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MODELING METHODS FOR STRATEGIC ANALYSIS OF
INTERREGIONAL INEQUALITY IN KAZAKHSTAN

The article focuses on spatial economic development and regional inequality in the Republic of
Kazakhstan, with an emphasis on the factors and policy conditions that create disparities between
regions. The empirical analysis is based on a panel of 16 Kazakhstani regions for 2001-2017 (272
observations). The dependent variable is the logarithm of GRP per capita. Modifications of the
Spatial Durbin Model (SDM) with fixed and random regional effects are estimated and compared;
according to the AIC/BIC criteria and the Hausman test, the fixed-effects SDM is recognised as
the preferred specification. Econometric estimations in SPSS and STATA1S8, along with spatial
and GIS analysis in R, are used for preprocessing and classical econometrics. Diagnostics include
the Hausman test, checks for heteroscedasticity and autocorrelation, and panel stationarity tests.
The analysis identifies dominant spatial determinants of uneven socio-economic development of
Kazakhstan’s regions and supports institutional and economic-geographical policies for reducing
inequality.
Key words: economic growth, spatial inequality, regional economics, Spatial Durbin Model
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Maxkasa Kazakcran Pecrybmmkachiamarsl KEHICTIKTIK 9KOHOMUKAJIBIK, TaMy MEH OHIpJIiK TeHCI3MiK-
Ke OarbITTaJraH, OHIpJep apachblHIarbl albIpMAIBLIBIKTAPAbLI TYBIHAATATHIH (DAKTOPJIAp MeH
MHCTHUTYIIMOHAJJIBI-CAsICU 2KaFaaiijiapra epekiie KoHija OeJei. dmuupukaibik, Taagay 2001-2017
JKBLIZAD apaibirbiHgarsl 16 Kasakcranaplk, eHip GOWbIHIIA HaHe bIiK jepekrepre (272 Gakpi-
Jay) merizpesren. Toyesi aflHbIMaJIbI peTiHje KaH GaChlHa NIAKKAHIAFBI JKAJIIbl OHIPJIK OHIMHI
(2KOO) sorapudmi anbraagast. Kenicrikrik dypbun monesiniy (Spatial Durbin Model, SDM) enip-
JIK TipKeJreH KoHe Ke3/eHcoK ocepsepi 6ap Moandukamsaapbl OaraJaHbIll, CAJTbICTHIPHLIAIL;
AIC/BIC kpurepniinepi men XaycmaHn TecTine coiikec, Tipkesren ocepsiepi 6ap SDM crerudun-
KAIUsIChl HEFYPJIBIM KOJAMALI 60sibin TaHbLIaabl. SPSS xome STATA18 barmapiaaMaliapbliHIarb
SKOHOMETPUSIJILIK, barasaynap R rimiageri kericTikrik xoune GIS-rasgaymen 6ipre mepekrep/i aJ-
JIBIH aJIa OHJIeY »KoHe KJIACCUKAJIBIK, SKOHOMETPUKA YIMH KOJIAHbLIAIb. JInarnocTukara XaycMam
TECTi, TeTePOCKEIACTUKAJIBLIBIK, TeH aBTOKOPPEJSIAAHBl TEeKCEPYIep, COHIai-aK MaHe bIiK CTa-
MOHAPJBIK TecTTepi Kipeai. Tammay KazakcTtan eHip/epiHiH 97eyMeTTiK-9KOHOMUAKAJIBIK, JTaMybl-
HBIH, OipKeJIKi eMeCTirH KaJIbIITacThIPAThIH 0AChIM KEHICTIKTIK JeTepMUHAHTTAP/IbI alKbIHIAII,
TEHCI3IKTI a3aiiTyra OarbITTaFaH WHCTUTYIIMOHAJIIBIK YKOHE SKOHOMUKAJIBIK-TeOrPapUSsIIIBbIK, Ca-
scaT IapajiapblH HETi3/1eyre MyMKIHJIK Oepe/.

Tyitin ce3sep: SKOHOMUKAJBIK OCY, KEHICTIKTIK TEHCI3IIK, OHIPIIK 9KOHOMUKA, KeHiCTIKTIK JLyp-
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Metoapl MOgeIMPOBaHUS [Jisi CTPATETNYECKOT0 aHAJIN3Aa MEXXPErnoOHAJILHOTO HEPABEHCTBA B
Kazaxcrane

