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The article is devoted to problems of stating the complex index of anthropogenic impact (IAI) formation es-
timating the ecological stress level in regions of Kazakhstan. A system of indicators of anthropogenic stress
for ecological monitoring is justified as different methods of normalization and aggregation of indices. Re-
sults of various estimations are provided. Factors of transformation of territorial structure of pollution are re-
vealed. IAI shows that in the post-Soviet period, inherited ecological problems and new sources of impact de-
termined the anthropogenic impact spatial shift at the regional level from the North and East to the South and
West. Industry is losing its status as the main source of anthropogenic impact (Al), so densely populated areas
and the increase in associated impact indicators have caught up with industry. The population outflow in
Northern Kazakhstan has a positive effect on the Al level and increases Al in Southern Kazakhstan. The en-
tire variety of scenarios for the dynamics of the impact of material production on the environment can be re-
duced to four types: ecological degradation, when an economic downturn is accompanied by increased envi-
ronmental pollution; depressive development, when an economic downturn is accompanied by decreased pol-
lution; extensive ecological development, where economic growth is accompanied by increased pollution;
balanced development, when economic growth is accompanied by decreased pollution. During crisis years,
there was a decrease in industrial pollution, the volume of atmospheric emissions and polluted wastewater,
and, to a lesser extent, water consumption; conversely, vehicle emissions, the volume of toxic waste, the area
of disturbed lands, and forest fires do not depend on the change in GRP. Despite the fact that for the country
as a whole, the dependence of the level of pollution on the level and dynamics of economic development is
weakening, with each new crisis, there is an increasing number of regions where the environmental state con-
tinues to deteriorate despite the economic downturn.

Keywords: ecological and economic analysis, pollution indicators, integral index ecological stress, ecological
situation, anthropogenic impact, complex estimation.

Introduction

Ecological status is gradually becoming a significant factor of regional growth in former Soviet coun-
tries. Large-scale social and economic, institutional and technological changes since the early 1990s occur-
ring in the course of the economy's adaptation to market conditions and inclusion of post-Soviet countries in
the world market have considerably affected the environment, especially at the regional and city level. The
past quarter of the century has seen dramatic changes in the ecological status (ES) in Kazakhstan. New con-
ditions have made their appearance and the importance of ES formation factors has changed: The role of
technological factors has gradually decreased; the role of structural industry shifts has increased since it was
relatively high-tech processing industries that experienced maximum output reduction. The greater raw-
material orientation of economy in Kazakhstan has amplified anthropogenic impact on mining regions, while
the largest cities faced a rapid growth of automobilization being an important factor of anthropogenic impact.
Institutional mechanisms have not succeeded in producing ES territories; environmental payments do not
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stimulate a greener economic activity though large private business possesses considerable financial re-
sources for production modernization.

At the same time, the environmental conditions in the industrially developed former Soviet countries
rich in natural resources, in particular, Kazakhstan, still bear the features inherited from the period of the So-
viet industrialization. Their role can be revealed through a comparative study of the two countries, the indus-
trial complex of which was formed within a single space.

Integral index of anthropogenic impact has been developed to assess changes in environmental condi-
tions in the regions of the Republic of Kazakhstan. The scale and method of the research were chosen based
on availability of statistical information for various levels and time periods, comparability of environmental
indicators in Kazakhstan and adequacy of the available statistics. In addition to the analysis of the impact of
key factors and trends in the ecological status, a comprehensive assessment of the transformation of envi-
ronmental and economic situation caused by changes in branch and territorial structure of the regional econ-
omy is needed. The comprehensive assessment lays the basis for a greater efficiency of environmental in-
vestment.

Experimental

Integral indices of environmental conditions started to appear almost simultaneously in the USSR and
in the West. However, differences in development conditions of this research method and its purposes, im-
possibility of sharing practices predetermined separate ways at the initial stage of formation of complex indi-
ces. Generalizing the available experience of foreign scientists, governmental and international commissions
in this field, it is possible to identify a number of features. First, the use of basic indicators (GDP, gross do-
mestic savings, net domestic product) is normalized based on the cost estimate of depletion of natural re-
sources, ecological damage, natural capital [1-3]. Second, there are integral indicators of sustainable devel-
opment (ecological sustainability, real progress, etc.) including both indicators of quality of life and ecologi-
cal indicators [4, 5]. The third important feature is the initial orientation towards the search of indicators re-
flecting a contribution of the countries to global problems, i.e., ecological footprint, living planet index [6].
Finally, proper environmental indices based on either indicators of anthropogenic impact (air emissions,
waste water) or "environmental efficiency” (impact of an ecological factor on human health and ecosystems)
[7-9].

Kazakhstan needs a multi-scale environmental research: Country assessments lacking a regional com-
ponent are unacceptable for countries as vast as they are. Sub-regional assessments are even more promising;
however, the ecological statistics at the level of districts and municipalities is too scarce for a comprehensive
complex assessment of anthropogenic impact over time. Thus, two levels have been chosen for the research:
country and regional, allowing assessment of industry-specific and territorial shifts of areas of anthropogenic
impact over time.

Key problems which researchers face while elaborating a technique for impact assessment at the re-
gional level are a weak statistical base, frequent change of calculation procedures and incomparability of
some indicators within inter-country comparisons due to various approaches to measurements and calcula-
tions. For example, a key group of indicators highly relevant for the assessment of anthropogenic impact
connected with the impact on forest resources is less relevant for Kazakhstan. Considering a common group
for conventional forests and haloxylon desert woodlands in the Kazakhstan statistics, use of indicators of
impact on forest resources demands a careful approach and expert adjustment [10, 11].

Stage 1 included the methodology for the integral assessment of the anthropogenic impact level
and the creation of the integral index.

— Selection of priority components. Ecological indicators of almost all significant sources of impact
were considered: production sector, power industry, motor transport, agriculture and forestry, population as a
source of impact (through household waste and indirectly through other indicators), indicators of radiative
effects, and others.

