for their nature conservation areas, including the Białowieża 
National Park which is a UNESCO World Heritage Site, Biebrza National Park, Narew 
National Park, Wigry National Park, more than ten landscape parks and more than 270 
nature reserves (Zielone Płuca 2009). The Lithuanian counties of Marijampolė and Aly-
tus feature extensive nature conservation sites such as the Čepkeliai-Dzūkija National Park 

Table 6  Environmental factors in the evaluation regions in Poland and Lithuania

Source: Own elaboration
Total, average values for all NUTS 4 areas (in Poland and Lithuania)

Environmental factors Evaluated regions (average values)

Total In Poland In Lithuania

Percentage of agricultural land in total land area (%) 52.5 56.2 38.8
Percentage of forests in total land area (%) 29.3 27.7 35.5
Air pollution (sulphur dioxide, nitric oxide, carbon monox-

ide) in t/person/year
7.9 6.1 14.6

Water consumption in  m3/person/year 79.0 78.8 79.9
Percentage of treated municipal and industrial wastewater 

in total wastewater (%)
83.4 89.4 60.4

http://www.stat.gov.pl
http://www.stat.gov.lt
http://www.stat.gov.lt
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which is the largest national park in Lithuania, Zuvintas Biosphere Reserve, and Vištytis 
and Meteliai Regional Parks. The quality of the environment is significantly influenced by 
air, soil and water pollution. However, this study focused mostly on air pollution due to 
its scientifically proven influence on human health, as well as the scarcity of information 
about other types of pollution (Streimikiene 2014). Air pollution is measured in tonnes per 
person per year. Air pollution was determined based on the concentrations of sulphur diox-
ide, nitric oxide and carbon monoxide, and it was estimated at 22.0 in Poland and at 17.0 in 
Lithuania. In the evaluated regions, average air pollution was determined at 7.9 (Table 6), 
and it did not exceed 5.0 in 48% of the studied units. The protection and consumption of 
natural resources also play a crucial role in environmental assessments. Average water con-
sumption, measured in  m3 per person per year, was determined at 79, which is a satisfac-
tory result relative to the European average of around 420 m3/person (cf. http://www.gios.
gov.pl). The protection of water resources is of particular concern in the context of global 
climate change which is highly likely to deepen the existing water deficit around the world. 
At national level, water consumption was determined at 264 m3/person in Poland and was 
significantly lower than in Lithuania where it reached 965 m3/person. The total quantity of 
municipal and industrial wastewater and the percentage of treated sewage are also impor-
tant considerations in environmental assessments. The percentage of treated sewage was 
similar in both analysed regions, and it was higher than that determined at the national level 
in both Poland and Lithuania (around 22%). In the evaluated regions, 83.4% of municipal 
and industrial wastewater was treated (Table 6). The values of the above parameter varied 
considerably across the analysed units as well as in the entire evaluated region. The studied 
regions are also national leaders in terms of low air pollution, low water consumption and a 
high percentage of treated sewage in total wastewater.

The analysed units were divided into four classes based on the value of the synthetic 
indicator of environmental factors: from class I, representing the highest environmental 
standards to class IV, representing the lowest environmental standards (Fig.  3, Table 7). 
The highest indicator values were noted in territorial units with high environmental value 
and low levels of pollution.

Demographic potential was analysed based on natural population growth, net migra-
tion rate and infant mortality rate (number of deaths per 1000 live births). The potential 
of social infrastructure was assessed based on the percentage of welfare recipients in the 
total population, the number of hospital beds per 10,000 people and residential space per 
person.

