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Clustering by the level of demographic potential of the regions of Kazakhstan based an,SPSS

Abstract

Object: Based on a statistical analysis of the demographic development of the regions of Kazakhstamyfor the peri-
od from 1999 to 2020, to group the regions according to the main demographic indicators and conduet,a comparative
analysis and assessment.

Methods: Correlation-regression analysis, comparative analysis, multivariate statistical and mathematical method,
special computer program SPSS.

Results: A comparative dynamic analysis of the regions of Kazakhstan betwgen clustersyfor the period from 1999
to 2020 was carried out. As a result of the analysis, it was found that the main demeogfaphic indicators differ by clusters
up to 2-3 times.

Conclusions: In general, the demographic development has beefy slosthroughout the country over the years, and
regions have been identified that are oriented towards a regressive waylef development. First of all, it is proposed to
solve the demographic problem of these regions in order to enter thegpway of progressive demographic development in
the country as a whole.

Keywords: demographic situation, regions, trends, multifagtor, grouping, cluster analysis rating.

Introduction

The demographic historical path of Kazakhstanjhas passed through various stages, and there is a large
gap in the birth rate which is a key demographic factor. For example, in 1965, when the total fertility rate
was about 35 units, there were 4.5 children pet woman of childbearing age, and now this figure is 22 units
and, accordingly, an average of 3 children™Itycotresponds to the cultural, educational, and rural population of
the country at that time (66%) and isfexplained by the high demand for the birth of a child. The economic
development of the country brings about changes in this indicator due to the desire of women of childbearing
age to study and receive education, myelvement in career activities, increasing interest in a residence in a
city, increase in the average ehildbeating age of women, and deterioration in demand to have a child.

The main problem is thatstheypopulation growth rate has stabilized at an average of 1.2% over the past
15 years, and the main@demographic parameter — the total birth rate is limited to 22 units, and there has been
a downward trend imyrecent years (Bureau of National Statistics, 2022).

If we considéredthis information at the global level, according to 2020 data, Kazakhstan ranks 81st out
of 181 countries with a“total fertility rate and 98th in terms of mortality rates, and Tajikistan (40; 175),
Kyrgyzstan, (615, 143);” Uzbekistan (74; 145) are among countries with a higher demographic situation,
respéctivelys@noema, 2020).

Regional demographic development trends in the country especially in urban and rural populations have
been identified along with the known data on the current demographic development trends. We also note that
the average annual population growth of more than 1% does not indicate the stability of the demographic
situation.

Literature Review

The demographic potential level of the regions has to be analyzed to determine their state of social and
economic development. Dynamics in demographic processes influence all the directions of the economy:
social, economic, and political (Gwiazdzinska-Goraj, Pawlewicz, & Jezierska-Thole, 2020).

Demographic potential identifies the region’s attractiveness for citizens and investors, which in turn af-
fect its social and economic development. It has been proven that regions with strong socio-economic devel-
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opment exhibit much more favorable demographic dynamics than weak regions (Porsche, L. Die Zukunft
von Kleinstidten gestalten, 2015).

The scientists’ opinions characterizing the historical path of demography development are different at
the world level. Besides, the thesis about the nature of the multifactorial influence on fertility is the most
common in modern demographic science, and the totality of these factors is interpreted by each demographer
in different ways. For example, in the article “population” in the Encyclopedia Britannica, the factors
influencing the birth rate decline in Europe over the past decade are industrialization, urbanization; raise in
the education level of the population; dissemination of the concept of a small family, according to the
conclusions of demographers (Teitelbaum, 2021).

As assumed by Lutz, Butz, and K.C. (2014) demographic study and forecasts appear to rely on two
main issues: the speed of fertility decreases, and what takes place in the countries where fertility levels fall
below a total fertility rate (TFR) (Morosanu, 2016).

As for the works of researchers in the history of economic demography, a close cohnection,is\found
here between demographic processes and globalization in different historical epochs” It “isjmoted that all
globalization eras are associated with a demographic crisis, including in regions cleselyafelated to
international trade, on the contrary, a decline was not observed in regions not included in theyglobalization
process (Kuzovkov, 2013). The demographic process, accompanied by thegproeéss of globalization,
provokes the population’s migration movement. Coleman and Belanger notéd the studies that examined
immigration processes in the context of globalising world and its .eemmection with ethno-cultural
characteristics (Coleman, 2006; Belanger et al., 2019).

