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ABSTRACT

The problem of spatial inequality in the regions of Kazakhstan has been relevant for many years and in
recent years this problem has worsened due to socio-economic changes in the areas, the consequences of
the COVID-19 pandemic, the negative impact of inflationary processes, increased internal migration and
other factors. The purpose of this study is to analyze spatial inequality between 16 regions of Kazakhstan
covering the period from 2001 to 2017. The following scientific methods were used in the study: historical
method, and statistical method. During the research, a new class of spatial econometric models was
developed, which are modifications of the Durbin spatial model. These models are characterized by variable
coefficients with spatial lags of the dependent and independent variables. The models were evaluated
based on information about Kazakhstan’s regions, using the regional gross domestic product per capita as
a dependent variable. The findings of the study show the advantages of the SDM model with fixed effects
compared to alternative models, which is confirmed by the results of the assessment using the criteria of
the Akaike Information Criterion (AIC) and Bayes (BIC). According to the SDM model, a 1% increase in gross
regional product per capita in the base year leads to an increase in the growth rate of gross regional product
per capita, all other things being equal. It is also worth noting that an increase in the unemployment rate
by 1% contributes to an acceleration in the growth rate of the gross regional product per capita by 0.451,
all other things being equal. An increase in government spending per unit in the region contributes to a
decrease in the growth rate of the gross regional product per capita in the neighboring region, all other
things being equal. The spatial lag coefficient indicates that changes in the indicators of the domestic
regional product per capita in one region have an impact on changes in the domestic regional product per
capita in the neighboring region. The results of the study indicate the need to use spatial weights when
evaluating regional regression models.
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AHHOTALUA

Mpob6aema NpocTpaHCTBEHHOTO HEPABEHCTBa perMoHoB KasaxcTaHa ABAAETCA aKTyaNbHOM Ha MPOTAXKEHUN
MHOTUX /IET U B NOCeAHWE roAbl faHHaA npobaema ycyrybunach B CBA3W C COLMAIbHO-3KOHOMMUYECKUMU
N3MEHEHWAMM B permoHax, nocneacTsnamm naHaemmm COVID-19, HeraTUBHbIM BAUAHUEM MHPAALMOHHbIX
MPOLLeCccoB, YCUJEHUEM BHYTPEHHEeN murpaummn u apyrmx ¢axktopos. Llenbto AaHHOro uccaesoBaHUA
ABNAETCA aHa/IM3 NPOCTPAHCTBEHHOrO HepaBeHCTBA Mexay 16 pervoHamu KasaxctaHa oXBaTbiBatOLLUMA
BpemeHHoM nepmog c2001no 2017 roabl- BuccnesoBaHMM MCNOb30BANANCH CEAYIOLLME HAaYYHbIE METOAbI:
MUCTOPUYECKNI METOA, CTaTUCTUYECKNIM meTo. B npouecce nccnenosaHus bbis pa3paboTaH HOBbIN Kacc
NPOCTPAHCTBEHHO-3KOHOMETPUYECKUX MOLENEN, ABNAIOWMXCA MOAUDUKALMAMU MNPOCTPAHCTBEHHOM
mogenn [apbuHa. [laHHble MOAENM XapaKTepusyrTcA HemnocTOAHHbIMW KodpdULMEeHTaMn npu
NPOCTPAHCTBEHHbIX Jlarax 3aBUCMMOW M He3aBMCUMMbIX NepemeHHbIX. OLueHKa Mogenel ocyLLecTBasnach
Ha OCHOBE CBEAEHMIN O Ka3aXxCTaHCKMUX PErMOHaX, C UCMOJ/Ib30BAHNEM B KaYecTBe 3aBUCMMON NepemMeHHOM
Temna pocTa PermoHaNbHOro BHYTPEHHEro Ba/sI0OBOTO MNPOAYKTAa Ha Ayuwy HacesneHua. BbiBozbl
nccneLoBaHMA NOKasbIBalOT NpenmyLectsa Mogenm SDM ¢ duKkcMpoBaHHbIMKM 3ddeKTamMmn No CPaBHEHNIO
C aNbTEPHATMBHbIMW MOAENAMM, UYTO MNOATBEP)KOAETCA pe3y/bTaTaMM OLEHKM C WUCNOAb30BaHUEM
KpuTepues MHbopMaLMoHHOro Kputepma Akauke (AIC) n balieca (BIC). CornacHo oueHKn moaenn SDM,
yBennyeHune Ha 1% Ba/sI0BOro permoHaibHOro NpoAyKTa Ha AyLly HaceseHua B 6a3oBOM roay, MPMBOLMT K
YBEIMYEHUNIO TEMMOB POCTA BA/JIOBOFO PErMOHA/IbHOrO NPOAYKTA Ha AyLUy HACeNeHMA NPU NPOYNX PaBHbIX
yCNnoBuax. Tak:Ke CTOUT OTMETUTb, YTO YBENNYEHWNE YPOBHA 6e3paboTuLbl Ha 1% cnocobCTBYET YCKOPEHMUIO
TEMMOB POCTa BaJIOBOrO pPervoHasibHOro NMpPoAyKTa Ha Aywy HaceneHua Ha 0,451 npu npoymx paBHbIX
ycnoBuax. POCT pacxofoB rocyfapctsa Ha 1 eAMHULY B perMoHe CnocobCTBYET K CHUMKEHWUIO TEMMNOB POCTa
Ba/I0OBOr0 PErMoHanbHOro NPOAYKTa Ha AyLlYy HaceneHusa B conpenenbHOM pPermoHe npu NPoYnX paBHbIX
ycnosusx. KoappuumeHT npocTpaHCTBEHHOIO OTCTaBaHMA YKA3bIBAET HA TO, YTO USMEHEHUSA B MOKa3aTenAx
BHYTPEHHEro perMoHasbHOro NPOAyKTa Ha Ayly HaceneHua B OAHOM PermoHe OKasblBaloT BAUAHUE Ha
M3MEHEeHUA BHYTPEHHEero PernmoHasbHOro NPOAyKTa Ha Ayly HaceneHua B conpenenbHOM pervoHe.
PesynbTaTbl McCnenoBaHUA CBUAETENbCTBYIOT O HEOBXOAMMOCTM  MCMOJIb30BAHWMA MPOCTPAHCTBEHHbIX
BECOB NPW OLLeHKE PErMoHa/IbHbIX PEFPECCUOHHbIX MoAeNei.
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INTRODUCTION