Natural population growth and net migration rate are critical demographic metrics. Pop-
ulation density often determines a given area’s attractiveness for potential dwellers (Pociute 
2014). Natural population growth is the relationship between the number of births and 
deaths. In the evaluated area, average population growth per 1000 persons reached − 2.4 
(Table 8). Negative population growth was noted in around 70% of the analysed units. The 
highest number of territorial units with population growth below − 8.0‰ were situated in 
Lithuania. Natural population growth varied across the evaluated regions in both Poland 
and Lithuania, and it was highest in urban areas. The net migration rate is also an important 
parameter that determines population changes, spatial distribution of population, and the 
distribution of various age groups in a population. Migration processes are inherently con-
nected with regional development and, to a certain extent, they reflect the rate and direction 
of changes in regional economy (Kołodzieczyk 2002). In the studied area, the average net 
migration rate per 1000 persons was determined at − 5.8 (Table  8), and positive values 
were observed in only 10% of the analysed units, all of them in Poland. In both Poland and 
Lithuania, the highest values of the above parameter were noted in suburban rural units 

http://www.gios.gov.pl
http://www.gios.gov.pl
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situated in the direct vicinity of regional capitals—Olsztyn, Białystok and Alytus. The net 
migration rate was below − 5.0 in 41% of the evaluated territorial units in both countries. 
A high negative net migration rate can have adverse consequences for the distribution of 
various age groups in a population. The migration process involves mostly young people, 
and it depletes the local labour market. A low net migration rate combined with a low birth 
rate may also contribute to deepening the peripherality phenomenon (Pociute 2014). The 
infant mortality rate (number of deaths per 1000 live births) is also an important indicator 

Fig. 3  Classification of NUTS 4 units based on environmental factors Source: Own elaboration

Table 7  Classification of NUTS 
4 units based on environmental 
factors

Source: Own elaboration

Class Total area In Poland In Lithuania
Percentage of evaluated units

I 2 2 0
II 67 74 40
III 23 16 50
IV 8 8 10
Total 100 100 100
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of social standards and the quality of health care services. In the evaluated area, the aver-
age value of the above parameter reached 4.0, and it varied significantly between territorial 
units (Table 8). The infant mortality rate was lower in urban than in rural units. The condi-
tion and availability of social infrastructure and public services are as important determi-
nants of living standards as income levels (Ciura 2010). In the evaluated area, there were 
38.7 hospital beds per 10,000 persons (Table 3). This is not a satisfactory result relative to 
the Polish (48.6) and Lithuanian average (67.4). The value of this parameter varied con-
siderably across the studied units and was higher in urban units. Living standards are also 
assessed based on the percentage of welfare recipients in a population. In the studied area, 
this parameter reached 9.6% on average and was relatively similar in the compared units. 
The following factor in the analysis was residential space per person, which was deter-
mined at 28 m2 on average in the evaluated area. The above factor was higher in territorial 
units with low levels of natural population growth and low net migration rate, which could 
have improved the availability of housing resources. The values of the above factors were 
higher in territorial units situated in the vicinity of large cities due to lower prices of real 
estate and the proximity of a large job market. It should be noted that the analysed regions 
were characterized by lower rates of natural population growth (Poland: − 0.15‰; Lithu-
ania: -3.6‰) and lower net migration rates (Poland: 0.04‰; Lithuania: − 10.5‰) relative 
to the respective national averages. The percentage of welfare recipients in total popula-
tion was also below the national average in the evaluated regions (Poland: 6.5%; Lithuania: 
3.1%). A similar trend was noted in the number of hospital beds per 10,000 residents, in 
particular in the analysed Lithuanian region where the national average was nearly twice 
higher at 67.4. The corresponding difference was less pronounced in the evaluated Pol-
ish region (48.6 beds per 10,000 people). The differences in the number of infant deaths 
per 1000 live births (Poland: 4.0; Lithuania: 4.5) and residential space per person (Poland: 
27.4; Lithuania: 33.6) were considerably smaller (refer to Table 8).

The analysed NUTS 4 units were divided into four classes based on the value of the 
synthetic indicator of social factors: from class I representing the highest social standards 
to class IV representing the lowest social standards. A comparison of classification results 
in both countries revealed a higher number of units with a better living standards in Poland 
than in Lithuania (Fig. 4, Table 9).