— Selection of indicators for each group was based on the principles of systematicity, reliability, availa-
bility of statistics, pronounced territorial differentiation, clearly interpreted dynamics. Each type of anthro-
pogenic impact has a set of absolute and relative (specified in brackets) indicators: A; — density of air emis-
sions of the production sector and motor transport per the acreage of the cities, production sector, transport;
A, — coefficient of emission toxicity calculated as the ratio of emission volume normalized to a single tox-
icity to the gross air emission volume; B; and B, — share of water consumption and wastewater discharge in
surface-water supply, respectively; C; — solid waste density taking into account their hazard class; C, —
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share of disturbed industrial lands; D; and D, — share of cultivated and reclaimed lands respectively; D3, D4
and Ds — mineral, organic fertilizers and pesticides respectively per 1 hectare of arable lands; Ds — cattle
livestock per the area of pastures; E; — share of total standing volume of cut timber; E; — the area of felling
per calculated cut; E; — share of unauthorized felling; F; — share of inhabitants in radioactive contamina-
tion zones; F» and F; — soil pollution density with '3’Cs radionuclides of the forests and the area, respective-
ly; F4 — share of lands of the cities, production sector, motor transport polluted by radionuclides; Fs — share
of lands of former nuclear test sites and major accidents related to radioactive pollution.

— Translation of initial value matrix for assessment indicators into values normalized for addition of dif-
ferent-sized indicators. The following criteria can be used while selecting normalization principles: the na-
ture of asymmetry of separate indicators, their contribution to the final assessment and interpretation of the
totals. While searching for an optimum normalization principle, three most widespread methods were ap-
plied: ranking, linear scaling, and logarithmic scaling. Logarithmic scaling proved to be the most acceptable
method for the integral index. For the first time, suggested for assessment of territorial differences of anthro-
pogenic impact in the Russian regions, this method not only removes excessive differences of indicators, but
also adequately reflects the increasing pollution level parallel to the growing integral index [12].

log, X

min

=——_—— y;,— index value in i region. (D)
longin X, max
— Integral index of anthropogenic impact (1Al) is calculated through the aggregation of group average
values for the above mentioned normalized indicators according to the formula:
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Stage 2 is the environmental and economic assessment. The discrepancy between the rates of eco-
nomic growth and consumption of resources or environmental pollution is one of the most important criteria
for a «green» economy development. The effect of decoupling is assessed (Df) [13]:

D — 1 _ Et/Yt

t b

Ey /Y,
where £y and E; are indicators characterizing the negative impact on the environment in the base and current
periods (volume of emissions, wastewater, waste, volume of water consumption); Yy and Y; are GDP in com-
parable prices of 2005 in the base and current periods, respectively. A positive value of the coefficient D;
indicates that the increase in value added is accompanied by a decrease in the burden on the natural envi-
ronment, and a negative value indicates the absence of a decoupling effect.

Stage 3. Correlation between changes in IAI and dynamics of economic indicators.

The entire variety of scenarios for the dynamics of the impact of material production on the environ-
ment can be reduced to four types: (1) ecological degradation, when an economic downturn is accompanied
by increased environmental pollution; (2) depressive development, when an economic downturn is accompa-
nied by decreased pollution; (3) extensive ecological development, where economic growth is accompanied
by increased pollution; (4) balanced development, when economic growth is accompanied by decreased pol-
lution [14].

2

Integral assessment of anthropogenic impact

Integral IAls were calculated for four time periods: 1990 — the beginning of the transition period,
1998 — the end of crisis, 2003 — the end of the first stage of compensatory growth, 2014 — the most recent
available statistics. In general, the results demonstrate the adequacy of the developed technique for identifi-
cation of territorial differentiation of environmental conditions in large countries (Fig. 1).
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Figure 1. Changes in the integral index of anthropogenic impact in 1998-2020

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps://stat.gov.kz/)

The total index has shown a high, though reducing degree of interregional distinctions in terms of the
intensity of environmental pressure on the territory of the two countries (from 3.6 to 1.7 times during 1990—
2020). Various changing trends in individual factors have also determined the dynamics of the complex re-
gional index after the collapse of the Soviet Union.

Decreasing Al has become an underlying trend, and internal fluctuations corresponded to the dynamics
of economic indicators. At the same time, in the early 2000s, during the maximum increase in oil prices, pol-
lution volumes moved to the extracting regions with low population density. Unlike the majority of old de-
veloped regions where pollution is localized in the cities, the impact is dispersed across the territory in newly
developed extracting regions.

Use of pollution density indices (as compared to absolute values of volumes) moves three types of re-
gions down in rankings. First, large regions with an intense, but rather localized Al (Karaganda). Second,
regions with large rivers under serious anthropogenic pressure, but with low density of impact (Atyrau).
Third, strong agro-industrial regions (Kostanay) have seen an advancing production decline in the leading
agricultural regions with the most intensive agriculture since the 1990s. On the contrary, industrial regions
with localized and cities of republican status rise in ranking. Agricultural pressure exacerbates ecological
stress in traditionally agrarian regions of Kazakhstan — North Kazakhstan and Akmola.

However, centres of ecological stress, unevenly spread across the territory, are the same for any as-
sessment method. In Kazakhstan, the centre of ecological stress, Pavlodar-Karagandy-East Kazakhstan area,
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has actually begun to smear during the considered period due to decreasing impact in the East Kazakhstan
region and new centres of ecological stress: oil-extracting West and densely populated South of Kazakhstan.

