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ZASTOSOWANIE METOD STATYSTYCZNYCH W DIAGNOZIE SRODOWISKOWYCH
UWARUNKOWAN ROZWOJU WOJEWODZTWA DOLNOSLASKIEGO W LATACH 2006-2012

Stowa kluczowe: uwarunkowania srodowiskowe rozwoju regionu, metoda sum stan-
daryzowanych, metoda Warda.

Klasyfikacja ] E L: 044.

Abstrakt: Problematyka poruszana w ramach artykutu koncentruje sie wokdt kwe-
stii zr6znicowania srodowiskowych uwarunkowan rozwoju wystepujacych wewnatrz
regionu. Artykut w gtéwnej mierze stanowi prébe adaptacji metod statystycznych dla
potrzeb monitorowania uwarunkowan $rodowiskowych. Wykorzystano w tym zakre-
sie metode sum standaryzowanych i metode Warda. Wyniki przeprowadzonych badan
w obrebie wojewédztwa dolnoslaskiego wskazujg na silne utrwalenie zaobserwowa-
nych dysproporcji miedzy obszarami najlepszymi a najgorszymi pod wzgledem jako-
$ci Srodowiska przyrodniczego. Szczegdlnie negatywnie na tym tle wyrézniaja sie po-
wiat zgorzelecki, oraz miasta Wroctaw i Legnica, na co kluczowy wptyw ma struktura
i rodzaje dziatalnosci gospodarczej prowadzonej w ramach wymienionych obszardéw.

[ | INTRODUCTION

The issue concerning different development rates of Poland’s individual re-
gions, which has extensively been delineated in the literature on the subject,
is a deeply rooted phenomenon caused by a series of factors resulting, among
others, from location attractiveness, economic potential, level of human capital
and access to technical and social infrastructure as well as to public services.
A particular aspect within the studied issue is the question of the environmen-
tal conditions considered, next to social and economic aspects, one of the main
determinants of the development at a regional level.

The objective of the article is to analyze disparities in the environmental
conditions of development within the region, taking into account the dispa-
rities occuring in individual counites. In particular, the article is an attempt
to adapt statistical methods for the purpose of monitoring the environmental
conditions. Therefore, on the basis of theoretical consideration, the analysis
has been conducted applying selected statistical tools and focusing on compa-
ring the situtations of Lower Silesian counties based on the data pertaining to
years 2006-2012.

Applying the research to the category of region requires that the semantic
content of the applied term is defined more precisely. Science disciplines and
regional practices most frequently refer to the territorial and administrative
division of the country. From the 15 of January 1999, after the administrative
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reform, there has been a three-tier administrative division in force in Poland,
comprising the following: communes, counties and voivodships. Putting it very
simply, each of these tiers may be considered a set of a homogenous class of re-
gions. However, in the practice of self-governments, it is assumed that the term
region refers to voivodships, whereas communes and counties constitute local
units. Moreover, it is acknowledged that the regional policy is run by the state in
relation to all regions-voivodships (the so called interregional policy) and each
voivodship runs its policy in relation to its territory (the so called intraregional
policy) (Szewczuk 2011, 18). Poland’s territorial embedding of the regions wi-
thin the system of the sixteen voivodships also follows NUTS2 level, in accordan-
ce with the classification of territorial units for statistical purposes operating in
the EU countries, which has been established to collect, prepare and dissemina-
te comparable data for specific regional statistics within the EU territory.

The issue of disparities in the development at a regional level has in the past
been the subject of many analyses on the basis of which a series of theories and
concepts have been developed. Within these, a few leading research streams
may be suggested comprising the location theory and regional development
theory which focus on explicating the causes of disparities in the level of socio-
-economic development (Stackelberg, Hahne 1998, 30). A significant research
stream within this scope continues to be the theory of sustainable development
which has retained its popularity in the literature on the subject (Fujita 2001;
Fiedor 2002; Borys 2005) and is still present in the legislation in force (most
notably in Art. 5 of the Constitution of the Republic of Poland). This concept as-
sumes that the socio-economic development should be harmonized with the
natural environment in order to ensure fundamental needs of individual com-
munities or citizens not only of this generation but also of the future ones. This
means that when dealing with the development process, it is necessary to con-
sider, in balanced proportions, three basic components:

= the economic one, assuming the need to strive for economic growth

which provides real increase of prosperity and well-being,

= the social one which amounts to satisfying human needs, thereby ensu-

ring equal opportunities of development,

= the environmental one focusing on rationally exploiting natural resources.