Since gaining independence, Kazakhstan has
undergone several major regional administrative
and territorial reforms. In 1997, the Zhezkazgan
region was merged with the Karaganda region, the
Kokshetau region was divided between the Akmola
and North Kazakhstan regions, the Semipalatinsk
region became part of the East Kazakhstan region,
the Turgai region became part of the Kostanay
region and Taldykorgan region became part of
Almaty region. The events of January 2022, the
socio-economic tensions in depressed regions,
and the spatial inequality of the regions served as
the impetus for new administrative and territorial
reforms in May 2022. Thus, Zhezkazgan and
Semey were again given the status of regional
centers with the formation of Ulytau and Abai
regions, respectively. Konayev acquired this status
for the first time, becoming the regional center of
the Almaty region. Also, eight districts, the cities
of Tekeli and the Taldykorgan, separated from
the Almaty region, thereby forming the Zhetysu
region. The new administrative-territorial units
are designed to improve management efficiency,
strengthen socio-economic stability, reduce regional
inequality, etc. Thus, according to some indicators,
the “new” regions are significantly lagging behind
the national average. For example, in terms of life
expectancy at birth, the Ulytau region in 2022 was
an absolute outsider with an indicator of 71.44
years, and the indicator of the Abai region was 73.8
years. The average national age in this indicator
was 74.44 years, the leading region was the city of
Almaty with an indicator of 77.32 years. In 2022,
the Ulytau region was also the “leader” in terms of
the proportion of NEET youth at 12.6%, while the
national average was 6.5%.

The uneven spatial development of the re-
gions of Kazakhstan continues to be one of the main
problems of the country’s government. It requires
the state to make significant inter-budgetary redistri-
butions between rich and poor regions. Considering
the new administrative and territorial reforms, var-
ious support mechanisms have been developed for
depressed and economically weak regions. Taking
into account the assessment of the effectiveness of
the state’s regional policy aimed at reducing region-
al disparities and the study of the spatial evolution
of regions, this study is relevant. It contributes to a
better understanding of spatial effects in the context
of the regions of Kazakhstan. The study examines
how the growth rate of regional GDP per capita in-
fluences the gross regional product per capita in the
base year, along with factors such as government
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spending per capita, the unemployment rate, and in-
vestment in fixed assets at the regional level.

The scientific significance lies in the pro-
posed modification of the Durbin spatial model,
taking into account differences in growth trajecto-
ries due to regional differences that determine the
individual characteristics of the dynamics of public
investment in regional infrastructure and social pro-
jects; differences in unemployment rates between
regions, differences in investment activity, taking
into account the mutual influence of regions on each
other. A quantitative assessment of the impact of the
level of government spending per capita and invest-
ment in fixed assets in the region on neighboring
regions has been carried out.

The study aims to analyze spatial inequality
between the regions of Kazakhstan before imple-
menting administrative and territorial reforms aimed
at reducing the depression of individual regions and
eliminating regional disparities.

LITERATURE REVIEW

The problem of spatial inequality is relevant
in Kazakhstan and other developing and developed
countries (Niembro & Sarmiento, 2021; Eva et al.,
2022). The issues of spatial inequality are interdis-
ciplinary and are closely interconnected with such
scientific regions as regional economics, urban so-
ciology, political science, urban studies, ecology,
etc. (Gyuris, 2018). Much of the research on spatial
inequality focuses on inequality within urban en-
vironments (Sarkar et al., 2024; Kilroy, 2009) and
inequality between urban and rural regions. Spatial
inequality occurs at different scales and is evident
in different economic and social spheres (Turok &
Visagie, 2025). Thus, in South Korea, spatial ine-
qualities in transport, healthcare, culture, education,
and economic opportunities vary significantly be-
tween urban centers and densely populated regions
compared to rural and remote regions (Han, 2022).
Regions with low accessibility are usually charac-
terized by many older adults and a few non-disa-
bled people (Lee et al., 2024). Research on spatial
inequality in higher education between cities and
rural regions is widespread in the scientific litera-
ture (Zahl-Thanem & Fredrik Rye, 2024). Spatial
inequality in the UK is an important economic and
social problem for the whole society, and a better
standard of living is being recorded in London in
such regions as healthcare, education, wages, etc.
(Higgins et al., 2014; Overman & Xu, 2024).