As in most EAEU countries, in the early 1990s, Kazakhstan experienced a decrease in anthropogenic
impact, since 2000, a gradual increase in emissions began and there was a slight decrease in subsequent
years. Kazakhstan regions developed differently both during the crisis and during the years of economic
growth. A high level of cheap hard and brown high-ash coal availability, ferrous and non-ferrous metal ores
has led to a heavy industrial structure formation and the highest levels of anthropogenic pollution for decades
in Central and North-Eastern Kazakhstan. All major centers of atmospheric pollution are concentrated here
(73 % of air emissions from stationary sources). In metallurgy, the utilization level of toxic substances is tra-
ditionally at an average level and, as a result, the regions of its deployment are the emissions source of the
most toxic substances. In the Pavlodar region, the largest polluters are the centers of refineries, thermal pow-
er plants (Aksu and Pavlodar), and since the 1960s, an energy-intensive aluminum industry has appeared
here, which has created a toxic environment in the city. Energy-intensive ferroalloy production appeared on
imported quartzites from the Urals in Aksu and Ekibastuz. The emissions’ volume in the region was 3 times
less than in the Karaganda region, also because there is a high level of emissions purification, mainly due to
the utilization of solid compounds from the high-ash coals combustion. However, the Karaganda region has
significantly reduced emissions and is now in the second place after the Pavlodar region.

The powerful development of thermal power engineering also determined the largest water intake and
wastewater volumes (over a quarter of wastewater discharges in Kazakhstan). Although a significant part of
CHP effluents are cooling relatively clean water, with such a high coal mining concentration, metallurgy,
chemistry and heavy engineering enterprises, warm water discharged from CHPs creates the problem of syn-
ergistic impact.

The consequence of accelerated industrialization to nowadays is environmental problems in the east of
the country. The smelting of titanium, magnesium, lead and zinc is a source of highly toxic emissions in Ust-
Kamenogorsk and the oldest center of the lead-zinc industry in Altai — Ridder city, operating on their own
concentrates. This form of organizing the non-ferrous metals production in the form of large full-cycle plants
is associated with the peculiarity of their ores — a low content of pure metal (1-5 %), and even less than one
scattered.

Thus, inherited development has determined the territorial concentration level of the most «dirty» in-
dustries, the creation of large-scale industries without the required level of purification, etc. in the regions of
Central, Eastern and partly Northern Kazakhstan. However, their current growth, which has also led to an
increase in pollution since 1996, is associated with the demand for their products on the world market. Ka-
zakhstani metals are bought in more than 30 countries of the world. Therefore, the second factor in the terri-
torial dynamics of the ecological state was the globalization impact and the inclusion of regions and cities of
Kazakhstan in the world market. It covers the territory of the country unevenly «choosingy the largest cities,
regions with the extraction of resources that are in demand on the world market. If for the former inclusion in
the global economy led to a decrease in pollution, then for the latter changes in prices for metals and raw ma-
terials on the world market had a negative impact on the environmental situation. For the rise in energy pric-
es in stable economies stimulates a reduction in their consumption, and in the conditions of a transforming
economy, the focus of which on the export of energy carriers and other resources is only increasing. It leads
to the opposite result — a significant increase in resource intensity within the country and an increase in pro-
duction.

The influence of this factor especially affects the growth of anthropogenic load in the Western Kazakh-
stan regions. The development of the Embinsky and Mangystau oil and gas provinces and nickel ores in the
Aktobe region led to the fact that to this particular region is shifting anthropogenic impact. Only two oil re-
gions (Atyrau and Aktobe regions) in terms of atmospheric pollution by 2005 exceeded the level of 1990.
Pollution features in the Western Kazakhstan regions are low anthropogenic impact localization, its exit be-
yond the city limits into hydrocarbon production areas and the lowest volumes of trapped and neutralized
harmful substances due to the low level of associated petroleum gas (APG) utilization. Oil industry enter-
prises account for the main air pollution share (80-85 %) in Atyrau and Mangistau regions, where the burned
gas amount at oil producing enterprises increased from 62 to 65 million m? in the last year alone.

The massive development of hydrocarbon raw materials is a potential threat to increase the pressure on
natural waters, especially the program for the development of offshore fields in the Kazakh sector of the
Caspian Sea. The State Program for the Development of the Caspian Shelf provides for special studies to
determine the maximum possible level of hydrocarbon production without damaging marine and coastal eco-
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systems, the implementation of geodynamic monitoring, the elimination of abandoned oil wells and other
historical pollution.

Unique and typical factors in the Al spatial structure formation in the Republic of Kazakhstan deter-
mined the identification of regions types according to the time of Al sources formation. The inherited devel-
opment factors of Kazakhstan regions continued to determine the Al levels in most of the old industrial re-
gions: Pavlodar, Karaganda and East Kazakhstan, however, over 25 years of independence, they appeared as
new growth centers Al, in which growth is provided by relatively new factors. At the same time, the modern-
ization of metallurgy has led to a significant reduction in pollution in these regions, especially in the East
Kazakhstan region.

Population growth, for example, in the South Kazakhstan region, where population growth has changed
significantly (15 thousand people per year from 1989 to 1999, 65 thousand people per year from 2009 to
2017), similar processes in Jambyl and Almaty regions, significantly increase the level of anthropogenic im-
pact in these regions. The growth of the rural population most often leads to an increase in pressure on pas-
tures, an increase in sown areas, and in the south of Kazakhstan it causes the greater water withdrawal.

New industrial centers, which include Kostanay and Kyzylorda regions, are still slightly changing the
Al map, but in the future, their role will continue to grow. However, the most important factor determining
the regional features of the AB transformation is oil and gas production and its environmental consequences
in Western Kazakhstan.

The unique factors in the formation of the environmental situation in Kazakhstan are two macro-
regional inherited environmental problems — the territory of the Semipalatinsk nuclear test site and the Aral
Sea. Unique for the post-Soviet space is the transferring the capital factor, which contributed to the active
economic development of the Astana agglomeration, which led to significant environmental consequences
throughout the Akmola region. The presence of the Almaty agglomeration, located in complex geological
and geomorphological conditions, where the problems of inadequate development of the foothills exacerbat-
ed the problem of deteriorating air quality is also one of the unique factors. Among institutional factors there
is a greater openness of the economy and, as a result, the work of foreign companies in the extractive indus-
try, which are much more efficient than Kazakhstani and Russian enterprises in terms of specific indicators
of emissions, wastewater discharges and waste generation per unit of output.