Preserving and protecting the environment thus ensuring its improvement
is a very important objective constituting part of the Lisbon and Gothenburg
strategies of the European Community. Inter-generational equity demands the
preservation of the environmentin such a state as to allow future generations to
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use it. In the European Union a new view has emerged that the environment can
provide real economic benefits, offering new opportunities as well as stimula-
ting economic growth in various directions. In this respect, a positive example
is set by the Scandinavian countries which have been incorporating the envi-
ronment in order to stimulate the economy. The example set by such countries
as Sweden, Denmark, Finland demonstrates how economic objective can be
achieved together with the ecological one. For many years now, these countries
have invariably occupied leading positions in competition rankings. Using the
environment in the regional economy has above all the following goals:

= increasing competitiveness through reducing costs for business by the

more efficient use of resources;

= increasing production efficiency through the development of the sectors

of the economy which contribute to the benefits resulting from the eco-
nomic and environmental integration.

Thus, long term shaping of the conditions for regional development requ-
ires a continuous decision making ensuring an effective impact on the quali-
ty of the natural environment. A special role plays here the verification of the
tasks that are being performed as to what degree the set objectives have been
met. Therefore being capable of constantly monitoring current situation in in-
dividual units of the region, particularly in terms of the assessment of envi-
ronmental conditions, plays an extremely important role. Developing suitable
methods and having skills to interpret the data obtained on this basis consti-
tute a starting point for defining opportunities and threats to the development
of a given territorial system.

THE RESEARCH METHODOLOGY AND THE COURSE OF THE RESEARCH PROCESS

In the relevant literature, one of the most widespread form of examining the is-
sues concerned with economic potential of regions are assessments published
in the form of rankings, which are increasingly more frequently considered an
independent area of analyses whose results are used to do comparisons at the
international, regional as well as local level. The strength of the rankings lies in
their ability to synthesize complex information with the results being ordered
hierarchically for the entire set of units, thus facilitating the process of compa-
ring and formulating general conclusions that are significant when shaping re-
gional policy and necessary when analysing the degree of the socio-economic
development of regions.
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The starting point for conducting the study is to determine the set of cha-
racteristics comprising the most complete and comprehensive description po-
ssible of the economic potential level of the individual counties. This issue is
often reflected in the literature on the subject as a part of the disquisition on
the measure of local development. In this field numerous authors present vario-
us concepts pertaining to the sets of characteristics, making it possible to defi-
ne the level of development of a given local unit. For example, within the frame-
work of the analyses of the environmental governance T. Borys distinguishes
17 areas to which specific indicators have been allocated (Borys 2005). The
choice of variables was dictated by the literature on this subject and the availa-
bility of the data, because the study was carried out for the years 2006-2012.
Referring to the current content of the body of literature addressing this issue
as well as own work, the authors of this article created a list of characteristics
that are fully consistent with the need to examine the quality of life at the level
of the county self-government. Owing to limited access to information at the lo-
cal level, for the detailed study a set of nine characteristics has been taken into
account, as demonstrated in the table:

Table 1. The set and nature of the characteristics taken into account when assessing
the economic potential of a county

Enumeration Variable name Variable character
X1 The share of households connected to a sewerage and water- stimulant
-supply network
X2 Mixed waste collected in one year per capita (tons) destimulant
X3 Publicly accessible green areas per 10 000 inhabitants (hectares)| stimulant
X4 Electricity consumption per capita ( MWh) destimulant
X5 Gas consumption per capita (Mt) destimulant
X6 Wooded land: forestation (%) stimulant
X7 Total sewage disposal per 1000 inhabitants destimulant
X8 Particulate pollutants per county area destimulant
X9 Gaseous pollutants per county area (tons/year) destimulant

Source:own study based.

Within the created set of characteristics, the information was included de-
scribing the environmental pollution, availability of green lands, and informa-
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tion on the status and threats to the environment. Considering that there are
natural differences resulting from the area size and the number of inhabitants
in the unit concerned, each characteristic is relative.