Crarbst HOKycUpyeTcs HA TPOCTPAHCTBEHHOM SKOHOMUYIECKOM DA3BUTHH U PETHOHAJIHLHOM HEpa-
BercTBe B Pectiybsimke Kaszaxcram, ¢ akimeHToM Ha HaKTOPhl U MHCTUTYITHOHATHHO-TTOTUTHICCKIE
YCJIOBHSI, KOTOPBIE CO3/IAIOT JUCIIPOIIOPIINH MEXK Ty PETHOHAMU. DMIIMPUIECKAN aHAJIN3 OCHOBAH HA
nanenan u3 16 perumonos Kaszaxcrana 3a 2001-2017 rr. (272 nabmonenust). 3aBucuMoil lepeMeHHOi
sistercst jorapudm BPII va mymy macesenus. [locrpoensr n oreHeHbl MogudUKaINT TPOCTPaH-
crBennoii mogenu dyp6una (Spatial Durbin Model, SDM) ¢ peruonanbubivu hUKCUPOBAHHBIME U
caryuaitabivu dpdexramu; corstacHo Kpurepusm AIC/BIC u Tecty XaycMmana, IpeaiiodTuTebHONR
npusHaércs cuemupukanuss SDM ¢ dpukcupoanHbiME P deKTaMu. JKOHOMETPUUECKUE OIEHKH
B SPSS u STATA18 B coueranuu ¢ npocrpancrBeHabiM U GIS-anasmsom B R ucnosnb3yrores jist
[IpeIBAPUTEILHON 00pPabOTKH JMaHHBIX U KJIACCHIECKON IKOHOMEeTpuKH. JlmarHocTuka BKJIIOYAET
Tect XaycMaHa, IIPOBEPKU HA TE€TEPOCKEIACTUIHOCTh M ABTOKOPPEJIAINNIO, 8 TAKXKe MMaHebHbIE
TeCTHl Ha CTAIMOHAPHOCTH. AHAJN3 TO3BOJISIET BBISIBUTH JIOMUHUPYIOIIME TPOCTPAHCTBEHHBIE
JEeTEPMUHAHTHI HEPABHOMEDPHOI'O COIMAJILHO-9KOHOMUYECKOro pa3puTus pernonos Kazaxcrana u
060CHOBATh WHCTHUTYIMOHAJIBHBIE U YKOHOMUKO-TeorpaduiecKue Mepbl IMOJUTUKU 110 CHUMKEHUIO
HEPABEHCTBA.

KiroueBbie cJioBa: 95KOHOMHUYECKHUIT POCT, MPOCTPAHCTBEHHOE HEPABEHCTBO, PETMOHAJILHAS KO-
HOMUKA, ITPOCTPAHCTBEHHasT Mojeab Jlypouna.

1 Introduction

The study of interregional economic inequality in Kazakhstan requires the use of models
capable of correctly describing complex relationships among spatially distributed units. The
country’s economic dynamics are characterised by pronounced differentiation: regions differ in
terms of gross regional product (GRP) growth rates, the structure of government expenditure,
unemployment levels and investment volumes. A substantial share of the variation in socio-
economic indicators arises from spatial interactions between regions, which makes traditional
regression methods mathematically inappropriate when spatial dependence is ignored.

Existing studies confirm that the use of one or several local indicators does not capture the
full mechanism by which spatial inequality is formed, whereas interregional linkages directly
affect both economic activity and long-term development trajectories [1H7]|. According to
international evidence from other countries [8-12|, spatial inequality leads to an uneven
distribution of resources, affects the stability of labor markets and may weaken social and
political stability.

The expansion of Kazakhstan’s regional statistical database for 2001-2017 has increased
the need for models that explicitly account for the spatial structure of regional data. Regional
indicators can naturally be interpreted as a realization on a finite graph with fixed vertices-
regions-and adjacency relations. Under these conditions, the choice of model becomes not only
an economic, but also a mathematical problem of obtaining correct parameter estimates.

The object of the study is the set of spatially distributed regional observations for
Kazakhstan.
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The subject of the study is the mathematical modelling of interregional linkages and the
estimation of economic growth parameters in the presence of spatial dependence.

The aim of the paper is to construct and analyses a parametrized spatial model of regional
growth based on the Spatial Durbin Model (SDM), and to assess the robustness and statistical
significance of the parameters under alternative specifications with fixed and random regional
effects.

The research hypothesis is that incorporating a spatial operator improves model quality
and that the SDM makes it possible to distinguish between local effects and cross-regional
spillovers more adequately than classical panel regressions.

The theoretical contribution of the study lies in the application of modern spatial methods
to regional data for Kazakhstan, which refines the boundaries of applicability of panel models
and demonstrates the advantages of their spatial extensions.

The following scientific methods were used in the study: historical analysis and statistical
analysis. The empirical analysis is based on spatial econometric modifications of the Spatial
Durbin Model that include spatial lags of both dependent and independent variables.
These models are characterised by non-constant coefficients and include spatial lags of both
dependent and independent variables. The models were estimated using data on Kazakhstan’s
regions, with the logarithm of GRP per capita as the dependent variable.

The scientific significance of the study lies in the application of the Spatial Durbin Model
to Kazakhstan’s regional data in order to quantify spatial dependence, regional heterogeneity,
and interregional spillover effects. These patterns shape differences in public investment,
unemployment, and investment activity across regions, while also reflecting the mutual
influence of neighbouring territories. The study provides a quantitative assessment of how
government expenditure per capita and investment in fixed capital in one region are associated
with economic outcomes in neighbouring regions.

2 Literature review and problem statement

The modern literature emphasises the need for multidimensional approaches to the analysis
of spatial inequality, since local indicators are insufficient to explain interregional differences
[1]. Studies by Achten and Lessmann, which use exogenous variation in geographical
characteristics, show how spatial inequality affects economic activity in both existing and
artificially constructed countries. Regional inequality is one of the key components of national
inequality [2]. The level of inequality within a region and in neighbouring regions directly
influences output growth and the stability of the regional economy |[3]. Spatial inequality
is also closely related to educational differentiation [4], the marginalisation of vulnerable
groups [5},/6] and the erosion of social cohesion [7-10].

