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APPLICATION OF CLUSTER ANALYSIS ON THE
DEMOGRAPHIC DEVELOPMENT OF MUNICIPALITIES IN
THE DISTRICTS OF LIBERECKY REGION

Ondi‘ej Simpach

Abstract

The aim of the study is to examine the similarity of municipalities located in districts of
Liberecky region according to various indicators from the area of demographic indicators
using hierarchical cluster analysis method. Liberecky region has 4 districts in total (Ceska
Lipa, Jablonec nad Nisou, Liberec and Semily), which together contain 215 municipalities.
The municipalities of each district are merged into the clusters according to the selected
demographic indicators using Euclidean distance coefficient. Selected attributes include the
number of inhabitants, percentage of population aged 65 and over in the total population, live
births, deaths total, number of immigrants and number of emigrants (all in 31 December). The
hierarchical clusterization of municipalities is calculated for each district based on data of
2006 and 2011. Consequently, a comparison of the development of a five-year time interval is
performed. Ascertained outputs can be used to plan community development and for urban
planning such as transport and communications constructions, building of nurseries and basic

schools, and for decisions about placement of cultural facilities.
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Introduction

For the purposes of urban planning and decision-making on public sector investments (see
Nutt, 2006), cohesion policy (see e.g. Pechrova, Kolafova, 2012) and for simplification of
administrative process is advantageous, when based on certain socio-economic factors we
know, how similar are certain territorial units to each other. The presented study will follow
authors Lv et al. (2011), who used similar socio-economic indicators for the creation of
clusters of the selected population, but their study focused more on the urban population of
adults. Authors Ozus et al. (2012) used the hierarchical cluster analysis for the development

of multicenter and travel patterns. They used data on population development, employed and
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unemployed persons from 1970-2000 and travel statistics. The aim of this paper is to examine
the similarity of municipalities located in districts of Liberecky region according to various
indicators from the area of demographic indicators using hierarchical cluster analysis (see e.g.
Ward, 1963), which can be used to improve the administrative decision making process
(Feldstein, 1964), because there will be a precedent on how similar are the municipalities and
thus can be decided about their strategy in the same way. Liberecky region has 4 districts in
total (Ceska Lipa, Jablonec nad Nisou, Liberec and Semily), which together contain 215
municipalities. The hierarchical clusterization of municipalities (see e.g. Rezankova et al.,
2011, Rezankova, Loster, 2013 or Arnio and Baumer, 2012) will be calculated for each
district based on data of 2006 and 2011, acquired by the Ministry of Agriculture.

Consequently, a comparison of the development of a 5-year time interval will be performed.

1 Methodology and Data

The distance between municipalities of each district of Liberecky region is calculated using
Euclidean distance coefficient. Then the villages will be merged into 3, 4 or 5 clusters
(depends on the situation), according to the selected demographic indicators using
hierarchical cluster analysis and Ward’s method (see e.g. Bavaud, 2010, or Danielsson, 1980).
Given that the indicators that will be selected have different character and take values of
different orders, it will be advantageous to normalize them using the z-transformation. We use

the z-scores (see e.g. Larsen, Marx, 2000)

=128 (1)

where p is the mean of the population and ¢ is the standard deviation of the population. From
mentioned data acquired by the Ministry of Agriculture of the Czech Republic, there were
selected indicators

- number of inhabitants,

- percentage of population aged 65 and over in the total population,

- live births,

- deaths total,

- number of immigrants and

- number of emigrants,
all actual in December 31 in 2006 and 2011. The calculations and dendrograms were

performed using by IBM SPSS Statistics.
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2 Results

Using the z-transformation, hierarchical clustering based on Ward’s method (Ward, 1963) and
Euclidean distances, there were calculated the clusters for the district of Ceska Lipa in 2006
and 2011. Created dendrograms are shown in Figure 1, where the left chart presents the
situation in 2006 and the right chart presents the situation in 2011. Clusters were determined
after cutting both of two dendrograms at a distance of 8 units. This created three clusters and
summarizing of these clusters for all municipalities is shown in Table 1. The left column of
numbers indicates the cluster assigned in 2006, right column with numbers indicates the
cluster assigned in 2011. Municipalities, which are displayed in bold, did not change their
classification into clusters in five-year period. The town Ceska Lipa was not assigned to the

clusters because it is the capital of the district and therefore outlier.