Class I units were characterised by high demographic potential with above aver-
age values of natural population growth per 1000 persons, net migration rate per 1000 

Table 8  Social factors in the evaluated regions in Poland and Lithuania

Source: Own elaboration
Total, Average values for all NUTS 4 areas (in Poland and Lithuania)

Social factors Evaluated regions (average values)

Total In Poland In Lithuania

Natural population growth per 1000 people − 2.4 − 1.2 − 6.9
Net migration rate per 1000 people − 5.8 − 2.8 − 17.2
Infant mortality rate (number of deaths per 1000 live births) 4.0 4.3 3.0
Percentage of welfare recipients in total population (%) 9.6 10.7 5.3
Number of hospital beds per 10,000 people 38.7 40.9 30.6
Residential space per person 28.2 26.3 35.2
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persons and the number of hospital beds per 10,000 persons. The percentage of welfare 
recipients was below the average in class I units. Residential space per person was the 
only social parameter with below average value in the studied area. Territorial units 
in class IV were characterised by unfavourable values of natural population growth, 
net migration rate which were substantially below the average in the evaluated area. It 
should also be noted that class IV was composed only of Lithuanian NUT 4 units.

Fig. 4  Classification of NUTS 4 units based on social factors Source: Own elaboration

Table 9  Classification of NUTS 
4 units based on social factors

Source: Own elaboration

Class Total area In Poland In Lithuania
Percentage of evaluated units

I 13 16 0
II 44 55 0
III 31 29 40
IV 12 0 60
Total 100 100 100
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Differences in the economic development of the evaluated areas were evaluated based 
on the following economic factors: employment in the working age population, regis-
tered unemployment in the working age population, number of small and medium-sized 
enterprises per 10,000 working age population, number of hotel beds per 1000 persons, 
municipal incomes per person in EUR ‘000 and total municipal spending per person in 
EUR ‘000. The first two factors characterise the labour market and unemployment. They 
describe human resources involved in social product development, and they are among the 
key determinants of economic growth that influence the overall socio-economic develop-
ment of national economies (Knapińska 2008). The following three factors describe the 
financial status of the evaluated units, local business activity and entrepreneurship. Special 
attention should be paid to tourist services in the evaluated regions.

In the evaluated region, average employment in the working age population was 
determined at 47.5 (Table 10). This factor was characterised by strong spatial concen-
tration, and the highest values were noted in Lithuania. Unemployment is a vital eco-
nomic indicator which describes the labour market. In the evaluated region, average 
registered unemployment was 8.4%, and it exceeded 10% in around 30% of the ana-
lysed units. In the evaluated region, average registered unemployment was 8.4%, and 
it exceeded 10% in around 30% of the analysed units. Registered unemployment in the 
working age population is influenced by migration, which constitutes a serious problem 
on the labour market. After the EU enlargement of 2004, Polish and Lithuanian citizens 
gained access to EU labour markets, and some of the registered unemployed left their 
countries in search of foreign employment opportunities. Migration is strongly linked 
with socio-economic status which influences the flow of job seekers to or from a given 
region (Wilk et  al. 2013). Small and medium-sized enterprises play an important role 
in economic growth. These businesses are flexible and capable of swiftly responding to 
changes in the business environment (Misztal 2015). The number of small and medium-
sized enterprises was characterised by strong spatial concentration, and the highest val-
ues were noted in Poland. Tourism also contributes to economic growth (Chou 2013). 
The highest number of hotel beds per 1000 persons was determined in Druskininkai, a 
renowned Lithuanian spa town and balneology resort. Economic development is also 
determined by municipal incomes per capita which was determined at EUR 1000 per 
person in the evaluated area (Table 10). Municipal incomes per capita were similar in 
the evaluated area. An analysis of the evaluated regions revealed that municipal incomes 

Table 10  Economic factors in the evaluated regions in Poland and Lithuania

Source: Own elaboration
Total, Average values for all NUTS 4 areas (in Poland and Lithuania)

Factor Evaluated regions

Total In Poland In Lithuania

Employment in the working age population 47.5 41.4 70.7
Registered unemployment in the working age population 8.4 7.9 10.3
Number of small and medium-sized enterprises per 1000 

working age population
104.8 122.8 36.1

Number of hotel beds per 1000 persons 25.4 22.3 37.4
Municipal incomes per person in EUR ‘000 1.0 1.0 0.9
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per person in EUR ‘000 (Poland: 1.1; Lithuania: 0.9) and employment in the working 
age population (Poland: 48.7; Lithuania: 77.3) approximated the respective national 
averages. In the studied regions, registered unemployment in the working age popu-
lation exceeded national average values (Poland: 5.6; Lithuania: 7.9). The number of 
small and medium-sized enterprises per 1000 working age population was below the 
national average (Poland: 178.1; Lithuania: 58.8). In both evaluated regions, the num-
ber of hotel beds per 1000 persons was higher than the national average (Poland: 19.5; 
Lithuania: 27.1) (Table 10).