The literature underlines that public policy must take spatial effects into account, since
ignoring interregional dependencies leads to misguided decisions [11},/12]. This makes it
necessary to apply spatial econometrics, which allows the temporal and spatial structure
of the data to be modelled jointly.

Pace and LeSage highlight the advantages of using the Spatial Durbin Model (SDM) [13].
Their analysis shows that when spatial dependence is present both in the disturbances and
between the dependent and explanatory variables, traditional methods such as ordinary least
squares (OLS) produce biased estimates due to unobserved spatial effects. The SDM partly



100 Modeling methods for strategic analysis of interregional inequality in Kazakhstan. ..

alleviates this problem by including spatial lags of both the dependent and explanatory
variables in the specification. Ezcurra and Rios show that the Spatial Durbin Model allows
for a better treatment of endogeneity arising from spatial interrelations between regions and
reduces estimation bias [14].

Study [15] stresses the importance of spatial econometric models in the analysis of
regional economic growth, since such factors as human capital, physical capital, transport
infrastructure and industrial structure exert heterogeneous spatial effects. For this reason, the
Spatial Durbin Model is used to assess spatial correlation and the impact of these factors. The
SDM reveals complex and often opposing effects of economic factors on local and neighbouring
regional economies, which underscores the importance of spatial aspects in the analysis of
economic growth.

More broadly, the Spatial Durbin Model has been applied not only in economics and
statistics. For example, in [16] the authors start from a spatial autoregressive model (SAR)
and then employ the Durbin specification as a more general model by adding spatial lags
of the independent variables in order to identify factors affecting the incidence of diarrhoeal
diseases. Article |[17] examines the impact of natural resources on economic growth, taking into
account spatial linkages between countries. The authors use a panel of countries over roughly
20 years and the SDM to estimate the direct effect of resource abundance on growth within
a country and the indirect effect reflecting the influence of neighbouring countries’ resources.
In |18], the Spatial Durbin Model is applied to assess the impact of agglomeration, using three
types of weight matrices: a purely geographical one and two economic-geographical matrices
that take into account distance and differences in GRP/GDP. This approach increases the
robustness of the results and makes it possible to compare the strength of purely geographical
and economic-spatial linkages.

Most studies emphasise the versatility of the SDM: it allows one to account simultaneously
for (i) the spatial lag of the dependent variable, (ii) spatial lags of the explanatory variables
and (iii) the decomposition of impacts into direct and indirect effects, as well as to evaluate
the total effect of factors on a region and its neighbours.

Thus, the research problem consists in constructing a model that correctly captures
persistent interregional dependence and allows the influence of key factors-government
expenditure, unemployment, investment and the initial level of GRP per capita-to be
decomposed into effects on both local and neighbouring regions. This justifies the choice of the
Spatial Durbin Model as the main tool for analysing interregional inequality in Kazakhstan.

3 Materials and methods

3.1 Data

Regional data from the National Statistics Bureau of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan were taken from
(https://taldau.stat.gov.kz/ru/NewIndex/Get Analytics/2931488). The sample covers
the period 2001-2017 and includes a balanced panel of 16 territorial units (14 regions and
the cities of Almaty and Astana), yielding 272 observations. All variables are expressed in
natural logarithms. The empirical analysis includes the following indicators:

- logarithm of GRP per capita (dependent variable);
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- logarithm of GRP per capita in the base year (initial level);

- logarithm of government expenditure per capita;

- logarithm of the unemployment rate;

- logarithm of investment in fixed capital per capita.

Because the sample period ends before the administrative reforms of 2018 and 2022,
the territorial classification remains unchanged throughout the study period. This avoids
the panel harmonisation problems discussed in recent studies on Kazakhstan’s regional
restructuring [19-21].

3.2 Research methods

To analyse spatial inequality across the regions of Kazakhstan, the study uses the Spatial
Durbin Model (SDM). By taking spatial dependence into account, this model extends
traditional regression analysis, since variables in one region may depend not only on their
own values but also on the corresponding values observed in neighbouring regions. The
SDM provides a more informative representation of regional interaction and helps reveal
dependencies that may be overlooked in non-spatial models. As shown by Pace and LeSage
[13], the SDM is often preferred to the SAR and SEM models because it allows the effects of
explanatory variables to be decomposed into direct and indirect components.

3.3 Model specification

As a baseline specification, we use the Spatial Durbin Model (SDM) for panel data, which
accounts for spatial lags of both the dependent and independent variables. The dependent
variable Yj; denotes gross regional product (GRP) per capita in region iat time t(in tenge).
In the model we use its logarithm

Yir = In Y.

The set of explanatory variables includes the logarithms of the following indicators:

i = 1In Xy i government expenditure per capita in region ¢ at time ;
Toi = 1n Xo unemployment rate (expressed as a fraction);
T3t = In X33 investment in fixed capital per capita.

In addition, we use the initial level of GRP per capita, InYjq, the logarithm of GRP per
capita in the base year for region 7. In the empirical specification it is included as a separate
regressor, together with its spatial lag.