Fig. 1: Hierarchical Clusters - Dendrogram using Ward’s linkage for district Ceska

Lipa in 2006 (left) and 2011 (right), Euclidean distances.
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Source: author’s calculations
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Tab. 1: The numbers of clusters assigned to municipalities in the district Ceska Lipa in

2006 (left column) and 2011 (right column)

Blizevedly 1 | 3 | Stvolinky 1|3 |Luka 311
Bohatice 1|3 | Tachov 1| 3 | Mafenice 311
Brnisté 1 |3 | Volfartice 1| 1| Noviny pod Ralskem 311
Dubnice 1 | 3 | Zahradky 1 | 3 | Novy Oldfichov 301
Hamr na Jezete 1|3 | Zdirec 1|3 |Okna 311
Holany 1|3 | Cvikov 2| 2 | Pertoltice pod Ralskem |3 |3
Horni Libchava 1 |3 | Doksy 2 | 2| Prysk 3|1
Chotovice 1 | 3 | Kamenicky Senov 2 | 2 | Skalka u Doks 313
Jestiebi 1|3 |Mimoni 2|2 | Sloup v Cechach 301
Kozly 1 |3 | Novy Bor 2 | 2 | Slune¢na 301
Kravafte 1|3 | Ralsko 2|2 | Svojkov 313
Kvitkov 1 | 3 | Straz pod Ralskem 2|2 |Svor 301
Okrouhla 1 |3 | Bezdéz 3| 1| Tuhan 301
Polevsko 1 |3 | Blatce 3| 1| Velenice 301
Provodin 1|3 | Duba 3| 1 | Velky Valtinov 311
Radvanec 1 | 3 | Horni Police 3| 3 | Vrchovany 311
Skalice u Ceské Lipy | 1|3 | Chlum 3| 3 | Zakupy 3|2
Sosnova 1|1 |Krompach 3|1 | Zandov 302
Struznice 1 | 3 | Kunratice u Cvikova 3|1

Source: author’s calculations

The dendrograms for the district of Jablonec nad Nisou in 2006 and 2011 are shown in Figure

2, where the left chart again presents the situation in 2006 and the right chart in 2011.

Fig. 2: Hierarchical Clusters - Dendrogram using Ward’s linkage for district Jablonec

nad Nisou in 2006 (left) and 2011 (right), Euclidean distances.
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Tab. 2: The numbers of clusters assigned to municipalities in the district Jablonec nad
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Nisou in 2006 (left column) and 2011 (right column)

Mala Skala 1|1 | MarSovice 1 | 3 | Rychnov u Jablonce nad Nisou |23
Albrechtice v Jizerskych horach | 1|1 |Nova Ves nad Nisou | 1|3 | Tanvald 212
Bedtichov 1|3 | Pénlin 1 | 3 | Zelezny Brod 212
Dalesice 1 |3 | Plavy 1 | 3 | Drzkov 3|1
Desna 1 | 3 | Puleény 1 | 3 | Frydstejn 3|1
Janov nad Nisou 1 |3 | Rédlo 1 | 3 | Jilové u Drzkova 3|1
JeniSovice 1 | 3 | Skuhrov 1 | 1 |Josefav Dal 3|1
Jifetin pod Bukovou 1|1 |Smrzovka 1 | 3 | Koienov 313
Koberovy 1|1 ]|Velké Hamry 1|1 |Lisny 3|1
LouzZnice 1|1 |Zasada 1 | 1 |Rad¢ice 3|1
Lucany nad Nisou 1 | 3 | Zlata OleSnice 1 |1 ]| Vlastibot 3|1

Source: author’s calculations

Fig. 3: Hierarchical Clusters - Dendrogram using Ward’s linkage for district Liberec in