From the spatial distribution point of view the anthropogenic impact, in addition to the existing central
«ridge» of regions with high anthropogenic impact (Pavlodar, East Kazakhstan, Karaganda and South Ka-
zakhstan), another one an oil-producing area in Western Kazakhstan is being formed. Despite the fact that so
far only the Atyrau region has average impact indicators, it is obvious that the development and reaching the
peak production of large fields (Kashagan, Tengiz, Karachaganak, and others) will move the Western Ka-
zakhstan regions higher in the areas ranking with the highest anthropogenic impact level.

In 8 out of 14 regions of the Republic of Kazakhstan, the integral index has increased over the past 25
years, with Aktobe region becoming the leader in terms of impact growth (there oil and gas fields, expansion
of existing metallurgical industries are being active developed). The greatest reduction in the anthropogenic
impact level at the regional level is typical for the North Kazakhstan region, where the population has de-
creased, the impact from agricultural sources has decreased and a number of machine-building enterprises
have closed.

The atmospheric impact level increased in three types of regions:

— areas for the development of new mineral deposits (oil fields in West Kazakhstan, Atyrau and Aktobe

regions);

— copper deposits (in Central Kazakhstan);

— agglomerations of large cities (Astana, Almaty, Shymkent);

— areas for the start of new large-scale production (Pavlodar, Khromtau, Aktobe).

On the contrary, a decrease in the impact was typical for industrial and agricultural regions of the north
(Akmola, Kostanay, North Kazakhstan regions); Rudny Altai (city-factories — Ridder, Zyryanovsk); and
areas of decline in mining (Mangistau region).

The impact on water sources has decreased due to positive trends in the reduction of irrigated land in
the southern regions (the highest level of reduction in water intake was observed in the Almaty region. The
reduction amounted to more than 3,682 million m?, almost 54 %. Energy regions (Karaganda and Pavlodar
regions) are in second place in terms of reducing the load on the water basin as a result of the recycling water
supply introduction. On the third place there are irrigated lands of the Center and the North, where in general
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the share of irrigated lands was much less and significantly decreased in recent years, which caused a reduc-
tion in water intake (in Akmola region the reduction was by 12 times, in Kostanay region by 4 times).

An impact on land resources analysis showed an increase in impact in 4 types of areas: agglomerations

of large cities; industrial centers with the growth of production capacities (Karaganda region, Pavlodar re-
gion); new oil centers of the West; areas of hazardous wastes from agriculture and industry (Nauyrzym dis-
trict of Kostanay region). The decrease in impact was typical for old industrial centers, including the Rudny
Altai and areas of declining mining (Mangistau region, a number of districts of the Karaganda region).

In the field of radiation exposure, there is a general trend of reduction due to natural purification in the

absence of large new sources; there is a decrease in the impact in the zone of the Semipalatinsk nuclear test
site (regions of the East Kazakhstan region), abrupt changes are impossible in the considered period of time.
The hypothesis of an increase in impact with an increase in uranium production (Sozak district of the South
Kazakhstan region) and Stepnogorsk city of the Akmola region is not confirmed.

The agricultural impact on the environment

The agricultural impact on the environment in the regions of Kazakhstan is defined, first of all, by

the agrarian specialization and the intensity of agricultural production. However, the regions of Kazakhstan
are strongly polarized since the majority of regions are developing extensively, but the types of intensive and
suburban agricultural complex are presented as well.

The territorial structure of the agrarian complex changed considerably during the transition period, there

were both interregional and intraregional shifts along the “North—South” axis, that is, dependent on the natu-
ral potential, along the “centre—periphery” axis, shifting loading to the central cities [15, 16]. As a result,
since the Al was generally reducing, the loading was redistributed considerably.

An almost overall decrease in impact of agriculture during 1990-1998 was replaced by its growth in

several regions, not always specializing in agriculture, in 1998-2008 and then by an almost overall growth in
recent years that is connected both to the boosting agricultural production and its growing intensity. There-
fore, the two leading groups (with a very high and high impact of agriculture) incorporate regions with dif-
ferent types of production growth (2020 as compared to 2008). Kazakhstan has only one leader, the Jambyl
region, and two regions in the second group, the South Kazakhstan and Kyzylorda regions (Fig. 2). The in-
tensity of Al grew by 20—100 % in all leading regions during 2010-2020.

P
il ¥
1= o
(T r
Lk -] |
Z <
. H &
i 3 (2
anart! ey ~ P y o —
o mdl F X, A | o X 9
i T - y -
rste TR A A " 5 <\t
7 2 W ., fo I - &
; e AT L & o —
i 4 py \» /i
:l r./ ] - g rl/_
T el TN d A
HE Sl ¥ w4 ! ) \
b ¢ N < A
\ s 5% s \
X L) - §
\ / P , D
O3 o aml \ i
v { i > L adia iy i
/ \ A \ e - :
S g | - {
—————— % & ‘ e L
e (% - :
A A Kuiiaopauncuan s \
" _______________________ N
== ) “ a u
p")‘“ ‘J\ | L HOmno \ ki i ‘
i - ‘ Q \‘: “| - iy A
L] ‘ -\- ‘| R ;.M.:q! Kaubunrckan 06aacTh ;. .\I
»\ , & 4 AJ_
I L A ,{ ¢ {' o ° o 4
1 - o e Y
- j|  SUBNDEX OF ENVIRONMENTAL NPACT OF 1 /,/_ % - i R 1L
_ b AGRICULTURE , 2020 1 . : o LUy
1 s [ Yey [P o| %
Ol B o13-019 e “ad
o — R 3 4
N o o Uiaphapa o
1 oo6-008 "
] oot-o00s - Macwra6 : 12 000 000

160

Figure. 2. Assessment of the agricultural impact in the regions of Kazakhstan, 2020

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps.//stat.gov.kz/)
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The moderate impact of agriculture characterizes areas of North Kazakhstan and Almaty regions.
Most regions of this type have also witnessed Al growth in recent years. Lowered, low and constantly lower-
ing Al level is typical of the majority of regions of Kazakhstan.

