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DECOUPLING ECONOMY FROM NATURAL RESOURCES
CONSUMPTION AND ENVIRONMENTAL PRESSURE:
ANALYSIS OF KAZAKHSTANI CASE

Economic development has always been associated with a rise in the use of natural resources as
well as an increase in environmental degradation. However, responsible production principles suggest
the opposite. The need to separate economic growth from the consumption of limited natural resources
and increasing environmental degradation gave rise to the concept of decoupling. The concept is
highly relevant for achieving sustainable economic growth while diminishing the use of resources
and simultaneously creating positive environmental impacts. This article aims to analyze the current
decoupling state of the kazakhstani economy from natural resources consumption and environmental
impact as well as decoupling trends over a certain period. The research was conducted in two stages: (1)
statistical analysis of the resource decoupling in Kazakhstan on key natural resources (water, energy) as
well as impact decoupling from such indicators as ecological footprint, waste generation, and emissions;
(2) a regression model for evaluating dependence of economic growth in Kazakhstan on the consumption
of natural resources and environmental degradation. The data was collected for the period from 2010
to 2021. The results show that economic growth in Kazakhstan is accompanied by an increase in waste
generation, and emissions into the environment, in particular emissions of liquid and gaseous pollutants.
This is in line with previous research which also didn’t reveal the effect of decoupling from pollutants
emissions. However, there was revealed an absolute decoupling from freshwater resources as well as
a tendency for absolute decoupling from energy resources consumption. These findings can be used
to define the current decoupling state and trends in Kazakhstan to monitor the effectiveness of the
application of responsible production principles and the achievement of sustainable development goals.

Key words: decoupling, economic growth, resources consumption, environmental impact,
responsible production.
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DKOHOMMKaHbI TAOUFU pecypcTapAbl TYTbIHYAQH
)K9He KopluaFaH opTara KbICbIMHaH anbipy: Ka3sakcraH keiiciHe Tanaay

DKOHOMMKAABIK, Aamy opKallaH TabufFuM pecypcrapAbl ManAaAaHyAblH YAFAlObIMEH, COHAAN-
aK, KopluaraH OpTaHblH AErpaAauUMsCbiHbIH, KyLleioiMeH 6GarAaHbICTbl GOAABL. AAaiaa >KayanTbl
OHAIPIC NpUHUMMTEPI KepiciHwe >araanabl GirAipeAi. DKOHOMMKAAbIK, OCYAi LIEeKTeyAi Taburm
pecypcTapAbl  TYTbIHYAQH >K&He KOpLIaFaH OpTaHblH, AErpasauMsIChbiHbiH,  KYLIEIIHEH axkblpaTy
KKETTIAIr AEKaNAMHI YFbIMbIH TYAbIPABI — OYA aFbIALLbBIH TIAIHEH ayAapFaHAd OOAY, axblpaTy AereHAi
6iraipeasi. Pecypcrapabl NaaasaHyAbl a3aiTy >KeHe KopliuaraH opTara OH 9Cep eTy Ke3iHAE TypPaKTbl
3KOHOMMKAAbIK, 6CYre KOA XETKi3y YLiH AEKANAMHI TY>XXbIPbIMAAMAChl 6Te 63eKTi GOAbIN TabblAaAbI.
ByA Makara TabuFu pecypcTapAbl TYTbIHY >K8He KopluaraH opTafa acepi TyprbicbiHaH KasakcraH
KOHOMMKACbIHbIH, Ka3ipri Ke3Aeri AEKanAMHI >KaFAaiblH TaAAayFa, COHAAM-ak, OeAriAi Oip yakbiT
Ke3EeHIHAEr AEKaMAMHI TEHAEHUMSAAPbIH 3epTTeyiHe GarblTTaAFaH. 3epTTey eki KE3eHAE XKYPrisiAai:
(1) Heri3ri Taburn pecypctap (cy, aHeprus) GonbiHla KasakcTaHaaFbl pecypCTapAblH, AEKanAMHT
AEHreniH CTaTUCTMKAABIK TaAAaybl, COHAQM-AK, HEri3r 3KOAOTUSIAbIK, KOpCeTKilUTep (3KOAOIUSABIK, i3i,
KAAABIKTapAbIH TY3iAyi XKeHe WblFapbliHAbIAApPbl) 6orbiHWwA Ka3akcTaH 3KOHOMMKACbIHbIH AEKarnAMHE
AEHIreniH CTaTUCTUMKAABIK, TaaAaybl; (2): KasakcraHAarbl SKOHOMMKAAbIK, ©CYAiIH TabuFK pecypcrapabl
TYTbIHYFa >K&He KOpllUaraH OpTaHbIH HallapAayblHa TOYEAAIAINiH 6ararayFa apHaAFaH PErpeccusiAbK,
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>KbiAAaH 6actan 2021 >KbiAFa AeiHri ke3eHAT KaMTuAabl. HaTuxeaep KasakcraHAarbl SKOHOMMKAADIK,
6CYy KAAAbIKTAPAbIH, TY3iAYiHIH, KOpLUaFaH opTara 3SMUCCUSAAAPAbIH, aTan alTKaHAQ CYMbIK >KOHe ras
TOpPI3AEC AaCTayllbl 3aTTapAbIH, LbIFAPbIHABIAAPbIHBIH, YAFAIObIMEH KaTap >KYPeTiHiH kepceTeAi. bya
HOTUXKEAED aAAbIHFbI 3epTTeyAepre Conmkec KeaeAi. AereHMeH, Tylibl Cy pecypcrapb! 6oiibiHILA abCco-
AKOTTI AEKAMNAMHI, COHAQM-aK, SHEPIUSHbI TYTbIHY GOMbIHLIA aOCOAIOTTI AEKAMAMHI YPAICI aHbIKTAAAbI.
ByA Ty>XbIpbIMAQPAbI XKayanTbl 6HAIPIC KaFMAATTapblH KOAAAHYAbIH, TUIMAIAITIH )K8He TypakTbl AaMy
MakcaTTapblHa KOA >KeTKi3yAi 6akblray mMakcaTbiHAaa KasakcTaHAaAFbl aFbIMABIK, AEKAMAMHE XKaFAanbl
MEH TEHAEHUMSAAPbIH aHbIKTay YLUiH ManAaAaHyra G0AAAbI.