The Achten and Lessmann study examines
how spatial inequality affects the economic activity
of existing and artificial countries using exogenous
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variations in geographical characteristics (Achten &
Lessmann, 2020). Instrumental variable estimates
show a strong causal relationship between spatial
inequality between countries and the level of eco-
nomic integration with the global world, affecting
regional income inequality (Ezcurra & Del Villar,
2021). In the scientific community, discussions
about methods of combating spatial inequality occur
at the national and regional levels (Todes & Turok,
2017).

Regional inequality is one of the important
components of national disparities (Shifa & Leib-
brandt, 2022). Regional differences contribute to
overall inequality within a state, in a broader con-
text regional inequality includes inequality between
cities and rural regions, regions, and cities (Lu et al.,
2015). Differences in the level of development of
regions can contribute to increased social tension,
polarization of regions, dissatisfaction with elites,
and a decrease in national cohesion (Floerkemeier
& Spatafora, 2021). Regional inequality and ine-
quality in neighboring regions directly affect the
growth rate of production in the regional economy
(Panzera & Postiglione, 2021). Spatial inequality
in the health sector shows that in France, there is a
significant difference in mortality between rich met-
ropolitan regions and regional municipalities, as in
rich regions, mortality is 15.1 lower than in other
regions of the country (Fayet et al., 2020). A study
conducted in the United States covering the period
from 1960 to 2019 shows that per capita incomes
in the states vary before taxes and, thanks to trans-
fers, it is possible to reduce spatial income inequal-
ity (Gaubert et al., 2021). Early studies on regional
inequality focused on population density or income
(Folmer & Oosterhaven, 1979). Studies conducted
considering one indicator did not show a complete
picture of the causes of spatial inequality.

Spatial inequality contributes to the uneven
distribution of resources, which ultimately leads to
the marginalization and deprivation of vulnerable
segments of the population (Wu & Liu, 2022; Vogel
& Zwiers, 2018) and undermines social cohesion and
political stability (Liu et al., 2024). It is worth noting
that to reduce spatial inequality between regions, it
is necessary to take decisive measures on the part of
the state and society (Doran, 2022; MacKinnon et
al., 2024). In England, the government uses decen-
tralization of public administration and devolution
mechanisms to strengthen local government bodies
and develop regional management capabilities. It
was found that regions with weaker local governance
experienced difficulties in obtaining funding, devel-
oping investment plans, and attracting investment.
Weak local governance capacity was characterized
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by weak economic productivity (Newman & Hoole,
2024). The experience of Italy, France, and Germa-
ny shows that the governments of these countries
have strategies to combat spatial inequality through
strong governance mechanisms. The effectiveness
of these strategies is linked to strong institutions and
funding (Giovannini & Vampa, 2020). An empirical
analysis of the long-term effects of fiscal decentral-
ization aimed at reducing economic and social ine-
quality in Indonesian regions demonstrates the need
for effective local policies and balanced national
policies to support regions, considering liberaliza-
tion (Aritenang & Chandramidi, 2023). To achieve
sustainable development goals and reduce inequal-
ity between and within countries, expanding access
to health care and education services and reducing
poverty at micro-spatial levels (Niranjan, 2020).

The SDM model has been widely applied in
spatial inequality studies to analyze the relation-
ships between regional inequality and natural re-
sources (Ponce et al., 2023), education (Delprato
et al., 2024), health (Zhang et al., 2020), economic
growth (Khotiawan et al., 2023), innovation (Biir-
scher & Scherngell, 2023), regional income (Jadhav
& Viswanathan, 2023), digital economy (Xia et al.,
2024), poverty (Ifa et al., 2024).

