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Abstract. The idea of sustainable development appeared several decades ago
and was a response to the growing environmental problems associated with the
irrational natural resources management, conducted, in particular, by highly
developed countries. Despite many local and international efforts, the list of
universal indicators monitoring sustainable development, applicable both to
developed and developing areas, has not yet been clearly defined. No specific
methods for measuring sustainable development, which would allow for
objective determination of the level of sustainability and the direction of its
course, have been specified. The paper indicated the possibility of diversifying
research results resulting from the adopted method of specification of sustain-
able development indicators and the applied method of measuring the level of
sustainability, which may lead to unreliable results. A set of 71 indicators was
employed and the various areas of sustainable development were described
synthetically, i.e. the social, economic, environmental and institutional-political
domains. The linear ordering of provinces was performed using their taxonomic
distance from the reference object. For comparative purposes and determining
the direction of development, data from the years 2010 and 2016 were utilized.
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1 Introduction

The notion of sustainable development was originally defined in the UN document
‘Our common future’ in 1987 as such a development in which the needs of the current
generation are satisfied without jeopardising the needs of future generations [5]. The
very idea of sustainable development was the response to the growing environmental
problems associated with the irrational exploitation of natural resources, a huge burden
on the natural environment by pollution and negative effects of industrialization and
mechanisation of agricultural production [1].

From the beginning of its development, the notion of sustainable development has
been of interest to researchers from numerous areas of science. So far, however, they
have been struggling to measure the development in all its spheres, i.e. social, eco-
nomic and environmental, assuming that sustainable development should include
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parallel activities in these three areas, without diminishing the importance of any of
them. It has been noted that rich countries, which have achieved a high level of social
and economic development, attach great importance to the protection of the natural
environment. Poor countries, in turn, behave differently - the need to protect the natural
environment is secondary in relation to economic and social needs [1, 9]. Taking the
above into account, it can be concluded that countries with different levels of devel-
opment are in different places in the process of sustainable development [4]. Therefore,
the question should be asked about the assumption of the equal importance of all three
domains in all circumstances. In addition, the question of identifying a point considered
to be one in which development can be treated as sustainable arises. Until now, such a
point or object has not been established, and the opinions of researchers are often
radically divergent [2, 6].

According to the International Institute for Sustainable Development [3], there are
173 indicators defining the level of sustainable development. These indicators are used
in different countries. In Poland, according to the CSO (GUS) study from the year
2015, 101 indicators were distinguished to monitor sustainable development in four
domains and 24 areas [10]. The choice of indicators to the national list was determined
by the degree of compliance with the definition and significance of the indicator for
sustainable development. Phenomena which were special and particularly important for
Poland were also taken into account. It should be underscored that for some indicators,
it was not determined whether it was a driver, i.e. it promoted sustainable development
or an inhibitor. Treating the indicator as a driver or an inhibitor arises then from the
subjective assessment of its importance and different interpretation resulting from it.

It was assumed that the increase in the value of the synthetic index indicates a
balanced direction of development. In the analyzed period, both changes towards the
balancing of development and in the opposite direction were shown. Methodical
inaccuracies related to the measurement of sustainability were pointed out. Different
methods of classifying areas due to the sustainability of development, presented in the
study, lead to ambiguous research results. The ranking of the researched areas varies
depending on whether it was determined by adopting the average value of the synthetic
sustainable development index or by using the classification-point method.

2 Aim, Material and Method

The aim of the study is to present differences in the assessment of the degree of
sustainable development of Polish provinces, depending on the interpretation of indi-
vidual indicators adopted for research that monitor the development. The aforemen-
tioned interpretation concerned, in particular, the fact whether the indicator was treated
as a driver or an inhibitor of sustainable development and the problem of treating the
indicator as the one which would monitor a specific domain. To compare the data, the
research was based on statistical data from the year 2010 and the year 2016.

