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Abstract: The article applies dynamic multi-dimensional noeth of relative

taxonomy in an attempt to evaluate disparities enedbpment of technical
infrastructure in rural areas between the provincE$oland. The results
show that although the indices that describe thellef infrastructure

development have been rising between 2004 and 2@@inal inequalities

have remained high. Moreover, some of the provireast developed in
2004 have not taken advantage of the opportungiesided by the EU

accession to develop technical infrastructure iralrareas and boost their
attractiveness.
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INTRODUCTION

Quality of life and economic growth in rural aredepend heavily on the
level of development of their technical infrastwet The access to its
components: water supply, sewerage, gas, elegfriditansportation, and
communication systems, determines the investmerdactiveness of these areas
[Chudy 2011]. Due to high capital intensity, infrasture development requires
substantial investments and significant State @getion in their financing. Polish
accession to the European Union provided acceB&Jtfunds and opportunity to
quicken the pace of rural infrastructure developme€a be sure, the indices of this
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development were climbing steadily between 2004 200R. The pace, however,
has not been uniform across the provinces.

Study of complex phenomena that are typically dbsdr by several
diagnostic features often employs multi-dimensiocalmparative analysis to
reduce the space of the features to one-dimenssynghetic index. Temporalized
taxonomic methods, which are described i.a. in {Gekid [1984] or Zelia [2000],
permit not only classification of objects in a givigme period, but also analysis of
evolution of the synthetic index. Hydzik [2011] glegts to study the progression
simultaneously in two synthetic indices by what rbaycalledobject development
matrix. A different method to study changes in synthietiices between objects is
proposed by Wydymus [2013]. His method consistsaristructing the indices
based on relativized diagnostic features.

The article aims to evaluate the scale of dispgeaxitin rural technical
infrastructure development among the Polish prasnbetween 2004 and 2012.
The dynamic approach to multidimensional method®litive taxonomy not only
allowed to compare provincial levels of this deysh@nt but also to examine the
process of levelling regional disparities followitlge accession of Poland to the
European Union.

MATERIALS AND METHODS

For the evaluation of rural technical infrastruetutevelopment among the
provinces of Poland in 2004-2012, five diagnoseatfires were selectedall
stimulants):

1) length of public extra-urban communal roads of iowed hard surface in km
per 100 km of province’s rural areas (road network density),

2) users of water supply network as percentage dfiatal population,

3) users of sewerage network as percentage of totdlgapulation,

4) users of gas network as percentage of total raadifation,

5) users serviced by sewage treatment facilities aseptage of total rural
population.

The method used for studying disparities in infiadure development was
devised by Wydymus [2013] and consists of congtrgatelative synthetic indices.
The values of individual features for each objgrbyince) and each time period
(year) were relativized according to the formula:

d(b/c)jt = Xt /cht
where:b zc, b=1,...,n,c=1,..., n

L the selection process followed a thorough appraistieir merits but also statistical analysis wafgnal
elements of the inverse correlation matrix of thatdires, which helped to avoid excessive correlatidche
diagnostic set [Lira, Wysocki 2004]

2 taken as the number of actual inhabitants as oédber, 31 of any given year
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xjt — denoted the observation in ti object (=1, ..., n) of thej-th feature
(i=1, ..., M in time period (t=1, ..., R.
Thus transformed infrastructure indices of thth object relative to other objects
for featurgl and time period could be presented in the following form:

1 CI(2/1) oo d(n/l) jt
d(l/n)jt d(2/n)jt 1

In order to classify the objects with respect td dlagnostic features
simultaneously the subsequent matrices were cadclila

D, =AD,
where the matrix A was defined as:
0 1
(m-1)
A= : :
1 0
(m-1)

The diagonal elements dﬂ} formed matricesV, (for each time period):

Wi Wi ooe Wiy
- W2]1 W22t W2mt

W2nt

The higher the value ofi; index, the greater was the advantage ofi-theobject
over remaining ones in theh feature and in theth period.

