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Abstract. Ecological development is one of the three components of sustainable development. To be able 
to analyse the impact of economic and social development on the ecological situation of the region, eco-
logical development has to be assessed using quantitative methods. The ecological development of a re-
gion can be seen as a complex integrated phenomenon observed in many aspects. After formalizing them, 
i. e. converting them into criteria, we can form a system that upon applying multi-criteria methods will al-
low us to carry out a complex assessment of the ecological development of a region. The objective of this 
article is to provide methods for the quantitative assessment of the ecological state of a country’s regions. 
Review of scientific literature, analysis of statistical data and the methods applied in the theory multiple 
criteria have been used for the research.  
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1. Introduction 

Today the development of any socioeconomic sys-
tem is understood as sustainable development. The 
following concept of sustainable development has 
been formed in global environmental and econom-
ic development forums, which has become the 
classic concept: it is development that meets the 
current needs of society without compromising the 
ability of future generations to meet their own 
needs. Thus sustainable development is a compro-
mise between the environmental, economic and 
social objectives of societies. 

Sustainable development is especially relevant 
to regional politics, the aims of which are to reduce 
differences in the standard of life between different 
continents, countries, or regions of a country. The 
result of inefficient policies is the increase of social 
tension manifested by the extent of emigration, 
criminality, death rate, lower birth rate, etc.  

One of the results of the unsustainable devel-
opment of a country’s regions is a deteriorating 
ecological situation due to the ineffective use of 
available resources, increased pollution, deforesta-
tion, etc. 

Of the remaining two components of sustain-
able development – social and economic develop-
ment – the latter has the biggest impact on ecology,  

 
as it covers industry, construction, transport, and 
agriculture. Studies of this issue carried out in dif-
ferent regions of the world clearly show the nega-
tive impact of economic development on the envi-
ronment (Pope et al. 2004; Munitlak et al. 2009; 
Golusin, Munitlak 2009; Lapinskienė et al. 2014, 
2015). To analyse the impact of economic devel-
opment on ecological development, we need to 
express both of these components of sustainable 
development in a quantitative way.  

Both the economic and ecological develop-
ment of a region are attributed to complex integrat-
ed phenomena which manifest as many aspects in 
reality. Upon formalizing these aspects we obtain a 
system of indicators defining the analysed phe-
nomenon. Where it consists of many indicators, a 
hierarchic system of indicators is formed (Ginevi-
čius et al. 2014; Ginevičius 2009). This allows re-
ducing the number of indicators assessed at one 
time by determining their weight by employing the 
expert method. 

After carrying out a multi-criteria assessment 
of such a system of indicators, depending on the 
assessed objective, it is possible to determine the 
state of economic or ecological development of an 
individual region or to rank regions according to 
the degree of development. 
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The objective of this article is to provide 
methods for the quantitative assessment of the eco-
logical state of a country’s regions and verify such 
methods against the regions of Lithuania. 

2. Assessment of the ecological development 

state of a country’s regions 

Two essential aspects of the analysis of ecological 
development can be distinguished. First of all, the 
formation of a system of indicators that reflect it; 
second, the way or method of the quantitative as-
sessment of the state of ecological development.  

All authors analysing ecological development 
unanimously agree that it is a complex integrated 
phenomenon manifested by many aspects in reali-
ty. In order to carry out a quantitative assessment 
of ecological state, these aspects are formalized 
and converted into indicators.  

Opinions concerning the composition of indi-
cators differ. Today the situation is such that it is 
attempted to provide as many indicators reflecting 
ecological development as possible, but practical 
calculations use only a small number of such indi-
cators (Atkisson, Hatcher 2001; Golusin et al. 
2011; Boggia, Cortina 2010; Munitlak et al. 2009; 
Babu, Datta 2015; Wallis et al. 2011). This is due 
to several reasons. First, it is taken into account 
which indicators were used in previous studies; 
second, the availability of data about these indica-
tors; third, the accuracy of such data (Golusin et al. 
2011). In most cases it is based on indicators for 
which official data is available. 

One more aspect of the analysis of ecological 
development has to be stressed – the object of most 
studies are either individual continents and the 
countries thereon or the countries of a continent, or 
the annual dynamics of the state of ecological de-
velopment in individual countries (Wong 2002; 
Munitlak et al. 2009; Golusin, Munitlak 2009; Fer-
rarini et al. 2001). Very few studies concentrate on 
the ecological development of a country’s regions 
(Wallis et al. 2011; Giddings et al. 2002). 