First, the values of the synthetic indicator of sustainability level were presented in
accordance with the classification of indicators adopted by the Central Statistical Office
[10]. Then, after a detailed analysis of the indicators, the grouping was modified. For
example, the indicator of the number of cars per 1000 inhabitants, treated in social
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domain as a driver, was perceived as an inhibitor in the environmental domain. Sim-
ilarly, the indicator of water consumption in households per capita per year in the social
domain was a driver, while in the environmental domain it was an inhibitor. Table 1
presents a detailed breakdown of changes introduced in the classification of sustainable
development indicators.

Table 1. Changes introduced in the classification of sustainable development indicators.

Indicator according to CSO classification Indicator according to modified classification

Social domain:
1. Number of cars per 1000 inhabitants
(stimulant)
Social domain:
2. Water consumption in households per
capita per year (stimulant)
Social domain:
3. Average meat consumption per capita per
month (stimulant)
Social domain:
4. Crimes identified by the police in
completed preparatory proceedings per 1000
inhabitants (inhibitor)

Environmental domain:
1. Number of cars per 1000 inhabitants
(inhibitor)
Environmental domain:
2. Water consumption in households per
capita per year (inhibitor)
Environmental domain:
3. Average meat consumption per capita per
month (inhibitor)
Environmental domain:
4. Crimes identified by the police in
completed preparatory proceedings per 1000
inhabitants (stimulant)

Economic domain:
1. The length of expressways and motorways
per 100 km2 (stimulant)
Economic domain:
2. The average price of a one-way normal
ticket for a city bus (stimulant)
Economic domain:
3. Consumption of mineral fertilizers per 1 ha
of agricultural land (stimulant)
Economic domain:
4. Presence of large livestock units per 1
hectare of arable lands (stimulant)
Economic domain:
5. Share of large farms in the total number of
farms (stimulant)

Environmental domain:
1. The length of expressways and motorways
per 100 km2 (inhibitor)
Environmental domain:
2. The average price of a one-way normal
ticket for a city bus (inhibitor)
Environmental domain:
3. Consumption of mineral fertilizers per 1 ha
of agricultural land (inhibitor)
Environmental domain:
4. Presence of large livestock units per 1
hectare of arable lands (inhibitor)
Environmental domain:
5. Share of large farms in the total number of
farms (inhibitor)

Environmental domain:
1. Share of Natura 2000 areas in total area
(stimulant)
Environmental domain:
2. The share of legally protected areas in the
total area (stimulant)
Environmental domain:
3. Amount of mixed municipal waste
collected by households per capita per year
(inhibitor)

Economic domain:
1. Share of Natura 2000 areas in total area
(inhibitor)
Economic domain:
2. The share of legally protected areas in the
total area (inhibitor)
Economic domain:
3. Amount of mixed municipal waste
collected by households per capita per year
(stimulant)
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The assessment of sustainability level of provinces was carried out employing a
synthetic measure, which was the basis for the creation of rankings [7, 8]. The
determination of the synthetic measure of development was preceded by the normal-
ization of variables according to the formula:

x
0
ij ¼

xij � minxij
maxxij � minxij

ð1Þ

where:

x’ij - the value of the transformed (normalized j-th diagnostic feature of sustainable
development in the i-th object (province),
xij - the actual value of the j-th diagnostic feature of sustainable development in the i-th
object,
minxj - the minimum value of the j-th feature of sustainable development,
maxxj - the maximum value of the j-th feature of sustainable development.

This transformation resulted in the values of features being in the range [0; 1]. The
examined indicators were treated as drivers or inhibitors of sustainable development,
whereas the substitution of inhibitors for drivers was made employing the following
formula:

x
0S
ij ¼

1
x0D
ij

ð2Þ

where:

x
0S
ij - sustainable development driver obtained by transforming inhibitors (x

0D
ij Þ of the

development.

The reference object was such an object that was characterized by the highest
values of drivers and the lowest values of inhibitors.

