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This study examines the determinants of regional economic perfor-
mance in Kazakhstan in the context of its transition toward a circular 
economy. It focuses on the combined effects of environmental pro-
tection expenditure, small and medium-sized enterprise activity, and 
fixed capital investment. Using panel data for 16 regions from 2005 to 
2024, the study applies two-way fixed effects models and a dynamic 
panel approach based on the Anderson-Hsiao estimator to account for 
growth persistence and potential endogeneity. The results show that 
the growth effects of environmental expenditure, SME activity, and 
fixed capital investment vary across model specifications. Environ-
mental protection expenditure is positively associated with regional 
growth in static models, but this effect becomes insignificant once en-
dogeneity is addressed. SME activity shows a negative association 
in static specifications, but a positive effect in dynamic IV estimates. 
Fixed capital investment is positively significant in static models, 
although its effect weakens in dynamic specifications. Overall, the 
findings suggest that institutional quality, regional heterogeneity, and 
policy coordination shape the economic outcomes of sustainabili-
ty-oriented policies. By integrating environmental, entrepreneurial, 
and investment-related factors within a single empirical framework, 
the study offers new evidence on the context-dependent nature of re-
gional growth in a transition economy and provides policy insights for 
designing regionally differentiated development strategies.
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1. INTRODUCTION 
The transition towards sustainable development has become one of the defining challenges in 
contemporary economic policy and research. In response, the circular economy has gained prom-
inence as an alternative development model that seeks to reconcile economic progress with envi-
ronmental sustainability through greater resource efficiency, waste reduction, and the regenera-
tion of natural capital (Geissdoerfer et al., 2017; D’Amato et al., 2017; Alsharaideh et al., 2026).
However, the economic consequences of environmental policies remain contested. While some 
studies argue that environmental regulation promotes innovation and long-term productivity, 
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others emphasise the costs associated with regulatory compliance and structural adjustment. 
Recent evidence suggests that the effectiveness of environmental policies depends largely on 
sectoral composition, technological capabilities, and institutional conditions (Benatti et al., 
2024; Liu et al., 2023). Similarly, the growth effects of investment are not uniform across 
regions (Nguyen, 2026). Differences in governance quality, economic structure, and institu-
tional capacity influence the extent to which both public and private investment translate into 
economic performance (Destefanis & Di Giacinto, 2025; Zhanseitov et al., 2020).
Small and medium-sized enterprises (SMEs) constitute another important determinant of re-
gional development. Although SMEs are widely recognised for fostering entrepreneurship, 
innovation, and employment, their contribution to economic growth depends on the quality 
of the institutional environment and the availability of supportive entrepreneurial ecosystems 
(Keffala, 2025; Potter et al., 2025; Drakul, 2025). In regions characterised by institutional 
weaknesses, SME expansion may have limited productivity effects and may not generate 
sustained economic growth.Despite the growing body of research, important gaps remain. 
Existing studies typically examine environmental expenditure, investment, or SME activity 
in isolation, whereas relatively few consider these factors simultaneously within a dynamic 
analytical framework. Furthermore, evidence from transition economies remains limited, par-
ticularly regarding the interaction between circular economy policies and traditional drivers of 
regional growth. These shortcomings are especially relevant in Kazakhstan, where substantial 
regional disparities in economic structure, institutional capacity, and environmental gover-
nance may lead to heterogeneous development outcomes. Understanding these interactions 
requires an integrated framework that jointly evaluates environmental, entrepreneurial, and 
investment-related determinants of regional economic performance.
To address this gap, this study develops a comprehensive empirical framework for analysing 
regional economic growth during Kazakhstan’s transition towards a circular economy. The 
circular economy dimension is captured through environmental protection expenditure, which 
serves as a proxy for the intensity of regional sustainability policies (Akilzhanova et al., 2025). 
Although this indicator does not fully reflect the multidimensional nature of the circular econ-
omy, it represents one of the few consistently available regional measures over a sufficiently 
long period. Similar proxy-based approaches have been adopted in previous studies where 
direct indicators of circular economy implementation, such as recycling rates, resource effi-
ciency, material reuse, and waste recovery, are unavailable (Fan et al., 2022; Mukhiyayeva et 
al., 2025). Environmental protection expenditure is widely recognised as an important policy 
instrument supporting pollution mitigation, resource conservation, and sustainable regional 
development (Geissdoerfer et al., 2017; Hysa et al., 2020).
The empirical analysis investigates the joint effects of environmental protection expenditure, 
SME activity, and fixed capital investment on regional economic growth using panel data for 
16 regions of Kazakhstan over the period 2005–2024. The baseline specification employs a 
two-way fixed effects model to control for unobserved regional heterogeneity and common 
time effects, while a dynamic Anderson-Hsiao estimator is used to account for growth per-
sistence, potential endogeneity, and dynamic panel bias.
This study makes three principal contributions. First, it demonstrates that the growth effects of 
environmental protection expenditure vary across regions and depend on underlying structural 
and institutional characteristics. Second, it shows that the contribution of SMEs to regional 
growth is conditional upon the quality of the institutional environment. Third, by combining 
static and dynamic panel estimation techniques, the study provides new evidence on the deter-
minants of regional growth during Kazakhstan’s transition towards a circular economy.
Overall, the findings extend the literature by integrating environmental expenditure, entrepre-
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neurial activity, and investment within a unified empirical framework and by providing new 
evidence on regional growth dynamics in a transition economy. The remainder of the paper is 
organised as follows. Section 2 reviews the relevant literature, Section 3 describes the data and 
methodology, Section 4 presents the empirical findings, Section 5 discusses the results, and the 
final section concludes with policy implications and directions for future research.

