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Abstract: The development of the transport segment is ctiyrem essential process which affects severalrothe
industries. The transport infrastructure and theises provided in this sector influence econommavgh, the efforts
aimed at increasing competitiveness, as well aspearity of the society. One of the key problems/&ha is facing is
the long-term growth of differences between indibregions. The present article deals with theluain and
comparison of selected transport infrastructurécatdrs in eight regions of Slovakia. The evaluatias carried out by
applying basic statistical methods and multipléecia statistical methods. Every region was charasd by 20 selected
variables describing its uniqueness (e.g. populatwea, GDP per capita, road infrastructure €thé evaluation of
similarities between individual regions in termsefected variables was carried out by applyindPtivecipal Component
Analysis (PCA) and Hierarchical Cluster Analysistiih the PCA, the original input variables werpleeed with three
principal components describing as much as 86.68%teccumulative variance. The average linkage oukths one of
the hierarchical methods, was applied to createradmbgram representing the similarities betweenréggons of
Slovakia. The cophenetic correlation coefficierdtieaof CC=0.936 confirmed the proper selectiorhefaverage linkage
method. The output of the cluster analysis was 8haggions of Slovakia were divided into five sianihomogenous
clusters based on the examined variables. Thediralysis indicated that the transport infrastrecind the development
thereof significantly affect the differences betwérdividual regions of Slovakia and, as a matfdact, they belong to
the factors creating such differences.

1 Introduction On the other hand, unreasonable planning of trahspo

The key preconditions and factors of social andMfrastructure has certain negative effects, such a
economic development of countries and their regioricreased traffic accident rate, lower transpdittiehcy,
include the transport infrastructure. As stateddCD, climate change and increased emissions of. CTang et
transport infrastructure represents a key compooietite  al. monitored potential effects of changes in tpams
economic deve|opment at all income levels and suppoinfrastructure on airquality and pUblIC healtltannection
personal well-being and economic growth. Due to it#ith air pollution [6]. According to Doyle [7], tresport is
central economic function, transport infrastructisreften ~ one of the most intensive sources of air polluaod may
referred to as a pillar of modern economy [1]. Brort have a significant effect on public health.
infrastructure as a complex network connects tomms A correlation between investments in transport
villages and affects human activities which intemect infrastructure and regional development in 30 membe
social, economic and environmental systems witpates has been investigated by the OECD Prograshme
urbanisation and population growth [2]. Reseafch on Road Transport and Intermodal Linkages

According to paper [3], transport infrastructureais (RTR) in years 1998 to 2000 [8]. The work grouplgsed
integra| part of the transport System in every toom the evaluatlonlstudles examllnlng the key prOjeeHEII-dg
country. The article emphasised the fact that astiziety With transport infrastructure in OECD member stavith
develops and the globalisation intensifies, thedrtgmce the aim to identify the impact of investments iansport
of transport as a factor affecting the economic smdlal  infrastructure on the regional development and awpthe
development increases. Moreover, a transport n&twdeXisting evaluation methods. Similarly, authors [9]
contributes to the social and economic developraent analysed transport infrastructure and its influeanethe
increases the quality of life by creating intercitydevelopment of regional economies in three prowinufe
connections during urbanisation [4]. According mper China and obtained important data on human mobility
[5], a high quality of transport infrastructure mificantly ~ Production-related interconnections and logistidsiciv
affects the transport logistics as well.
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OF TRANSPORT INFRASTRUCTURES IN

INDIVIDUAL SLOVAK REGIONS BY

may subsequently be used in regional management afifferences between individual regions in the count

planning.
Hong et al. [10] stated that transport infrastroetmay

Authors Masarova and lvanova [22] compared road
infrastructures in Slovakia and Poland in years 5200

have various effects on economic growth in indialdu through 2013 and pointed out regional differencesoad

regions. Based on the research results, they ¢letrthe

infrastructure between those two countries. Thadse

infrastructure of land transport (including roadsda developing in the road and railway transport in $hevak

railways) and water transport significantly contitisd to

Republic were analysed in article [23] by applying

the economic growth in the region. The influence oftatistical methods. Authors Brumercikova and Bukov

transport infrastructure on economic growth in oegiand
sectors, depending on a transport modality, wasrithes!

