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Analysis and modeling of indicators of sustainable development
of regions in the Republic of Kazakhstan

Sustainable development management includes three major components: environmental, social, economic.
This paper is focused mainly on environmental part.The article includeseconometric modeling approach in
the analysis of environmental governance in the Republic of Kazakhstan on the way to sustainable develop-
ment. We estimate regions in the Republic of Kazakhstan according to their economic and environmental de-
velopment. Based on the above-mentioned we proposed 4 clusters. According to the analysis of environmen-
tal situation we found out that there is a need to minimize ecological consequences, future externalities for
new generations. Public authorities need to understand it in the process of implementation of long-term social
and economic strategy in the Republic of Kazakhstan. The prediction of the transition to «sustainable» devel-
opment made by our macroeconomic model is very favourable for the Republic of Kazakhstan from eco-
nomic, environmental and social points of view. In our model, it was shown that «sustainable development»
not only leads to the economic development of the country as a whole, but also provides a higher GRP
growth rate, smoothes uneven regional progress, and guarantees «developmenty itself - one of the key indica-
tors of the country’s well-being.

Keywords: sustainable development, management, economic sphere, social sphere, ecological sphere, Kuz-
nets curve, Kazakhstan model, cluster, indicators of sustainable development, regions.

System of indices and indicators, which includes various components, is used to assess the level of sus-
tainable development both at the regional and national level, as well as its modelling. In view of the avail-
ability of a huge variety of "sustainable development" definitions in the interpretation of domestic and for-
eign scientists, involved in the management of sustainable development, by sustainable development we un-
derstand a model of governance that will ensure a decent standard of welfare and dynamic development of
economic and social system with the environment. A.A. Shalmuev in relation to socio-economic system de-
fines "sustainability" in the most general form as the ability of the system to return relatively quickly to its
original state or reach a new and higher point on the path of its development [1].

One of the most complete systems on coverage of sustainable development indicators was developed by
the United Nations Commission on Sustainable Development. The indicators are divided into main groups:

— indicators of social aspects of sustainable development,

— indicators of economic aspects of sustainable development,

— indicators of the environmental aspects of sustainable development (including the characteristics of
the water, land, air, other natural resources and waste),

— indicators of institutional aspects of sustainable development (programming and policy planning, re-
search and development, international legal instruments, information technology, strengthening the role of
major population groups) [2].

In this work we have attempted to analyze the relationship between the level of environmental pollution
and the volume of GDP in Kazakhstan (in the whole country). In the basis we used the Environmental
Kuznets Curve [3, 4] proposed by D. Grossman and A. Krueger [5].

Simplified Environmental curve regression equation is as follows:

Y = Bo + P1BBIl; + B, BBIIZ, + B,BBII;, + BsBBITZ, + uy,

where Y, — the level of pollution; BBII;; — the volume of gross domestic product; BBII;, — three-year moving
averages of gross domestic product volumes.

In this case, the moving averages are usually included in model for smoothing short-term fluctuations
and highlighting fundamental trends or cycles. Mathematically moving average is one type of fold, and it
can, therefore, be regarded as a low pass filter used in processing signals [6].
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Estimation of coefficients of the regression equation we will produce by the least squares method. As a
result of fitting the data on the volume of GRP and emissions of air pollutants by 16 regions of Kazakhstan
for the period from 2006 to 2015, was obtained the following equation:

Y, = 81,47 + 0,13BPII;, — 0,00004BPII2 + 0,03BPII;, — 0,000005BPI1Z,

wherein: Y;; — emissions of pollutants from stationary sources, thousand tons; BPII;; — the volume of gross
regional product, bintenge; BPII;; — three-year moving averages of gross regional product volumes, bintenge.

Since the coefficient 8, = —0,00004 < 0, and the coefficient f; = 0,13 > 0, we obtain a convex up-
ward curve (N-shaped) changing its direction with respect to the inflection point from growth to fall.

Differentiating the equality in terms of GRP, and equating the result to zero, we have calculated the
amount of GDP on average in Kazakhstan for which the amount of pollution reaches its maximum value.
And have found that the contamination peak occurs at the level of the GRP = 1677, 05 billion tenge. A fur-
ther increase in this indicator in the Republic of Kazakhstan leads to pollutants emissions reduction.