2. LITERATURE REVIEW

2. 1. ENVIRONMENTAL PROTECTION EXPENDITURE AND ECONOMIC GROWTH

The relationship between environmental protection expenditure and economic performance 
remains inconclusive. While environmental investments may enhance productivity by en-
couraging technological innovation and resource efficiency, they may also impose short-term 
compliance costs that constrain economic activity. Consequently, the growth effects of envi-
ronmental policies depend on broader institutional, technological, and structural conditions.
Recent evidence supports this conditional relationship. Fan et al. (2022) show that environ-
mental protection expenditure in China improves environmental quality and indirectly en-
hances productivity through institutional channels. Similarly, Caglar and Yavuz (2023) find 
that environmental expenditure contributes to sustainable development when complemented 
by renewable energy policies. Sun et al. (2024) identify significant spatial spillovers in the ef-
fectiveness of environmental policies, while Akdag et al. (2025) demonstrate that environmen-
tal fiscal instruments generate heterogeneous outcomes across countries. These findings are 
broadly consistent with the Porter Hypothesis (Porter & van der Linde, 1995), which argues 
that well-designed environmental regulation can stimulate innovation, although the resulting 
productivity gains depend on firms’ and regions’ absorptive capacity.

2. 2. ENVIRONMENTAL POLICY AND REGIONAL DEVELOPMENT IN 
KAZAKHSTAN

Empirical evidence on Kazakhstan remains relatively scarce. Mukhiyayeva et al. (2025) report 
that sustainability-oriented policies improve resource-use efficiency within a circular economy 
framework, although their effectiveness is constrained by institutional quality and the coun-
try’s dependence on natural resources. Likewise, Yessengeldin et al. (2019) argue that legal 
uncertainty, weak regulatory enforcement, and governance challenges reduce the efficiency of 
environmental policy implementation. These findings suggest that environmental expenditure 
alone is unlikely to generate sustained economic growth without complementary institutional 
reforms and economic diversification.

2. 3. CIRCULAR ECONOMY AND SUSTAINABLE GROWTH

The circular economy has emerged as an important framework linking environmental sustain-
ability with long-term economic development. Rather than focusing solely on waste reduction, it 
promotes resource efficiency, innovation, and sustainable production systems. Hysa et al. (2020) 
argue that circular economy strategies generate stronger economic outcomes when environ-
mental, social, and economic objectives are pursued simultaneously. Similarly, Georgescu et al. 
(2025) emphasize that policy coordination and technological innovation are essential for suc-
cessful circular economy implementation. However, transition economies often face structural 
constraints, including resource dependence, limited technological capabilities, and institutional 
weaknesses that may reduce the effectiveness of these strategies. Evidence from Kazakhstan 
further indicates that renewable energy investments can strengthen regional development by 
improving energy accessibility and supporting agricultural productivity (Bolyssov et al., 2019).
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2. 4. INVESTMENT AND ECONOMIC GROWTH

Investment in fixed capital remains one of the principal drivers of economic growth. Nev-
ertheless, its effectiveness depends on the institutional environment, technological capacity, 
and innovation performance. Shakeyev et al. (2023) demonstrate that fixed capital invest-
ment and research and development expenditure enhance productivity in Kazakhstan when 
accompanied by sufficient innovation capacity. Likewise, Mitrofanova et al. (2025) show that 
investment contributes to regional development primarily when integrated with innovation 
processes. These findings are consistent with the institutional theory of economic growth 
(Acemoglu et al., 2005), which suggests that weak institutions reduce investment efficiency 
through rent-seeking behaviour and resource misallocation.