Thus, globalization and demographic cycles historically intersect,\According to the World migration
report for 2020, confirming the impact of the globalization proecessyon the general demographic movement,
including the immigration movement of the countries in thedworldi3i6% of the total population are
considered migrants (IOM UN Migration, 2021). In our studies, We also note that globalization had an
impact on the historical process of demographic development in Kazakhstan.

Besides, world scientists in their studies associate the birth rate"with the geographical place of residence
and regions (Vasle, David, 2018; Bocquier, Bree,2018).

They also note a high correlation between fertility and ¢thnic characteristics and traditions (Jianlin Niu &
Yaqiang Qi, 2020).

Modern statisticians such as Myer & Well explain that right statistical tool is important to hypothesis
testing, test statistics and research design,,_Statistical programs such as SYSTAT, SAS, SPSS, POWER, and
UCLA are used for experimental research tnghe behavioral and social sciences. The result of the research
will be offered as an option for othef scientists to modify accordingly (Myer & Well, 2003). A repeated test
of ANOVA is a suitable meth@dfor this analysis of socio-economic issues as we are comparing the means
for related groups.

Problem statement

The demographicgroeess in/Kazakhstan as a whole has a positive trend; the population is growing
every year though'ihhas large differences in demographic parameters in the regions. Basically, there is a two-
fold difference between the®Wirth and death rates in the southern and northern regions. For example, in the
Kostanay region, depopulation has been going on for twenty years which is a great problem.

Bisth, ratesydropped sharply in the first years of independence (1991-2002), including in the northern
regiofis. Subsequently, the improvement of the economic situation in the country increased the birth rate, and
it remainéd at ‘@ low level and below the republican level in the northern regions. Compared to the national
averageof 174egions, 9 regions have a lower total birth rate (TBR) and a higher total mortality rate (TMR).

The stirdy found a correlation between the intensity of the total birth and death rates in the regions over
the past 15 years (R = -0.91) which corresponds to a high birth rate and a decrease in the death rate in the
regions. It is concluded that the regions, both with a good demographic situation and with a low one, are
stably formed by these two main indicators.

Each country’s region rating was determined with region classification by demographic indicators and
situational analysis. Firstly, grouping according to the current actual demographic situation in the regions of
the country and secondly, clustering of regions to determine the future demographic policy of the country
was conducted.
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Research method

A solution to grouping by complex parameters can be obtained by cluster analysis of multidimensional
statistical and mathematical methods with special computer programs (Dubrov, Mkitaryan, & Trpshin, 2011;
Rakhmetova & Dubrova, 2011).

The use of multidimensional data clustering methods is conditioned by the need to identify groups of
Kazakhstan regions with a similar state of demographic development, to model the demographic space.

In our study, a large number of demographic parameters were summarized and divided into several
groups regarding specifics to cover the general current situation based on cluster analysis in full. Coefficients
were chosen as parameters to enable us to compare the regions. The data of these parameters for 2009—2020
were analyzed and used to obtain several options based on SPSS applications (Orlova, 2009; Nasledov,
2013) using the cluster analysis method for grouping (clustering) regions depending on the current
demographic situation.

Group of parameters:

1. Birth rates:

- crude fertility rate, total fertility rate, fertility rate depending on the age groups)of Wwomen, the
proportion of persons having 3 children in turn, the proportion of persons having 5 children andymore in turn;

2. Mortality rates:

- crude mortality rate, infant mortality rate;

3. Reproduction parameters:

- coefficients of natural increase, net reproduction rate;

4. Age structure of the population:

- proportion aged 0-14, proportion aged 15-64, proportionaged,65 and over, demographic burden.