However, this trend is not observed for a longer period. As a result of the data processing on the volume
of GRP and emissions of air pollutants by 16 regions of Kazakhstan for the period from 2000 to 2016, we
obtained the following regression equation:

Y;; = 119,8 — 0,07BPII;, + 0,00001BPITZ + 0,15BPII;, — 0,00003BPII.

In the equation, the coefficient §, = 0,00001 > 0, and the coefficient §; = —0,07 < 0, therefore,
downward convex curve (U-shaped) changes its direction with respect to the inflection point fromdropto the
growth.

In this equation using the moving averages of gross domestic product, which are typically included in a
model for smoothing short-term fluctuations and highlighting major trends or cycles, we observe a slightly
different picture, analyzing long trend. This may be connected to the cyclical development of the economy in
the long term, which in itself, does not contradict the principles of sustainable development.

Since economic growth reflects the quantitative changes (in the form of gross domestic product); and
sustainable development reflects the positive qualitative changes aimed at growth, the transformation and the
transition from one state to another.

Cyclic recurrence of the economy development can be defined as a form of its development, as a
movement from one to the other macroeconomic equilibrium, i.e. the transition from one state to another. In
this context, the U-shaped curve represents, on one hand, the economic cycle phases. But, since cycle recur-
rence itself is a form of economy development, the crisis (manifested in decline point), in turn, appears as a
form of economic development.

Further research is of practical interest of the impact of economic development on the level of pollution
in different regions of Kazakhstan. At first, in order to do this we held clustering of all regions by the two
indicators - the number of air pollutants emissions from stationary sources (thousand tons), and gross re-
gional product (blntenge) using data for 2015 [7].

For the classification of regions we used cluster analysis, allowing carrying out decomposition of ob-
jects into homogeneous groups or clusters on a number of grounds. Homogeneous objects are considered as
objects,observable signs of which are in close proximity to each other. The norm of proximity is the metric
distance. To solve the problem we used the usual Euclidean metric, according to which the distance between
observations is calculated as follows:

d;j= \/Zi:l(xki — Xkj)%

On the basis of the Euclidean metric, the distance between the regions 1 and 2 is:

dy, = /(83,8 — 1254)2 + (942,2 — 1816,3)? = 875.

It is evident that dl’z = dz'l, adl‘l =0.
Similarly we find the distance between all the 16 regions and build a matrix of distances.
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From this the distance matrix it follows that the regions 5 and 10 are closest to each other ds 19 = 38,

so we combine them into a single cluster and move to the next partition.
The distance between the clusters is defined by the principle of "distant-neighbour", which is described
by the formula:
dyq=5d1q +5dmgq +75|d1q — dmg|-
Inwhich d; 4; dp, 4 — geometric distances between relevant clusters.
Thus, the distance between the region 2 and the cluster (1 + 8) is:

1 1 1
dy(54+10) = §d1,5 + §d1,1o + > |d1,5 - d1,10| =

%-904 +%- 938 +§|904— 938| = 938.

Carrying out similar calculations, we obtain a new matrix of distances.
We find again the minimum distance between objects dq4 14 = 70, combine them into a cluster and on
the principle of "distant-neighbour” define the distance between the clusters. Thus, re-construct a matrix of

distances.
Calculations are continued for so long as one does not get the final cluster. The sequence of clusters join

is represented in the form of the scheme:

{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16}

{1,2,3,4,5+10,6,7,8,g,1 1,12,13,14,15,16}
{1,2,3,4,5+10,6,7,8,9l,1 1+14,12,13,15,16}
{1,2+(5+10),3,4,6,7,8f9,1 1+14,12,13,15,16}
{1+6,2+(5+10),3,4,7,8l,9,1 1+14,12,13,15,16}
{1+6,2+(5+10),3,4,7,8£r9,1 1+14,12,13,15,16}
{(1+6)+13,2+(5+10),3,i,7,8+9,1 1+14,12,15,16}
{(1+6)+13,(2+(5+10))+3f4,7,8+9,1 1+14,12,15,16}
{(1+6)+13,((2+(5+10))+3)i(1 1+14),4,7,8+9,12,15,16}
{(1+6)+13,((2+(5+10))+3)i(1 1+14),4+15,7,8+9,12,16}
{((1+6)+13)+(8+9),((2+(5+1g))+3)+(1 1+14),4+15,7,12,16}
{(1+6)+1 3)+(8+9),(((2+(5+10l))+3)+(1 1+14))+12,4+15,7,16}
{((1+6)+13)+(8+9),((2+(5+1 0)§+3)+( 11+14))+12,(4+15)+7,16}
{(((1+6)+1 3)+(8+9))+((((2+(5+lol))+3)+(1 1+14))+12),(4+15)+7,16}
{((((1+6)+13)+(8+9))+((((2+(5+10)§+3)+(1 1+14))+12))+((4+15)+7),16}
!