TyHiH ce3aep: AEKANAMHI, 3KOHOMMKAAbIK, ©6CYy, pecypcTapAbl TYTbiHY, KOpLUaraH opTara acep,
>KayanTbl eHApiC.
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OTtAeAeHne SKOHOMMKM OT NOTPeOAeHUS PUPOAHBIX PECYPCOB
M DKOAOTMYECKOM Harpy3ku: aHaam3 KasaxcraHckoro kerica

IKOHOMMYECKOE pa3BUTHE BCErAa ObIAO CBSI3aHO C POCTOM MCMOAb30BaHUS MPUPOAHbIX PECYPCOB,
a Tak>Xe C YCUAEHMEM Aerpasalmm okpykatolein cpeAbl. OAHAKO MPUHLMIMbI OTBETCTBEHHOrO NPOM3-
BOACTBA npeAnoAaratoT obpatHoe. HEO6XOAMMOCTb OTAEAUTb 3KOHOMUYECKMIA POCT OT NMOTpebAeHUs
OrpaHNYEHHbIX MPUPOAHBIX PECYPCOB M YCUAMBAIOLLENCS Aerpasalmm OKpy>KatoLen cpeAbl MOPOAN-
AQ KOHLENUMIO AeKarnAMHra — 4Yto, B NepeBOAE C aHIAMIACKOro, O3Ha4YaeT OTAEAeHWe. DTa KOHLenums
OYeHb akTyaAbHa AAS AOCTMYXKEHMS YCTOMUMBOrO 3KOHOMMYECKOrO pocTa Npu OAHOBPEMEHHOM CHM-
>KEHWWN MCMOAb30BaHMS PECYPCOB M MOAOXKMTEABHOM BO3AEMCTBUM Ha OKpyXKawllyto cpedy. Ctatbs
MOCBSILLEHA aHAAM3Y TEKYLLEro COCTOSIHUS AEKAMAMHIa Ka3axCTaHCKOWM 3KOHOMMKM OT MoTpebAeHus
NMPUPOAHbBIX PECYPCOB M BO3AEMCTBMS Ha OKPY>KAIOLLYIO CpeAy, a Tak)Ke TEHAEHUMI AeKarnAMHra 3a
OMNpeAEeAeHHbI NeproA BpemeHu. MccaepoBaHme MPOBOAMAOCH B ABa 3Tana: (1) CTaTUCTMYECKUI aHa-
AM3 PECYPCHOro AekarnAmHra B KasaxcraHe no KAIOYEBbIM MPUPOAHBIM pecypcam (BoAa, 3Heprus), a
TakXKe 3KOAOrMUYECKOro AEKArAMHra rno TakMm rMokasaTeAsiM, Kak 3KOAOrMUYECKMIn CAea, obpasoBaHue
OTXOAOB U BbIOPOCHI; (2) perpeccroHHasl MOAEAb AASl OLIEHKM 3aBUCMMOCTM 3KOHOMMYECKOro pocTa
B KazaxcraHe oT notpebAeHUs MPUPOAHBIX PECYPCOB U YXYALLEHWS COCTOSIHMS OKPY>KAIOLEN CPeAbI.
AaHHble cobpanbl 3a neproa ¢ 2010 no 2021 roabl. Pe3yAbTaTbl MOKa3blBalOT, YTO 3KOHOMMYECKMIA
pocT B KazaxcraHe COMpoBOXAQETCs yBeArdeHnem 06pa3oBaHms OTXOAOB, YBEAMUEHUEM BbIOPOCOB B
OKPY>KaIOLLYIO CPeAY, B YaCTHOCTU BbIOPOCOB KMAKMX M ra3000pasHbIX 3arps3HSIOWMX BELLECTB. DTO
COrAacyeTcs C NPeAbIAYLLMMN UCCAEAOBAHUSIMM, KOTOPbIE TaKXKe He BbISIBUAM SIBAEHUS AEKAMAMHI MO
BbIOpOCAM 3arpsi3Hsitolimx Bettects. OAHAKO BbISIBA€HbI AGCOAIOTHBIN AEKAMNAMHI MO pecypcam npec-
HOM BOABI, @ Tak)Ke TeHAEHLMS K aBCOAIOTHOMY AEKAMAMHIY MO NOTPeBAEHUIO 3HEepropecypcos. ITu
BbIBOAbI MOTYT ObITb MCMOAb30BaHbI AASI OMTPEAEAEHMS TEKYLLLEr0 COCTOSIHMUS M TEHAEHUMIA AEKANAMH-
ra B KasaxcraHe C LeAbl0 MOHMTOPUHra 3(pheKTUBHOCTM NPUMEHEHUS MPUHLMINOB OTBETCTBEHHOIO
NPOM3BOACTBA U AOCTMXKEHMS LIeAel YCTOMUMBOrO Pa3BUTUS.