The synthetic measure of sustainable development of i-th object (province) was
determined using the formula:

di ¼ 1� di0
d0

ð3Þ

where:

di0 ¼
Xp

j¼1
yij � y0j
� �2h i1

2 ð4Þ

is the Euclidean distance of the i-th object from the reference object, while d0 is the
distance between the pattern and the antipattern. The antipattern is characterized by the
lowest values of drivers and the highest values of inhibitors [7].

The analysis of the level of sustainability was carried out for the years 2010 and
2016.
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3 Findings

Table 2 presents the calculated values of the synthetic indicator for all domains (social,
economic, environmental and institutional-political), taking into account the classifi-
cation of the Central Statistical Office. It was assumed that the increase in the value of
the synthetic indicator denoted a sustainable direction of development. Based on the
data presented in Table 2, it can be stated that in the analysed period the changes both
towards sustainable development (an increase in the value of the synthetic index) and in
the opposite direction (a decrease in the value of the synthetic index) were evident.

Table 3 presents the calculated values of the synthetic indicator of sustainable
development, determined applying modified, against the adopted by the Central Sta-
tistical Office classification, classification of sustainability indicators. In this case also,
development was denoted both in the sustainable direction and in the opposite one. As
a result of alternations in the classification of indicators, there were changes, which
involved, inter alia, a change in the direction of sustainable development into the
opposite or vice versa.

Table 2. The values of the synthetic sustainable development indicator (di) of provinces
according to domains (dimensions) in the years 2010 and 2016 determined on the basis of the
classification of indicators consistent with the Central Statistical Office.

Province Social domain
dis

Economic domain
dig

Environmental
domain
die

Institutional-political
domain
dip

2010 2016 Change 2010 2016 Change 2010 2016 Change 2010 2016 Change

Dolnośląskie 0.36 0.45 0.09 0.36 0.40 0.04 0.26 0.24 −0.03 0.45 0.53 0.08

Kujawsko-Pomorskie 0.38 0.37 −0.00 0.31 0.32 0.01 0.36 0.35 −0.02 0.35 0.34 −0.01

Lubelskie 0.32 0.36 0.03 0.22 0.24 0.02 0.32 0.32 −0.01 0.25 0.27 0.03

Lubuskie 0.38 0.38 0.00 0.29 0.31 0.02 0.41 0.42 0.01 0.40 0.41 0.01

Łódzkie 0.40 0.40 0.00 0.28 0.34 0.06 0.23 0.21 −0.02 0.38 0.46 0.08

Małopolskie 0.49 0.47 −0.02 0.32 0.34 0.02 0.33 0.28 −0.05 0.26 0.37 0.11

Mazowieckie 0.46 0.46 −0.00 0.40 0.43 0.03 0.25 0.26 0.01 0.27 0.27 0.01

Opolskie 0.44 0.42 −0.01 0.32 0.30 −0.02 0.25 0.27 0.01 0.49 0.52 0.03

Podkarpackie 0.24 0.27 0.03 0.24 0.25 0.00 0.47 0.44 −0.03 0.34 0.35 0.01

Podlaskie 0.39 0.40 0.01 0.20 0.23 0.03 0.46 0.43 −0.03 0.29 0.27 −0.02

Pomorskie 0.50 0.51 0.01 0.44 0.45 0.01 0.33 0.34 0.01 0.36 0.39 0.03

Śląskie 0.44 0.47 0.04 0.36 0.34 −0.01 0.24 0.21 −0.03 0.35 0.36 0.00

Świętokrzyskie 0.26 0.29 0.03 0.24 0.16 −0.08 0.27 0.28 0.01 0.46 0.34 −0.12

Warmińsko-Mazurskie 0.32 0.29 −0.03 0.25 0.17 −0.08 0.48 0.42 −0.07 0.46 0.31 −0.15

Wielkopolskie 0.54 0.53 −0.01 0.39 0.39 0.00 0.35 0.30 −0.05 0.42 0.45 0.03

Zachodnio-Pomorskie 0.34 0.39 0.04 0.31 0.31 −0.01 0.31 0.30 −0.01 0.45 0.41 −0.04
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Table 4 presents the ranking of provinces due to the level of sustainable devel-
opment. The ranking was established on the basis of the mean value of the synthetic
indicator from individual domains and by applying the classification and point method.

