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Summary

The article presents the application of the spatigbcorrelation analysis in evaluation of
regional differentiation of Polish environment.eTktudy is based on the chosen data for the
sixteen provinces from the year 2005 and 2010.rdteroto estimate the level of environmental
degradation and protection of the environment WA€thods were applied. On the basis of the
synthetic measure, developed during the study, r&kimrg of regions was constructed.
Additionally, the analyses were broadened by the afs spatial autocorrelation statistics which
enabled to reveal the existing spatial relations.
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1. Introduction

The natural environment encompasses all living aod-living things
occurring naturally on Earth. The concept of tlaural environment can be
distinguished by complete ecological units thatction as natural systems
without massive human intervention, including aletation, microorganisms,
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soil, rocks, atmosphere and universal natural mressuand physical phenomena,
such as air, water, climate.

The aim of this paper is to present the Polish renvihent. The order
system has been shown to provinces according toommental degradation
and measures to protect it. In order to estimag®nal differentiation TAPSIS
method was applied (Hwang, Yoon 1981). In the paparthe basis of the
synthetic variable, developed during the study, régions were classified and
grouped into clusters, according to their levels@felopment. Additionally, the
analyses were broadened by the use of spatial @uétation statistics which
enabled to reveal the existing spatial relations.

2. Materials and methods

The study used selected data of the Central $tati€dffice (Regional Data
Bank) for the sixteen provinces from the years 2868 2010. An analytical
framework of the synthetic indicator comprises lufee main stages, such as:
selection of diagnostic features, standardizatidn chosen features and
calculation of indicators value (Wysocki and Lif@03). Based on factual data a
set of variables was proposed.

Variables describing the environmental degradation:

Z,— total emission of air pollutants in t per km

Z,— total emission of air pollutants-gases in t gan?

Z3 —industrial and municipal wastewater requiring tmeent discharged

through sewerage system in dam

Z,— devastated and degraded land in percentageiotiigral land,

Zs— acumulated industrial waste deposited in pergentaf generated

during the year.
Variables describing protection of the environment:

Y1 — outlays on fixed assets expenditures on enviestah protection on

water management in zt. per capita,

Y, — devastated and degraded land, reclaimed andjtrinto cultivation

in percentage of agricultural land,

Y ;3 — pollutants retained in pollutant reduction syst@ampercentage of air

pollutants generated during the year,

Y ,— pollutants retained In pollutant reduction systsédmpercentage of air

pollutants-gases generated during the year,

Ys— population connected to waste water treatmenmtt @la percentage of

total population,

Ye— capacity of waste-water treatment plants in peege of discharged

during the year.
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All variables describing the environmental degremtatwere considered
destimulants and all variables describing protectiof the environment
stimulants. In order to normalize the features uhéarization procedure was
used based on the following formulas:

for stimulants:

Xy — min{xik} )
Cy = m.aX{Xik} - min{xik} i=12..,nk=12,....m (2.1)
for destimulants:
m.ax{xik} ~ X .
Cy ' i=12...,nmk=12,...m (2.2)

- mia><{>qk} - rniin{xik}

where
m_a>{xik} -maximum value of the k-th characteristic,
I

min{xik} - minimum value of the k-th characteristic.
I

In order to estimate the level of diversity of tBavironment synthetic
measure was used, based on TOPSIS method (TecHorg@eder Performance
by Similarity to an Ideal Solution) developed by &wg and Yoon (Hwang,
Yoon 1981). TOPSIS simultaneously considers thdadecges to the ideal
solution and negative ideal solution regarding ealtérnative and selects the
most relative closeness to the ideal solution asb#st alternative. That is, the
best alternative is the nearest one to the iddatign and the farthest one from
the negative ideal solution. A relative advantageTOPSIS is the ability to
identify the best alternative quickly. The procexlaf TOPSIS is summarized as
follows:

» Determination of the positive ideal and negatiwsaidsolution:

A" = (miax(cil),mia>(ci2),...,mia>(ciK )): (cf,c; ,...,c;) (2.3)
A = (miin(cil), rniin(ciz),...,rniin(ciK )): (cl‘,c; ,...,c,g) (2.4)

» Calculation of Euclidean distance of each altéweatrom the positive
ideal (d) and negative ideal (d
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+ +)2 .
d’ = Z(Cik —Ck) i=1,...,n (2.5)
k=1
K 2
d = > (e ~c ) i=1,..n (2.6)
k=1
e Calculation of the relative closeness to the idedltion:
az—di_ 0<z <1 (2.7)
d"+d~ 7 '

Ranking the preference order: the closer, i® 4 the higher priority of the
i-th alternative.