Research devoted to spatial inequality in the
regions of Kazakhstan is widely represented in do-
mestic and foreign scientific literature. Among the
available studies, one can note a study examining
the inequality of regions by level of well-being
(Rodriguez-Pose et al., 2024). The well-being of
regions depends, among other things, on the pop-
ulation’s poverty level, so in the study of Chulano-
va et al. (2024), the integrated poverty index of the
regions of Kazakhstan was assessed. Socioeconom-
ic inequality has a direct and significant impact on
regional development governance in Kazakhstan
and remains one of the main problems of society
(Sermagambet et al., 2022; Nurlanova et al., 2023).
Fayziy (2024) showed differences in inequality of
opportunity on income and employment status be-
tween regions of Kazakhstan using ordinary least
squares, logarithmic models, and Gini coefficients.
The sectoral structure of the economy has a signifi-
cant impact on the inequality of labor income in the
regions of Kazakhstan; to reduce regional inequality
in income, it is proposed to use taxation instruments,
as well as the introduction of regional coefficients
(Nurlanova et al., 2024). Using the ARIMA method,
we analyzed how income inequality affects social
inequality in the regions of Kazakhstan (Ismagulova
& Massakova, 2024). Calculations of the speciali-
zation index (KDI) confirm the pronounced spatial
differentiation of economic activity between the re-
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gions of Kazakhstan. The bidirectional relationship
between income inequality and economic growth
shows different regional dynamics, suggesting that
future research should consider regional specifici-
ties and interregional heterogeneity (Temerbulatova
et al., 2024). The results of the studies show that
factors such as GDP growth and migration have a
positive effect on reducing income inequality and
that social assistance hurts reducing inequality. An-
derson and Pomfret (2004) conducted a comprehen-
sive empirical study of spatial inequality in Central
Asian countries and Kazakhstan and concluded
that spatial inequality has negative consequences.
Research findings highlight the importance of ed-
ucation in reducing regional inequality (Kireyeva et
al., 2023). The differences in economic inequality
are analyzed using Kazakhstan, the former Soviet
Union, and the OECD as examples (Jumambayev
et al., 2022).

The literature review revealed the multifacet-
ed nature of spatial inequality due to socio-econom-
ic, political, geographic, historical, and other factors.
This study contributes to a deeper understanding of
the role of spatial effects in the context of the mu-
tual influence of regions of Kazakhstan. The study
is distinguished by the use of the SDM method with
spatial fixed and random effects, which allows for a
better understanding of the level of dependence be-
tween regions, allows for a more accurate prediction
of the impact of economic changes in one region on
neighboring regions and takes into account the ge-

Table 1. Boundary matrix of regions of Kazakhstan

ographical heterogeneity of Kazakhstan. Within the
framework of existing studies of the development
of regions of Kazakhstan, approaches based on the
SDM model have not previously been used, so this
study can become the basis for a more detailed anal-
ysis of future studies in the field of regional policy,
sustainable development and reducing spatial ine-
quality of regions.

RESEARCH METHODS

The study is based on regional data from
the Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of
Kazakhstan (Bureau of National Statistics, 2024).
Due to changes in the administrative and territorial
structure of the country in 2018 and 2022, which
included the formation of new regions (Turkestan,
Abai, Zhetysu, and Ulytau regions) and the city of
Shymkent, the analysis covers the period from 2003
to 2017. During this period, Kazakhstan included 14
regions and two cities of national significance — Al-
maty and Astana.

In our study, we use one weighting matrix,
the boundary matrix. The diagonal elements of the
weight matrices are zero. The wij element of the
boundary matrix is one if regions with numbers i
and j have a shared land border and zero if they do
not have a common land border. The boundary ma-
trix is presented in Table 1.

Region M@ @D G G 0D G G a0 a1 a2 a3 a4 | as | ae)
Akmola 0,00, 0]0]0O0 1 1 0 0 0 1 1 0 1 0
Aktobe 0,010 1 1 0 1 1 1 1 0 0 0 0 0 0
Almaty 0,000/ 0 1 1 00 0 0 0 0 1 0 1
Atyrau 0 1 010 1 010|010 1 0 0 0 0 0 0
West Kazakhstan 0 1 0 1 O[O0 0] 00 0 0 0 0 0 0 0
Zhambyl 00 1 0O[0 /|0 1 00 0 1 0 0 0 0 0
Karaganda 1 1 11001071 1 0 1 1 0 1 0 0
Kostanay 1 1 0,000 1 00 0 0 0 1 0 0 0
Kyzylorda 0 1 0,000 1 00 0 1 0 0 0 0 0
Mangistau 0 1 0 1 O[O0 0] 0O 0 0 0 0 0 0 0
South Kazakhstan | 0 0 0 0] O 1 1 0 1 0 0 0 0 0 0 0
Pavlodar 1 0,000/ 0 1 00 0 0 0 1 1 0 0
North Kazakhstan | 1 0,00, 0]07]0O 1 0 0 0 1 0 0 0 0
East Kazakhstan 00 1 0,010 1 00 0 0 1 0 0 0 0
Astana city 1 Oo,0]0|O0|0]O0|O0]O0 0 0 0 0 0 0 0
Almaty city 00 1 0O,0]0 0070 0 0 0 0 0 0 0

Note: compiled by authors
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Using statistics for these 15 years made it pos-
sible to consider longer-term trends and the broader
context of the country’s development. A regression
analysis of the spatial inequality of the regions of
Kazakhstan was carried out. The Durbin spatial
model (SDM) is used for this purpose.