Next, the W, matrices were used to compute thend@trix of relative synthetic
indices of development for given objects and tiragquls:

AN
S1t_mzl-“w

it

W

nmt

The values of Ssmaller than 1 signified relative advantage ofittie object over
others in period.

Research material was obtained from the Local Batak published by the
Central Statistical Office in Warsaw. Calculationere performed using the R
program,; the script of the method’s algorithm igitable in the Appendix.
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RESEARCH RESULTS

The values of rural technical infrastructure depetent relative synthetic
index & calculated for 2004 period were used for lineaeang of the provinces:
from the highest values of the index to the lowbkxt, the differences between
adjacent provinces were computed and used to Gladbithe provinces into four
typological classes. The decision to split a claas made when the differences
came out relatively high. Class | of high relatdevelopment level comprised the
provinces ofSlaskie, Podkarpackie and Wielkopolskie, class Il afdinm high
relative level: Dolnélgskie, Matopolskie and Pomorskie, class 11l of madilow
relative level: Lubelskie, Lubuskie, Mazowieckiep@skie,Swiqtokrzyskie and
Zachodniopomorskie, and class IV of low relativeele Kujawsko-Pomorskie,
t 6dzkie, Podlaskie and Warfisko-Mazurskie.

During the first stage of the analysis thev@lues of each province were
evaluated for the whole 2004-2012 period. Tabldepicts them graphically in
four 2004 typological classes. All four plots ofif@a 1 preserved the same scale of
the vertical axis in order to facilitate comparisrs; values.

In the whole 2004-2012 period the most noticeatnprovement in relative
estimates of technical infrastructure developmeas wbserved in four provinces:
Kujawsko-Pomorskie, Mazowieckié,wi@tokrzyskie and todzkie, which in 2004
belonged to the medium low (lIIl) or low (1V) rele¢i classes of development.

The maximum drop in theSndex, from 1.30 in 2004 to 1.15 in 2012,
which indicated marked improvement in developmeagurred in Kujawsko-
Pomorskie (class IV). Nonetheless, even with susltriking progress the relative
estimate of rural infrastructure in the provincenaéned low. Kujawsko-Pomorskie
was followed by Mazowieckie (class Ill) with thecead highest drop in the index,
from 1.05 to 0.93. Less pronounced falls in theeiydor in other words smaller
progress in relative estimates of development, weted inSwictokrzyskie (class
lII) and tédzkie (class IV) and amounted to 0.09 &n05, respectively. Four
provinces: Dolnélaskie (class Il), Lubuskie (class Ill), Warnisko-Mazurskie and
Podlaskie (class 1V) showed worsened estimateselaftive development. In
Dolncélgskie, despite the increase in the index from 0@.84, the relative
estimate of infrastructure was still better thanthe third and fourth relative
classes. Similarly, Lubuskie, where the index redch.14 in 2012, was still better
off than the provinces of the fourth class. The tmasrrying changes were
observed in Warmsko-Mazurskie and Podlaskie. Not only had they been
considered the provinces least developed in tefmsral infrastructure in 2004,
their relative position further deteriorated in 20The remaining eight provinces
(including the three that in 2004 counted among fitet class) showed stable
relative estimates: the changes pfrélex did not exceed 0.03 either way.
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Table 1. Values of relative synthetic indexf&r all Polish provinces in 2004-2012

Relative
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Source: own calculation based on Local Data Baekti@l Statistical Office, Warsaw
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Analysis that was conducted in the second stagehiad the relative classes
created in 2004. Table 2 shows the basic charatitariof analyzed diagnostic
features and relative synthetic indices in 2004 2011.

The first relative class, which comprised the pnoes of Slaskie,
Podkarpackie and Wielkopolskie, covered 18.4% ddlrareas and close to 25% of
population actually living in the rural areas betwe2004 and 2012. This class
stood out for the highest values of gas and seweragwork, and sewage
treatment diagnostic features during the whole 2202 period. The rate of
technical infrastructure development in this clagss better only than in the
slowest second class (except in water supply né&waord slower than in the third
and fourth classes (except for sewerage netwoclass V).