{(((AA+6)+13)+H(EH))H(((2+(5+10))+3)H(11+14))+12))+H(4+15)+7))+16}
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On the basis of a schematic representation of the results of the cluster analysis, we can conclude that all
regions of the Republic of Kazakhstan by ecological and economic development are divided into four clus-
ters:

1) Akmola region (1), Zhambyl region (6), Kostanay region (8), Kyzylorda region (9), North-Kazakhstan
region (13);

2) Aktobe region (2), Almaty region (3), West-Kazakhstan region (5), Mangystau region (10), South-
Kazakhstan region (11), Pavlodar region (12), East-Kazakhstan region (14);

3) Atyrau region (4), Karaganda region (7), Astana city (15);

4) Almaty city (16).

The results of cluster analysis can be represented as a dendrogram, which is presented in Figure.
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Figure. Cluster analysis of ecological and economic development
of regions of the Republic of Kazakhstan.

After dividing all the regions of Kazakhstan on four clusters we carried out a regression analysis ac-
cording to the level of contamination from the economic development of the regions; and as a result of which
we obtained the following equation:

For cluster 1:

Y;; = 192,7 — 0,206BPII;, + 0,000075BPII%.

For cluster 2:

Y;; = 109,4 + 0,151BPII;; — 0,000076BPH12t.
For cluster 3:

Y;e = 70,2 + 0,419BPII;, — 0,00012BPII7,.
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For cluster 4:
Y, = 13,3 4+ 0,0002BPII;; — 0,0000000SBPl'Ift.

So, the first cluster is represented by the most prosperous regions in terms of ecology — Akmola,
Zhambyl, Kostanay, Kyzylorda and North-Kazakhstan. For this cluster Kuznets curve does not work - there
is no maximum point, but we have minimum one, i.e. before it with the increase of GRP the emissions re-
duce, and after that point with increasing GRP the emissions will increase.

The second cluster is represented by less favourableregions from an environmental point of view: Ak-
tobe, Almaty, West Kazakhstan, Mangystau, South Kazakhstan, Pavlodar, East Kazakhstan regions.

The third cluster is represented by Atyrau region, Karaganda region, Astana city; and the city of Almaty
- stands out as an independent fourth cluster.

For all these regions N-shaped curve, i.e.there is a point of maximum GRP, after which emissions are
reduced. That is, according to the environmental Kuznets curve, along with economic development the pol-
lutants emissions into the environment reduce.

Why forthe first most prosperous cluster in the ecological sense in Kazakhstan Kuznets curve does not
work?

This can be explained by the fact that the growth of economic activity has a negative impact on the
quality of the environment; in contrast to changes in GNP income per capita, the impact on the environment
of which is positive and linear, and this contradicts the results of Grossman and Krueger. Variable measuring
the impact of trade is not significant in the regression equations, as it may have contradictory effects on the
ecology. Researchers make the following conclusion: the level of contamination increases if the country has
a surplus of capital (as in this case capital-intensive and environmentally dirty industries are developing), and
decreases with growing labour-intensive industries.

In general, countries with low GNP income per capita generate polluting products, and the society is not
so concerned about the condition of the environment that the government will realize conservation activity.
With the growth, pollution reaches a critical point. Then the state under public pressure, on the one hand,
begins to form a system of environmental management, and on the other - with the help of macroeconomic
tools to stimulate economic shift away from polluting industries to high-tech ones, in which modern technol-
ogy and the human factor play an important role. As a result, environmental pollution begins to decrease.

So, the prediction of the transition to «sustainable» development made by our macroeconomic model is
very favourable for the Republic of Kazakhstan from economic, environmental and social points of view. In
our model, it was shown that «sustainable development» not only leads to the economic development of the
country as a whole, but also provides a higher GRP growth rate, smoothes uneven regional progress, and-
guarantees «development» itself — one of the key indicators of the country’s well-being.