A correlation analysis was performed under the terms of théyclusténanalysis method to exclude a high
dependence between parameters, and parameters were seleeted topform the optimal number of features
(Dubrov, Mkitaryan, & Trpshin, 2011). During the study, the influence’of parameters on the prospects for the
demographic development of the country and its specifig,values were taken into account in comparison with
previous periods, national specifics (large families), and Weorldteountries that have the potential to grow or
decrease (in particular, infant mortality is still high). The presence of a close correlation between some
parameters prevented to obtain the required groups ofipacafeters to obtain the expected options in the course
of a comprehensive study.

As a result, clusterization was performed‘in six variants with averaged data for 2017-2020. This article
provides an analysis of one variant, where“€lusterization was performed across the country by parameters
(features): crude mortality rate (CMR),%infant mortality rate (ASMR), demographic burden (DR), the
proportion of 5 children born imturn'|(GFR:0S(5)) and more.

As a result of calculations] W/ regions of the country were divided into 3 clusters: high, medium, and
low levels, which correspondedito theask.

It was assumed in the n@ll Bypothesis that the current demographic situation in the regions does not
have any particular differences#The table results of the analysis of variance (ANOVA) showed that the
sample groups and the p=walue is small in comparison to the mean values. It follows that the null hypothesis
is not fulfilled, justifying the existence of differences in the demographic parameters in the regions divided
into three clusters (Table ).

Tabledl” Analysis ofiwdriance (ANOVA)

Analysis of Variance
Variable Between Within signif.

sS df SS df F D
Zscore (CMR) 6,005 2 ,230 13 26,102 ,000
Zscore (ASMR) 2,950 2 ,700 13 4,213 ,039
Zscore (DR) 5,977 2 ,234 13 25,501 ,000
Zscore GFR:0S(5) 6,259 2 ,191 13 32,794 ,000
Note — Compiled by the authors

Comparative analysis
The first cluster included 6 regions: Akmola, Karaganda, Kostanay, Pavlodar, Northern and Eastern
Kazakhstan. The second cluster included 4 regions: Aktobe, Western Kazakhstan, Nur-Sultan and Almaty
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city, and the third cluster included Almaty oblast, Atyrau, Zhambyl, Kyzylorda, Mangystau, Turkestan,
Shymkent regions (Table 2).

Table 2. Average Values of Parameters by Clusters

No. Regions Parameters
CMR ASMR DR GFR:0S(5)
Akmola, Karaganda, Pavlodar, Kostanay, Northern | 10.4 8.2 632 34
1(6) and Eastern Kazakhstan
2(4) Aktobe, Western Kazakhstan, Nur-Sultan, Almaty |6.1 6.5 586 3.5
city
3(7) Almaty oblast, Zhambyl, Kyzylorda, Mangistau, 54 8.2 755, 93
Atyrau, Turkistan, Shymkent
Total Average 7.6 7.9 664 57
Note — Compiled by the authors

The average value of the total mortality rate of the regions in the first cluster is twice'as high as in the
other two. Infant mortality is the same in the first and third clusters and lower in the second cluster.
Comparison of the demographic burden through average values does not showthe situation in full, since the
demographic burden in the first cluster - 632 units is formed mainly bygoeople over the age of 65 who make
up 65% of the disabled population in the cluster. In the third cluster - 755 units’is formed by children under
15 years old (75% in the average cluster), since the region has a high biuth'rate in the country.

Let us analyze the main parameters of the regions grouped byathe demographic development state, for
the trends in their change in the period from 2017 to 2020.An geéneraly there has been a downward trend in
mortality in the country over the past 20 years due toithe current epidemic situation (COVID-19) in 2019-
2020, and we included data for 2017 and 2020 in the analysis apart as mortality increased in 2017-2020.

In the regions of the first cluster, the mortality rate increased in 2017 compared to 2009 in four out of 6
regions by 2—-11%, after this year there was a slightidecrease in all regions, that is, by an average of 14%,
while the mortality rate in this cluster is 33% higher-than the national average one. Also, there was an
increase of 17% in 2020 compared to 2017. In terms of the overall mortality rate in the regions of the first
cluster, it is still higher (2017-44%, 2020=4%)(Table 3).