The analysed units were divided into four classes based on the value of the synthetic 
indicator of economic factors: from class I representing the highest values of economic 
factors to class IV representing the lowest values of economic factors (Fig. 5, Table 11). 
A comparison of Polish and Lithuanian areas revealed a higher number of better per-
forming units in Poland.

An analysis of spatial variations in the synthetic indicator revealed that the values of 
economic factors were highest in units that are popular tourist destinations not only on 
the regional, but also on the national scale in both Poland and Lithuania. The lowest val-
ues of economic factors were noted in territorial units with the highest registered unem-
ployment in the working age population. It should be noted that none of the analysed 
Polish and Lithuanian units met class IV criteria.

Fig. 5  Classification of NUTS 4 units based on economic factors Source: Own elaboration
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Based on the constituent elements of environmental, social and economic factors, the 
distribution of the synthetic indicator for the main criterion formed spatial foci of social 
and economic activity. The majority of territorial units with the highest levels of develop-
ment significantly contributed to the development of tourism. These areas were charac-
terised by high economic potential and relatively low environmental and social potential. 
High social potential was observed only in the city of Olsztyn. A comparison of territorial 
units allocated to different classes based on the main criterion revealed a higher number 
of higher-scoring areas in Poland (Fig. 6, Table 12). The noted results could be attributed 

Table 11  Classification of NUTS 
4 units based on economic 
factors

Source: Own elaboration

Class Total area In Poland In Lithuania
Percentage of evaluated units

I 8 8 10
II 25 32 0
III 67 60 90
IV 0 0 0
Total 100 100 100

Fig. 6  Classification of NUTS 4 units based on the main criterion Source: Own elaboration
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to a combination of two factors. Firstly, the peripheral location of the studied areas has 
a detrimental impact on their socioeconomic development, which is manifested by below 
average values of social and economic indicators, both in Poland and Lithuania. Secondly, 
Lithuania is characterised by a lower rate of economic growth than Poland, as well as unfa-
vourable demographic trends due to low population growth and a high negative net migra-
tion rate. The analysed Polish and Lithuanian regions are undoubtedly areas of great scenic 
beauty with considerable potential for tourism development. The results of this study con-
firm that local resources significantly contribute to socioeconomic growth, which is why 
environmental, social and economic factors should be taken into account when planning 
regional development.

4  Conclusions

The following conclusions can be formulated based on the analysis of the development of 
NUTS 4 units in Poland (Warmia and Mazury voivodship, Podlasie voivodship) and Lithu-
ania (counties of Marijampolė and Alytus):

1. Environmental, social and economic factors are characterised by considerable spatial 
variations in the evaluated area.

2. The analysed area is characterised by high natural value. The values of environmental 
factors were high and moderately-high (class I and class II) in nearly 70% of the evalu-
ated territorial units. This is a very important observation because the quality of the 
natural environment is a key indicator of living standards, and it directly influences the 
quality of life.

3. The analysed area was characterised by considerable demographic problems resulting 
from low natural population growth and high negative net migration rate. These fac-
tors directly influence the distribution of various age groups in a population and labour 
market resources. Demographic problems were more pronounced in Lithuania than in 
Poland.

4. The highest values of economic factors were noted in units with well-developed tourism 
infrastructure. In the evaluated area, nearly 65% of territorial units were characterised 
by moderately-low and low values of economic factors.

5. The distribution of the synthetic indicator for the main criterion was influenced by social 
and economic activity. Economic factors had the greatest impact on the final results.

Table 12  Classification of 
NUTS 4 units based on the main 
criterion (overall development of 
trans-border regions)

Source: Own elaboration

Class Total area In Poland In Lithuania
Percentage of evaluated units

I 6 5 10
II 29 37 0
III 61 58 70
IV 4 0 20
Total 100 100 100
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