2006 (left) and 2011 (right), Euclidean distances.
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After cutting both dendrograms in Figure 2 at a distance of 8 units, we can observe 3 clusters
in total. The summarizing of these 3 clusters for all municipalities in district Jablonec nad
Nisou is shown in Table 2 and the municipalities, which are displayed in bold, did not change
their classification into clusters in five-year period. It is interesting to note that of 56
municipalities of the district Ceska Lipa 14 did not change their classification into clusters
(which is relatively 25 %), and of 33 municipalities of the district Jablonec nad Nisou 12 did
not change their classification (which is relatively 36.36 %). The town Jablonec nad Nisou
was not considered to the clusters because it is the capital of the district, therefore outlier as in
the case of Ceska Lipa.

The second most numerous district in the Liberecky region in terms of numbers of
municipalities is district Liberec. Dendrograms for the year 2006 and 2011 are shown in
Figure 3. Due to the higher number of municipalities in the district, the dendrograms were cut
at a distance of 7 units. This led to the creation of 4 clusters, which are clearly shown in Table
3. Municipalities, which did not change their classification into clusters in five-year period,
are displayed in bold. There are 15 out of 60, which is relatively 25 % (the same relatively
proportion as in district Ceska Lipa). The town Liberec was not considered as in the case of

Ceska Lipa and Jablonec nad Nisou, because it is the capital of the district, therefore outlier.

Tab. 3: The numbers of clusters assigned to municipalities in the district Liberec in 2006

(left column) and 2011 (right column)

Bily Kostel nad Nisou 1| 1| Simonovice 1 | 3 | Oldfichov v Hajich 3|1
Bulovka 1|3 | Zdarek 1|1 |Osenad 311
Cernousy 1|3 | Frydlant 2|2 | Pénéin 31
Ctveiin 1 | 3 | Hradek nad Nisou 2 | 1 | Pertoltice 313
Détiichov 1 | 3 | Chrastava 2 | 2 | Radimovice 311
Dlouhy Most 1 | 3 | Raspenava 2 | 1 | Rynoltice 31
Dolni Rasnice 1 | 3 | Straz nad Nisou 2 | 3 | Sobéslavice 313
Habartice 1 | 3 | Pacefice 3 | 4 | Svétla pod Jestédem 314
Horni Rasnice 1|3 |Bila 3|3 | Svijany 301
Chotyné 1 | 3 | Bily Potok 3|1 | Visnova 3|1
Janovice v Podjestédi 1 |1 |Hejnice 3|2 | Vselibice 311
Januv Diil 1 | 1 | Hefmanice 3|1 | Zdislava 311
Jefmanice 1 | 3 | Hodkovice nad Mohelkou |3 |2 | Cetenov 414
Kunratice 1 | 3 | Jablonné v Podjestédi 3|2 | Cesky Dub 414
Lazné Libverda 1 | 3 | Kobyly 3|1 | Hlavice 414
Mnisek 1 | 3 |Krasny Les 3 | 4 | Jindfichovice pod Smrkem | 4 | 4
Nova Ves 1 | 3 | Krystofovo Udoli 3 | 3 | Prosec¢ pod Jestédem 411
PriSovice 1 | 3 | Kfizany 3 | 1 | Vlastiborice 414
Svijansky Ujezd 1 | 3 | Lazany 311

Sychrov 1|3 | Nové Mésto pod Smrkem |3 ]2

Source: author’s calculations
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The district Semily is in terms of numbers of municipalities the most numerous of the

considered districts. It has 66 municipalities, which were divided into the clusters in 2006 and

2011. While in 2006 the homogeneity was lower, in 2011 were the municipalities much more

similar. Dendrograms for the year 2006 (left chart) and 2011 (right chart) are shown in Figure

4. After cutting both of two dendrograms at a distance of 8 units, we can observe 5 clusters in

total in 2006 and only 3 clusters in total in 2011. Therefore, the changes in numbers of clus-

ters are not relevant and the differences in numbers of clusters (Table 4) are not significant.