The Spatial Durbin Model (SDM) has recent-
ly become more noticeable in economic studies due
to its broad method of modeling spatial relations.
As initially indicated by Anselin (1988), and for-
merly by Beer and Riedl (2012), SDM combines a
spatial lag for mutually dependent and independent
variables, making it principally skillful at catching
externalities and spillovers from different origins.
SDM’s growing approval is demonstrated in its reg-
ular use through numerous economic literature. For
example, as stated before, Hu et al. (2022) discuss
the application of SDM alongside two supplementa-
ry mutual spatial econometric models for studying
cross-sectional data: the spatial autoregressive mod-
el (SAR) and the spatial error model (SEM). They
found that although SAR is usually applied while
the dependent variable displays spatial correlation
through regions, SEM is more appropriate while
spatial correlation exists in the independent varia-
bles (Hu et al., 2022). SDM, in contrast, prolongs
these frameworks by allowing for the autocorrela-
tion of both dependent and independent variables,
consequently including both spatial lag and spatial
error mechanisms in the study. This marks SDM as a
robust model for investigating the complicated flow
of spatial interdependencies (Hu et al., 2022). Before
Anselin (1988), there was Burridge (1981) who, as
referenced by Elhorst (2011), indicates the price of
introducing a spatial framework with an extensive
model such as the Spatial Durbin Model (SDM),
which incorporates less compound models inside its
arrangement. This methodology supports assessing
whether SDM can shorten its nested frameworks,
supplying a vigorous framework for interpreting
spatial dependencies in data (Elhorst, 2011).

Pace and LeSage (2010) point out the ad-
vantages of using the spatial Durbin model (SDM).
Their analysis shows that when variables exhibit
spatial dependence, both in perturbations and be-
tween dependent and explanatory variables, tra-
ditional methods such as the least squares method
(OLS) can lead to biases of missing variables. SDM
solves this problem by integrating spatial delays of
both dependent and explanatory variables into the
model. Ezcurra and Rios (2015) have shown that
the Durbin spatial model also solves the problem of
model endogeneity.

The equation for the regression model using
formula (1):
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InYit :pWInYilo +B1 h’IXm+ Bz lnX2it + B3 1nX3it +
BSIHX5i1+ B6lnX6it+ B7lnx7it +8it (1 )

where:

W — the boundary matrix (reflects the influ-
ence of all other regions), the matrix elements re-
flect the distance between the regions.

Y~ the growth rate of regional GDP per cap-
ita in region 7 in the year ¢.

Y, the gross regional product per capita in
the base year (tenge) in region i in year ¢;

X,m_ government expenditures per capita
(tenge) in region i in year f;

. in‘ unemployment rate (in decimals) in re-

glon i 1n year f;

X,,— investments in fixed assets (tenge) in re-
gion i in year £

p — spatial lag coefficient;

&€, — error term.

The number of observations amounted to
272, allowing us to cover a wide range of regional
data. Based on Barro and Sala-i-Martin (2004) study
of endogenous growth models, the main factors of
economic growth are capital, labor, and technology.
In this study, we used fixed capital investment as the
capital indicator, the unemployment rate as the labor
force indicator, and government expenditure as an
exogenous variable. The following indicators were
used for the analysis: the regional GDP per capita in
the region (dependent variable), gross regional prod-
uct per capita in the base year in the region, govern-
ment spending per capita, unemployment rate, and
investment in fixed assets (independent variables).

The specified independent variables were in-
cluded in the model for the following reasons:

1. GRP per capita — it is assumed that the
higher the GRP per capita, the better the general
economic situation in the region, the lower the un-
employment rate, and the higher the relative wages
and economic growth rate.

2. Government expenditure per capita — it is
assumed that government expenditure per capita has
a very noticeable impact and return in the form of
an increase in GRP. Using the variable government
expenditure per capita, analyzing the dynamics of
government investment in infrastructure, social, and
other regional projects aimed at improving the pop-
ulation’s lives is possible.

3. Unemployment rate — this variable is in-
cluded based on the assumption that economically
stronger regions offer better job opportunities and
higher wages, attracting labor migration. Regions
with low unemployment and higher wages are typi-
cally growth leaders. The unemployment rate helps
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highlight disparities across regions, particularly in
densely populated areas.

4. Investments in fixed capital — it is assumed
that investments in fixed capital are a key condition
for achieving annual growth of GRP.

Thus, the variables considered reflect impor-
tant factors influencing the region’s development
and help to assess how various aspects can affect
the region’s growth and quality of life.

RESULTS AND DISCUSSION

In the initial stage of the period under review,
the country underwent economic transformation and
modernization, market expansion, and rising prices
for exported raw materials. In 2008, Kazakhstan,
like many other countries, faced the consequences
of the financial and economic crisis. In 2014, there
was a drop in world oil prices, which hurt the eco-
nomic situation both in the regions and the country
as a whole. This paper conducted a regression anal-
ysis to better understand the situation during this
period.

The Durbin model (SDM) with fixed ran-
dom effects was used in spatial regression analysis.
Considering the component of spatial dependence,

Table 2. Spatial SDM model with random effects

this model is an extension of traditional regression
analysis since variables in one region can depend
not only on their values but also on the values of
the corresponding variables in neighboring regions.
The SDM model can provide more accurate data on
regional interactions and identify hidden dependen-
cies that might have been overlooked when using
traditional methods.