The highest rates of Al in the Republic of Kazakhstan are characteristic of two groups of regions. The
first group comprises western and northern districts of the Akmola region, northern districts of the Kostanay
region and a number of districts of the North Kazakhstan region in the north of Kazakhstan. They have the
largest area of the reclaimed lands (up to 90 %), however the agricultural industry is insufficiently intensi-
fied. It is mainly fields under cereal crops, most of them belong to agroholdings and large farms where pesti-
cides are scantily used, and the volume of fertilizers is small. The second group includes southern districts of
the Jambyl and South Kazakhstan regions, eastern districts of the Kyzylorda region and a number of districts
of the Almaty region. High Al rates here are connected with the maximum share of irrigated lands and water
consumption in agricultural industry, application of fertilizers and pesticides on the irrigated fields where
vegetables, cotton and cucurbits are grown.

It is possible to identify certain zones of impact concentration based on impact of agriculture. Initially
they were attributable to the natural environment conditions. The sub-regional level in Kazakhstan demon-
strates that the loading is allocated more evenly in the northern regions and still covers large areas, shaping
the ecological situation in the regions. On the contrary, the southern regions with a higher Al bigger level are
mosaic due to the specialization of territories and, as a result, various resource intensity and volumes of
waste.

Structural shifts in national economy, emergence of vertical agroholdings owning areas comparable to
the area of some European countries led to serious changes in the structure of agricultural production. For the
last 20 years, since 2000 the greatest gain in agricultural production was typical of the Pavlodar and South
Kazakhstan regions in Kazakhstan (a gain of 120 %).

The comparative analysis of the rate of change in agriculture in reference prices and the Al integral in-
dex provided for several scenarios:

— Environmentally extensive development is characteristic of the majority of regions (65 %) where the
growth in agricultural production increased the impact of the agrarian complex. These are the regions with
the share of agriculture in GRP of about 20 % (Jambyl, South Kazakhstan). Their fast growth rates are gen-
erally ensured through production intensification in individual farms and large agroholdings.

The increase in agricultural production by 7-100 % led to a proportional growth of impact in some re-
gions with a less intensively developing agrarian complex (North Kazakhstan, East Kazakhstan). The share
of agricultural industry in these regions is 5-15 %. The majority of indicators defining Al either increased
slightly (volume of mineral fertilizers) or decreased (volume of organic fertilizers, pesticides) during the
considered period.

— Environmentally balanced development, when the increase in agricultural production is combined
with the reduction of impact, was observed in the regions of North and West Kazakhstan (West Kazakhstan,
Atyrau, Pavlodar, Kostanay regions). Their share of agricultural industry in GRP is only 1-6 % and is de-
creasing. Production growth in some of the regions is explained by the effect of a low base, Al indicators are
low, perhaps some impact is just underestimated in this group of extensively developing regions: despite the
considerable ploughing the degree of erodibility is not considered. In this case it would be better to discuss
not the quality of growth, but the underestimation of ecological consequences of extensive development.

In general, the factor of production growth remains the leader in the formation of ecological impact of
the agrarian complex. The script of environmentally balanced development is based rather on the defects of
relative indicators in the regions far from agrarian specialization. The trend when with a growth of intensifi-
cation, the loading is growing twice more slowly than production appears to be the most positive scenario.

Despite considerable economic shifts and transition to a new type of economy, the inherited factors still
play a crucial role in the ranking of regions. Almost all regions with a very high level of anthropogenic im-
pact have large industries since the USSR that determine specialization of the region.

Environmental rankings of regions based on the complex index are an efficient way of determining the
priorities of environmental policy. The integral index provides new insights into the complexity and versatili-
ty of the environmental conditions. But a clear understanding of calculation specifics of the complex indica-
tor is necessary to make the ranking a convenient decision-making tool in terms of environmental control
and environmental management. The selected Al measurement technique considerably affects the outcome.
It is important to use Al density for large countries with isolated intense sources of impact and extensive un-
affected territories. Moreover, Kazakhstan that has experienced essential changes of agricultural areas (ara-
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ble lands, pastures have reduced in the regions by 30-50 %) and urban lands during the land reform has the
territorial structure of the intensity integral index considerably changed towards increase since 2003, while
the indices for 1990 and 1998 prove to be underestimated.

Correlation between changes in IAI and dynamics of economic indicators

The dependence of GDP growth in Kazakhstan on industrial growth is still strong (the correlation coef-
ficient is 0.95), but the dependence of pollution indicators on GDP is gradually decreasing. In 2000, a “de-
coupling” effect appeared, when emissions and sinks increased many times more slowly than industrial pro-
duction.

Structural shifts in industry, assessed by the indicator of changes in the heavy industries share as a
factor in the atmospheric pollution dynamics, naturally showed that countries with the least heavy industrial
structure (Moldova, Belarus) reduced the amount of emissions into the atmosphere to the maximum. At the
same time, the share of heavy industries itself remains constant because of the development in all countries
with hydrocarbon resources, their active production. However, the decoupling coefficient, on the contrary,
shows that the development of the industry in Russia and Kazakhstan, with more modern technologies intro-
duction, in particular, the utilization of associated petroleum gas, leads to a more environmentally friendly
development of both the industry and its regions of deployment (Tab. 2).