applied the regression and correlation analysigh®
evaluation of the public passenger transport inSlowak

in paper [11]. According to Gunasekera et al. [12Republic [24]. According to Golias [25], the Slovak

development of transport infrastructure efficientguces

Republic is one of the countries with the greategional

the journey duration and passengers and carriagtferences in income indicators based on OECD fiata

significantly benefit from the saved time and restlicosts
of a vehicle operation. A positive correlation beém the

2014. Document [26] described individual regionandr
several points of view; authors stated that in ¢tesseloped

development of transport infrastructure and economiegions the transport infrastructure was of infieqoality
growth was observed by Démurger [13]. Similarlyand this impaired the local business environment.
Banister and Berechman [14] stated that transport The transport segment began to develop in Slovakia

infrastructure significantly affects economic growdf a
country. A support of regional development in thstern
part of Macedonia and Thrace in Greece throughdhd

after the country joined the EU. Hence, Slovakiaswa
allowed to receive finances from the European fuiods
the purpose of transport infrastructure developmémt

transport projects has been discussed by Mavraki.et 2013, Phase | of the preparation of the strategitsport

[15]. In the article, the authors described theyaimof the

infrastructure development plan was implementethiss

extent to which road transport projects, impleméntewas a requirement to be met by Slovakia in ordeetable

within the Greek National Strategic Reference Fraork

to use the finances from the European funds. Tleiag

(NSRR) for 2007-2013, contributed to the economiPhase 2 is not focussed merely on the developnig¢heo

development in the analysed region. The influente
transport infrastructure on regional economic gtoint31
provinces in China in years 1998 to 2007 was deéttby
authors of paper [10]. Based on the analysis, thkoas
assumed that transport infrastructure plays an itapb
role in economic growth. The role of the infrasttue in
the regional development strategy was discussedper
[16] by means of a case study of the Netherlanuts,tiae
analysis was carried out by applying selected ssizai
methods (e.g. cluster and scaling methods). Autfiots
introduced a new Road Funding Priority Index (RRERIn

¢ransport infrastructure, but on the complex depelent
of the entire transport sector in the Slovak ReipyBal7].
Development of Slovakia is closely connected with a

functional transport infrastructure. The key fastarhich
significantly affect the quality thereof includesalregional
social and economic conditions. The purpose ohttiele

is to compare regions of Slovakia in terms of tpams
infrastructure and selected social and economiicaors
which characterise the regions. The result of Hayais is
the formation of homogeneous clusters of regionh wi
similar characteristics on the bases of selectdidators.

tool to be used in decision-making on road building

projects of high priority. Relevant indicators aedected

2 Methodology

on the basis of, among other factors, the Principal1  govakia

Component Analysis (PCA).

development and planning of transport infrastruetising
neutron networks was presented by authors of Jaggr

Monitoring effects of
selected indicators of regional macroeconomy on thg

Slovakia (Slovak Republic) is an inland country in
entral Europe (Figure 1) with the total area g089 km=.
The population is approximately 5.45 million inhalits.
The capital is Bratislava. Since 2004, it is a memndf the

Authors selected important macroeconomic indicabyrs European Union.

applying the Principal Component Analysis. Papd] [1

The road structure in Slovakia consists of motosyay

dealt with monitoring and control of urban trafﬁc-expressways and roads of Classes I, Il and Illhiys,

Identification of critical traffic points is alscased on the
PCA.