It is worth noting that when modeling mac-
roeconomic indicators of regions, it is necessary to
consider the influence of other factors in these re-
gions and the values of these same macroeconomic
indicators in other regions. If the spatial autocorre-
lation coefficient is significant and positive (nega-
tive), this indicates the presence of corresponding
spatial effects. A positive coefficient indicates that
changes occurring in one region will lead to similar
changes in adjacent regions. In contrast, a negative
coefficient means that changes in one region will
cause opposite changes in an adjacent region (con-
sidering using the boundary matrix W). Thus, the
model takes into account the mutual influence of the
selected groups of regions on each other.

Table 2 shows the SDM spatial model
simulation results with random effects.

Variable Coefficient Coecfficients taking into account Spatial variable
the spatial lag (W)

InY, 0.0160 0.0593*
(0.0201) (0.0319)

InX, 0.00221 -0.0514*
(0.0218) (0.0281)

InX, 0.247** -0.139
(0.0981) (0.118)

InX, 0.00131 -0.0336
(0.0194) (0.0219)

p 0.575%**
(0.0855)
Constant 0.300**
(0.138)
Number.of observa- 272 272 272
tions
R-squared 0.180 0.180 0.180
Number of ID 16 16 16
Robust standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1

Note: compiled by authors
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The model used dependent variables In Y
(logarithmic values of variables), independent
variables InX , InX , LnX,, and a spatial variable
with a lag (W).

InY : Given the spatial effects, it can be ar-
gued that a 1% increase in gross regional product per
capita in the region contributes to a 0.016% increase
in gross regional product per capita in the next peri-
od. The impact of government spending per capita is
small if spatial interactions are not considered.

InX,: Unemployment rates have a more sig-
nificant impact on the gross regional product per
capita. Thus, an increase in the unemployment rate
by 1% is accompanied by an increase in the regional
GDP per capita by 0.247%. This is probably due to
structural unemployment or improved labor produc-
tivity.

Table 3. SDM model with spatial fixed effects

PET'MOHAJIBHASI SKOHOMMUKA

It should be noted that in the model, invest-
ments have a relatively weak impact on the regional
GDP per capita. The spatial lag of 0.575 indicates
a significant impact of the gross regional product
per capita level in neighboring regions on the cor-
responding indicator in the region under consider-
ation.

The analysis showed that economic factors
and spatial relationships between regions influence
regional GDP growth. Factors such as unemploy-
ment and GRP per capita in the base year and less
significant factors such as investment and govern-
ment spending significantly depend on the spatial
context.

Table 3 shows the SDM spatial model simula-
tion results with fixed effects.

Variable Coefficient acfoolfl?:ctllf:tssptaigf %a :gn(t&,) Spatial variable
InY, 0.370%** -0.165
(0.105) (0.129)
InX, -0.0271 -0.118**
(0.0270) (0.0545)
InX, 0.451%%* -0.162
(0.137) (0.155)
InX 0.0222 -0.0401
(0.0268) (0.0338)
p 0.570%**
(0.0782)
Number of observations 272 272 272
R-squared 0.034 0.034 0.034
Number of ID 16 16 16
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Note: compiled by authors

Comparing the estimates of the AIC and BIC
criteria for different models, the paper concluded
that the SDM model with fixed effects is the best of
all the above.

InY : The coefficient of 0.370 indicates that
an increase in the gross regional product per capita
by 1% in the base year is associated with an increase
in the gross regional product per capita rate by 0.370
units, all other things being equal. This coefficient is
statistically significant (p < 0.05).

InX,: An increase in the unemployment rate
by 1% is accompanied by an increase in the gross
regional product per capita growth rate by 0.451, all
other things being equal. The coefficient reflecting
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the effect of the unemployment rate is statistically
significant (p < 0.05).

Spatial lag of independent variables: coeffi-
cients for spatially lagging independent variables
indicate the influence of adjacent regions’ charac-
teristics on a given region’s dependent variable.
Since the spatial lag coefficient InX is statistically
significant, an increase in government spending in
neighboring regions by one unit leads to a decrease
of 0.118 in the GRP per capita growth rate in the
observed region, all other things being equal. Also,
the spatial lag coefficient for the unemployment rate
is negative, which means that an increase in unem-
ployment in neighboring regions leads to a decrease
in GRP per capita in this region.
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Spatial lag Y: The coefficient of spatial lag
of the dependent variable, equal to 0.570, is statis-
tically significant. This indicates that the gross re-
gional product per capita in one region significantly
depends on the gross regional product per capita in
neighboring regions, which confirms the correctness
of the spatial econometric model. When evaluating
regional regression models, spatial weights must be
considered.

Thus, identifying a positive spatial effect
on the growth of GRP in regions indicates that an
economically developing region contributes to the
growth of adjacent regions, exerting a positive in-
fluence on them. In turn, a negative spatial effect on
the growth of GRP indicates that an economically
growing region attracts resources and investments,
which limits the development opportunities of adja-
cent regions, hindering their economic growth.