The starting point was the variation coefficients analysis of the variables
tested. Critical value was set at 5%. All variables were characterized by a coef-
ficient of variation above the critical value.

For the purpose of comparing the environmental potential of voivodships,
a linear ordering method has been used which is the method of standardised
sums. It finds its application in the analysis of complex phenomena of which the
diagnosis of environmental conditions certainly is, given the need to compare
different objects, such as, in this case, voivodships. The methods of linear or-
dering allows for ranking the analysed objects from “the best” to “the worst”,
with the ranking criterion being the extent of the complex phenomenon. The
selection of the variables used to describe the complex phenomenon is mostly
of substantive nature, and while producing the synthetic measure describing
the complex phenomenon, the degree of the variables correlation is of no im-
portance.

The higher the value of the synthetic variable, the greater the extent of the
complex phenomenon that is being tested. It is thus possible to order the ob-
jects by the extent of the complex phenomenon alone on the basis of the value
of the standardized sums. The objective of producing the measure of develop-
ment is to obtain values defined on the interval [0:1], whereby the closer the
value m, is to 1, the better it shows the extent of the complex phenomenon in
the object concerned. The particular ranking thus obtained makes it possible
to compare the situations of individual units, as well as allows for the analysis
of the shifts in the trends occuring during the period in question.

An additional aim of the authors was to group the districts of the province
of Lower Silesia into subsets due to environmental conditions. The grouping
of objects can be done using cluster analysis. The purpose of cluster analysis is
to create groups of objects as similar as possible to each other and at the same
time the most different from the other groups of objects. The method of cluster
analysis which is believed to be a very effective method is Ward’s method (Pa-
rysek 1982). The Ward’s method is one of the agglomerative hierarchical me-
thods. The methods of the hierarchical agglomeration of objects with multiple
characteristics which G.M. Lance and W.T. Williams proposed include several
variants (Lance, Williams 1967). These variants have different ways of deter-
mining the distance matrix between the groups of objects in the multivariate
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classificatory space. The Ward’s method provides a special case of the general
pattern of objects clustering developed by G.M. Lance and W.T. Williams. The
result of the analysis is a dendrogram, which is a graphic interpretation of the
obtained results.

The Ward’s method moves towards minimizing the error sum of squares
of any pair of clusters which can be formed at any stage. The Ward’s method is
considered very effective aiming at producing small clusters (Grabinski, Soko-
towski 1984, 63-79).

| THE OUTCOME OF THE RESEARCH AND CONCLUSIONS

In the light of the theoretical disquisition introduced in the paper, the objective
of the research results presented below is to demonstrate the extent of dispari-
ties in the environmental potential in the Lower Silesian Voivodship, in the co-
unty system. The study was conducted based on a few basic assumptions:
= research object - local self-government units of the Lower Silesian Vo-
ivodship,
= cross-section of the research - the county’s level. The voivodship consi-
sts of 26 land counties and three cities with county rights Wroctaw, Jele-
nia Gora and Legnica,
= the time horizon of the research spanned the years 2006-2012.
The results presenting the situation of the Lower Silesian counties in the
environmental sphere between 2006-2012 are presented in Table 2 (the infor-
mation is ordered according to the value of the development measure in 2012).

Table 2. Ranking of the Lower Silesian counties in terms
of their environmental potential in years 2006-2012

2006 2007 2008 2009 2010 2011 2012
Powiat zgorzelecki 0,37 0,38 0,36 0,34 0,38 0,39 0,39
Powiat m. Legnica 0,45 0,45 0,43 0,42 0,44 0,43 0,42
Powiat m. Wroctaw 0,46 0,49 0,48 0,54 0,50 0,46 0,46
Powiat m.Jelenia Géra 0,58 0,60 0,60 0,55 0,59 0,56 0,53
Powiat lubinski 0,60 0,59 0,57 0,56 0,59 0,57 0,56
Powiat jeleniogdrski 0,58 0,61 0,55 0,51 0,56 0,57 0,56
Powiat wroctawski 0,54 0,53 0,58 0,59 0,59 0,61 0,60