KAtoueBble CAOBa: AEKaNAMHI, 3KOHOMUYECKMIA POCT, NOTpebAeH1e pecypcoB, BO3AEMCTBUE Ha OK-
pY>KaloLLLyt0 CpeAy, OTBETCTBEHHOE MPOU3BOACTBO.

Introduction

Human well-being and its improvement, now
and for a still growing world population in the future,
is based upon the availability of natural resources
such as energy, materials, water and land. Economic
development so far has been associated with a
rapid rise in the use of these resources (Wu et al.,
2021). However, the reserves of natural resources
on our planet are not inexhaustible. Many of them
are becoming less abundant relative to demand, and
some run the risk of critical scarcity in the near future.
Moreover, undesirable environmental impacts can
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arise from any part of the life cycle of resources:
in the phases of extraction, production/manufacture,
consumption/use or postconsumption. These
impacts may be caused by deliberate interventions
into natural systems such as land cover change and
resource extraction, or by unintended side effects of
economic activities, such as emissions and wastes
(UNEP, 2011).

In the context of limited natural resources
and the growing environmental burden with the
simultaneous need to ensure economic growth as
well as implementation of responsible production
principles, the concept of decoupling becomes
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relevant. A focus on decoupling requires attention
both to the amount of resource use linked with
economic activity, and to the environmental impacts
associated with this resource use at all stages of
the life cycle (UNEP, 2011: 21). The concept of
decoupling is intended to answer the question of
how to produce a sustainable economic growth while
diminishing the use of resources and simultaneously
creating positive environmental impacts (Scheel et
al., 2020).

Decoupling economic growth from resource
extraction and consumption has encouraged research
interest among scholars and authorities around the
world since, among other things, the call from the
United Nations Environment Program (UNEP)’s
International Resource Panel to decouple human
well-being from resource consumption. Decoupling,
itself, has become a nascent research field with its
own decoupling theory and numerous and increasing
research papers on the subject (Giampietro, 2019).

As for Kazakhstan the concept of decoupling
economic growth from natural resources
consumption and negative environmental impact
is also undoubtedly important. The Concept for the
transition of the Republic of Kazakhstan to a green
economy defines such priorities as reducing the
energy intensity of GDP, increasing the efficiency of
using water resources, and mitigating pressure on the
environment. However, despite the relevance of the
concept of decoupling, in Kazakhstan there is a lack
of comprehensive studies on assessment and analysis
of the state and trends of decoupling economic
growth from natural resources consumption and
environmental pressure.

This paper aims to analyze the current decoupling
state of kazakhstani economy from natural resources
consumption and on environmental impact as well
as decoupling trends over a certain period.

Literature review

The concept of decoupling is gaining increasing
scientific interest due to its close connection with
the concept of responsible production and resource
efficiency. Searching in the Scopus database for the
keyword “Decoupling” and then limiting it to such
fields of knowledge as “Business”, “Management
and Accounting”, “Economics”, “Econometrics
and Finance” and such keywords as “Decoupling”,
“Economic Growth” allowed to generate 433
publications on this topic, which indicates the

relevance of the decoupling concept in the scientific
community.

Zhang & Xiang (2000) first proposed the
concept of decoupling in 2000. Then the OECD
formally defined it becoming the first international
organization to adopt the concept of resource
decoupling, considering it as one of the main goals
in its policy document “Environmental Strategy
for the First Decade of the 21st Century”. The
OECD defines decoupling as breaking the link
between “environmental harm” and ‘“economic
benefits” (OECD, 2002). Since then, the concept
of decoupling has been globally recognized as an
important concept for sustainable development
(Chen et al., 2017).

International Resource Panel of the United
Nations  Environment  Programme  defines
decoupling as a situation when resource use or some
environmental pressure either grows at a slower rate
than the economic activity that is causing it (relative
decoupling) or declines while the economic activity
continues to grow (absolute decoupling) (IRP,
2017).

Thus, international organizations when saying
about the concept of “decoupling” refer to the end
of the correlation between increased economic
production and decreased environmental quality as
well as expanded resourse use (Vaden et al., 2020).

A number of authors understand resource
efficiency as decoupling. Kowalski defines
decoupling as the use of fewer resources per
unit of output and the reduction of the harmful
environmental impact of the resources used or
the economic activity undertaken (UNEP, 2011:
15). Liobikiene et al. (2020), Vaden et al. (2020)
understand decoupling as a measure of resource
efficiency.

Traditionally, there is a distinction between
resource decoupling and impact decoupling. Figure
1 captures the essence of the two key aspects of
decoupling as applied to sustainable development,
namely resource decoupling and impact decoupling
(UNEP, 2011: 15).