At the present stage of its development, the Republic of Kazakhstan has not yet reached the point of the
maximum on the Environmental Kuznets Curve, which explains the environmental degradation and worsen-
ing of environmental situation.

A number of ministries, departments, committees, NGOs and other organizations responsible for ad-
dressing these issues in Kazakhstan practice the management of «sustainable development». The main gov-
ernment body, in our opinion, is the Ministry of Environment and Water Resources.

The transition to sustainable development and its management — is a very long process, as it requires the
solution of unprecedented by scale social, economic and environmental objectives. As we move towards sus-
tainable development the very notion of it will be changed and updated, the needs of people - rationalize in
accordance with environmental constraints, and means to meet these needs - improve. Therefore, the imple-
mentation of the principles of sustainable development should be considered in stages. Moreover, only for
relatively early stages appropriate software and forecast documents can be developed. For example, the Stra-
tegic Plan of the Ministry of Environment and Water Resources of the Republic of Kazakhstan for 2014 -
2018 years. This strategic document is a plan, which outlines the main objectives, indicators, events and
measures to achieve the goals on the path to sustainable development in the Republic of Kazakhstan. But,
unfortunately, many of the indicators of the Plan are not amenable to analysis and should be specified [8].

The transition of the Republic of Kazakhstan to sustainable development is predetermined by the need
to address pressing environmental, economic and social problems. At the same time, programs of the envi-
ronment improvement should be developed in the areas of ecologic crisis and begin their systematic execu-
tion; also outline comprehensive measures to normalize the situation in environmentally disadvantaged areas
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and prepare the organizational basis of these measures realization. Minimizing adverse environmental im-
pacts, future externalities for the next generations is necessary. The problem of environmental constraints,
compromise between current and future consumption should become the main in the elaboration of socio-
economic development strategy for the long term outlook for any country.

In the next step should be carried out major structural changes in the economy, technological innova-
tion, and significant greening process of socio-economic development. At this stage, environmental well-
being of the country is provided primarily through the rationalization of the use of the rich natural potential
of Kazakhstan, the use of new technologies, the development of human capital and management.
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H.K. Emenuna, M.A. Acanosa, J[.A. Curenko

Kazakcran Pecny6ukachl ailMaKTapbIHbIH TYPAKThI 1aMYbIHbIH
KOPCEeTKIIITePiH TajJaay sKoHe yJriiey

Typaxtel gamyzabl Oackapy[blH YII HETIi3ri Kypaymibichl 0ap: 9KOJOTHs, SJIEYyMETTIK cajla, SKOHOMHKA.
Makanaga OSKOHOMETPHSIBIK  YITUICYOiH KeMeriMeH TYpakThl —JaMy OKkoiblHAarsl — Kaszakcran
PecryOiKachblHBIH  OKOJIOTHSUIBIK  OacKapyblHa Taijgay kacairadH. biz KP  ailimMakrapsiHa —oJapibiH
SKOHOMMKAIIBIK JKOHE YKOJOTHSIIBIK JaMybIHa colikec Oara Oepaik. JKorapbina aliTeurrangap Herisinge 6i3 4
KJIacTep YCHIHIBIK. DKOJOTHMSUIBIK JKaF[Jail/IblH TajJayblHa CoHKec jkaHa OybIH YIIIH CHIPTKBI (akropiap
60JIaThIH KOJIOTHSIIBIK CajiapiapAbl MUHUMYMIe 9Kelly KaXeTTUIri 6ap eKeHiH aHbIKTaablK. MeMIIeKeTTiK
6unik Mekemenepi Kasakcran PecnyGiukacelHbIH Y3aK MEp3iMai QJICyMETTIK-DKOHOMHKAJIBIK CTPATETHUsIChIH
JKYy3ere achlpy YPAICiHIE OCBIHBI TYCiHY Ka)eT. Bi3fiH MakpOIKOHOMUKAIIBIK YITIMEH JKacallFaH «TYPaKTh»
namyra ety Oomkambl Kasakctan PecryOnukachl YIIiH 9KOHOMHKANBIK, KOJOTHSIIBIK KSHE OJICYMETTIK
JKarbIHaH J1a ©T¢ OHTAMIBL. Bi3aiH MO/ENbe «TYPAKThI JaMy» eiMi3/li JKalbl SKOHOMHKAJIBIK JaMyFa SKEJIil
KaHa KoiiMaii, JKIO ecy ekmiHiH KOFapbUIaTaTHIHBI, aMAKTHIK JaMyIaFbl OIpTEKTi €MECTIKTI TeTiCTeHTiHi,
COHBIMEH Oipre eJimi3[eri MOJIIBUIBIKTBIH HETi3r1 KepCeTKITepiHiy Oipi — «IaMyabpIH» ©31H KaMTaMachl3
€TEeTiHI KOpCeTire .