We consider a set of regions ¢ = 1,..., N and time periods ¢t = 1,...,7T. The spatial
structure is described by a binary contiguity matrix

W= (Iw’ik)gkzlv

{1, if region ¢ shares a border with region k,
Wik =

0, otherwise.
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As a baseline specification, we use a binary contiguity matrix because it captures
the most immediate channel of interregional interaction through shared administrative
borders. For Kazakhstan, territorial adjacency provides a natural first-order approximation
of spatial spillovers in regional development. To assess robustness, the main specification
was also compared with an alternative spatial weight matrix, and the key results remained
qualitatively unchanged.

Define the diagonal matrix of row sums

N N
D :diag<2w1k, N Zka>7
k=1

k=1

and the row-standardised spatial weight matrix
W = D~'W.

Each row of W sums to one, so (WZ)Z can be interpreted as the average of the vector z over
the neighbours of region i.
We introduce the linear spatial smoothing operator

Ly : RN RN, Ly(z)=We.
In vector notation, for each time period t we set
o= (InYy, ..., InYy,) " €RY,

T .
th = (IIlXjJt, ce 71an,Nt) s ] = 1,2,37

and the vector of initial conditions
T
Yo = (1111/10, .. 71DYN0) .

The initial level of GRP per capita, yo, is treated as a structural initial condition capturing
persistent cross-regional heterogeneity at the starting point of the sample. Its interpretation
in the fixed-effects specification is therefore cautious and relates to long-run initial disparities
rather than short-run within-region variation.

The baseline SDM with a spatial lag of the dependent variable and spatial lags of the
explanatory variables can then be written as

3 3
e =pLs(y) + > BiXo+ > 0;La(Xj0) + o + 0 Ls(yo) + p + &, (1)

j=1 j=1

where
p € R is the spatial autoregressive coefficient of the dependent variable;
f3; are local (within-region) effects of the factors;
6, are indirect (between-region) effects operating through spatial lags;
~v and ¢ capture the effects of the initial GRP per capita level and its spatial lag;
p € RY is the vector of region—specific effects (treated as fixed in the
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fixed—effects specification or as random in the random-effects specification);
g; ~ N(0,02Iy) is the vector of idiosyncratic errors.
Substituting the definition of L into model , we can rewrite it as

3 3
ye=pWye+ > B X+ > ;W Xj+vyo + Wyo + o+ 4. (2)
j=1 j=1
Moving the spatial lag of the dependent variable to the left-hand side gives
(In = pW)ye = BiXp+ > 0W Xy + g0 + Wyo + p + &1 (3)
j=1 j=1
The matrix Iy — pW is nonsingular for all values of p such that
pAr # 1 for all eigenvalues \; of w.

In this case the solution to (3]) can be written as
3 3 s
ye = S(p) Zﬁijt + Z 0;W Xt + vyo + SWyo + u| + S(p)es, (4)
j=1 j=1

where

S(p) = (In —pW) ™" (5)
is the spatial multiplier. Under the condition

max [pAk] <1,
it admits the series representation

S(p) = In + pW + pPW? + W3 + .| (6)

which can be interpreted as capturing neighbour effects of all orders.
In the SDM, the coefficients 3; and 6; are not themselves marginal effects. The impact of
cach explanatory variable X; on y, is described by the matrix of partial derivatives

Oy =
=5 7 0. W). 7
ant (p) (ﬁj N+ j ) ( )
The diagonal elements of correspond to direct (within—region) effects, while the
off-diagonal elements represent indirect (spatial spillover) effects. The average impacts are

summarised as follows.
Direct effect:

DE, = - tw(S(p) (31 + 6,7), (5)
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Indirect effect:

18, =+ [17S(0) (8,1 + 0,0) 1~ tx(S(0) (8,1 +0,17) . 9
Total effect:

TE; =DE; + IE;, (10)
where 1 = (1,...,1)" € RY. These expressions are used below to interpret the direct, indirect

and total impacts of government expenditure, unemployment, investment and initial GRP
per capita on regional GRP per capita.
Assuming normality of the errors, the log-likelihood function for model takes the form

T
NT ~ 1
L(B,0,7,6,p,0%) = - In(270?) + T Indet(Iy — pW) — 257 ;gjgt, (11)
here, det(/y — pW) is the Jacobian term of the spatial transformation and

3 3
ee=y—pWy— Y BiXj— > 0 WXj—yyo — Wyo — pu.
j=1 Jj=1
The parameters are estimated by maximum likelihood. In the empirical analysis we
consider two specifications: the SDM with regional random effects and the SDM with regional
fixed effects. Their comparison is based on information criteria (AIC/BIC) and the Hausman
test, which indicates that the fixed—effects SDM is preferred for our data.

4 Results and discussions

This section presents the estimation results for the Spatial Durbin Model (SDM) under
regional random-effects and fixed-effects specifications. In both specifications, the dependent
variable is InY}; (logarithm of GRP per capita), while the explanatory variables include
the logarithm of initial GRP per capita InYjy, government expenditure per capita In X; ;,
unemployment In X, ;;, investment in fixed capital per capita In X3 ;;, and their spatial lags

As discussed in Section 3.3, the structural coefficients §; and 6; in the SDM do not
coincide with marginal effects. The overall impact of each regressor is characterised by the
matrix of partial derivatives and by the average direct, indirect and total effects defined
in . In what follows, we interpret the signs and statistical significance of the estimated
coefficients in a way that is consistent with these SDM impact measures.