Their number in the suggested systems of eco-
logical development indicators is different and var-
ies from several to several dozens. For example, 
the study of the Southeast region of Europe is 
based on a system of ten indicators (Golusin et al. 
2011), another study is based on nine indicators 
(Boggia, Cortina 2010), systems of four (Kondyli 
2010; Čiegis et al. 2010) and seven indicators (Ba-
bu, Datta 2015; Wallis et al. 2011), etc. are also 
suggested.  

A more detailed analysis showed that indica-
tors are often selected by way of decomposition. 

This compounds the calculations and reduces accu-
racy. Especially since such indicators often reflect 
one and the same – a rather homogenous aspect, 
for example, certain pollutants expelled by certain 
sources. Therefore we believe that ecological de-
velopment can be rather adequately reflected by a 
rather limited number of essential indicators. In 
such a case, the possibility to obtain information 
on those indicators increases. 

Another important moment when forming a 
system of indicators is the possibility to obtain data 
about such indicators in the required cross-section. 
The object of our study is the ecological develop-
ment of a country’s region and its calculation on 
the basis of the regions of Lithuania, thus we based 
the study on information about their ecological 
development provided by Statistics Lithuania 
(2011, 2012, 2013). The following indicators were 
provided (Counties of Lithuania 2010, 2011, 2012): 

− Collected and consumed water (thou. m3); 
− Released waste water (thou. m3). 
− Pollutants expelled from stationary sources 

of pollution (t). 
− Area of forests compared to the area of the 

region (percentage). 
In this case the system of indicators of the 

ecological development of the regions of Lithuania 
is shown in Figure 1. 

As you can see, all indicators of ecological 
development are converted into relative indicators 
to assess adequately the ecological development of 
the country’s regions. 

The values of ecological development indica-
tors of the regions of Lithuania for 2010–2012 are 
provided in Table 1. 

Literature analysis on the quantitative assess-
ment of the state of ecological development showed 
that mostly multi-criteria methods are employed 
(Boggia, Cortina 2010; Krajnc, Glavic 2005; Kevin 
2007; Ferrarini et al. 2001; Zhou et al. 2007). In 
such a case it is attempted to consolidate ecological 
development indicators expressed in different di-
mensions with a different impact on this develop-
ment into one aggregate value. 

Two models of such aggregation are distin-
guished. The first can be shown in this way 
(Golusin et al. 2011): 
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where Ej – the value of the quantitative assessment 
of the state of ecological development of an ana-
lysed phenomenon j (region, country, country’s 
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region, etc.); +

i
w – the weight of factor i improving 

the ecological situation; −

i
w – the weight of factor i 

aggravating the ecological situation; +

i
q
~  – the 

normalized value of factor i improving the ecolog-
ical situation; −

i
q
~  – the normalized value of factor 

i aggravating the ecological situation. 
Thus in this case (1) the nature of the change 

of factors in the formula is not changed, i.e. it in-
cludes both maximizing and minimizing factors. 

The quantitative assessment of the state of 
ecological development may also be done by ap-
plying a multi-criteria model based on the SAW 

(Simple Additive Weighting) method (Hwang, 
Yoon 1981): 

 
i

n

i

i

SAW

j qwE ~
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where: SAW

jE  – the value of the quantitative as-
sessment applying the SAW method of the state of 
ecological development of an analysed phenome-
non j (region, country, country’s region, etc.); 

i
w – 

the weight of indicator i; 
i

q
~ – the normalized val-

ue of indicator i. 

 

 

Fig. 1. System of indicators of the ecological development of the regions of Lithuania  
(Source: compiled by the authors) 

Table 1. Values of ecological development indicators of the regions of Lithuania for 2010–2012 
(Source: Statistics Lithuania 2011, 2012, 2013) 

Name of 
the region 

Name of ecological development indicators 

Collected and consumed 
water (thou. m3) 

Released waste water 
(thou. m3) 

Pollutants expelled from 
stationary sources of  

pollution (tons) 

Area of forests compared 
to the area of the region  

(percentage) 

2010 2011 2012 2010 2011 2012 2010 2011 2012 2010 2011 2012 

Vilnius 910574.2 653699.8 806213 461662.2 332406.2 410880.1 7289.8 7117.4 6818.8 0.43695 0.44003 0.43900 

Kaunas 6412204 4956064 4699623 3202221 2472541 2337299 10477.4 11118.1 10909.7 0.29595 0.29595 0.29694 

Klaipėda 48132 45357.9 48284 34164 34488.2 34760.7 5786.4 4842.9 4902.6 0.26396 0.26396 0.26396 

Alytus 20382.3 20812.8 19711.7 10267.5 9863.6 8985.9 1322.9 1288.1 1438.1 0.49106 0.49106 0.48995 