High-quality and functional transport infrastruaus
one of the key preconditions for the fast developnod
regions in the Slovak Republic. Article [20] dewalish the
transport sector as a part of the infrastructureElh
countries, especially in Slovakia. According to @aj21],

expressways and Class | roads are roads of intemahgs
well as national importance which represent théslmshe
road network in Slovakia. According to the Strategi
Development Plan of Road Infrastructure in Slovakil
2020 [28], motorways and expressways connect irapbrt
places in the country, while the motorways alsoneah
Slovakia with neighbouring countries. They are ryost

Slovakia exhibits regional differences in qualitf 0y il on the routes with the most intensive traffierden.

individual transport networks, and this has farch#iag

Class Il roads interconnect the centres of theoregi

consequences for the growth of economic and socigq usually supplement the network of motorways,
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expressways and Class | roads. Class Il roadeseptthe motorisation rate expresses the number of passeager
longest part of the road network. They are roadsgibnal relative to the total number of inhabitants.
to local importance and interconnect villages ahd t  For the purpose of a more complex assessment of the
higher-level road network [29]. regions, the analysis was carried out while usirgdata
on the region area and population, and the indisato
, characterising a social and economic level of #gon
.‘ \ POLAND N (average age, ageing index, regional GDP per cgapita
s { unemployment rate and average monthly nominal wage)
. The average age represents the weighted arithmegn
. of the number of years lived by inhabitants torsade date.
CZECHIA i B |t is the average age of the living inhabitantse Hgeing
o index (Sauvy's index) expresses the number of psrgo
the post-productive age (65+ years) per 100 peioplee
pre-productive age (0-14 years). The productive age
percentage is the percentage of inhabitants who are
economically active. The list of selected inputiables is
presented in Table 1.

GERMANY

f
4
al

| Figure 1 Slovakia and neighbouring countries
Table 1 Selected input variables in regions

In 2018, the total length of the Slovak road networ
managed by the state amounted to 18,059 km. Thesar | & S
component of the road network represented Clasedts < o < o
(10,358 km; 57.4 %). In 2018, motorways and expvags S Description S Description
represented only 4.3 % of the road network (77&latrof § §
18,059 km). Class | roads represented 18.3 % ofatad
length of the road network (3,311 km), and similar Country area
percentage was observed for Class Il roads (3,61,®R Al (kmg) All Class | roads (km)
%). In 2018, 3,580 km of railway lines were used|[2 Population
At present, Slovakia consists of eight regions A2 (nEmber Al12 | Class Il roads (km)
(Bratislava Region SK-BL, Trnava Region SK-TA, Mitr Averaae ade
Region SK-NI, Tretin Region SK-TC, Zilina Region SK- | A3 (yegr' 91 A13 | Class Il roads (km)
Z|, Banska Bystrica Region SK-BC, PreSov Region S Ageing index .
PV and Kosice Region SK-KI), 79 districts, 140 teamd | A4 (%) Al4 | Motorisation rate
2,933 villages (Figure 2). Percentage of
A5 | productive age| A15 | Number of cars (pc
(%)
Regional GDP
per capita Number of trucks
A6 (Euro/1 Al6 (pc)
inhabitant
Average
A7 mor:lotm;nvz\i/[';\ge Al17 | Number of buses (p¢)
(Euro’
A8 Unemployment A18 Number of truck
) o , rate (% tractors (pc
Figure 2 Regions in Slovakia [30] Motorways and
_ _ o _ motorway Number of transport
The analysis of differences between individual oagi A9 feeder roads A19 and warehousing
in Slovakia in terms of transport infrastructuresvearried (km) companies (pc)
out while considering several input variables: $gort Construction lenath
infrastructure by regions (motorways and motorvesder Expressways =ng
JAl0 A20 | of operated railway
roads, expressways, roads of Classes I, Il and l|l; (km) lines (km

construction length of operated railway lines); and
transport operating indicators by regions (motoidsa

rate, number of cars, trucks, buses and truckarsictThe The analysis was carried out while using the 2048 d

which are publically available in the statisticbjished on
the website of the Ministry of Transport and Constion
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of the SR [31] and at the Central Office of Labdbicial grouping of objects, ranging from the most simttathe
Affairs and Family [32], as well as the data frohet most different objects. There are several methods o

database published at Datacube.stastistic.sk [33]. hierarchical clustering (e.g. the nearest neighboethod,
the furthest neighbour method, the average linkage
2.2 Statistical methods method, Ward's method etc.). A graphical represimta