Table 3. Dynamics of Parameters in Clusters

Cluster
Parameters Yeafs 1 > 3 RK
Mortality growth rate, %  [£2017/2009 86 98 92 90
2020/2017 117 133 131 125
TMR intensity, % 2009 133 89 81 100
2017 144 88 80 100
2020 141 89 83 100
TBR 1999 11.3 12.5 18.9 14.6
2009 16.4 21 27.6 22.1
2020 15.4 22.1 27.9 22.8
TFR 2009 2.3 2.5 12 7
2020 5.1 6.8 22 13
Note — Compiled by the author

Mortality rates in the second cluster are also lower than in the northern regions of the first group, but in
2020, one can see an increase in the number of deaths by 33% compared to 2017. The mortality rate in Nur-
Sultan was 5 units in 2009 and 3.9 in 2017. It is explained by the fact that it is the city of youth and a high
level of medical care, and in 2020 it rose by 1.4 units and amounted to 5.3 units. The two major cities have
maintained levels lower than those of the Republic, averaging 20% lower between 2009 and 2020.

In the third cluster, the mortality rate in 6 regions decreased from 8.2 in 2009 to 5.7 in 2017, and it
increased by 31% in 2020 compared to 2017. At the same time, the regions of this cluster are on average
20% lower than the republican level in the period from 2009 to 2020. If we compare the development

132 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



Clustering by the level of demographic...

dynamics of these parameters in the regions included in the cluster with the level in the Republic, then we
see the difference between the intensity.

Now we compare the total fertility rate in these clusters for 1999-2020, and in general the difference
between the clusters is 5-6 units. Compared to 1999-2009, the dynamics of the total birth rate remained
stable for the period 2009-2020. Scientists noted that this is one of the factors hindering the development of
demographic processes in the country caused by the impact of the demographic crisis in 1991-2002. This
parameter also shows that the first cluster is below the level in the Republic.

In total, there are about 3 children per woman of childbearing age in the country. However, it increases
the total population by one or two percent. The proportion of three children per woman in 2019 compared to
2009 is growing in all clusters at a high rate, especially in the second cluster where it is doubled. This is not
enough given our natural resources, especially land area. In general, a trend towards an increase ingthe share
of large families has formed in the entire cluster, as evidenced, for example, by the trend of 2017-2020.
When a detailed analysis of births of the number of children in turn is made, the tendency forgheicth,of the
Ist and 2nd children in turn is decreased, this is due to a decrease in the number of women of childbearing
age. The birth of 3 children in turn of mothers in some regions is also decreasing. Thereforejthe méin task of
demographic policy is to increase the proportion of births of 5 or more children in tusf, and this parameter is
the main factor to solve the demographic problem. Due to the fact that 90% ofgheabirth jof the fifth child
occurs in women aged 25-44, TFR, i.e. a special birth rate, for 1000 women®aged 26=44 was calculated.
When the data in Table 2 are analyzed for this parameter, we see a high differcnice between the clusters.
There is a gap of almost 6 times between the first cluster and the third cluster#General demographic growth
is possible only at the expense of a child from 4-5 and above.

For the rating assessment of this grouping of clusters, we calculate their rank total value using the
following formulas (Kuvshinov, & Polovtsev, 2007)

K; = Xa;; (1)
= 1 . h
K =2%ay, i=1& N 1,..17 )

where K; — the sum of the ranks of the i-th parameter of the j=th region;

a; — the rank of the i-th parameter of the j-th region;

n — the number of parameters;

j — region number;

1?]- — the average sum over the cluster.

Here, the rank of the values fof the parameters of regions in each cluster is determined and calculated
by formula (1). Then the averagegvalue of the sum of ranks for clusters was calculated by formula (2). Here,
the place of regions in the demographic-situation is determined according to this option. The cluster with the
lowest sum of ranks has aghighpranking, high demographic state, and the cluster with the highest sum of
ranks has a low demographie’state. As a result, the rating of the Ist cluster was 46, the rating of the 2nd
cluster was 34, an@the ratinglefithe 3rd cluster was 22 units.