On the basis of synthetic measure, administrativies were divided into
four typological classes representing differentlef the research issue:

—lclassiz 2Z+s,
—lliclass:Zz<z <Z+s,
—lliclass:Z-s,<7 <Z
—1IVclass:z <Z-s5,

where: Z - mean,s, - standard deviation.

Spatial relationships were evaluated on the basiglabal and local
Moran’s | coefficients (Anselin 1995). For the syntheticigador z the global
Moran’sl| coefficient was calculated according to the foranul

D B IR RS
| =——— 3~ ’:11 . (2.8)
$En (e

where n— number of observations,
z, — value of variable farth location,

z, - value of variable foth location,

Z —average value of variahle

w; — weight between locationsandj based on contiguity where the
definition of neighbor was based on sharing a comnboundary.
Contiguity spatial relationships were assigned laevaf 1 to neighboring
locations and 0 to all other ones. Spatial weigihésstandardized by row.
Each weight is divided by its row sum.
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Significant value ofl greater than O indicates positive autocorrelation.
means that objects have similar values of variafiieg values of the variable
in locationi tend to be clustered with high values of the samgable in
locations that are neighbors ipfand vice versa). Value ofiess than 0 denotes
negative autocorrelation. Negative autocorrelatioreans, that exist big
differences between values for neighboring objéutsh values in a variable in
locationi tend to be co-located with lower values in the ghboring
locations).Value of equal to O or close to 0 means random spatiailalision.
Significance test for global Moranisstatistics was presented in Cliff and Ord
(1981).

These specific relationships can be identified feoMoran scatterplot. This
graph depicts a standardized variable inxtagis versus the spatial lag of that
standardized variable. The spatial lag is a sumnudrthe effects of the
neighboring spatial units. In essence, Moran sgattepresents the relation of
the variable in the location with respect the values of that variable in the
neighboring locations. By construction, the slopée line in the scatter plot is
equivalent to the Moranlscoefficient. The four quadrants in the scatterplmt
thus represent different types of association betwthe values at a given
location and its spatial lag. The upper right andr left quadrants represent
positive spatial association, in the sense thatation is surrounded by similar
valued locations. For the upper right this is asgmn between high values ,
while for the lower left quadrant this is assodatibetween low values. The
upper left and lower right quadrants correspondégative association, low
values are surrounded by high values (upper left &igh values are
surrounded by low values (lower right). The relatdensities of these quadrants
indicate which of these patterns of negative spasigociation (in the traditional
sense) dominate (Anselin 1993).

3. Results

Both essential and statistic reasons decided ab@gnostic features
selection. Hence complex variables were chosen.eMar mutually strong
correlated features were eliminated to disposeupfichte information. In order
to eliminate excessively correlated variables,rareiise matrix was established
for correlation coefficients between consideredialdes. On the basis of the
analysis of diagonal elements of the matrix Z2 wéiminated from further
investigations. Coefficients of variation were algocluded in statistical
analysis- and, in results — the quasi-constanakiY3 was rejected.

The results of the classification made on the bsgighetic indicator and
assigning to groups due to degradation and protecf the environment for
individual provinces are presented in Tables 1-dl@mthe maps in Figure 1.
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There was a clustering trend in Poland’s provindéalel environmental
degradation (represented by indicator Sijskie and t6dzkie had the highest
values of synthetic measure z. It means, that tbet molluted environment
occurs in that areas. Low values of z were obsenvede northern and eastern
part of Poland. Efforts to protect the environmeete carried out in along the

line from Pomorskie to Podlaskie. The situation wpste stable in both
analyzed years, only a few provinces changed groups

Table 1. Divide into groups due to environmental degradafar individual provinces in the year