2. 5. SMES, ENTREPRENEURSHIP, AND ECONOMIC GROWTH

The contribution of SMEs to economic growth remains a subject of debate. Baumol (1990) 
argues that the economic benefits of entrepreneurship depend not only on its scale but also 
on whether entrepreneurial activity is directed toward productive or unproductive purposes. 
Similarly, Fritsch and Mueller (2004) show that new firm formation may generate temporary 
adjustment costs before contributing to long-term growth. More recent studies confirm that the 
relationship between SME activity and economic performance is highly dependent on institu-
tional quality, financial development, and the broader entrepreneurial ecosystem (Gamidullae-
va et al., 2020; Batrancea et al., 2022; Batrancea, 2022).

2. 6. DYNAMIC GROWTH MODELS

Economic growth exhibits considerable persistence over time, making dynamic panel models 
particularly appropriate for empirical analysis. Nickell (1981) demonstrates that conventional 
fixed-effects estimators become biased when lagged dependent variables are included, where-
as Anderson and Hsiao (1982) propose an instrumental-variable estimator that addresses this 
problem. Recent empirical studies continue to support the importance of growth persistence, 
suggesting that the effects of economic policies often materialize gradually rather than imme-
diately (Wen et al., 2022; Karagiannis & Paleologou, 2025).

2. 7. REGIONAL HETEROGENEITY

Regional disparities play a significant role in shaping economic performance, particularly in 
geographically large and economically diverse countries. Differences in industrial structure, in-
stitutional quality, and resource endowments lead to heterogeneous growth trajectories across re-
gions. Zhao et al. (2024) demonstrate that urban-rural disparities substantially influence regional 
development, while Fan et al. (2022) and Sun et al. (2024) highlight the importance of spatial 
spillovers in both environmental policy effectiveness and regional economic performance.

2. 8.  LITERATURE SYNTHESIS AND RESEARCH GAP

The existing literature indicates that the relationships between environmental protection ex-
penditure, SME activity, investment, and economic growth are inherently context dependent. 
Environmental expenditure may enhance productivity through innovation and institutional 
improvement, yet its effectiveness varies according to governance quality, technological ca-
pability, and regional characteristics. Likewise, the economic contribution of SMEs depends 
on the institutional environment, while the returns to fixed capital investment are shaped by 
innovation capacity and economic structure.
Despite these advances, several important gaps remain. Most previous studies examine envi-
ronmental policy, entrepreneurship, or investment separately, with relatively few analysing 
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their joint effects within a unified empirical framework. Moreover, evidence from transition 
economies remains limited, particularly at the regional level where substantial institutional 
and structural differences exist.
To address these gaps, this study develops an integrated empirical framework that jointly 
examines environmental protection expenditure, SME activity, and fixed capital investment 
while accounting for regional heterogeneity, growth persistence, and potential endogeneity. 
By focusing on Kazakhstan’s regions during the country’s transition towards a circular econ-
omy, the study provides new evidence on the determinants of regional economic performance 
in a transition economy.

3. METHODOLOGY

3. 1. DATA AND EMPIRICAL DESIGN

The analysis is based on a balanced panel comprising 16 regions of Kazakhstan over the 
period 2005-2024, resulting in 320 region-year observations. The panel captures substantial 
regional variation in economic structure, institutional capacity, and environmental policy im-
plementation, while the time dimension reflects both short-term fluctuations and medium-term 
developments associated with the transition towards a circular economy.
The dependent variable is the logarithm of gross regional product (GRP) per capita, which 
improves cross-regional comparability, mitigates heteroskedasticity, and allows estimated co-
efficients to be interpreted as elasticities (Wooldridge, 2010). The main explanatory variables 
include environmental protection expenditure, fixed capital investment, and the number of 
small and medium-sized enterprises (SMEs). Environmental protection expenditure serves 
as a proxy for the policy dimension of the circular economy transition, while fixed capital 
investment captures capital accumulation and SMEs reflect entrepreneurial activity and busi-
ness development. Average wages are included to account for labour productivity and income 
levels, with employment and the unemployment rate incorporated as additional control vari-
ables. Population was initially considered but excluded from the final specifications because 
of multicollinearity and its limited explanatory contribution.
Although the circular economy is a multidimensional concept encompassing resource efficien-
cy, recycling, waste recovery, and sustainable production, consistent regional indicators cov-
ering these dimensions are unavailable for Kazakhstan throughout the study period. Conse-
quently, environmental protection expenditure represents the most reliable and policy-relevant 
proxy for sustainability-oriented regional intervention. Likewise, in the absence of compre-
hensive regional circular economy or sustainability indices, GRP per capita is employed as a 
consistent measure of regional economic performance during Kazakhstan’s transition towards 
a circular economy.