Discussions

Analysis,of thejstudy results showed that a downward trend has formed in the demographic situation of
6 regionstof thepNorthern and Central regions. In particular, the depopulation trend has continued in the first
clustér in thegKostanay region over the past 10 years, and therefore it is required to take measures at the state
level'Eh€ demographic situation in the city of Nur-Sultan in the second cluster maintains a stable situation
associated, with the internal city-village migration movement. The demographic parameter in the city of
Almaty islatent, as it turned out because the birth rate is below the republican level, but Almaty with
migration attractiveness gives an annual population growth that, one might say, has no demographic
contribution to the country.

In addition to the prevailing demographic trends in the country, it became clear that there are
differences in its regions, including in urban and rural areas. The average annual population growth of more
than one percent does not indicate the stability of the demographic situation.

Conclusions

The regions of the country were grouped according to the distance of their quantitative values for 4
main demographic parameters using computer technology with multidimensional statistical methods. In the
course of clustering, seventeen regions were divided into three clusters according to several features that
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characterize the demographic situation of the regions in Kazakhstan. The state of demographic development
of the regions in each cluster was assessed by the rating method, and the regions belonging to different three
groups were identified: high (reproduction), medium (stationary), and low (regressive, variable) type. The
following regions are in the process of constant growth: Almaty, Zhambyl, Kyzylorda, Mangystau, Atyrau,
Shymkent, Turkestan regions. Demographically stable trends persisted in the Aktobe, Western Kazakhstan,
Nur-Sultan and Almaty city. And the regressive or transitional trends include Akmola, Karaganda, Pavlodar,
Kostanay, North Kazakhstan and East Kazakhstan regions.

The system of parameters affecting the demographic state of each region made it possible to identify the
demographic potential in some regions, and the beginning of depopulation in other regions. Therefore, when
fertility and mortality is predicted in the future, it is required to take into account the prospective features of
each region (attractiveness, comfort of climatic conditions, infrastructure development, standard ofgliving of
the population, ethnic composition, etc.) and trends in the system of parameters characterizing the\current
demographic situation, determining the type of population reproduction in every region.
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P. PaxmeroBa, C. KanueBa, P. Angeknna, A. MakcioToBa
SPSS 6a3acsinga Kaszakcran enipiepinin gemorpagusibik dj1eyeTiH AeHreiii 0ofbIHIIA KacTepiey

AHnoamna

Maxcamuvr:  1999-2020 xputnap apanbiFblHAarsl  KazakcraH — eHipiepiHiH — jaeMorpadusulblk  laMybIHa
CTaTUCTUKAJIBIK TalJay JKYpri3y HeriziHie eHipiepai Herisri JeMorpadusiblK KOpCeTKIilITep OOMBIHIIA TONTACTHIPY
JKOHE CaJIBICTBIPMAIIBI TAJIIAY JKacay JKoHe Oaraiay JKyprisy.

Odici: KoppemssuIbIK-perpecCusUIbIK Tajnay dIiCiH KOJaHa OTHIPHII, aiMaKTapAsl OipHeme 1eMorpadusIIbIK
KepceTKilmTep OONBIHIIA TONTACTHIPY YIUiH ()aKTOpIap TONTAPbIH alIbIH-aja ipIKTey XYPri3iizl *oHe &iIacTEepIIeyaiH
HYCKasiapel aHbIKTanael. Makamaga SPSS apHaiisl KOMIBIOTEpIiK Oarmapiamachl HETI3IHZE JKy3cre acBIPbUIFaH
KeIIeJIIeM Il CTaTUCTUKAIBIK-MaTeMaTHKAJIBIK OICTI KJIACTEpIiK Tanmayra apHamraH 4 ¢axrt@p OOfbIHIIA HYcKa
YCHIHBUIFaH.

Kopvimeinovr: 1999-2020 >kpuimap apaibIFbIHIAFBl KE3CHAC KiacTepiep apachiHg@ KazakCTaH eHipiepiHe
CaJIBICTBIPMaJbl JAUHAMUKAIBIK Tajay JKyprizingi. Tamgay HoTHkKeciHIe Herisri aeMoppa@EBUIbIK KepCEeTKIIITepaiH
KJactepiiepze 2-3 ecere JieiliH albIpMalIbUIBIKTAPhI O0ap eKEHITT aHbIKTaJ/IbI.