During the study, the Hausman test was per-
formed for each specification of the decision-mak-
ing model, choosing a model with random effects
and fixed effects. A reliable Hausman test for choos-
ing between fixed-effect and random-effect models:

H,: difference in coeffs, not systematic chi (9)
=83.69 Prob > = chi = 0.000

According to the test results, the null hypoth-
esis is rejected, and fixed-effect models should be
used. Therefore, in the future, it is necessary to use
models with fixed effects.

An extended statistical analysis was carried
out during the study, revealing a correlation between
quantitative variables. Scattering diagrams were
constructed to visually represent the relationship
between the dependent and independent variables
to analyze this relationship. Figures 1,2,3,4, and 5
show graphs showing the correlation between the
variables. An analysis of these diagrams showed
that the linear form of the regression equation is ac-
ceptable since the points of the graphs are visually
located around the assumed straight line, which in-
dicates a possible linear relationship.

The diagram in Figure 1 shows the dependence
of the regional GDP per capita growth rate in region
11in year t on the regional GDP per capita growth rate
in region i in year t.
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Figure 1. Scatterplot of the relationship between growth and Grppc

The scatterplot shows a negative relationship
between the GRP per capita in the base year and
its subsequent growth rate. This indicates that less
developed regions experience faster economic
growth (catch-up effect) while richer regions
experience economic stabilization (declining
marginal growth rate theory). High dispersion
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indicates different economic dynamics in poor
regions. The following factors can influence the
economic situation in regions: the level of government
support, the presence of large mineral deposits, lack
of investment, demographics, declining industrial
production, etc. Developing infrastructure projects
and providing tax breaks and subsidies is necessary
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to stimulate growth in individual regions artificially.
In the diagram, points above 0.5 indicate abnormally
high growth in some regions, which may indicate
that regions with a rich raw material base receive a
sharp influx of investment in large projects. Points
below -0.5 indicate regions with a sharp drop in
GRP per capita.
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Thus, according to the scatter diagram pre-
sented in Figure 2, there is negative feedback be-
tween government spending and the rate of regional
GDP per capita, with an increase in spending (X),
the growth rate (Y) decreases.
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Figure 2. Scatterplot of the relationship between regional GDP growth and government expenditure per capita

High dispersion indicates strong variability in
the growth rates of regional GDP. The presence of
outliers in the upper part of the graph (Y> 0.5) in-
dicates the presence of regions in Kazakhstan with
specific abnormal growth of regional GDP. In gen-
eral, a negative relationship may indicate that the
growth of government spending does not always
contribute to the growth of regional GDP. This can
be explained by ineffective management and distri-
bution of funds, and insufficient multiplier effect.
Different regions of Kazakhstan have different eco-

nomic structures, and accordingly, the impact on the
reaction of regional GDP to changes in government
spending can vary significantly. It is also necessary
to consider threshold effects, probably upon reach-
ing a certain level of government spending, addi-
tional increases in government spending do not con-
tribute to economic growth in the regions.

Figure 3 provides an opportunity to see the
dynamics and nature of changes in the indicators
“growth rate of regional GDP per capita in the
region” and “unemployment rate” over time.
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Figure 3. Scatterplot of the relationship between regional GDP growth and the unemployment rate
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Thus, the scatter diagram shows the
absence of a pronounced relationship between the
unemployment rate and the growth rate of GRP
per capita. Most regions have an unemployment
rate within the 5-10% corridor. Only a few regions
show an unemployment rate above 10%. There
is a high level of dispersion of growth rates with
a low unemployment rate. In the range of 5-7%
unemployment, there is a strong variability in the
GRP growth rate. This suggests that investments,
the structure of the regional economy, and budget
expenditures affect the growth rate more than the
unemployment rate. The dots are evenly distributed

among regions with an unemployment rate of
more than 10%, which may indicate that in these
regions, the economy is growing slowly but at the
same time, has stable growth. The absence of a
pronounced relationship between unemployment
and GRP growth shows that unemployment is not
the main factor in economic growth. For example,
frictional and structural unemployment do not have
a significant impact on GRP growth.

Figure 4 shows a scatter plot of the relation-
ship between the per capita GRP growth rate and
fixed capital investment.
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Figure 4. Scatterplot of the relationship between regional GDP growth and fixed capital investment

The data in the diagram are distributed ran-
domly, without any clear growth or decline. In the
right part of the diagram, the dots are located closer
to zero GRP growth values, indicating a moderate
impact on investment. The largest number of dots
are located in the range of 500,000 tenge, indicat-
ing that the regions have problems attracting invest-
ment. Dots located in the range above 1,000,000
tenge correspond to a growth rate of about 0. Per-
haps this fact indicates large investment projects
with long-term effects that do not immediately lead
to GRP growth. Regions with low investment are
distinguished by significant variability in growth
rates. This possibly indicates that the quality of in-
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vestment and the efficiency of its use are of great
importance. Fixed capital investment often has an
impact on GRP with a time lag; the effect of the in-
vestment may appear in a couple of years, which
explains the weak visible connection. Sensitivity to
investment varies between regions; in some regions,
the economy responds to an influx of investment,
while in other regions, this requires additional fac-
tors in the form of entrepreneurial activity, infra-
structure, and labor market development.