Table 1 reports the estimation results for the SDM with regional random effects. In
this specification, the coefficient on initial GRP per capita, InYjp, is small and statistically
insignificant, whereas the coefficient on its spatial lag W (InYy) is positive and weakly
significant. This suggests that, under the random-effects specification, initial conditions in
neighbouring regions may be more relevant for the current level of GRP per capita than a
region’s own initial level. In SDM terms, this corresponds to a positive average indirect effect
of initial conditions, while the direct effect is imprecisely estimated.
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Table 1 — Spatial Durbin model with random effects

Variables Coefficients Coefficients with | Spatial variable
spatial lag (W)
InYj 0.0160 0.0593*
(0.0201) (0.0319)
In X, 0.00221 -0.0514*
(0.0218) (0.0281)
In X5 0.247* -0.139
(0.0981) (0.118)
In X3 0.00131 -0.0336
(0.0194) (0.0219)
p 0.575%*
(0.0855)
Constant 0.300**
(0.138)
Number of | 272 272 272
observations
R-squared 0.180 0.180 0.180
Number of ID 16 16 16
Robust standard errors in parentheses.
**pn < 0.01, **p < 0.05, *p < 0.1.
Note — compiled by the authors.

For government expenditure per capita, In X, the own-region coefficient is close to zero
and statistically insignificant, indicating no robust direct relationship between GRP per
capita and internal public spending. By contrast, the coefficient on the spatial lag W (In X) is
negative and statistically significant: higher government expenditure in neighbouring regions
is associated with lower GRP per capita in the region under consideration. This result can
be interpreted as evidence of interregional competition for investment, labour and budgetary
resources, i.e. a negative spillover (indirect) effect of public spending.

The unemployment variable, In X5, enters with a positive and statistically significant
coefficient, while its spatial lag is statistically insignificant. Controlling for other factors,
regions with higher registered unemployment tend to exhibit higher GRP per capita. A
plausible explanation is that this reflects structural unemployment and the reallocation
of labour from low-productivity activities to more productive sectors. Within the SDM
framework, the average direct effect of unemployment is positive, whereas spatial spillovers
via neighbouring unemployment levels are weak and not precisely estimated.

Investment in fixed capital per capita, In X3, has insignificant coefficients both for the
own-region term and for its spatial lag. This suggests that, over the period and within the
specification considered, the volume of investment does not exert a clear short-run impact on
GRP per capita. Possible explanations include implementation lags of investment projects
and the predominance of quantitative rather than qualitative improvements in the capital
stock.

The spatial lag of the dependent variable is captured by the parameter p. Its estimate,
p = 0.575, is positive and highly significant at the 1% level, which indicates strong spatial
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dependence: GRP per capita in a given region is strongly influenced by GRP per capita in
neighbouring regions. In terms of the partial-derivative matrix (7)), this means that the spatial
multiplier

S(p) = (In —pW) ™"

substantially amplifies both direct and indirect effects, making spatial spillovers an essential
part of the system’s response to changes in the explanatory variables.

Table 2 presents the estimation results for the SDM with regional fixed effects. Comparing
the AIC and BIC values across alternative specifications (not reported here for brevity),
together with the Hausman test, we conclude that the fixed-effects SDM provides a preferable
description of the data. Fixed regional effects allow us to control for time-invariant unobserved
heterogeneity, separating it from genuine spatial interactions.

Table 2 — Spatial Durbin model with spatial fixed effects

Variables Coefficients Coefficients with | Spatial variable
spatial lag (W)

InYy 0.370** -0.165

(0.105) (0.129)
In X, -0.0271 -0.118*

(0.0270) (0.0545)
In X, 0.451%* -0.162

(0.137) (0.155)
In X3 0.0222 -0.0401

(0.0268) (0.0338)
p 0.570***

(0.0782)

Number of | 272 272 272
observations
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 the authors.

The relatively low R-squared reported for the fixed-effects specification should be
interpreted with caution. In spatial panel models with fixed effects, this statistic reflects
only a limited part of model fit and is not directly comparable to the R-squared of non-
spatial or pooled regressions. For this reason, model selection in the present study relies
primarily on the Hausman test, information criteria, and the statistical significance of the
spatial autoregressive parameter. The coefficient on initial GRP per capita, In Y}, is positive
and statistically significant. This confirms that regions with a higher starting level of GRP
per capita tend to maintain a higher current level, even after controlling for fixed effects and
spatial dependence. In terms of the SDM impact measures, this result is consistent with a
positive average direct effect of initial conditions and, given the positive spatial dependence,
a positive total effect, reflecting path dependence and the role of accumulated advantages.
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For government expenditure, In X7, the own-region coefficient is negative but statistically
insignificant, indicating no robust direct effect of internal public spending on GRP per capita.
However, the coefficient on the spatial lag W (In X7) is negative and statistically significant
at the 5% level. Thus, an increase in government expenditure in neighbouring regions is
associated with a reduction in GRP per capita in the given region. This again points to
interregional competition for mobile resources and public funds. In terms of the decomposition
(BH10), the average indirect effect of government expenditure is negative, while the direct effect
remains statistically weak. Comparing Table 1 and Table 2, we see that the negative spillover
effect of government expenditure is robust to the choice between random and fixed regional
effects.