On the basis of the data included in Tables 2, 3 and 4 a correlation analysis was
conducted between the variables describing particular domains in the years 2010 and
2016 employing classification of variables determined by the Central Statistical Office
and the modified classification. The values of Pearson’s linear correlation coefficients
were calculated for the data in Tables 2 and 3 while the Spearman rank correlation
coefficient was determined for the data in Table 4. The results of the above analyses are
presented in Table 5.

Analysing the data in Table 5. it can be concluded that in the case of the social and
economic domains. the changes in the Pearson’s linear correlation coefficient are
minimal. In the case of the environmental domain, however, there was a significant
change in the value of the correlation coefficient. The positive value of the linear
correlation coefficient in the case of the variable classification adopted by the Central
Statistical Office indicated development in a sustainable direction. The modified
classification of indicators, in the case of the environmental domain, indicates the
opposite direction of development (negative value of the linear correlation coefficient),
i.e. lack of sustainability in development of the natural environment. The analysis of
Spearman’s rank in none of the domains showed significant differences in the classi-
fication of provinces.

Table 3. The values of the synthetic indicator of sustainable development (di)) of provinces
according to the domains (dimensions) in the years 2010 and 2016 determined in line with the
modified classification of variables.

Province Social domain
dis

Economic domain
dig

Environmental
domain
die

Institutional-political
domain
dip

2010 2016 Change 2010 2016 Change 2010 2016 Change 2010 2016 Change

Dolnośląskie 0.35 0.35 −0.01 0.37 0.41 0.04 0.30 0.29 −0.01 0.45 0.53 0.08

Kujawsko-Pomorskie 0.34 0.30 −0.04 0.28 0.29 0.01 0.33 0.34 0.01 0.35 0.34 −0.01

Lubelskie 0.31 0.31 −0.01 0.22 0.27 0.04 0.41 0.39 −0.02 0.25 0.27 0.03

Lubuskie 0.30 0.22 −0.08 0.26 0.28 0.02 0.38 0.39 0.01 0.40 0.41 0.01

Łódzkie 0.35 0.34 −0.02 0.29 0.35 0.06 0.28 0.26 −0.02 0.38 0.46 0.08

Małopolskie 0.49 0.42 −0.07 0.31 0.38 0.07 0.34 0.32 −0.02 0.26 0.37 0.11

Mazowieckie 0.49 0.43 −0.06 0.48 0.53 0.05 0.21 0.24 0.03 0.27 0.27 0.01

Opolskie 0.36 0.32 −0.04 0.33 0.31 −0.02 0.28 0.31 0.03 0.49 0.52 0.03

Podkarpackie 0.25 0.24 −0.01 0.24 0.25 0.00 0.50 0.44 −0.06 0.34 0.35 0.01

Podlaskie 0.36 0.34 −0.03 0.17 0.22 0.05 0.46 0.44 −0.02 0.29 0.27 −0.02

Pomorskie 0.45 0.38 −0.08 0.42 0.45 0.03 0.31 0.34 0.03 0.36 0.39 0.03

Śląskie 0.39 0.38 −0.01 0.40 0.39 −0.01 0.27 0.24 −0.02 0.35 0.36 0.00

Świętokrzyskie 0.22 0.18 −0.04 0.19 0.12 −0.08 0.31 0.35 0.03 0.46 0.34 −0.12

Warmińsko-Mazurskie 0.31 0.21 −0.10 0.19 0.13 −0.07 0.42 0.42 −0.00 0.46 0.31 −0.15