The analysis of selected variables characteridimeg tof hierarchical clustering is a tree referred to as
regions in Slovakia was carried out by applyingibasdendrogram. All the results were obtained using Rae
statistical methods and multidimensional statisticgpackage software.
methods: Principal Component Analysis and Cluster

Analysis. 3 Result and discussion
_ _ The research was carried out with the aim to:
Correlations between variables and PCA _ « Analyse the input variables by basic statistical
The correlations were investigated using the caticai methods and PCA:

matrix which does not require the input data to be . Compare the regions in Slovakia in terms of their
eXpressed in identical units. A correlation betwéen road infrastructure and other parameters
variables is represented in the correlation matyixneans characterising individual regions by applying a
of the Pearson’s correlation coefficient In order to hierarchical cluster analysis.

determine the rate (degree) of the dependencescile

that may be applied is as follows: no correlatioh<0.29); 31  Characterigics of variables and PCA method
weak correlation (0.30 <|r| <0.49); moderate catieh The structure of road networks in the regions of
(0.50 <|r| <0.79); and strong correlation (S, &:BP<1). If  g|oyakia existing in 2018 is shown in Fig. 3. lhraions,

the correlation coefficient is positive (or.neganve:\), it the roads representing the highest percentageeafoid
means that therg is a direct (or negative) linearetation L atwork were the Class Il roads (44-60%; A10). Th@
between the variables. , indicate that Nitra Region (SK-NI) and Banska Bigstr

Principal Component Analysis (PCA) belongs tqRegion (SK-BC) comprised 0 km of motorways and

multidimensional analysis methods. The purposehisf t motorway feeder roads. The highest percentage of

method is primarily to reduce the number of inpupgiorways and expressways was in Bratislava Region
dependent (correlated) variables at the lowestilpledsss (SK-BL, 14%).

of information. New latent variables, i.e. the pipal

components, are not mutually dependent and regreser
linear combination of the original variables. Every
principal component is characterised by a rateaoBwce. SKKI | 14% V A4 A \ 5% in)
The first principal component accounts for the ésitg i == \;;‘
possible variance of the original values. The dbations SK-PV|  20% /16% A\ \\\60%\ \\ \\\\\3(;/5

of the other principal components to the variance a 7 <S NG
. SK-BC 20%  V19% A\ 57% 4%
always lower. An adequate number of principa 7. \ \\ k&

BA11+A12 [0 A10 2 A9 [ A8

components may be identified by applying Severic skz - F/wo,% N 54%\\\\&:32
methods. The one frequently used in practice iK#iser- > // =
Guttman rule which takes into consideration al@ SK-NI| 19% }f///w% %\ NI \i
eigenvalues higher than 1. Another rule recommen 7777 <= TR
: : s : SK-TC| 16% Vm% //k NN \60% N 5%
considering only those principal components whic N N\
explain 70 to 90% of the cumulative variance [34]. SKTA | 12% V o /Ai\ "
\
Cluster analysis SKBL| 16% V?@”V/ % NN
A cluster analysis belongs to multidimensiona - T - T -
0 20 40 60 80 100

statistical methods that deal with similarities visetn
multidimensional objects and it comprises dividitig
objects into homogeneous groups, i.e. clusters. [B5§
information on such similarities is obtained thrbug
various metrics of estimated distances betweerohjects
(e.g. Euclidean distance). Depending on the metbfod
forming such homogeneous groups, we distingui nominal wage and unemployment rate) are listed in
between hierarchical and non-hierarchical methOd?'ableZ 9 ploy