Tyorcoipoimoama: Tytactail anrannga, OyKim en OOMBIHIIA OCBHI JKbUIAAD lHAC IeMOrpadUsuIbIK J1aMy/IbIH
Oastyyiaybl CaKTaJlJbl, COHJA-aK JaMy/IbIH PErPECCUBTI JKOJIbIHA OaFbITTANFaH aiiMaKpap AHBIKTANbI. BipiHIIi Ke3eKkTe
Oykin en OOWBIHIIA MPOTrPECCHBTI JAeMOrpadusuUIbIK JaMy »KOJIbIHA LIBIFY YIIIHWOCH J@HIpaepaiH neMorpadusuibK
npoOIeMachiH ISy YChIHBITAIbL.

Kinm ce30ep: nemorpausuIbIK KaFqai, eHIpIep, YpaicTep, komdakrop, TOINTaMa, KIaCTEpIIiK Tajaaay, peUTHHT.
P. PaxmeroBa, C. KanueBa, P. Aunéknua, Ay, MakcioToBa
Kaacrepuszanus mo ypoBHIo 1eMorpaguueckoro moreHmuana pernonos Kazaxcrana na 6aze SPSS

Annomauus.

Ilens: Ha ocHOBe NpOBENCHHWS CTAaTUCTHYCCKORO aHaj@3a IO JeMOTrpapUuecKUM pa3BUTHSIM PETHOHOB
Kazaxcrana 3a nepuoxa ¢ 1999 mo 2020 rr. crpynnupoBaTh peFHOHBI 10 OCHOBHBIM JIeMOTpa(UUecKiM IoKa3aTelsiM 1
IIPOBECTH CPABHUTENBHBIN aHAIN3 U OICHKY.

Memoowi: Vicnionb3yst METOI KOPPEIAIHOHHOPETPECCHOHHOTO aHaN3a, MIPEABAPUTENHHO IIPOBEICHA BHIOOPKa
rpynn  (GakTopoB AN TPYNIIMPOBKHM PETHOHOBRIIO, HECKOJIBKHM JAeMOrpauiecKuM IIOKa3aTeNlsiM M OIpeleIICHBI
BapuaHThl I KiacTepusanuy. B mgaHHOW efarbe IpeUIo’keH BapwaHT 1o 4 dakropaM Ui KIACTEPHOTO aHalIn3a
MHOTOMEPHOTO CTaTUCTUKO-MaT@MaTM¥ecKoro, | METoJa, peajn30BaHHBIA Ha 0a3ze CHEenMaTbHOW KOMIIBIOTEPHOMH
mporpammsl SPSS.

Pe3zynomamui: TIpoBeneH cpaBHWICIBHBIN AUHAMHYECKUI aHaIH3 pernoHoB KasaxcTana MexIy kiiacTepamu 3a
nepront ¢ 1999 mo 2020 rr. B pe3yiibTaTe aHamM3a YCTAHOBJIEHO, YTO OCHOBHBIE AeMOTpadudecKkue MoKa3aTeia HMEIOT
pasnuyus Mo Kiactepam 7o 2-34pas.

Boigoowr: B figiioM, o CTPaHE 3a 3TU rofbl COXPAHAIOCHh 3aMEUICHHOE JIeMOrpauuecKoe pa3BUTHE, a TAKKe
OIPEJEIICHbl PETUOHBI,NOPHEHEMPOBAHHbBIE HA DPETrPECCUBHBINA IyTh pa3BUTUA. B mnepByro ouepenb, IpearacTcs
pemieHne aeMorpapuyeckoil NpoOaeMbl 3TUX PErHOHOB ISl BBIXOAa Ha ITyTh NMPOTPECCHBHOTO AEMOrpaHuIecKoro
Pa3BUTHSL, B IIEJIOM, 110 GIpaHe.

Knioueevle crosds nemorpaduieckas CUTyanus, peruoHbl, TEHAESHINH, MHOTO(AKTOp, TPYNINUPOBKA, KIACTEPHbIH
aHaJu3, peUTHHT.
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