Wielkopolskie 0.42 0.37 −0.07 0.36 0.39 0.03 0.26 0.24 −0.02 0.42 0.45 0.03

Zachodnio-Pomorskie 0.33 0.27 −0.06 0.30 0.31 0.01 0.34 0.35 0.01 0.45 0.41 −0.04
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4 Conclusion

Presented research results indicate significant difficulties related to measuring the
sustainability of development. These difficulties result from the selection of appropriate
variables whose criteria are not unequivocally specified. In addition, arbitrariness,
caused by subjective assessments of researchers in qualifying variables to a specific
area that monitors a specific domain, is evident. Also, it is not explicitly specified
which of the adopted indicators are drivers and which are inhibitors of sustainable
development. Maximum, minimal, and in particular optimal values of indicators were
not set, which would clearly indicate the fact of sustainability. It should be stated that

Table 4. Ranking of provinces and its changes based on the CSO classification and modified
classification (the bottom row) according to individual domains in the years 2010 and 2016.

Province CSO Modified CSO Modified

2010 2016
Mean Points Mean Points Mean Points Mean Points

Dolnośląskie 6 6 3 3 3 3 1 2
Kujawsko-Pomorskie 9 11 13 13 11 11 12 13
Lubelskie 16 16 15 16 15 15 14 14
Lubuskie 5 5 10 10 4 4 10 10
Łódzkie 13 13 12 12 8 8 7 7
Małopolskie 8 7 8 5 6 5 3 3
Mazowieckie 11 8 5 8 7 9 4 8
Opolskie 4 3 4 2 5 6 5 4
Podkarpackie 14 15 11 14 13 12 11 11
Podlaskie 12 12 14 11 12 13 13 12
Pomorskie 2 2 1 1 1 1 2 1
Śląskie 10 10 7 7 10 7 8 6
Świętokrzyskie 15 14 16 15 16 16 16 16
Warmińsko-Mazurskie 3 4 9 9 14 14 15 15
Wielkopolskie 1 1 2 6 2 2 6 5
Zachodniopomorskie 7 9 6 4 9 10 9 9

Table 5. Values of linear correlation of Pearson’s and R Spearman’s coefficient between the
values of the synthetic indicator of the sustainability level and the ranking of provinces in the
years 2010 and 2016 in particular domains.

Type of
variable
classification

Social domain Economic domain Environmental
domain

Institutional-political
domain

Pearson R Spearman Pearson R Spearman Pearson R Spearman Pearson R Spearman

According to
CSO

0.936 0.923 0.798 0.882 0.960 0.950 0.648 0.903

Modified 0.924 0.967 0.737 0.806 −0.661 0.871 0.648 0.903
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the same value of the monitoring indicator in different cases, i.e. in relation to different
levels of development (social, economic, environmental, institutional-political) may be
a driver or an inhibitor of sustainable development. The determined value of the
indicator, depending on the level of socio-economic development, may be optimal, too
low or too high.

Particular attention should be paid to the fact that the indicators being a driver of
one of the domains are also an inhibitor of another domain. The inclusion of a specific
indicator in the monitoring group of a particular domain should be determined, inter
alia, by the general level of socio-economic development of a given area.

Different methods of classifying areas due to sustainable development, presented in
the study, lead to ambiguous research results. The ranking of the surveyed areas varies
depending on whether it was determined using the mean value of the synthetic indi-
cator of sustainable development or using the classification and point method.

The observations presented above denote the necessity of adopting uniform stan-
dards referring both to the criteria related to the selection of sustainable development
indicators, the unambiguous inclusion of indicators in the group which monitors
specific domain, determining the value of optimal indicators which would monitor
depending on the level of socio-economic development and the environmental con-
dition of the area. In addition, there is a need to establish uniform methods for mea-
suring sustainability which would clearly and objectively indicate the level of
sustainability and the direction of changes.
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