2005
Class .
no | Measure values provinces
number
| 3 <0.89; 1> lubelskie, podlaskie, podkarpackie
I 6 <0.73; 0,89) Iubuskle,_ Warn_nsko-mazurskle,_ mazowieckie,
pomorskie, kujawsko-pomorskie, matopolskie
m 6 <0.58; 0.76) svqutokrzysl_qe, opolskle_, zachodniopomorskie,
wielkopolskie, dolnélaskie,
v 1 <0; 0.58) l6dzkie ,slaskie
Table 2. Divide into groups due to environmental degradafar individual provinces in the year
2010
Class .
no Measure values provinces
number
I 2 <0.93; 1> podlaskie, podkarpackie
lubuskie, lubelskie, mazowieckie, mato-
Il 8 <0.77; 0.93) polskie, pomorskie, kujawsko-pomorskie,
warminsko-mazurskie, zachodniopomorskie
m 3 <0.61; 0.77) wielkopolskie, doInélaskie,swictokrzyskie
\Y; 3 <0; 0.61) opolskie, tédzkieslaskie
Table 3. Divide into groups due to protection of environmfm individual provinces in the year
2005
Class .
no Measure values provinces
number
I 3 <0.57; 1> $laskie, t6dzkie, dolndaskie
pomorskie, warntisko-mazurskie,
Il 6 <0.47; 0.57) kujawsko-pomorskie, lubuskie, opolskie,
podlaskie
11 3 <0.36; 0.47) lubelskie, wielkopolskieswigtokrzyskie
v 4 <0; 0.36) zachodnlopomorsk|e, mq20W|eck|e,
matopolskie, podkarpackie
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Table 4. Divide into groups due to protection of environmtem individual provinces in the year

2010
Class .
no Measure values provinces
number
| 3 <0.59; 1> $laskie, dolnglaskie, todzkie
I 6 <0.49; 0.59) pomor;kle, podlgskle, ku;awsko-pomqrsk e,
lubuskie, opolskie, warmgko-mazurskie
m 4 <0.39; 0.49) W|elk0poI§k|g, 'zachodnlo'pomorskle,
malopolskie $wigtokrzyskie
v 3 <0; 0.39) lubelskie, podkarpackie, mazowieckie
A

2005 2010

Fig. 1. The values of the synthetic indicator z due toéAyironmental degradation and (B)
protection of the environment for individual provées
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Fig. 2. Moran scatterplot for indicatardue to (A) environmental degradation (B) protectién
the environment and for individual provinces

The value of Spearman correlation coefficient wasa¢ to 0.40 for year
2005 and 0.44 in the year 2010 and were not sagmifi It means that there was
no correlation between levels of degradation awtegtion of the environment.

The values of global Moranisfor environmental degradation was equal to
0.29 for the year 2005 and 0.32 for the year 20fDmoved significant positive
spatial autocorrelatiorn£0.05). The values of global Moran’'sor protection
of the environment was equal to 0.11 for the yd¥352and 0.12 for the year
2010 and were insignificani£0.05).

In figure 2 the Moran scatterplot for this datapiesented, with a linear
smoother superimposed. Positive significant Morah’svas obtained for
environmental degradation. Almost all of the asstans fall in the lower left
and upper right quadrants indicating presence wdtefs. Points in the upper
right quadrant corresponding to cluster of highuealand its similar neighbors
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(Pomorskie, Warntisko-Mazurskie, Mazowieckie, Lubelskie, Podlaskie,
Podkarpackie, Kujawsko-Pomorskie). These provindesl not polluted
environment. Points in the lower left quadrant esponding toSlaskie ,
Lédzkie i Opolskie . It is the cluster of the mpsiluted provinces. The value of
the Moran’sl was not significant for the level of protectiontbé environment.

It means that points are evenly situated in all fpuadrants.

4, Conclusions

The performed analyses showed regional differaatiadf environment in
Poland. The actual state of ecosystem is stronghnected with localization
and concentration of industry in a given periodisitrelated to the ongoing
processes of industrialization and urbanizatiore fbrthern and eastern regions
of Poland are scarcely urbanized, not very indal&ted and do not have big
cities and that is why they relatively do not haegraded natural environment.
Efforts aimed at protection of the environment weegried out in the most
polluted provinces and along the line from Pomarski Podlaskie.

Additionally, the comparative analysis was broadebg the use of the
tools of spatial autocorrelation statistics whiahaleled to reveal the existing
spatial relations. Presence of positive spatiab@artelation for environment
degradation was shown. It means the trend of cingteamong Poland’s
provinces due to level of environmental degradatibhere was no spatial
correlation for protection of environment.
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