The second relative class with the provinces ofiInBibaskie, Matopolskie
and Pomorskie covered 16.6% of rural areas anchipi&?% of rural population.
This class was marked by increasing advantagedesaco the sewerage network
relative to classes Il (by 1.1 p.p.) and IV (by 4.p.) and in access to sewage
treatment facilities (by 2.6 p.p. and 4.3 p.p.pesgively). Moreover, it maintained
its advantage over the two lower classes in roadiark density (by 13 and 17
km/100 kni, respectively) and in access to the gas netwaykl 6.7 p.p. and 27.2
p.p., respectively). A peculiarity of this clasy ia its poor access to water supply
network, poorer than in any of the remaining clasge mentioned before, the rate
of development of this class was lower than in <lagexcept in water supply
network), class lll, and class IV (except in waiad sewerage systems).

The largest third class of six provinces coverecb®@8of rural areas and
34.2% of rural population. It had advantage over fhurth class in road network
density and in access to gas network, and levalethe fourth class’ advantage in
access to sewerage network and sewage treatmans.pMoreover, it had the
fastest rate of development of all classes (eximeptoad network density in class
V).

The fourth class with the provinces of Kujawsko-Roskie, todzkie,
Podlaskie and Warmsko-Mazurskie covered 26.5% of rural areas and%&7
rural population. It was the least developed offailr classes, but showed the
fastest rate of development in road network deresity only slightly slower than
the third class’ in gas network and sewer treatraenéss.

The individual diagnostic features in the classes tvere characterized by
notably faster annual growth rate in 2004-2012 sftbpositive values of relative
annual growth rate (Table 2).

Figure 1 illustrates the values of relative synthetdex S calculated for the
four relative classes. There was little of the livg out in 2012 of the differences
existing in 2004. Slight deterioration was obserirethe second class of medium
high development (Srose by 0.04) and equally slight improvement ia third
class of medium low development; (@opped by 0.06).
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Table 2. Relative classification of provinces antkr-class disparity in rural technical
infrastructure development in 2004 and 2012

Class of rural areas

Technical . . - -
infrastructure Diagnostic features I-high II—mh?gllqum— III—rr}g\(ljvlum— V- low Poland
mean 2004 30.60 31.82 18.1Y 14.12 21.66
2012 38.54 38.41 25.45 21.75 29.04
road network A"erags Qg?%" Growth 5 49 151 328 428 2.8
densit
[km/lgo kn?] relative indicey 2004 1.60 1.68 0.87 0.5p 1.46
Wijt 2012 1.43 1.42 0.83 0.66 1.47
relative Average Annual
Growth Raté (%) -0.73 -1.87 0.12 1.60 0.28
mean 2004 75.44 64.77 69.80 76.47 71.82
2012 78.75 70.53 75.80 80.32 76.20
users of water A"eragggtre‘”(‘j/?)' Growth g 43 0.91 096 061 078
supply network =
[%E)p y relative indice§ 2004 | 1.08 0.8 097 100 o048
Wit 2012 1.05 0.90 0.94 1.0 0.99
relative Average Annual i
Growth Rate (%) -0.40 0.23 0.30 -0.1 0.08
mean 2004 21.56 19.59 13.39 15.94 17.26
2012 36.59 32.26 24.99 2451 29.45
users of Average Qre‘”(‘j/z‘)' Growth 5 5, 5.27 6.65 468  5.68
sewerage
networkg[%] relative indice§ 2004 | 1.35 1.20 071 0ol 112
Wit 2012 1.36 1.16 0.83 0.8D 1.08
relative Average Annual ,
Growth Rate (%) -0.06 -0.35 1.40 -1.10 -0.52
mean 2004 31.77 27.52 9.93 245 17.81
2012 36.55 31.00 14.32 3.79 21.69
Average Annual Growth) 4 4, 0.98 393 390 18l
users of gas Rate (%)
network [%] relative indices 2004 5.77 4.96 1.58 0.14 3.593
Wijt 2012 4.46 3.73] 1.54 0.16 2.16
relative Average Annua| d L
Growth Rate (%) -2.26 -2.42 052 1.09 -2.06
mean 2004 22.49 20.77 15.1Y 16.29 18.43
2012 41.24 36.23 28.07 27.42 33.09
users serviced | Average Annual Growth 6.45 6.11 6.86 6.6 6.58
by sewage Rate (%)
treatment relative indice§ 2004 1.32 1.19 0.74 0.86 1.10
facilities [%] Wit 2012 1.37 1.16 0.83 0.8p 1.08
relative Average Annugf g 5 -0.50 037 01§ -0.2p