Figure 1 shows an increasing trend of human
well-being and GDP as a result of pursuing SDGs.
Also, according to Fig.1 relative resource decoupling
takes place when increase in resource usage lags
behind that of economic activity. In its turn,
decrease in environmental impact while economy
keeps growing means absolute impact decoupling
(IRP, 2017: 22).
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< Impact decoupling

Human well-being

Economic activity (GDP)

—< Resource decoupling

Resource use

1

Time

Environmental impact

Figure 1 — Two aspects of decoupling
Note: UNEP, 2011

Plenty of scientific works are devoted to issues
of assessing decoupling state as well as degree of
decoupling in the context of countries, regions.
Some scholars have evaluated impact decoupling
using the ecological footprint (EF) indicator
(Szigeti et al., 2017, Wu et al., 2021, Yang & Yang,
2019). Wu et al. (2021) proposed local ecological
footprint (EF) accounts, including production-based
biological accounts and consumption-based energy
and build-up land accounts to measure the pressure
on local natural capital. Decoupling effects of natural
capital utilization were evaluated in 30 provinces of
China during 2000-2016 using a modified three-
dimensional EF model, sustainability reclassification
method and decoupling index. Szigeti et al.,
(2017) through the relationship of the ecological
footprint and GDP, examined the tendencies of eco-
efficiency in the first decade of the 21st century. The
relationship between GDP and EF were examined
using scatter plot charts. The authors concluded
that the average ecological footprint intensity of
countries have improved significantly in the analyzed
period. Yang & Yang (2019) evaluated the annual
eco-efficiency of China based on the modified EF
model from the perspectives of biological needs,
resource consumption, and environmental pollution.
Also in the above-mentioned article the decoupling
status between resources consumption, pollution
emissions and economic growth was explored.

Another context of measuring impact decoupling
is analysis of pollutant emisssions. Xia et al., (2020)
developed a decoupling model to analyze the
effectiveness of the decoupling efforts related to air
pollutants at city level. According to results eleven
cities in Zhejiang Province have made significant
decoupling efforts on the emission of three kinds of
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air pollutants, but there were found some differences
in the trend of the decoupling effort index of different
pollution sources in different cities. Zhang&Wang
(2013) examined the occurrence of a decoupling
between the growth rates in economic activity
and energy consumption related CO2 emission
in Jiangsu from 1995 to 2009. The study revealed
that along with the rapid economic development,
Jiangsu’s energy-related CO2 emission has grown
rapidly.

Resource decoupling was measured by
comparing resources usage namely energy, water
resources with economic activity in the traditional
dimension, namely GDP.

Decoupling relationship  between energy
consumption and economic growth was analyzed
in studies of Wei et al. (2020), Dong et al. (2016),
Kan et al. (2019). For instance, Dong et al. (2016)
explored the decoupling status between energy
consumption and economic growth in Liaoning
Province. The combination of Tapio decoupling
indicator and generalized LMDI (The Logarithmic
Mean Divisia Index) method was utilized to study the
decoupling status in Liaoning Province and reasons
for it. Wei et al. (2020) calculated the decoupling
index and decoupling states of energy consumption
and economic growth in China’s provinces. The
decoupling relationship between different energy
sources namely coal, oil, natural gas and economic
growth was defined. Kan et al. (2019) evaluate
decoupling states of GDP from all types of primary
energy use under consumption-based principle for
world economy and eight typical economies during
2000-2011. As for each energy source authors
defined decoupling of world economy from oil, but
coupling with coal, natural gas and renewables.



D.T. Kalmakova et al.

Decoupling state related to water resources
was explored in work of Zhang et al. (2021)
who showed relative decoupling between water
resources utilization and economic development
in China in period 1997-2017. Authors have
revealed a gradual decrease in the dependence of
economic development on water resources while
maintaining a serious water shortage, which
indicates insufficient water use. Wang&Wang
(2020) use the Tapio decoupling and LMDI
decomposition methods to evaluate the decoupling
performance between China’s water consumption
and economic growth at the national and provincial
levels. Besides authors defined driving factors for
decoupling occurrence.

Waste generation decoupling is another scientific
area, which causes most scholars’ attention. The
reason for it is huge waste amounts associated with
endless economic growth. Wang et al. (2021) use
the Tapio elastic decoupling analysis method and
an empirical model of the environmental Kuznets
curve (EKC) to analyze the decoupling between
municipal solid waste (MSW) generation and
economic development in 285 of China’s cities from
2002 to 2017. The decoupling analysis results show
that the decoupling states in China’s cities generally
improved first and then deteriorated in 2002—-2017.
Cities with a higher economic development level
generally had more serious deterioration states.

Decoupling issues in Kazakhstan were
considered by Sansyzbayeva et al. (2020), Junissov
et al. (2021), Xiong et al. (2015), Jiaxiu et al.
(2019), Nguyen (2019). Using data for 2005-2018,
Sansyzbayeva et al. (2020) determined the effect
of decoupling by calculating the pair correlation
coefficient between the gross regional product
and 2 types of environmental pollution, namely
emissions of solid pollutants and emissions of
liquid and gaseous pollutants into the atmosphere.
In 9 regions of the country, the effect of decoupling
was not observed. Junissov et al. (2021) focuse
on the decoupling between economic growth and
energy consumption in each of five Central Asian
countries — Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan, and Uzbekistan — from 1990 to 2014.
The Tapio decoupling model was implemented
in order to determine the decoupling states for
each country. According to results, in the period
from 2001 to 2014 Kazakhstan’s economy started
to experience an expansive negative decoupling
with some periods of strong decoupling. Xiong
et al. (2015) applied an approximate relationship
analysis, a decoupling relationship analysis, and a
trend analysis to explore the relationship between

energy consumption and economic growth using
data from Kazakhstan for the period of 1993-2010.
Results showed that in Kazakhstan the dependence
of economic growth on energy exports gradually
increased from 1993 to 2010. In the study of Jiaxiu
et al. (2019) decoupling elasticity and decoupling
index were employed to explore the relationship
between economic growth and CO2 emissions
in Kazakhstan and other Central Asian countries
during 1992-2014. As for Kazakhstan, authors
revealed dependence of economic development
on high-carbon energies. Nguyen (2019) explored
the relationship between economic growth, energy
consumption and CO2 emissions of five Central
Asian countries including Kazakhstan between
1998 and 2017. Results reflected that the economic
growth in Kazakhstan was heavily dependent upon
energy consumption.