Fig. 4: Hierarchical Clusters - Dendrogram using Ward’s linkage for district Semily in

2006 (left) and 2011 (right), Euclidean distances.
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Tab. 4: The numbers of clusters assigned to municipalities in the district Semily in 2006

(left column) and 2011 (right column)’

Béla 1 | 1| Zahoti 1|1 |Jesenny 412
Benesov u Semil 1|1 | Benecko 2 | 1 | Jestfabi v Krkonosich 412
Bozkov 1 | 1 | Horni Branna 2 | 1 | Kacanovy 411
Bukovina u Cisté 1|1 |Chuchelna 2|1 |Kruh 411
Haje nad Jizerou 1 | 1| Karlovice 2|2 | Ktova 411
Harrachov 1|1 |Libstat 2 | 1 |Loucky 411
Horka u Staré Paky 1 | 1 | Mirova pod Kozidkovem 2 | 1 | Martinice v Krkonosich |4 |1
Jablonec nad Jizerou 1 | 1 | ModfiSice 2 | 1 [ Olesnice 412
Klokoc¢i 1 | 1 | Ohrazenice 2 | 1 | Paseky nad Jizerou 412
Kostalov 1 | 1 | Piepete 2 | 1 | Pefimov 411
Levinska Olesnice 1 | 1| Studenec 2 | 1 | Piikry 412
Mii¢na 1 | 1 | Tatobity 2 | 1 [ Radostna pod Kozékovem | 4 | 1
Nové Ves nad Popelkou | 1| 1| Vitkovice 2 | 1 | Roprachtice 411
Ponikla 1 | 2 | Vysoké nad Jizerou 2 | 1| Syfenov 412
Rakousy 1|1 |Zernov 2| 1] Vesela 411
Rovensko pod Troskami | 1 | 1 | Bystra nad Jizerou 3|2 | Vysket 411
Roztoky u Jilemnice 1 | 1 |Roztoky u Semil 3|2 | Jilemnice 513
Slana 1 | 1 | Troskovice 3 | 2 | Lomnice nad Popelkou 513
Struzinec 1 | 1 | Bradlecka Lhota 4 | 1 | Rokytnice nad Jizerou 513
Svojek 1|1 |Cista u Horek 4|1 | Semily 5|3
Vichova nad Jizerou 1|1 |Holenice 412

Vsen 1|1 | Hruba Skala 412

Source: author’s calculations

In the case of district Semily it is interesting, that the town Semily itself, although being the
capital town of the district, is not an outlier. Outlier in this case is town Turnov, which did not
fall in any cluster. The increment in the homogeneity of the considered municipalities in the
case of district Semily will help with the local planning and administrative decisions-making
in the future, because the municipalities will be able to be similarly managed and controlled.
In the past five years, the municipalities in the district Semily became similar the most of the

considered districts.

Discussion and Conclusion

This study and its results are to a certain extents influenced by the chosen methodology.
When using other than Ward’s method for clustering, we would get completely different
results and clusters (see e.g. Loster, 2012). For example single linkage (i.e. nearest neighbour)

would create less balanced clusters in terms of the number of municipalities included.

' Note that the changes in numbers of clusters are not relevant in the case of district Semily. In 2006, the
municipalities were divided into five clusters and in 2011 into three clusters, because more municipalities were
similar in observed characteristics. Therefore the differences in numbers of clusters are not significant.
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Similarly we could have obtained different results if the input data were not normalized (but
the non-normalization of data was not correct approach in this case). The more the individual
municipalities in the region are similar in the terms of demographic indicators, the easier is
subsequently the official planning, because it allows to access to individual municipalities in a
similar approach (see more in BartoSova, Zelinsky, 2013). In this study the most significant
homogenization of municipalities occurred in the case of district Semily.

This paper could be extendet in future by other indicators used for clusterization of the
municipalities e.g. by unemployment (see e.g. Loster and Langhamrova, 2011) and other
demographic indicators (e.g. fertility rate, see Fiala and Langhamrové, 2012), which are also

related to the reproduction of the population.
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