Hierarchical clustering methods are based on gtadua '

Percentage [%]
Figure 3 Road networks in regions of Slovakia [%6]

Other additional data on the regions of Slovakiada
population, average age, ageing index, percentdge o
S[P]roductive age, regional GDP per capita, averagetimtho
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Table 2 Regional characteristics

Regional characteristics

Al A2 A3 A4 A5 A6 A7 A8
Region [km? [number] | [year] [%] [%] [euro/linhabitant] | [euro] [%]
SK-BL 2052.. 655,214 40.9: 97.6% 66.0¢ 38,836.0 1,33( 2.62
SK-TA | 4146.¢ 562,98: 41.72 114.3¢ 68.9¢ 17,917.4 1,00¢ 2.31
SK-TC | 4502.( 586,62: 42.5( 128.3( 68.5¢ 13,7417 98¢ 2.9:
SK-NI 6343.¢ 677,68:. 42.4¢ 128.5¢ 68.7¢ 13,768.7 88( 3.1z
SK-ZI 6808." 691,19 50.2% 96.8¢ 69.04 14,048.5 94¢€ 4.04
SK-BC | 9454. 648,83: 41.7( 114.7° 68.41 12,064.0 917 7.0%
SK-PV | 8973.¢ 824,42: 38.5¢ 77.2¢ 68.1f 10,388.5 81z 8.61
SK-KI 6754.t 799,811 39.5¢ 86.1: 67.97 13,352.9. 957 8.17

The first step of the analysis of the parameters twa were identified using a correlation matrix (Fig@jewhile
search for any potential correlations between iddial the correlations between two different variablesreve
input variables. Because the values of the varsablere identified using the correlation coefficiant
expressed in different units, the correlations ketwthem

A @) %.QO_OOOOQGOﬁOOO
w20 0@ |

2.04 03| A3 | =
02608021 88 O | . @] [ @]

047 047 0.420.35 A5 . .' oo @@ @ ..‘.‘ . @ o
0.79.0.27-0.08.0.08 0.8 A5 . B & ......‘..’
41.33.41.3.:r:-n.n2. 0 .4:.?3.0.5?..:'&.@'. [ ] ........ & [0
0.79 0.82 0.410.66 0 41-5-115345- .... ...

0.4 005,021 0.360.28 0.4 037 026 AD . '.' @ | . . K
n&n#imﬁzna&nnaauwsnzsammn@-. Y .

0.96 .44 0.09.0.14 0.51 0.75.0.63 062 0.3 0.53 A 11 @ ... XX T U
0.74/0.29|-0.40.04 0.5 0.710.72/0.61-0.73 0.63 0.57 mz.. 0P ®® .'

0.930.46 0.25:0.09 0.54 0.860.92 0.72 0.49 0.54 nnanz-m... Q.. & 02
D.840.69 -0.15-0.46/0.44 0,83 0,81 0.86 -0.13.0.16 0.72 0.63/0.82 A14 ......
415241{1-5411?4}214}3?1191nai4}31n2?413541534}51-um-ns&r~1=.... B4
.64.0.12 0.03.0.08 0.8 0.84 0.65 0.45 0.31 .28 0.56 0.7 074078 0.87 qn,...
£.52/0.110.15:0.08 0.79 0.78 0.65| 0.3 |0.19 .29 0.44 0.6 0.55.0.61 .94 0.91 zm.. 48
9.740.32.0.08,0.47 0.7 0.910.82 0,61 0.21-0.22/0.63 0.61 073 0.9 umumnsﬁ_‘nﬂ.@ 5

167024 -0.09 0.16 0.6 0.82 | 0.69 -0.59 0.13 0.21 -0.56 -0.51 0.64-0.84 0.88 0.9 [0.86 0.97 415

0.710.48 0.19-0.11 0.26 0.58 -0.55 0.69 -0.850.72 0.54 0.78 0.68 0.61-0.39 -0.47 -0.32 0.52 -0.46 220