Table 2

Assessment of the structural shifts in the industry impact on changes in the emissions volume
into the atmosphere in the EAEU countries 2005-2020

EAEU Air Emissions Index | The average value of the Heavy industry share Decoupling
countries 2005=100 % share of heavy industries, %| index, 2005=100 % index, Dt
Armenia 22,2 50,9 82,9 -0,21
Belarus 39,3 14,5 52,0 -0,01
Kazakhstan 54,9 77,4 97,0 0,29
Kyrgyzstan 33,5 67,1 92,6 -0,15
Moldova 4,7 12,7 90,9 0,30
Russia 55,0 45,3 87,9 0,28
Note — Compiled by the author based on (Interstate Statistical Committee of the Commonwealth of Independent States,

http://new.cisstat.org/web/eng Interstate)

The scenarios for a change in IAI with respect to GRP have in terms of space a greater mosaic pattern
than for individual indicators; the structural dependence coefficients show hardly any dependence. The max-
imum level of dependence was observed during the crisis period of 1991-1998. In almost all regions, the IAI
decreased, but in oil and most depressed regions, it increased; as a result, a degradation scenario developed.

During the 2008-2009 crises, the IAI continued to decline in half the regions, forming a mosaic pattern
of different scenarios. The greatest decrease was in the volumes of emissions and Al on water sources, for-
ests, and agricultural load. In the regions dominated by the mining industry in the structure of sources of im-
pact, the IAI continued to increase with decreasing GRP (Fig. 3).

In contrast to air pollution and, to a lesser extent, surface water pollution, the IAl index demonstrates a
significantly lower dependence on the dynamics of GRP and industrial production. However, particular indi-
cators also do not correlate with GDP or industrial production: in general, for 1990-2020, a statistically sig-
nificant correlation coefficient is observed only with the volume of polluted wastewater in industry. Howev-
er, in 1990-1998, most of the environmental load indicators (except for the volume of toxic waste) are char-
acterized by a high degree of dependence. During the 1999-2008 economic growth period a high correlation
was preserved for the volume of emissions and polluted wastewater in industry, and after 2008, for the vol-
ume of polluted wastewater and waste.

In the early 2000s, when growth rates were at their highest, GRP increased in all regions. However,
most regions also increased the level of pollution during this period. Decrease in IAI with an increase in GRP
was observed only in Pavlodar, North Kazakhstan and East Kazakhstan regions as a result of reduced pollu-
tion. Astana's rapid growth has also not been accompanied by an increase in pollution.
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T

Figure 3. Ratio of changes in Al index and GRP during crisis periods, % compared to previous period

Note — Compiled by the author based on (Agency for Strategic planning and reforms
of the Republic of Kazakhstan Bureau of National statistics Attps://stat.gov.kz/)

The largest number of regions developing according to the balanced scenario is typical for the period of
stable economic growth in the 2010s, when most regions of northern and central Kazakhstan continued to
reduce the impact level. However, since not all enterprises underwent modernization, the energy sector in
these regions retained coal as a fuel, economic growth slowed down, and the regions returned to an extensive
development scenario. In addition, the 2020 crisis linked to the COVID-19 pandemic slowed economic
growth while maintaining pollution. As a result, the southern and western regions developed according to a
depressive and even degradation scenario.

Conclusions

The integral index showed that in the post-Soviet period, inherited environmental problems and new
sources of impact determined the spatial shift of anthropogenic impact at the regional level from the North
and East to the South and West. Industry is losing its status as the main source of Al- densely populated are-
as and the increase in associated impact indicators have caught up with industry. The outflow of the popula-
tion in Northern Kazakhstan has a positive effect on the level of Al and increases Al in Southern Kazakh-
stan. By 1991, a «framework» of regions with the highest anthropogenic impact level was formed in the Re-
public of Kazakhstan, which included the Central-Eastern part of Kazakhstan (Pavlodar, East Kazakhstan
and the north of Karaganda region) and the North (with a lower anthropogenic impact level). Nevertheless,
in subsequent years, there was a shift in anthropogenic impact in two directions:

— Southern direction. An anthropogenic impact growth was associated with a sharp increase in the pop-
ulation and, accordingly, an increase in population density, the level of motorization, household waste, and
in rural areas such as an increase in the area of irrigated land and water intake;

— Western direction. The growth of anthropogenic impact was associated with an increase in oil produc-
tion — especially in the Atyrau region, and, accordingly, there was an increase in emissions into the atmos-
phere, changes in the toxicity of emissions, the area of disturbed lands, etc.

Key factors maintaining territorial structure of Al areas in Kazakhstan:

1. Inherited development. The largest Al centres in the territorial structure are still the regions where the
industrial base was developed and formed back in the Soviet period: Pavlodar and Karaganda regions. De-
spite low efficiency and insignificant economic feasibility related to production and extraction of some min-
erals, a number of large enterprises, seriously harming the environment, continue to exist. It is all the fault of
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the existing structure of population settlement (miner's towns) and impossibility to move people from de-
pressive monotowns.

The influence of the inherited factors is clearly demonstrated in the following areas:

— energy intensity of the leading industries combined with the structure of fuel balance in power indus-
try and housing and public utilities in the eastern part of the country. The greatest energy intensity is
still typical of large industrial regions with a high level of environmental stress, and of the most envi-
ronmentally safe regions generally because of the increased coal consumption by municipal services;

—industrial specialization, age and quality of assets. The institutional environment and the policy of
companies define the extent of asset modernization; the velocity and sometimes the direction of the
process vary. The industrial impact is decreasing, most rapidly in the oil sector, but the industry re-
mains a leading and most dynamic factor influencing the ecological status;

—accumulated radiation pollution is a specific factor in a number of regions, but its role is gradually de-
creasing.

2. Institutional factor. Despite the stated models of the free market and general privatization, only few
foreign companies could establish full control over large industrial enterprises which has contributed to the
stability of the territorial structure of Al areas.

Factors influencing transformation of Al territorial structure:

1. Becoming part of the global resource market. Soaring hydrocarbon prices have caused active devel-
opment of oil and gas fields in the Western regions of Kazakhstan. It created new Al centres in the Western
Kazakhstan: increase in oil production of the Atyrau region from 2.5 million tons in 1990 up to 31.9 million
tons in 2014, development of the Karachaganak oil and gas field in the West Kazakhstan region caused in-
crease in oil production from 4 million tons in 1990 to 13 million tons in 2014.