The unemployment variable, In X,, retains a positive and statistically significant
association with GRP per capita in the fixed-effects specification, while the coefficient on its
spatial lag remains negative and statistically insignificant. This supports the interpretation
that higher measured unemployment is linked to structural adjustment processes and sectoral
shifts rather than to simple underutilisation of labour. At the same time, there is no clear
evidence of systematic spillover effects of unemployment from neighbouring regions: the
corresponding indirect effect is statistically unstable and should be interpreted with caution.

Investment in fixed capital, In X3, again exhibits statistically insignificant coefficients for
both the own-region and spatial-lag terms. Thus, the fixed-effects SDM confirms that, in the
short run and at the level of aggregate GRP per capita, investment volumes do not have
a stable and precisely estimated impact. This is consistent with the presence of time lags
between investment and realised output effects and with the importance of the qualitative
composition of investment.

The estimated spatial autoregressive parameter of the dependent variable remains large
and highly significant in the fixed-effects model, p = 0.570. This reinforces the conclusion
that GRP per capita in Kazakhstan’s regions is strongly interconnected across space and
that spatial spillovers are a persistent feature of the regional economy.

To provide a more substantive interpretation of the SDM estimates, Table 3 reports
the reconstructed average direct, indirect, and total effects implied by the fixed-effects
specification. Since the coefficients of the Spatial Durbin Model do not directly coincide
with marginal effects, this decomposition helps to distinguish between own-region impacts
and cross-regional spillovers.

Table 3 — Reconstructed average direct, indirect and total effects in the fixed-effects SDM
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Variables Direct effect | Indirect Total effect
effect

InY, 0.380 0.097 0.477

In X; -0.057 -0.281 -0.337

In X5 0.472 0.200 0.672

In X3 0.016 -0.058 -0.042

Notes — The table reports reconstructed point estimates of the
average direct, indirect, and total effects implied by the fixed-
effects SDM. The values are obtained from the reported FE-SDM
coefficients and the baseline binary contiguity matrix under row-
standardization.

Because the original post-estimation environment is no longer
fully recoverable, bootstrapped standard errors are not reported;
therefore, these estimates should be interpreted as approximate.
Note — compiled by the authors.

The reconstructed effects in Table 3 indicate that the initial level of GRP per capita,
In Yy, has a positive direct effect and a positive total effect. This supports the conclusion
that regional development in Kazakhstan is path dependent: regions with stronger initial
economic positions tend to preserve their advantages over time. Government expenditure
per capita, In X, displays the strongest negative indirect effect. This suggests that higher
public spending in one region may be associated with adverse spillover effects in neighbouring
regions, possibly through competition for mobile resources, fiscal advantages, or investment
flows. The unemployment rate, In X5, shows positive direct and indirect effects. In the
institutional context of Kazakhstan, this result may reflect structural adjustment, labour-
market formalization, and capital-intensive industrial growth rather than a purely cyclical
weakening of labour demand. By contrast, investment in fixed capital per capita, In X3,
demonstrates only weak reconstructed effects overall, with a small positive direct effect and
a slightly negative indirect effect.

The Hausman test,

x2(9) = 83.69, p = 0.000,

clearly favours the fixed-effects specification over the random-effects one. This indicates that
regional heterogeneity is systematic rather than purely random and should be modelled
through fixed regional effects. Consequently, the interpretation of the direct and indirect
effects DE; and IFE; in the context of regional growth should primarily rely on the fixed-
effects SDM.

4.1 Moran’s scatterplots

The Moran’s scatterplots are used as descriptive exploratory tools and are constructed for
several related regional indicators, including unemployment, investment, GRP growth, and
government expenditure. Figure 1 shows Moran’s scatterplot for unemployment by region,
with each point representing one region of Kazakhstan. The horizontal axis of the graph shows
unemployment in the region itself, while the vertical axis shows the average unemployment
rate in the neighboring regions. The upward slope of the line and the positive value (I = 0.179)
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indicate a weak positive spatial correlation, suggesting that regions with high unemployment
tend to be adjacent to other regions with similarly high unemployment, and vice versa.

Unemployment, Moran | = 0.179

spatially lagged y

Figure 1: Moran’s scatterplot for unemployment by region

Figure 2 shows Moran’s scatterplot for investment by region. The horizontal axis of the
graph shows the amount of investment in the region itself, while the vertical axis shows the
average level of investment in neighboring regions. The diagram also shows a weak spatial
effect (I = 0.184), i.e., regions with low investment are adjacent to similar regions, while
regions with high investment are located next to similar regions.

Investment, Moran | = 0.184

spatially lagged y
1e+05 3e+05 5e+05

Figure 2: Moran’s scatterplot for investment by region

Figure 3 shows Moran’s scatterplot for GRP growth rates by region. This diagram shows
a reverse spatial effect (I = —0.247), which means that regions with high growth are usually
adjacent to regions with low growth and vice versa.

Figure 4 shows Moran’s diagram for government spending by region. The diagram shows a
noticeable positive spatial dependence (I = 0.299). Regions with high spending are adjacent
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Growth rate, Moran | = -0.247

0.190 0.200
L]

spatially lagged y

0.180

0.18 0.19 0.20 0.21

Figure 3: Moran’s scatterplot for GRP growth rates by region

to similar regions, and, conversely, regions with low government spending are adjacent to
similar regions.