Figure 4 Correlation matrix (R package)

The resultant correlation matrix (Figure 4) indesst (r=0.97); A18 and A16 (r=0.94); A17 and A15 (r=0\94
for example, that there is a very strong directadation and between A19 and A18 (r=0.97). Moreover, several
(0.80<| r |<1) between variables A1l and Al (r6D.813 variables exhibited very strong indirect correlatipe.g.
and A1 (r=0.93); Al16 and A6 (r=0.94); A16 and A15A19 and Al4 (r=-0.84); A10 and A9 (r=-0.84); and3A1
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and A (r=-0.92). It seems that there are relatisthpng
correlations between multiple pairs of variabldseigfore,
new independent variables were determined by amplyi Scree plot
the Principal Component Analysis (PCA).

Within the PCA, the original input variables were |
replaced with new independent variables, i.e. thecipal
components. The main components were identifiedgusi
the eigenvalues depicted in a scree plot (Figurd bg
eigenvalues and variability of PCA components foreWw
components are listed in Table 3.

10

Eigenvalue

The eigenvalue of the first principal component Dim =L
was 11.39, the second was 3.40, and the third coempo N,
exhibited the eigenvalue of 2.54 (Table 3). Thestfir o %
component Dim1 described approximately 56.93% ef th | ---- B et
cumulative variance of data. The second componan2D o ®*6-0-0-0-0-0-0-0-0-a-a-0-a

explained 17.02 % and the third component Dim3 g 45 & 5

explained 12.72% of the cumulative variance of data
These three principal components explained altegeth Components
much as 86.68% of the cumulative variance. Thegetbe

. L Figure 5 Scree plot (R package
first three components represented the new inpidhias. g plot (R p ge)

Table 3 PCA results

Components Dim1| Dim2|Dim3| Dim4 | Dim5 | Dim6| Dim7

Eigenvalue 11.39| 3.40| 2.54| 114 0.71 051 0.30
Variance (%) 56.93| 17.02| 12.72| 5.72 | 3.57| 2.54 1.49
Cumulative Variance (%) | 56.93| 73.96| 86.68| 92.39| 95.97| 98.51| 100.00

Coefficients of eigenvalues, i.e. the componergrincipal component Dim2 consisted mainly of the
coefficient matrix, for the first three principabmponents variables related to population (A2), average &§®) énd
are listed in Table 4. The first component Dim1 tlyos ageing index (A4). The last principal component Bim
consisted of the variables describing transpodonsisted mostly of motorways (A9) and expressways
infrastructure in regions (A1, A5, A6, A7, A8, Alirough  (A10).
A20, the highlighted numbers in Table 4). The selcon

Table 4 New input variables identified by PCA
Original variables(Part 1)

Principal
components | Al A2 A3 A4 A5 A6 A7 A8 A9 A10
Diml 0.90 0.3¢ -0.0¢ -0.1C 0.70 -0.95 -0.93 0.70 -0.47 0.5C
Dim2 0.24 0.85 -0.54 -0.81 -0.6° 0.2C 0.0¢ 0.6¢ 0.04 -0.14
Dim3 0.07 -0.1¢ -0.3C 0.47 -0.12 0.0¢ 0.0¢ -0.0¢ -0.83 0.77
Principal Original variables(Part 2)
components | All Al12 A13 Al4 Al5 Al6 Al7 Al18 Al19 A20
Diml 0.81 0.82 0.92 0.89 -0.86 -0.90 -0.77 -0.92 -0.85 0.72
Dim2 0.1: 0.1(C 0.1¢€ 0.3Z 0.4¢€ 0.2¢ 0.4: 0.1(C 0.12 0.2¢
Dim3 0.0f 0.4(C 0.1¢€ -0.2¢ 0.1¢ 0.1¢ 0.2¢ 0.3¢ 0.3¢€ 0.51