2. Institutional factor. Emergence of the western companies in mining and manufacturing industry of
Kazakhstan has reduced the level of environmental impact in terms of specific indicators, for example, Ka-
zakhstan has emissions almost twice less than Russia per unit of oil produced. It influences the territorial
structure of pollution areas: new industrial centres in Kazakhstan are less significant on a national scale than
in Russia (based on relative measures).

3. State environmental policy.

4. Reaching the limit of ecological capacity in some regions. Most of regions in Kazakhstan are located
within semi-arid and arid zones where ecological limits of water sources, pastures and arable lands are al-
most reached. When using relative measures, the Mangystau and South Kazakhstan regions demonstrate high
specific rates of anthropogenic impact on limited water sources and land resources. Therefore, any minimum
increase of anthropogenic impact in regions with ecological capacity close to its limits leads to a serious deg-
radation of the environment.

5. Demographic changes as a factor transforming the territorial structure of anthropogenic impact are
typical of Kazakhstan that has Al increasing in the South due to population growth and falling in the North
due to depopulation.

Therefore, integral assessment of environmental conditions in the regions of Kazakhstan has re-
vealed — the solution to modern environmental problems lies in a compromise between the demand for an
intense economic development and the need for environment protection. Despite considerable positive
changes in the national environmental policy, advance economic development regions possessing competi-
tive advantages still tend to have a high Al level.
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B.P. butrokosa

KP 1990-2020 :xbliagapaarbl 3KOJOTHSIIBIK KAFAAHTBIH
e3repyiHe IKOJIOTMSUIBIK-DKOHOMHUKAJIBIK 0ara Oepy

Makana Kazakcran eHipiepiHAeTi SKOJOTHSIIBIK KyH3enic AeHreiiH OaralaifThiH aHTPONOTCHIIK acepai (AD)
KaJIbIITacThIpy abIH KeueHai uuuekcin (KM) aiikpinaay npooieManapbiHa apHaiFaH. DKOJOTHSUIBIK MOHHTO-
PHHT YIIIH aHTPOIOTeHIIK KYi3esic KOpCeTKIMTepiHiH Kyieci Heri3Aenre, OUTKeHI KOPCEeTKIIITEpAl Kabl-
nKa KenTipy MeH OipikTipyAiH opTypii SmicTepi KapacThIpbUiFaH. OpTypiii OaranayiapAblH HOTHKenepi
kenripinred. JlacTaHyJblH ayMaKTBIK KYPBUIBIMBIH TpaHc(opmauusiiay (akTopiapbl aHbIKTadFaH. AO
HOCTKEHECTIK Ke3eHJIe Mypara KaJIFaH SKOJIOTHSJIBIK NpolieManap MeH jkaHa acep ery keszuepi Conrycrik
ned [IereicTan OHTYCTIK IeH BaTbicKa eHipIlik AeHrelae KEeHICTIKTIK JKBUDKYIBIH aHTPOIOTEHIIK dcepiH
AHBIKTaFaHBIH KOPCETTi. ©OHEpKaCil aHTPONOTEHMAIK ocep eTYJIH Herisri ke3i MopTeOeciH >KOFanTajibl,
COHIBIKTAH TBHIFBI3 KOHBICTAHFaH ayJaHIap >KOHE BIKHAT eTYJiH iJecre KOpCeTKIIUTEpPiHiH YJIFalobl
enepkacinmen TteHecti. Contycrik Kazakcranma xamslkTeiH keryi KW nmeHreiiine OH ocep eTemi KoHE
Onrycrik Kasakcranga AO-Hbl yiraidTagpl. Matepuangap OHIIpICiHIH KopIIaraH opTara ocep eTy
JMHAMHUKACHI CLCHApHIIEpiHiH OapiblK CHEKTPiH Heri3iHeH TepT Typre Oemyre Ooyiaabl: IKOHOMHUKAIIBIK
KYIIbIpay, SFHM KOpIUAaraH OPTaHbIH JIACTAHYBIHBIH KYIICIOIMEH KOCa MYPETiH KOJIOJOTHSUIBIK TO3Y;
JKOHOMHKAIBIK KYJABIpay JlacTaHy [CHIeiliHiH TOMEHJEyiMeH KaTap JKYPETiH [CHpecCHBTI Iamy;
SKOHOMHKAIIBIK ©CYy JIACTaHy/Ibl KYIICHTYMEH KOCa YKYPETiH OPHBIKTHI 9KOJIOTHSUIBIK JaMy; SKOHOMHKAJIBIK
oCy JIaCTaHy/IbIH a3al0bIMEH KOCa )XYPETiH TeHrepiMai famy. JlaFmapbic KblIaapbl ©HEPKICINTIK JTacTaHyIbIH,
arMoc(epaiblK MIBIFAPBIHIBUIAD MEH JIACTAHFAH CAPKBIHIBI CyJlap KOJIEMIHIH JKOHE a3 Jopexene Cyabl
TYTHIHYABIH TOMEHJeyl OalKanIbl; KOHE KepiciHIle, KOJiK KypalAapblHbIH MIBIFAPBIHIBUIAPEI, YJIbI
KaJIZIBIKTap/IbIH KeseMi, OyJIiHIeH jkepliepAiH ayaaHsl sxoHe opman eptrepi KU e3repyine GaiinaHbICTbI emMec.
Xanmel en yuriH sactany ICHreiiHIH SKOHOMHKAIBIK IaMy MACHIeii MEH JUHAMHUKAChIHA TOYyeJIiIiri
QuncipereHiHe KapamacTaH, opOip jkaHa JaFiapbICIIeH S3KOHOMUKAJIBIK KYJIbIpayFa KapaMacTaH 3KOJOTHSIIBIK
yKal-Kyi#ii Hamapan 6apa yaTkaH eHipiep caHbl ocy/ie.