The issues of the efficiency of the use of natural
resources, in particular land, are considered by
Yerseitova et al. (2018) who evaluates the use
efficiency of agricultural land in the Republic of
Kazakhstan in 2012-2016. Results showed that
most agricultural land use metrics tended to have a
positive dynamic. However, there was an insufficient
land use performance compared to Russia, Belarus
and Ukraine.

Thus, the literature review revealed a limited
number of research papers on the comprehensive
analysis and assessment of decoupling state of
Kazakhstan’s economy regarding both resource
and impact decoupling. The available research on
Kazakhstan is devoted only to decoupling of energy
resources and CO2 emissions. However, there
is an absence of studies combining the analysis
and assessment of decoupling both on key natural
resources as well as on waste generation and
emissions into the environment.

Methodology and data

Fortheresearch purposes, statistical analysis with
decoupling index calculation as well as regression
analysis was applied. Decoupling index analysis is a
traditional method of assessing the decoupling state
of the economy. Statistical and regression analysis,
due to their simplicity and clarity, can complement
and refine the results of decoupling analysis.

The study was carried out in 2 stages:

- Stage 1: statistical analysis of the resource
decoupling in Kazakhstan from key natural resources
(water, energy) as well as impact decoupling from
such indicators as ecological footprint, waste
generation and emissions;
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- Stage 2: hypothesis testing based on data
regression analysis.

Statistical analysis includes decoupling index
calculation based on the following formula 1:

DI = AP,
AY, (1)

where: DI — decoupling index in year t;

AP —change in the rate of resources consumption
or pollutant emission between year t and year t-1;

AY, — change in the rate of economic growth;

Thus, decoupling index (DI) refers to the
ratio of (1) change in the rate of consumption of
a given resource, or in the rate of production of a
given pollutant emission; to (2) change in the rate
of economic growth (GDP) within a certain time
period (typically one year).

Decoupling Index Interpretation

The Decoupling Index (DI) may imply one of
three scenarios as follows:

1. When DI>1, it means the increasing rate of
resource consumption or pollutant emissions keeps
pace with or is higher than economic growth. In this
case, no decoupling is taking place. In other words,
as the economy grows, resource consumption and
environmental degradation increase rapidly.

2. When 0<DI<1, it means the rate of growth
in resource consumption or pollutant emissions
falls short of that of economic growth. In this case,
relative decoupling is taking place.

3. When DI=0, it means the economy is growing
while resource consumption remains constant. In
other words, when the economy grows continuously,
the amount of pollutants does not increase.

4. When DI<0, it means resource consumption
or pollutant emissions/discharge decreases while the
economy keeps growing. Here absolute decoupling
takes place (UNEP, 2011: 111).

There are 2 hypothesis, which are going to be
tested:

1) economic growth in Kazakhstan is
accompanied by an increase in the consumption of
energy and water resources;

2) economic growth in Kazakhstan is
accompanied by an increase in waste generation, an
increase in emissions into the environment and an
increase in the environmental burden in the form of
ecological footprint.

All data for statistical and regression analysis
were collected from the official website of the
Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of
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Kazakhstan. The data are annual, the period from
2010 to 2021 was chosen. For the regression analysis
model (2) the dependent variable chosen was GDP.
The indicators presented in Table 1 were selected as
independent variables.

V=B, +B,"X, + By- X, + .. + u,(2

where: Y — the endogenous variable;
Xj — explanatory variables;
Bj — coefficients;
B, —fixed effects;
u — constant.

Table 1 — Dependent and independent regression variables

Notation Variable
Y dependent variable, gross domestic product
X1 The total amount of used fresh water
X2 Total primary fuel and energy consumption
X3 Emissions of liquid and gaseous pollutants
X4 Air pollutant emissions from stationary sources
X5 Waste generation
X6 Ecological footprint per person

Note: Compiled by the authors based on own research

The dependent variable was gross domestic
product. Waste generation includes the generation
of production and consumption waste. According to
Global Footprint network, ecological footprint per
person is a measure of how much area of biologically
productive land and water an individual, population,
or activity requires to produce all the resources it
consumes and to absorb the waste it generates, using
prevailing technology and resource management
practices. Table 2 presents descriptive statistics.