Growth Rate (%)

Source: as in Table 1.

8 Average Annual Growth Rate was computed from alnents of the time series [Lira, Wysocki 2004]
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The only clear progress was noted in the fourtes;lavhere Sit dropped by
0.23. However, one should notice that the clasdf itgas far from homogenous in
terms of rural infrastructure development betwe8042and 2012. todzkie and
Kujawsko-Pomorskie improved noticeably but the othwo provinces showed
further deterioration from an already low relatestimates of development.

Figure 1. Values of relative synthetic indexf&r relative classes in 2004-2012
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Source: as in Table 1.
CONCLUSIONS

The use of dynamic approach to multi-dimensionathods of relative
taxonomy facilitated the analysis of the processmbothing out the differences in
development of the rural technical infrastructuetween the provinces. These
methods proved to be a useful tool in the analysihanges in the development of
infrastructure between individual provinces relatio all others.

The existing disparities in rural technical infrasture development
between the classes of provinces based on 200dveekynthetic index values
were observed to even out slightly between 2004281@®. The advantage of the
class of high relative development level remainedhanged, but improvement
was noticed of the low relative class, spearhedgetvo provinces, Kujawsko-
Pomorskie and Lodzkie.

APPENDIX

# database is expected in the nornmal (or nolten) formwi th col ums
# + naned PERI OD, FEATURE, OBJECT, VAL

# set up the data natrices x

| PERI OD = | engt h(| evel s(z$PERI QD))

| FEATURE = | engt h(| evel s(z$FEATURE) )
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| OBJECT = | engt h(l evel s(z$OBJECT))
x = array(z$VAL, di mec(| OBJECT, | FEATURE, | PERI OD),
+ dimames = list(level s(z$OBJECT), |evel s(z$FEATURE),
+ level s(z$PERI OD))
# calculate matrices of relative indices D
D = array(, dinmec(lOBJECT, | OBJECT, | FEATURE, | PERI OD),
+ dimames = list(level s(z$OBJECT), |evel s(z$OBIJECT),
+ l evel s(z$FEATURE), |evel s(z$PERI QD)))
for (t in 1:1PER OD)
for (j in 1:1 FEATURE)
D,.j, t] = (1Ux[,j, t]) #%t(x[,j, t])
# set up the averaging matrix A
A = array(1l / (I OBJECT-1), dinrc(l OBJECT, | OBJECT)); diag(A) =0
# calculate matrices Wof relative indices
W= array(, dimec(l OBJECT, | FEATURE, | PERI QD),
+ dimanes = list(level s(z$OBIECT), |evel s(z$FEATURE),
+ level s(z$PERI QD))
for (t in 1:1PER OD)
for (j in 1:1 FEATURE)
# vectors of Ware forned by the diagonal elenments of scal ed
# D matrices
W,j, t] =diag(A%%0O,,.j, t])
# calculate the S matrix: reciprocals of elenents of W
# averaged over the diagnostic features
S = apply(1/W c¢(1,3), nean)
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