Marijam-
polė 

19467.1 19932.7 22513.2 12340.8 12390.1 13403 1929.7 2238.5 2057.1 0.21689 0.21689 0.2168 

Panevėžys 23994.2 23626.2 23774.3 16395 15305.4 16755.4 2788.7 2936.1 3360.7 028194 0.28194 0.2819 

Šiauliai 23240 23254 23167 18415 18677 2938538 5199.5 7395.3 7227.1 0.32400 0.32400 0.3240 

Telšiai 19059 19369.5 20237 11990 14109 14022 26420 28080.5 25411.3 0.36092 0.36092 0.3609 

Utena 209150.8 2055244 158060 103692.2 103524 80071.6 1951.4 1667.1 1861.2 0.34106 0.34106 0.3410 

Tauragė 5752 5422.4 5379 3488 4119 3988 712.5 833.3 877.5 0.33008 033008 0.3300 

 
Ecological develop-
ment of a country’s 

regions 

Collected and con-
sumed water thou. m3 
per active economic 

entity 

Released waste water 
thou. m3 per active 

economic entity 

Pollutants expelled 
from stationary 

sources in tons per 
active economic  

entity 

Area of forests com-
pared to the area of 

the region, percentage 
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The SAW method (Hwang, Yoon 1981) is 
used in the reaearch. 

Table 1 distinguishes two circumstances 
which need to be evaluated, first, the nature of eco-
logical development indicators is different: the first 
three are minimizing, while the fourth is maximiz-
ing. This means that the growing values of the first 
three indicators signal a deterioration of the eco-
logical situation, and the increase of the value of 
the fourth indicator signals an improvement of the 
situation. The multi-criteria assessment SAW 
method requires the nature of change of all indica-
tors to be the same, i.e. all of them need to be max-
imizing or minimizing.  

Maximization of the values of indicators is 
performed in the following way (Hwang, Yoon 
1981): 

 i

i

i

q

q
q

minmax
= , (3)

 

where: max

i
q  – the maximized value of indicator i; 

i
q  – the value of indicator i; 

mini
q – the lowest 

value of indicator i for all regions. 
Minimization of values of indicators is done 

in the following way (Hwang, Yoon 1981): 

 max

min

i

i

i

q

q
q = , (4)

 

where: min

i
q – the minimized value of indicator i; 

maxi
q  – the highest possible value of indicator i for 
all regions. 

Similarly to the perspective in the first case, 
the second aspect is that ecological development 
indicators are expressed in different dimensions, 
i.e. they are incomparable. The values need to be 
normalized to become comparable. The method of 
normalization depends on the objective of multi-
criteria assessment. If we want to rank the regions 
of the country according to the degree of ecologi-
cal development, normalization is performed in the 
following way (Ginevičius, Podvezko 2004, 2007; 
Ginevičius et al. 2006): 

 
∑
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where: 
i

q
~  – the normalized value of indicator i 

( ni ,1= , n – number of indicators). 
In the event that we want to use the results of 

integrated ecological development assessment of 
regions for further research, for example the analy-

sis of the impact of economic development, then 
this method of the normalization of values of indi-
cators is not suitable. This is due to the fact that 
seeking the comparability of regions the normal-
ized value of indicator i taken individually results 
from the general context, i.e. this value is influ-
enced by the values of this indicator of all other 
regions. 

We need to determine the state of ecological 
development of an individual region of a country, 
therefore we should perform normalization em-
ploying the ESP method (Ginevičius et al. 2012, 
2015; Ginevičius 2008): 

 max

~
~

i

i

i

q

q
q = , (6)

 

where: 
i

q
~
~  – the normalized value of indicator i; 

maxi
q – the highest value of indicator i (obtained 
from statistical data or established through expert 
assessment). 

In this case the value of indicator 
i

q
~
~  for the 

analysed region does not depend on the values of 
the same indicators of other regions.  

Based on Table 1 and formula (4) the maxi-
mization of the values of ecological development 
of regions was performed. The results are present-
ed in Table 2. 

The next phase of multi-criteria assessment is 
the normalization of indicator values, i.e. their 
conversion into non-dimensional comparable val-
ues. Based on Table 2 and formula (5) the follow-
ing results were obtained (Table 3). 

The weights of ecological development indica-
tors of the regions were determined by interviewing 
experts. After the verification of the compatibility of 
their opinions using the Pearson criteria 2χ , the fol-
lowing values were obtained (Table 4). 