Table 2 — Descriptive statistics

Variable | N | Minimum |Maximum| Mean Desit;it'ion
Y 12 | 21815517 83951588 |48744628|19361683
X1 12 19999 22611 |20912,98 | 756,6532
X2 11 54772 81500 | 69448,36 | 7483,714
X3 12 1587 1975 1813,833 | 118,2815
X4 12 124,26 142 132,67 | 5,53125
X5 6 |320946,3 | 777764,9 | 487173,5 | 156365,4
X6 12 3,7 6,8 4,6167 | 0,85369

Note: Compiled by the authors based on own research
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Results and discussion

Analysis of decoupling economic growth from
the consumption of key natural resources

Figure 2 shows the dynamics of decoupling
GDP from the total amount of used freshwater
in Kazakhstan from 2010 to 2021. According
to the results, there is a constant GDP growth
while freshwater consumption has a relative
downward trend. This may indicate a situation of
absolute decoupling, in which economic growth is
accompanied by a reduction in water consumption.
However, from the figure below it can be seen
that freshwater consumption is characterized by

somewhat unstable dynamics: from 2010 to 2012,
there was a decrease in the amount of used freshwater
from 22.6 billion cubic meters to 20.3 billion cubic
meters. In 2013, there was a noticeable increase in
freshwater consumption up to 21.8 billion cubic
meters. Then, until 2016, there was a downward
trend in freshwater consumption, followed by a
period of growth and then a decline in freshwater
consumption. Such unstable dynamics of freshwater
use do not allow to make an unambiguous conclusion
about the absolute decoupling of economic growth
from freshwater consumption. It is necessary to
consider the dynamics of the volume of available
freshwater.
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Figure 2 — Dynamics of decoupling GDP from used freshwater
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Figure 3 shows the dynamics of the available
volume of freshwater. According to Figure 3 in
the period from 2010 to 2012, when there was a
decrease in the use of freshwater, the available
volume of freshwater also decreased. It may
indicate that during this period the reduction in
water use could not have occurred through the
application of responsible production principles
and water-saving technologies, but because of the
lesser availability of freshwater. From 2012 to 2014,
the volume of available freshwater increased along
with the increase in water use. However, in 2014,
the use of freshwater slightly decreased, which, with
a simultaneous increase in the available volume

of water, may indicate signs of decoupling. From
2014 to 2016, the available volume of freshwater
decreased again from 24,360 million cubic
meters to 22,730 million cubic meters, which was
accompanied by a decrease in the volume of water
used. The next period on the graphs from 2016 to
2019 is also characterized by the coincidence of
the growth in the available volume of freshwater
and, although less intensive, still the growth in
water consumption. In 2020 there was a remarkable
increase in the amount of available freshwater with
a simultaneous decrease in its use. In 2021, again,
there is a coincidence of a decrease in the amount of
available and used freshwater.
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Figure 3 — Dynamics of total available volume fresh water
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Decoupling index dynamics from freshwater
consumption from 2011 to 2021 is shown in Figure
4. The downward trend of the decoupling index
indicates a trend towards absolute decoupling, in
which freshwater consumption decreases while the
economy keeps growing. The most favorable situation

2,5

according to the figure took place in 2020, when
the decoupling index was equal to -1.9. Thus, the
dynamics of the decoupling index for 2011-2021 as a
whole reflects the situation of absolute decoupling in
Kazakhstan, in which economic growth is separated
from water resources consumption.

Figure 4 — Dynamics of decoupling index of GDP from used fresh water
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Figure 5 reflects the decoupling state of
economic growth from energy consumption.
Energy usage 1is characterized by unstable
dynamics, generally characterized by a barely
noticeable decline against the backdrop of stable
GDP growth. A noticeable decrease in energy
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consumption occurred between 2013 and 2015
with a relatively small increase in GDP. A
pronounced growth of the economy took place
from 2016 to 2019, which was accompanied,
although not so pronounced, still by an increase
in energy consumption.
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Figure 5 — Dynamics of decoupling GDP from total primary fuel and energy consumption
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

The dynamics of the decoupling index for
energy resources are shown in Figure 6 and are
characterized by a downward trend, which reflects
the intention to separate economic growth from
energy consumption. However, there is instability
in the dynamics, the values of the decoupling index
vary from—6to+1.In2015 and 2020, the decoupling
index values reached the minimum values of -5 and
-6.4 respectively, which indicates the achievement

2011

..2014 2015

of absolute decoupling in these years. This is quite
consistent with the figure above, which shows that in
2015 and 2020, economic growth was accompanied
by a decrease in energy consumption. In general,
given the unstable dynamics of energy consumption
and the downward trend in the dynamics of the
decoupling index, it can be concluded that there
is a trend toward absolute decoupling in energy
consumption.

016 2017 2018 2020

Figure 6 — Dynamics of decoupling index of GDP from primary fuel and energy consumption
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan
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Analysis of decoupling economic growth from
environmental impact

Figure 7 shows the decoupling state of economic
growth from waste generation. Based on the data
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displayed in the graph, one can observe a joint growth
trend in both GDP and waste generation from 2016
to 2021. However, it is worth noting a slight decline
in waste generation from 2019 to 2020.
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Figure 7 — Dynamics of decoupling GDP from waste generation
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Figure 8 shows the dynamics of the decoupling
index of GDP from waste generation. If we analyze
the decoupling index trend from waste generation,
we can observe a barely noticeable downward
trend which may reflect the aspiration of economic
growth toward decoupling from waste generation.
It should be noted that data on waste generation in
official statistical materials are indicated starting
from 2016 and onward. As can be seen in Figure §,
there is a stable trend from 2017 to 2019 between
0<DI<1, which is relative DI, after which there is a
sharp decline to a value of -7 on the scale, reflecting
transformation into an absolute decoupling index.
This can be attributed to a decrease in waste
generation in the respective years. Next, there is an
increase in the decoupling index, along with GDP
growth and waste generation starting from the year
2021. In general, most of the index values are in
the range of about 1 and above which reflects the
absence of decoupling.