Figure 5 shows a scatterplot showing the rela-
tionships between all variables.
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Figure 5. Scatterplots of the mutual influence of all variables on each other

Each cell contains a scatterplot between two
variables. Thus, there is a negative relationship be-
tween the Grppc and Growth variables: the higher
the GRP per capita in the base year, the lower its
growth rate, which confirms the convergence hy-
pothesis. The Grppc and Govspendpc variables
have a clear positive relationship, which means that
regions with higher GRP receive more government
spending per capita. The Grppc and Investment
variables show a clear positive relationship, which
means that rich regions attract more investment.

The Govspendpc and Growth variables show
a weak or no relationship, which means that an in-
crease in government spending does not always
lead to an increase in economic growth due to in-
efficient management and allocation of funds. The
Govspendpc and Unempl variables show an inverse
relationship, which means that in regions with high
government revenues, the unemployment rate is
lower (government spending is directed to social
programs).

The Unempl and Growth variables show a
weak or no relationship, which means that high un-
employment is not always associated with a weak
GRP growth rate. The Unempl and Grppc variables
show a negative relationship, which means that de-
veloped regions have a low unemployment rate and,
conversely, poor regions have a high unemployment
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rate. The Investment and Growth variables have
an unclear relationship, which is explained by the
long-term effect of investment. The Investment and
Grppc variables have a strong positive relationship,
which means that developed regions attract more in-
vestment.

Thus, it can be noted that developed regions
grow more slowly, and less developed ones can
show high rates of economic growth. Government
spending is directed more to developed regions, the
higher the GRP, the more spending, however, the
impact of this spending on the growth of the GRP
is not noticeable. Investments are directed more to
developed regions, the higher the GRP per capita in
a region, the more investment it attracts. However,
there is no clear connection between investment and
rapid economic growth. Unemployment is higher in
less developed regions. There is a negative correla-
tion between the level of GRP and unemployment.
Note that government spending can help reduce un-
employment.

CONCLUSIONS

As aresult of the research, spatial econometric
models were developed, which are modifications of
the Durbin spatial model with variable coefficients
with spatial lags of both dependent and independent
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variables. The models were evaluated based on data
from the Kazakhstan region, where the regional
gross domestic product per capita growth rate was
used as a dependent variable. A generalization of
the spatial autoregression model is proposed when
the regions under consideration are divided into two
groups that influence each other. The weighting ma-
trix in such a model is split into two parts, and spa-
tial coefficients are estimated. The proposed model
is used to analyze four macroeconomic indicators
of Kazakhstan’s regions, preliminarily divided into
adjacent and non-adjacent regions. The econometric
analysis revealed the asymmetry of the influence of
these two groups of regions on each other. Calcu-
lations have shown spatial effects reflecting the in-
fluence of Kazakhstan’s regions on each other. So,
one region can directly affect a neighboring region,
or changes in one region will affect changes in the
neighboring region.

The scatterplots compiled confirm certain
economic regularities, such as convergence, uneven
distribution of investments, and the impact of gov-
ernment spending on unemployment. However, it is
worth emphasizing that some dependencies require
additional research, especially in terms of the im-
pact of investments on economic growth in regions.
This can be compensated for by future research that
can supplement and clarify existing data.

The study results show the need for uniform
development of Kazakhstan’s regions and a reduc-
tion in the level of spatial inequality between re-
gions. The existing socio-economic problems of
the regions (Turkebayeva & Wolff, 2022; Dodon-
ov, 2024; Brimbetova et al., 2022; Rakymzhanova
& Bekbenbetova, 2024) require decisive measures
from the Government of Kazakhstan to carry out a
more effective regional policy. To do this, it is nec-
essary to take into account the spatial interaction
between the regions of Kazakhstan, reduce region-
al disparities, and take a differentiated approach to
planning government spending and reducing unem-
ployment and investment policy. Otherwise, the un-
even development of the regions will contribute to
increasing social discomfort, strengthening internal
migration sentiments among the population, increas-
ing the income gap between poor and prosperous re-
gions, and strengthening environmental, infrastruc-
tural, and other problems. Foreign experience shows
that regional spatial inequality is a pressing issue
for many countries. To reduce the level of spatial
inequality in regions, a comprehensive approach is
needed, including the interaction of all state institu-
tions, business, and civil society. Effective regional
institutions are one of the key mechanisms for re-
ducing regional inequality, while state regional pol-
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icy plays an equally important role in ensuring the
balanced development of regions. Also, to solve the
existing problems of regional inequality, it is nec-
essary to develop regional infrastructure, stimulate
GRP, develop regional education and healthcare, at-
tract investment, and solve environmental problems.
No less important is the use of tax instruments to
reduce regional disparities and income inequality
between regions, which is an important strategy in
the context of the economic and social development
of the state. Based on this, the implementation of
an effective fiscal policy can help reduce regional
inequality. Therefore, Kazakhstan needs to take a
balanced approach to tax reform and the adoption of
a new tax code in 2025.
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