]04 Tomasz Kopyscianski, Tomasz Rdlczynski

2006 2007 2008 2009 2010 2011 2012
Powiat watbrzyski 0,67 0,69 0,67 0,65 0,67 0,63 0,62
Powiat lubariski 0,65 0,66 0,64 0,61 0,65 0,64 0,63
Powiat $widnicki 0,69 0,70 0,66 0,64 0,67 0,65 0,65
Powiat gtogowski 0,67 0,69 0,67 0,66 0,66 0,66 0,65
Powiat polkowicki 0,68 0,70 0,67 0,65 0,67 0,67 0,65
Powiat dzierzoniowski 0,64 0,66 0,66 0,64 0,67 0,66 0,65
Powiat jaworski 0,66 0,68 0,66 0,62 0,65 0,66 0,66
Powiat Iwéwecki 0,65 0,67 0,62 0,62 0,66 0,67 0,66
Powiat ktodzki 0,70 0,71 0,69 0,65 0,69 0,68 0,67
Powiat $redzki 0,72 0,73 0,69 0,66 0,69 0,69 0,68
Powiat legnicki 0,71 0,72 0,70 0,67 0,70 0,69 0,69
Powiat wotowski 0,65 0,64 0,63 0,66 0,71 0,71 0,69
Powiat trzebnicki 0,71 0,71 0,68 0,66 0,70 0,70 0,70
Powiat ztotoryjski 0,71 0,71 0,69 0,66 0,70 0,70 0,70
Powiat olesnicki 0,73 0,72 0,73 0,68 0,73 0,71 0,71
Powiat otawski 0,74 0,74 0,71 0,75 0,73 0,71 0,71
Powiat kamiennogorski 0,71 0,73 0,70 0,67 0,72 0,72 0,71
Powiat zagbkowicki 0,69 0,70 0,68 0,67 0,71 0,72 0,71
Powiat bolestawiecki 0,75 0,78 0,75 0,74 0,78 0,77 0,76
Powiat strzelinski 0,77 0,79 0,77 0,74 0,79 0,79 0,78
Powiat milicki 0,80 0,82 0,81 0,77 0,81 0,80 0,80
Powiat gérowski 0,85 0,86 0,83 0,80 0,83 0,81 0,81

Source:own study based.

The results of the presented ranking show a great similarity in terms of
the ranking place of a given county in particular years. The comparison of the
presented results reveals the predominance of land counties over urban coun-
ties. In this sphere, the leaders are gérowski county and milicki county which
at the same time usually fare the worst in the analysis concerned solely with
the assessment of the economic potential. This observation is linked to a cer-
tain interdependency resulting from the fact that low economic activity trans-
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lates into relatively smaller consumption of gas, energy and reduced air pollu-
tion, which in turn translates into a better quality of life in these areas in the
environmental sphere. It is also for these very reasons that the urban counties
occupy the bottom places. In this regard zgorzelecki county remains a negati-
ve example with its place at the bottom of the ranking owing to the negative
environmental impact of the Brown Coal Mine and Turéw Power Plant located
in the county.

For a detailed analysis of the situation in the environmental sphere it is ne-
cessary to analyze the results in relation to the individual characteristics. In
this regard, there is no predominance of one county over the rest in any of the
aspects that have been examined. Nevertheless, in the counties faring the
worst in the environmental sphere one can notice the accumulation of the ne-
gative phenomena, which can be found in zgorzelecki county (lowest position
in terms of waste, sewage disposal, air pollution) as well as the urban counties.
For the majority of the examined characteristics, there is skewness to the left
with the clustering of the counties, which is significantly above the average,
around the unit that is best for the characteristic concerned. It is especially evi-
dent in terms of such characteristics as mixed waste collected in one year per
capita (tones), electricity consumption per capita, total sewage disposal per
1000 inhabitants, particulate pollutants per county area and gaseous pollu-
tants (tons/year) per county area. Publicly accessible green areas are the only
characteristic from the set describing the environmental sphere where a signi-
ficant predominance of one county over the rest occurs (the predominance of
gérowski county and strzelinski county).

From the perspective of the presented research results it is also important
to pay attention to the degree of disparity in the value of the particular charac-
teristics recorded in the successive years and assessed on the basis of the coef-
ficients of variation.