Government spending, Moran | = 0.299

140000

spatially lagged y

100000

100000 120000 140000 160000 180000 200000 220000

y

Figure 4: Moran’s scatterplot for government spending by region

It is important to note that the Moran’s I scatterplots presented in Figures 1-4 are
constructed using the temporal averages (cross-sectional means) of the respective variables
over the entire 2001-2017 study period. This methodological approach was specifically utilized
to capture and illustrate stable, long-term spatial clustering patterns across the regions,
effectively smoothing out any short-term annual fluctuations.

5 Conclusions

The empirical results confirm that the Fixed Effects Spatial Durbin Model (SDM) provides
a better description of regional dynamics than alternative specifications, as supported by the
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Akaike (AIC) and Bayesian (BIC) information criteria. The estimated spatial autoregressive
parameter (p ~ 0.57) indicates significant spatial dependence in regional GRP per capita.

The reconstructed effects show that the initial level of GRP per capita has a positive direct
and total effect, confirming path dependence in regional development. The unemployment
rate displays positive direct and indirect effects, which in Kazakhstan are more plausibly
associated with structural adjustment and capital-intensive growth than with a standard
cyclical labour-market mechanism. Government expenditure exhibits the strongest negative
indirect effect, suggesting adverse spillover effects across neighbouring regions.

These findings imply that reducing interregional inequality in Kazakhstan requires
coordinated regional policy, with particular attention to the spatial consequences of fiscal
decisions, investment allocation, and labour-market adjustment.

6 Acknowledgements

This research has been funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant No. AP26198345). The paper was prepared in
the framework of the HSE University’s Basic Research Program.

References

[1] Quadrado, L., W. Heijman, and H. Folmer. “Multidimensional Analysis of Regional
Inequality: The Case of Hungary.” Social Indicators Research 56 (2001): 21-42.
https://doi.org/10.1023/A:1011893713456.

[2] Shifa, M., and M. Leibbrandt. “Spatial Inequality in Sub-Saharan Africa.” African Geographical
Review 43 (2022): 1-17. https://doi.org/10.1080/19376812.2022.2099916.

[3] Panzera, D., and P. Postiglione. “The Impact of Regional Inequality on Economic
Growth: A Spatial Econometric Approach.” Regional Studies 56, no. 5 (2021): 687-702.
https://doi.org/10.1080,/00343404.2021.1910228.

[4] Zahl-Thanem, A., and J. F. Rye. “Spatial Inequality in Higher Education: A Growing
Urban-Rural Educational Gap?” European Sociological Review 40, no. 6 (2024): 1067-1081.
https://doi.org/10.1093 /esr/jcae0l5.

[5] Wu, P., and M. Liu. “A Framework for Spatial Inequality in Urban Public
Facility Planning, Design and Management.” Land 11, no. 9 (2022): Article 1429.
https://doi.org/10.3390 /land11091429.

[6] Vogel, M., and M. Zwiers. “The Consequences of Spatial Inequality for Adolescent Residential
Mobility.” Social Sciences 7, no. 9 (2018): Article 164. https://doi.org/10.3390 /socsci7090164.

[7] Liu, H., L. Wang, J. Wang, H. Ming, X. Wu, G. Xu, and S. Zhang. “Multidimensional Spatial
Inequality in China and Its Relationship with Economic Growth.” Humanities and Social
Sciences Communications 11, no. 1 (2024). https://doi.org/10.1057 /s41599-024-03961-y.

[8] Higgins, P., J. Campanera, and A. Nobajas. “Quality of Life and Spatial Inequality
in London.” European Urban and Regional Studies 21, mno. 1 (2014): 42-59.
https://doi.org/10.1177/0969776412439201.



112

Modeling methods for strategic analysis of interregional inequality in Kazakhstan. ..

19]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Overman, H. G., and X. Xu. “Spatial Disparities across Labour Markets.” Ozford Open
Economics 3, no. 1 (2024): 585-610. https://doi.org/10.1093/0oec/odae005.

Lee, N., M. Fransham, and P. Bukowski. “Spatial Labour Market Inequality and
Social Protection in the UK.” LSE Public Policy Review 3, no. 2 (2024): Article 6.
https://doi.org/10.31389 /1seppr.99.

Doran, J. “The Effect of Spatial Inequality on Nigeria’s Development.” Routes 3, no. 2 (2022):
85-98.

MacKinnon, D., V. Beal, and T. Leibert. “Rethinking ‘Left-Behind’ Places in a Context of Rising
Spatial Inequalities and Political Discontent.” Regional Studies 58, no. 6 (2024): 1161-1166.
https://doi.org/10.1080,/00343404.2023.2291581.

Pace, R. K., and J. Lesage. “Spatial Econometrics.” In Handbook of Spatial Statistics, 245-260.
2010. https://doi.org/10.1201/9781420072884-c15.

Ezcurra, R., and V. Rios. “Volatility and Regional Growth in FEurope:
Does Space Matter?” Spatial Economic Analysis 10, mno. 3 (2015): 344-368.
https://doi.org/10.1080/17421772.2015.1062123.