A graphical representation of the data on the oaigi component Diml relative to the second principal
variables in the coordinate system of the firshgpal component Dim2 is shown in Figure 6.
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PCA - Biplot

PR = NP SR
[ 1¥8]

P

(W]

-

a-J__,,I
-

U1 e
-
oo

|
[ae]
|
B
L]
Ho8

Dim1 (56.9%)
Figure 6 Biplot. (R package)

It seems that SK-BL region (Bratislava region) é®s the Ward’'s method: CC=0.907, the median method:
from the other regions (Figure 6). The graph indisaa CC=0.886). An output of the cluster analysis was th
similarity between SK-PV region (PreSov Region) 8kd formation of homogeneous clusters of analysed regias
KI region (KoSice Region). An analysis of the réswf depicted in a dendrogram (Figure 7).

PCA facilitated identification of certain simildas
between other regions: SK-TC (Ttém Region) and SK- Cluster Dendrogram
TA (Trnava Region).

10

3.2 Cluger analysis
A comparison of the regions of Slovakia in terms 0 @

selected transport infrastructure, as well as atinatysed

variables, was carried out by applying the cluatalysis. gl

The input variables were three new independenabbas

(three principal components - Dim1, Dim2 and Dim3 §

obtained by PCA. These variables also represemted, £ = |

large extent, the road infrastructure in a givagiae. The

Euclidian distance was used as a distance medsoue. o o ’7

different agglomerative hierarchical clustering huets

were gradually applied: the average linkage mettioal, o

nearest neighbour method, the Ward’'s method and t

median method.

The best clustering method was identified using tr
cophenetic correlation coefficient; the resultarglue
thereof indicated that the best clustering methed the distance
average linkage method (the average linkage methc.. Hehet (%, averane)

CC=0.936; the nearest neighbour method: CC=0.930; Figure?Dendrogram—tEe a\;erage linkage method (R
package

SK-BL

SK-PV
—
SKKI ]
SK-NI
SK-BC

|

SK-Z|
SK-TA
SK-TC

~ 231~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 7 2020 Issue: 4 Pages: 225-234 [ISSN 1339-5629

THE COMPARISON OF TRANSPORT INFRASTRUCTURES IN INDIVIDUAL SLOVAK REGIONS BY
APPLYING PCA AND CLUSTER ANALYSIS
Miriam Andrejiova; Zuzana Kimakova

The dendrogram (Figure 7) indicates that SK-Blelectrotechnology and food production. However, ig®3
region (Bratislava Region) represented a sepatastec. Region contains the least developed districts of&tia.
Similarly, SK-ZI region (Zilina Region) may be ragad PreSov Region (SK-PV) is a less developed regidh @i
as a separate cluster, but with certain charatitsrigmilar  persistently high unemployment rate and significant
to those of other two regions - SK-TA (Trnava Regiand economic and social differences when comparedtterot
SK-TC (Trertin Region). SK-PV (PreSov Region) and SK+egions. The problems of this region are even despbby
Kl (KoSice Region) regions formed a separate ctustepoor transport infrastructure.

Another separate cluster consisted of SK-NI (NRegion)
and SK-BC (Banska Bystrica Region) regions. Theltes 4 conclusions
of the clustering is shown in Figure 8. Regionsrimg one

- ) Adequate transport infrastructure is a key predardi
cluster are designated with the same colour. g b yb

for the transport system of a country and is ctdoiathe
sustainable economic growth. Using the availabta,da
was possible to compare individual regions in Skiva
The result of the applied statistical methods waes t
formation of clusters based on similarities betwdias
regions while considering primarily the influencé o
transport infrastructure. It seems that the regioay be
divided into four to five groups of regions thathébit
similar characteristics. The region where Bratialathe
capital of Slovakia, is located, exhibited the mostrked
differences. The analysis showed that the quality o
transport infrastructure significantly affects @l
differences in Slovakia, and to certain extenvérecauses
such differences.