Figure 9 represents the dynamics of ecological
footprint per person, and it can be seen that until
2014 there were unstable dynamics. In 2010, the
figure was 4.7 hectares per person, then increased
to almost 7 hectares in 2011. In 2012, ecofootprint
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per capita fell to 4.9 hectares, increasing again in
2013 to 5.7 hectares. Starting from 2014 and up
to 2021, the ecofootprint indicator has stabilized
at around 4 hectares. In general, the ecofootprint
dynamics for the period from 2010 to 2021 have
a weakly pronounced downward trend. Given the
more confident growth of the economy, such aratio
of GDP and ecofootprint dynamics may indicate a
situation of absolute decoupling. However, for a
more complete picture, it is necessary to consider
the dynamics of the ecofootprint decoupling
index.

Figure 10 shows the dynamics of the decoupling
index for ecofootprint for the period from 2011 to
2021. The index trend has a weakly pronounced
upward character, which indicates a trend of
transition from decoupling to coupling. The period
from 2014 to 2019 is characterized by relative
stability in the dynamics of the decoupling index. In
2014 and 2015, the negative values of the index (-2.2
and -1.5 respectively) were replaced by positive
values in 2016 and 2017 (0 and 0.3 respectively),
thus characterizing the transition from the state of
absolute decoupling to relative decoupling. In 2018
and 2019, the index again returns to negative values,
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that is, absolute decoupling again takes place. From
2011 to 2014, the index is characterized by sharp
fluctuations: values greater than 1 are replaced
by negative values and vice versa, characterizing
drastic transitions from no decoupling to absolute
decoupling. The sharp increase in the decoupling
index in 2020 to a value of 6.7 may be because,

against the backdrop of a slowdown in economic
growth, there was a more noticeable growth rate of
the ecofootprint. Thus, even though the ecofootprint
decoupling state as a whole has a weakly pronounced
uptrend, however, most of the index values are in the
negative range, which indicates the predominance
of absolute decoupling.

2017 2018

Figure 8 — Dynamics of decoupling index of GDP from waste generation
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan
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Figure 9 — Dynamics of decoupling GDP from ecological footprint per person
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan
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Figure 10 — Dynamics of the decoupling index of GDP from ecological footprint
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Figure 11 reflects the decoupling state of

economic growth from emissions of liquid and

gaseous pollutants. A barely noticeable uptrend of

emissions is visible from the chart. Growth rates of
emissions lag far behind those of economic growth
indicating a relative decoupling situation.
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Figure 11 — Dynamics of decoupling GDP from emissions of liquid and gaseous pollutants
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

Figure 12 shows the decoupling index trend
from liquid and gaseous pollutants. The DI index
range (0 < DI < 1) observed during the periods
from 2011 to 2012 and from 2016 to 2019 indicates
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relative decoupling. This means that while the
economy was growing, pollutant emissions were
increasing at a slower rate. In contrast, during 2015
and 2020, there was an absolute decoupling, where
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economic growth was accompanied by a reduction
in environmental pollution. In general, most of the
index values are in the range from 0 to 1 indicating
that there is a predominance of relative decoupling
from liquid and gaseous pollutants.
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2011 2012

0,2
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0,6

0,8

-1,2

Thus, the analysis of the decoupling state
dynamics showed that for water resources there is
an absolute decoupling of economic growth from
water consumption, and for energy resources, there
is a tendency to absolute decoupling.

Figure 12 — Dynamics of decoupling index of GDP from emissions of liquid and gaseous pollutants
Note: Compiled by the authors based on the data of the Bureau of National Statistics in the Republic of Kazakhstan

As for impact decoupling, the analysis showed
that economic growth in Kazakhstan is accompanied
by an increase in waste generation, but the growth
rates of the latter lag behind the pace of economic
growth. There is also relative decoupling from
liquid and gaseous pollutants.

Decoupling analysis of ecological footprint
showed the predominance of absolute decoupling,
in which economic growth is accompanied by a
decrease in ecofootprint.

Regression analysis

For the purpose of regression analysis, four
models were built with the dependent variable of
GDP. The objective of regression analysis is to
identify the degree of dependence of economic
growth in Kazakhstan on resource consumption
and environmental pressure. All variables were
previously tested for multicollinearity. Within
the framework of one model, there are used only
variables with no close correlation between them.
For the purposes of regression analysis, natural
logarithms of values were taken. Regression
analysis was conducted using the SPSS25 statistical

software package. The correlations of independent
and dependent variables are shown in Table 3.

The specifications of four models are shown in
the Table 4.

From4 specifications 3 are statistically significant
according to the Fisher test. Moreover, all models
containing environmental load factors, namely,
emissions into the atmosphere, waste generation,
and ecological footprint per person, are statistically
significant. This suggests that economic growth
in Kazakhstan is closely linked to environmental
degradation. Within the framework of the second
model, which includes such predictors as emissions
of liquid and gaseous pollutants, and air pollutant
emissions from stationary sources, all coefficients
for independent variables are statistically significant.
Moreover, emissions of liquid and gaseous
pollutants are significant at the level of 1% and are
closely and positively correlated with GDP. Thus,
the hypothesis that economic growth in Kazakhstan
is accompanied by an increase in emissions into the
environment, particularly emissions of liquid and
gaseous pollutants, is confirmed. In other words,
economic growth is coupled with emissions of
liquid and gaseous pollutants.
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Table 3 — Correlations