After obtaining normalized indicator values 
and weights of the indicators, we can continue to 
the quantitative integrated assessment of the eco-
logical development of the regions of Lithuania. 
This is performed using the SAW method (Hwang, 
Yoon 1981). In one case we ranked the regions 
according to ecological development (Table 5), 
and in the other case we determined the state of 
ecological development of every region (Table 6). 

The ranking of the regions of the country ac-
cording to ecological development (Table 5) can 
be used as a basis for formulating the measures of 
regional development intended to reduce differ-
ences between regions. This can be done by re-
spectively directing the domestic investment of the 
country.  



COMPLEX ASSESSMENT OF THE ECOLOGICAL DEVELOPMENT OF THE COUNTRY’S REGIONS   

 5

Table 2. Maximized values of ecological development indicators of the regions of Lithuania 
(Source: compiled by the authors)  

 

Table 3. Normalized values of ecological development indicators of the regions of the country for 2010–2012 
(Source: compiled by the authors) 

 

Table 4. Weights of ecological development indicators of the regions of Lithuania (Source: compiled by the authors)  

Name of the 
indicator 

Collected and con-
sumed water (thou. 
m3) per active eco-

nomic entity 

Released 
waste water 

(thou. m3) per 
active eco-

nomic entity 

Pollutants expelled from 
stationary sources of pollu-
tion (tons) per active eco-

nomic entity 

Area of forests 
compared to the 

area of the region 
(percentage) 

Total 

Weight of the indi-
cator 

0.25 0.15 0.5 0.1 1.0 
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Table 5. Regions of Lithuania ranked according to their ecological development  
(Source: compiled by the authors) 

No. Regions 
2010 2011 2012 

Value Rank Value Rank Value Rank 

1. Vilnius 0.12749 2 0.136838 2 0.146103 2 

2. Kaunas 0.05176 9 0.050541 10 0.053351 10 

3. Klaipėda 0.10533 6 0.115748 5 0.11799 4 

4. Alytus 0.118788 4 0.125188 3 0.127143 3 

5. Marijampolė 0.084732 7 0.077469 7 0.081089 6 

6. Panevėžys 0.124558 3 0.123446 4 0.117954 5 

7. Šiauliai 0.109375 5 0.099759 6 0.080895 7 

8. Telšiai 0.056785 8 0.052572 9 0.055652 8 

9. Utena 0.051701 10 0.059211 8 0.055471 9 

10. Tauragė 0.169481 1 0.159229 1 0.164352 1 

Table 6. Results of multi-criteria assessment of ecological development of the regions of Lithuania  
(Source: compiled by the authors) 

No. 
Regions 

2010 2011 2012 

 Value Rank Value Rank Value Rank 

1. Vilnius 0.629329 2 0.648033 2 0.637504 2 

2. Kaunas 0.263273 10 0.247726 10 0.243366 10 

3. Klaipėda 0.50871 6 0.548255 5 0.516819 5 

4. Alytus 0.586622 4 0.607345 3 0.570716 3 

5. Marijampolė 0.4096 7 0.370946 7 0.357412 7 

6. Panevėžys 0.599565 3 0.587119 4 0.519884 4 

7. Šiauliai 0.530188 5 0.482941 6 0.372684 6 

8. Telšiai 0.28559 8 0.268932 9 0.266211 8 

9. Utena 0.26535 9 0.290487 8 0.256393 9 

10. Tauragė 0.811144 1 0.754673 1 0.720749 1 

 

Data about the ecological development of an 
individual region (Table 6) can be used, for in-
stance, for the correlation-regression analysis of 
the impact of economic development on ecology. 

3. Conclusions 

In order to carry out the quantitative assessment of 
the state of the ecological development of a region 
of the country, first we need to solve two prob-
lems. First of all to form a system of indicators; 
secondly, to determine the method of aggregating 
such indicators into one cumulative value. 

Different systems of indicators have been sug-
gested. They differ both in the number of indicators 
and their composition. In many instances their struc-
ture is determined by three circumstances: first, the 

indicators used in previous studies; second, the 
availability of data about such indicators; third, the 
accuracy of the data. On the other hand, systems of 
indicators are often too detailed, which encumbers 
calculations and reduces accuracy, therefore the sys-
tem should only include essential indicators that 
contain related indicators of a lower level. 

There are two methods of aggregating ecolog-
ical development indicators expressed by different 
dimensions and operating in different directions 
into one cumulative value. First, where the nature 
of the change of factors is not changed, i.e. they 
remain maximizing or minimizing. Second, where 
through transformation all the factors become max-
imizing or minimizing and only then are aggregat-
ed into one cumulative value. Further research will 
show which of the methods is more accurate. 
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