A complex comparison of regions indicates a direct
correlation between the quality and functionality o
transport infrastructure and a social and econdeviel of
a particular region. In regions with more accessimd
more developed transport infrastructure, the soafad
economic conditions for the inhabitants are better.

It is therefore essential to pay attention to the
development of transport infrastructure in thesgiones.
Furthermore, it is very important to regard asiarjiy to

Figure 8 Cluster analysis result — division of regs

Bratislava Region (SK-BL) exhibited significant
differences from the other regions. This regiothes most
developed region in Slovakia; in 2017, it held@ace in
the EU in terms of GDP per capita, amounting to% 8
the EU average value [36]. Its strengths includenst
economic interconnection with the capital city, sdoness
to cities like Wien and Budapest, relatively adwhc
transport infrastructure and presence of investroapital.

This is also related to better business and trahsp omplete the construction of the road interconnecthe

infrastructure. Other regions, especially the region
Eastern Slovakia (PreSov Region SK-PV and Ko§ic%a3tem and western parts of the country, the road

. . . fépresenting a south-north axis of the countrywel as
Region .SK'KI) are far behind the Bratislava RegiGiDP thg road cgonnecting the south and northwgf Eastern
per capita ampunted only to 54% of the EU avera_ge). Slovakia. Another very important objective is torguete

Z|I|n_a Region (SK-ZI) belongs to regions .Wh'c.h a'%he construction of roads connecting Slovakia with
mostly|ndus'§r|al. . hasaconvenlent_geogr.aphmmqon neighbouring countries. Slovakia is an importaangit
?hnet\r/]vee;?eor?]t ;?goé;asr:;:r?iﬁtgno? ggv\ygzi;n_f_fn:;g% territory where the differences between individiuggions
(SK-TA) benefits from its geographical closenesste are largely demonstrated. A region which is impartar

fast-developing Bratislava Region and from the adea transit transport is the one around Bratislava r(nea
transport infrastructure. Tréim Region (SK-TC) is one of Budapest and Wien) and Zilina Region (near themeatst

. . . : . of the Czech Republic and the south of Poland)idRagn

:\TS Eotrs]te'r:gggr?el\;g%ogg (;f ﬁLOu\ﬁJkr';' rl\emriganrr?‘E?;‘ southern and eastern Slovakia are distant fromrtaie

the aaricultural land a?ea (rr?ore than 7 4% % of thgiore transport routes. However, these regions in pdaticiave

9 L 0 : great potential thanks to their location with rebés the
area) and productivity rate of the local agricudtur

: ; : . S neighbouring countries.
production. Banska Bystrica Region (.SK'BC) IS "eh.dy gAII the %bove-mentioned objectives represent the
less developed and its southern part is mostlycaltuial

with food production. A geographically rugged témrin visions and priorities of transport infrastructwhich are
this region hinders the construction of adequatasiport currently discussed in the Slovak Republic. Deveiept

. of transport infrastructure of this country is a
infrastructure. comprehensive process accompanied with high costs a
KoSice Region (SK-KI) is a region with a relatively b P b 9

developed economy. It is a centre of several inibsst technological requirements. Measures aimed at astingl|

) X . ; . _motorways and motorway feeder roads, extending
including metallurgy, mechanical engineering,
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transport capacities and improving the quality xis&ng

Economic Development Indicator from Transportation

roads will lead to the development of transport Network AnalyticsScientific Reportsvol. 10, No. 1,

infrastructure. Access to high-quality and effitcien

transport infrastructure in all regions will fatite
elimination of regional social and economic diffeces

and improvement of competitiveness of the country’s

economy.
Authors regard the monitoring and identificatiort e
impact of transport infrastructure on selected adoand

promising direction to take. It will also be intstiag to

monitor the achievement of the objectives withire th
strategic transport development plan within a few
[12] GUNASEKERA, K.,

following years and evaluate an expected positivgaict
thereof on changes in the existing regional difiees.
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