Kinm ce30ep: 3KONOTHSIIBIK-3KOHOMUKAJBIK TaJay, JIACTAaHY KOPCETKIIITepi, SKOJOTHSUIBIK KYIH3eTicCTiH
HMHTETPAIIbIK HHIEKCI, 9KOJIOTHSIIBIK KaFJail, aHTPOIIOTeH/IK acep, KeIIeH/ Il Oaranay.
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B.P. butrokosa

JKOJI0r0-IKOHOMHUYECKAS OLIeHKA M3MEHEeHHUsI
IKkoJ0ornyeckoii curyanuu B Pecnyosnuke Kazaxcran B 1990-2020 rr.

Cratbst TOCBSIICHA IPOOIEMaM OIPEeNICHUs] KOMITIEKCHOTO HHJIeKca ()OPMHUPOBAHUS aHTPOIIOT€HHOTO BO3-
neiicteus (K1), oneHnBaromero ypoBeHb 3KOJIOTHYECKOro cTpecca B peruoHax Kazaxcrana. O6ocHoOBaHa cu-
cTeMa MoKa3aTeJIed aHTPOIOIeHHOro CTpecca A SKOJIOIHYECKOro MOHUTOPUHI'A, TIOCKOJIBKY PACCMOTPEHBI
pa3IUYHbIe METOJbl HOPMAJM3alMU M arperupoBaHus Nokasarteneid. [IpuBeneHbl pe3yibTaThl Pa3IMYHBIX
OLICHOK. BrIsiBieHb!I hakTOphl TpaHCHOpPMALK TEPPUTOPUATBHON CTPYKTYpHI 3arps3Henus. [lokasaHo, 4To B
TIOCTCOBETCKUI MEepHOJ YHACJIEHAOBAaHHBIC SKOJOTMYECKHE IPOOIEMBI W HOBBIE MCTOYHUKH BO3JICHCTBHUS
OIIPEIENINIIN aHTPOIIOTEHHOE BO3JIEUCTBUE MTPOCTPAHCTBEHHOTO CIIBUT'a HA PErHOHAIBLHOM ypoBHE ¢ CeBepa 1
Bocroka na IOr u 3anan. [IpoMBIIIIEHHOCTH TepsieT CBOM CTAaTyc OCHOBHOTO MCTOYHMKA aHTPOIIOI€HHOTO
Bo3zeHcTBHs (AB), mO3TOMY TrycTOHAceNeHHbIE PAHOHBI M yBEINYEHHE COITyTCTBYIOMINX IOKa3aTeled BO3-
JNEHCTBUS CPaBHSUINCH C NPOMBIIIIEHHOCThI0. OTTOK Hacenenust B CeBepHoM KazaxcraHe IOJIOXHTENHEHO
cka3piBaeTcs Ha ypoBHe KU u yBennuuBaer AB B IOxHoM Kaszaxcrane. Bechk cniekTp crieHapueB JTUHAMHUKH
BO3ZICHCTBUS MPOM3BOJCTBA MAaTEPHAIOB HA OKPYXKAIOLLYIO CPELy MOXKHO, B OCHOBHOM, CBECTH K UYETBHIPEM
THIIAM: KOJIOJIOTHYECKAsl Ierpajalius, KOraa SKOHOMHUYECKHH Craji CONPOBOXKAACTCS YCUIICHHEM 3arps3HEeHUs
OKpY’Kalollel Cpezbl; ACMPECCHBHOE Pa3BUTHE, KOTJa SKOHOMHYECKUH CIIajl CONPOBOXKAACTCS CHIKEHHEM
YPOBHS 3arpsi3HEHUS; YCTOWYMBOE JKOJOTUYECKOE Pa3BHUTHE, TA€ IKOHOMHYECKHH POCT CONPOBOXKIACTCS
YCHUJICHHEM 3arpsi3HEHHS; COaJaHCHPOBAHHOE pa3BUTHE, KOTJA SKOHOMHYECKHH POCT COIPOBOXKIACTCS
yYMEHBIICHHEM 3arps3HEeHUs. B kpusucHbIe rofpl HaOII0JaI0Ch CHIDKEHHE NPOMBIIUICHHOTO 3arps3HEHUS,
00BEMOB aTMOC(]EpHBIX BEIOPOCOB U 3arps3HEHHBIX CTOYHBIX BOJ, M, B MCHBIIEH CTENEHH, OTPEOICHNS BO-
IIbl; 1 HA000POT, BHIOPOCHI TPAHCIIOPTHBIX CPEICTB, 00bEM TOKCHYHBIX OTXOJIOB, IUIOIIA/b HAPYILIECHHBIX 3€-
MeJlb H JIECHBIE MOXKapbl He 3aBUCAT OoT u3MeHeHus: KM, Hecmotps Ha TO, 4TO JUIS CTpPaHBbI, B 11€JIOM, 3aBUCH-
MOCTb YPOBHS 3arps3HEHHS OT YPOBHS M JMHAMHUKH 3KOHOMHYECKOTO Pa3BUTHS OCIA0EBACT, C KaXAbIM HO-
BBIM KPU3HCOM PACTET YUCJIO PETHOHOB, I'/IE SKOJIOTUYECKOE COCTOSHUE MPOAOIDKACT YXYALIATHCSA, HECMOTPS
Ha YKOHOMHYECKHH craj.

Knrouegvie cnosa: 3K0I0OTO-35KOHOMUYECKUAN aHaJIn3, MMOoKa3aTeiki 3arpsA3HCHUA, HHTeraIIbeIﬁ HUHJCKC DKO-
JIOTUYECKOTO CTpeCCa, SKOJIOrniecKas CuTyalus, aHTpoIioréHHOe BO3HCﬁCTBHe, KOMIIJICKCHas OLICHKA.
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