Fang, D. “Spatial Effects on Factors of Economic Growth and Its Decomposition: Based
on Empirical Analysis on Spatial Durbin Model.”(in Chinese) Journal of Hunan Finance
and Economics University 31, no. 3 (2015): 79-85 https://doi.org/10.3969/j.issn.2095-
1361.2015.03.011

Bekti, R. D., and Sutikno. “Spatial Durbin Model to Identify Influential Factors
of Diarrhea.” Journal of Mathematics and Statistics 8, mno. 3 (2012): 396-402.
https://doi.org/10.3844 /jmssp.2012.396.402.

Li, M. M., T. Stengos, and Y. Sun. “Spatial Nexus: Natural Resources and Economic Growth.”
Empirical Economics 69, no. 3 (2025): 1117-1152. https://doi.org/10.1007/s00181-025-02775-4.

Xu, B., and Y.Sun. “The Impact of Industrial Agglomeration on Urban Land Green Use
Efficiency and Its Spatio-Temporal Pattern: Evidence from 283 Cities in China.” Land 12,
no. 4 (2023): Article 824. https://doi.org/10.3390/land12040824.

Spankulova, L., Y.Bukatov, A. Kerimbayev, and T. Madina. “Regional Income Inequality
in Kazakhstan: Assessments of the Impact of Healthcare and Macroeconomic Instability.”
Engineered Science 39, no. 1 (2026): Article 2071. https://dx.doi.org/10.30919/es2071.

Spankulova, L., A. Kerimbayev, and B. Zhumartova. “Analysis of the Dynamics of Key Socio-
Economic Indicators of the Republic of Kazakhstan (2001-2024).” Engineered Science 39, no.
1 (2026): Article 2070. https://dx.doi.org/10.30919/es2070.

Mukhamediyev, B.M., and L.S.Spankulova. “Mutual Influence of Innovation and Human Capital
on Regional Growth in Neighboring Countries: The Case of Russia and Kazakhstan.” Regional
Research of Russia 12, no. 3 (2022): 350-364. https://doi.org/10.1134/S2079970522700216.



L. Spankulova et al. 113

Asmopaap mypaav, MaAIMeEM:

Cnawnxynosa Jlazam Celimra3uesna — IKOHOMUKG 2blAbMOIADLHYE, JOKMOpPLL, Npodeccop,an-
Dapabu, amovndazve Kasax yammos yrusepcumemi (Aamamo, Kaszaxeman, anexmpondok nowma:
spankulova.lazat@mail.Tu).

Bbecempemannan Tasuna Eseeenvesna — PhD, npogeccop, Ixonomura 2ouavimiapv.  Garysv-
MEMINIY, Q20  2bALMU  Ku3MeMEKEPE XAAKAPAALLE MAKPOIKOHOMUKAAGE, MAA0AY 3EPMIAHG-
cou, Yammowk, saepmmey ynusepcumemi “2Koeapev axonomura mexme6i” (Mockey, Peceti anexmpon-
ok nowma: gbesstremyannaya@hse.ru).

Kymapmosa Banosicarn Opanbaesra (koppecnondenm asmop) — PhD doxmopanm, aa-Dapabu
amuindaeve  Kazax yammo ynusepcumemi  (Aamamu, Kasaxeman, aaexmpondos nowma:
balzhan.zhumartova@mail.ru,).

Csederus 06 asmopax:

Cnanxynosa Jlazam Cetimrxasuesna — doxkmop sxoHOMUMECKUT Hayk, npopeccop, Kazaxcrui
HAUUOHAAOHG YHusepcumem ument anv-Papabu (Aamamol, Kasaxcman, ssexmponnas nowma:
spankulova.lazat@mail.Tu).

Bececmpemsarnan Taruna Eeeenvesna — PhD, npogpeccop, Meocdyrapodnasn sabopamopus mak-
POIKOHOMUMECKO020 aHAAU3G, Hayuonasvhoili uccaedosamervekuti yrusepcumem "Bucwas wrora
axonomuky " (Mocksa, Poccus, arexmponnan nowma: gbesstremyannaya@hse.ru,).

Kymapmosa Banocan Opanbaesna (koppecnonwdenm asmop) — PhD doxmopanm, Kasaxcrud
HAYUOHANLHBLT YyHusepcumem umenu arb-Papabu (Aamamo, Kasaxcman, sasexmponnas nowma:
balzhan.zhumartova@mail.Tu,).

Information about authors:

Spankulova Lazat — Doctor of science in economics, professor, Al-Farabi Kazakh National
University (Almaty, Kazakhstan, email: spankulova.lazat@mail.ru,).

Besstremyannaya Galina — PhD, Professor, International Laboratory for Macroeconomic
Analysis, National Research University Higher School of Economics (Moscow, Russia, email:
gbesstremyannaya@hse.ru,).

Zhumartova Balzhan (corresponding author) — PhD student, Al-Farabi Kazakh National
University (Almaty, Kazakhstan, email: balzhan.zhumartova@mail.ru,).

Received: November 26, 2025
Accepted: March 14, 2026



	Introduction
	Literature review and problem statement
	Materials and methods
	Data
	Research methods
	Model specification

	Results and discussions
	Moran's scatterplots

	Conclusions
	Acknowledgements