Table 3. Coefficients of variation for the studied characteristics
of the environmental potential in the years 2006-2012

Rok Z1 z2 Z3 4 Z5 Z6 7 z8 Z9
2006 7,8% 39,3% 144,3% 16,8% 33,2% 49,6% 189,5% 160,3% 278,4%
2007 7,8% 36,4% 142,8% 17,6% 35,2% 49,5% 200,2% 179,5% 277,8%
2008 7,7% 32,4% 143,5% 10,9% 38,3% 49,6% 193,7% 185,2% 285,3%
2009 7,6% 35,1% 141,2% 10,2% 38,6% 49,6% 206,1% 209,5% 284,3%
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Rok Z1 z2 3 4 Z5 Z6 7 z8 Z9

2010 7,6% 35,7% 145,5% 11,2% 34,6% 49,5% 235,0% 189,2% 250,9%
2011 7,4% 31,6% 150,7% 12,1% 33,6% 49,5% 218,0% 162,7% 258,2%
2012 7,4% 31,6% 150,7% 12,1% 33,6% 49,5% 204,9% 148,6% 259,9%

Source:own study based.

The characteristics which cause the greatest disparities in the situation of
the Lower Silesian counties in the environmental sphere are in the first place
gaseous pollutants, for which the coefficients of variation for this characteri-
stic exceed 250% in the successive years. A significant role also play particula-
te pollutants per county area, total sewage disposal per 1000 inhabitants and
publicly accessible green areas per 10 000 inhabitants (hectares).

In accordance with the proposed research steps, the important point is the
presentation of the results obtained from the cluster analysis of the Lower Sile-
sian counties in the years 2006-2012 (Fig. 2).

Due to the limited space of this paper, the graphic presentation of the clu-
sters has been limited to the year 2012. Nonetheless, the trends observed in
this period also apply to the changes detected in the earlier years. The analysis
of the counties of Lower Silesia suggests that there are three distinct clusters
of counties in terms of their economic potential. In each of the year in question
one of the clusters is made up of Zgorzelecki county and the city of Legnica.
The second cluster comprises gtogowski county and the city of Wroctaw. The-
se groups of counties, according to the applied Ward’s method, show signi-
ficant differences when compared with the situation of the remaining units
which make up the third cluster. Considering the fact that the first two clu-
sters encompassing Zgorzelecki county and the cities of Wroctaw and Legnica,
are, according to the ranking (Table 2), characterized by the worst situation
in terms of the environmental conditions, then the similarities among them
and a significant difference in comparison with the rest tend to expose them
as problematic areas in terms of the quality of the environment in the voivod-
ship of Lower Silesia.
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Figure 1. The application of Ward’s method to assess the similarities in the distribu-
tion of environmental conditions in the Lower Silesian counties between 2010-2012
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Source:own study based with a use of Statistica software.

The research on the changes in the environmental conditions of the coun-
ties of Lower Silesian Voivodship in the years 2006-2012 conducted by the ap-
plication of the selected statistical methods leads to the following conclusions:
first of all, the natural environment of the voivodship is to a great extent spa-
tially diverse; there are areas of severely degraded land that are negatively di-
stinct from other areas, most notably Zgorzelecki county and the cities of Wro-
ctaw and Legnica. The economic activity located there has a significant impact
on this situation, which further translates into air pollution in big urban and in-
dustrial agglomerations as well as the level of waste produced by the industry,
municipal services and trade. The research results show that the disparities
between the best and the worst counties are becoming more deeply embedded
in terms of their environmental potential, which is further confirmed by the
lack of considerable changes over time, as revealed by the ranking developed
with the application of the method of standardized sums.
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Within the scope of the research on environmental conditions certain ob-
jective difficulties of methodological nature contribute to an obvious barrier
when formulating conclusions on the basis of the applied statistical methods.
The research the authors conducted allows for taking account of several signi-
ficant limiting factors when producing rankings and properly assessing the ob-
tained information. This is related to the kind and status of the data taken into
account in the research (majority of the data is secondary, obtained from the
public statistics sources) as well as to the restrictions with regard to acquiring
comparable and complete information, which further results in having to reject
the indicators important for monitoring the environmental conditions because
of a lack of available data.
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