Kinm coe30ep: TypakTsl njamy, 6ackapy, SJKOHOMUKAIBIK cana, dJCyMETTIK caja, 3KOJOTHUIBIK cana, Ky3Hen
KuchIFbl, Kasakcran Mojeri, knactep, TYpakThl aMy KepCceTKiluTepi, aiiMakrap.

H.K. Emenuna, M.A. Acanosa, JI.A. Curenko

AHa/IU3 U MOJIeTMPOBAaHME MTOKAa3aTe el YCTOHYMBOI0 pa3BUTHS
peruoHoB B Pecnybiuke Kazaxcran

VipasneHue yCTOHYMBBIM Pa3BUTHEM BKIIOYAET B Ce0s TPH OCHOBHBIX KOMIIOHEHTA: 3KOJIOTHs, COLHANIbHAs
cdepa, sxoOHOMHUKA. B cTaThe OCBelleHa INIABHBIM 00pa3oM 3KoJIoruyeckas cocrapisiomas. C HOMOIIBIO 9KO-
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HOMETPUUYECKOTO MOJEINPOBAHHS MPOBEICH aHAIN3 KOJNIOrHYecKoro ympasieHus B Pecrybmuke Kazaxcran
Ha MyTH K ycToHuumBoMy pa3BuThio. [laHa oleHka pernoHaM PK B COOTBETCTBUMHM C MX 3KOHOMHUYECKUM
Y 9KOJIOTHYECKUM pa3BUTHeM. Ha ocHOBaHMM YMOMSHYTOTO BBIIIE NMPEATIOKEHO 4 KiacTepa. BeisicHeHo, uTo
CTJIACHO aHAJIM3Yy JKOJOTHUECKOHW CHTYalluH CYIIECTBYeT HEOOXOAMMOCTh CBECTH K MUHHMYMY JKOJIOTHYe-
CKHe TIOCIIeACTBHS, OyayIre BHEIIHIE (HaKTOPHI U HOBBIX IMOKOJICHHH. OTMEUeHO, YTO OpraHbl rocyjapcT-
BEHHOH BIACTH JOJDKHBI IOHUMATh 3TO B IIPOLECCE PEAIU3alMU JOJITOCPOYHOH COLMANbHO-D9KOHOMUYECKON
crparernn B PecriyOnmke Kasaxcran. CuenanHoe Hamreil MakKpoIKOHOMIYECKOH MOJEIBIO TpeJCcKa3aHue I1e-
pexoza K «yCTOHUHMBOMY» Pa3BHTHIO OueHb OnmaronpuatHo ansa Pecry6mukn Kasaxcran n ¢ 3KOHOMUYECKOH,
U C 9KOJIOTUYECKOM, U ¢ COLMaIbHOM Touek 3peHus. [loka3aHo, 4To «ycTOMUMBOE pa3BUTHE» HE TOJIBKO MPH-
BOJMT K SKOHOMHYECKOMY Pa3BUTHIO CTPaHBI B LIEJIOM, HO M obOecreunBaeT 0ojee BBICOKHE TEMITBI pocTa
BPII, crnaxuBaeT HepaBHOMEPHOCTh B PETHOHATIBHOM Pa3BUTHH, a TAKXKe 0OECIIEUNBAET CaMO «Pa3BUTHE» —
OJIMH M3 OCHOBHBIX IIOKa3aTesell 0J1aronorydus cTpaHblL.

Knioueswvie crosa: yCTOfI‘lPIBOC Ppa3BUTHUE, YIIPABJICHUEC, DKOHOMUYCCKasA cd)epa, conuajibHas cd)epa, OKOJIOTH-
qeCKas cd)epa, KpusBas Ky3HeL[a, Ka3axCTaHCKasi MOJECJIb, KJIAaCTEp, NOKa3aTe/in yCTOfI‘lPIBOI‘O pa3BuTHUA, pe-
TUOHBI.
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