Y X1 X2 X3 X4 X5 X6
Y 1 -0,596 -0,184 0,925 -0,532 0,942 -0,671
X1 -0,596 1 0,092
X2 -0,184 0,092 1
X3 0,925 1
X4 -0,532 0,212 1
X5 0,942 1
X6 -0,671 1
Note: Compiled by the authors based on own research
Table 4 — Results of the regression analysis, dependent variable — GDP
Independent variable Specification
1 2 3 4
The total amount of used fresh water -(63,,%)5156;
Total primary fuel and energy consumption (_(())’ ’3326)
Emissions of liquid and gaseous pollutants 5,333%
(0,35)
Air pollutant emissions from stationary -3,345%%*
sources (0,531)
Waste generation 0(’8,6141*8*;*
Ecological footprint per person _(1(’)’656 82 1* )*
Constant 84,801** -6,034 9,203 %% 20,151
(30,931) (4,062) (1,543) (0,886)
Number of observations 11 12 6 12
R2 0,372 0,973 0,888 0,45
Fisher test F=2,367 F=164,021 F=31,602 F=§,191
[0,156] [0,000] [0,005] [0,017]
Compiled by the authors based on own research

Air pollutant emissions from stationary sources
are less closely related to GDP, since correlation
equals -0.532. A negative correlation value suggests
a decoupling between economic growth and air
pollutant emissions from stationary sources.
Therefore, hypothesis number two is not confirmed
in terms of air pollutant emissions from stationary
sources.

The third model, which includes the independent
variable “waste generation”, is also statistically
significant according to the Fisher test, the
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coefficient for waste generation is significant at the
1% level. A close positive correlation (0.942) was
found between waste generation and GDP. These
results suggest that as the economy grows, so does
waste generation. Therefore, there is no decoupling
between economic growth and waste generation, but
conversely, there is coupling. The hypothesis that
economic growth in Kazakhstan is accompanied by
an increase in waste generation has been confirmed.

As for the fourth model with the ecological
footprint independent variable, it is statistically
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significant, the ecological footprint coefficient
is significant at the 5% level, and the correlation
between the ecological footprint and GDP is
noticeable and equals -0.671. The negative
coefficient for ecological footprint, as well as
the negative correlation coefficient between
ecofootprint and GDP, indicate that economic
growth in Kazakhstan is accompanied by a slight
decrease in the ecofootprint indicator. This situation
allows to assume the predominant presence of
absolute decoupling regarding ecological footprint.
Therefore, the hypothesis that economic growth in
Kazakhstan is accompanied by an increase in the
environmental burden in the form of an ecological
footprint is rejected.

The first model with such predictors as the
total amount of used fresh water and total primary
fuel and energy consumption was statistically
insignificant according to the Fisher test. The
correlation between the total amount of freshwater
used and GDP is moderately negative, which
may indicate a decoupling between economic
growth and water consumption. Therefore, the
hypothesis that economic growth in Kazakhstan
is accompanied by an increase in the consumption
of water resources is refuted. The correlation
between GDP and total primary fuel and energy
consumption is weak and negative, and the
coefficient on energy consumption is also negative.
Therefore, the hypothesis that economic growth in
Kazakhstan is accompanied by an increase in the
consumption of energy resources is also refuted. It
is worth noting that the regression analysis results
are in line with statistical and decoupling analysis
results which were conducted earlier within the
current research.

Conclusion

Decoupling economic growth from natural
resource consumption and environmental pressure
is extremely important for Kazakhstan as well
as for all economies all over the world. This
paper attempted to analyze and assess current
resource and impact decoupling state and trends
in Kazakhstan. Resource decoupling was analyzed
regarding water and energy resources and waste
generation, ecological footprint per person,
and pollutants emissions combined an impact
decoupling analysis.

Resource decoupling analysis showed a presence
of absolute decoupling from freshwater resources
while dynamics of available freshwater volume
were unstable. As for energy resources, there is
a tendency for absolute decoupling of economic
growth from energy resource consumption. Thus, the
first hypothesis regarding accompanying economic
growth with an increase in the consumption of
energy and water resources is rejected.

Results of the impact decoupling analysis
showed that economic growth was fully
accompanied by waste generation growth. As for
liquid and gaseous pollutants, there is a relative
decoupling. Thus, the second hypothesis is
confirmed related to waste generation as well as
liquid and gaseous pollutants.

According to the results obtained, the ecological
footprint per person decreases while the economy
keeps growing reflecting a state of absolute
decoupling. In other words, the second hypothesis is
refuted regarding the ecological footprint indicator.
Concerning air pollutant emissions from stationary
sources the second hypothesis is also refuted.

Thus, according to the analysis results, it was
revealed that economic growth in Kazakhstan is
accompanied by an increase in waste generation,
emissions into the environment, in particular
emissions of liquid and gaseous pollutants.

To sum up, this study contributes to the scientific
knowledge base by analyzing and assessing the
decoupling state of the kazakhstani economy
regarding key natural resources and environmental
pressure. These findings can be used to define current
decoupling state and trends in Kazakhstan, regions,
and industries to monitor the effectiveness of the
application of responsible production principles and
the achievement of sustainable development goals.

The lack of data for some indicators of impact
decoupling can be indicated as research limitations.
Further research can cover the study of the best
foreign experience in the field of achieving
resource and impact decoupling and adapting it to
Kazakhstan’s realities.
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