3. 2. BASELINE SPECIFICATION: TWO-WAY FIXED EFFECTS MODEL

The baseline is a two-way fixed effects (TWFE) model:

				    yit = βXit + αi + γt + εit 				    (1)

where yit is log GRP per capita in region i at time t, Xit is a vector of explanatory variables, αi  
are region-specific fixed effects, and γt  are time-specific effects.
Identification is based on within-region variation. Regional fixed effects absorb time-invariant 
characteristics, such as geography, institutional legacy, and long-standing economic speciali-
sation, while time fixed effects control for common macroeconomic shocks and national poli-
cy changes (Wooldridge, 2010; Baltagi, 2005).
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The validity of the two-way fixed effects specification rests on the assumption that unobserved 
regional factors affecting economic performance are largely time-invariant and can therefore 
be captured by regional fixed effects. Time fixed effects further account for nationwide shocks, 
policy reforms, and macroeconomic developments that affect all regions simultaneously. As 
a result, the model identifies effects from changes within regions over time rather than from 
cross-sectional differences between regions. This approach helps reduce omitted variable bias 
arising from persistent regional characteristics that are difficult to observe directly.
Panel unit root tests based on Maddala and Wu (1999) and Choi (2001) reject the null hypoth-
esis of a unit root, supporting the use of the variables in levels.

3. 3. ROBUST INFERENCE: DRISCOLL-KRAAY STANDARD ERRORS

3. 3. 1. ESTIMATION METHOD AND STANDARD ERRORS

Standard errors are estimated using the Driscoll-Kraay procedure, which is robust to het-
eroskedasticity, serial correlation, and cross-sectional dependence (Driscoll & Kraay, 1998; 
Pesaran, 2004). Given the structure of the panel, with a relatively small cross-section (N = 16) 
and a longer time dimension (T = 20), this estimator is preferred to conventional cluster-robust 
alternatives, which generally perform better with a larger number of cross-sectional units and 
rely on stronger assumptions about the error structure.

3. 3. 2. MODEL SPECIFICATION AND ROBUSTNESS CHECKS

Several model specifications are estimated to assess the stability of the baseline results. Ex-
tended models include digitalisation, measured by internet usage, and innovation activity to 
examine whether the main relationships remain robust when broader explanatory variables 
are introduced. Since these variables are available only for selected regions and years, the 
effective sample is reduced to 224 and 192 observations, respectively. These reduced-sample 
specifications also serve as checks for potential sample selection effects.
Additional specifications exclude wages to assess potential multicollinearity and to isolate the 
independent effects of capital accumulation and institutional variables, as wages may partly 
capture overlapping productivity dynamics.

				    yit = ρyi,t-1 + βXit + αi + γt + εit 			   (2)

This captures path dependence and allows short-run and longer-run effects to be distinguished. 
Including a lagged dependent variable in a fixed effects model introduces Nickell bias (Nick-
ell, 1981), which is addressed in the next subsection.

3. 4. ENDOGENEITY AND THE CHOICE AGAINST GMM

Generalized Method of Moments estimators (Arellano & Bond, 1991; Blundell & Bond, 
1998) are a common solution to dynamic panel bias but are known to perform poorly when 
is small, as instrument proliferation can lead to weak identification (Roodman, 2009). In this 
dataset, system GMM produced excessively high Hansen test p-values, indicating instrument 
proliferation and a lack of validity. Given , GMM estimates are not considered reliable, and 
the analysis instead uses the Anderson–Hsiao estimator.

3. 5. ANDERSON–HSIAO ESTIMATOR

The Anderson-Hsiao (AH) instrumental variable estimator (Anderson & Hsiao, 1982) first-dif-
ferences the model:
				    Δyit = ρΔyi,t-1 + βΔXit + Δεit 				     (3) 
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and instruments the lagged differenced dependent variable with its second lag. AH is consis-
tent under standard assumptions and remains stable in small- settings (Hsiao, 2014), avoiding 
the instrument proliferation that constrains GMM in this dataset.
Diagnostic tests are consistent with the presence of endogeneity and with adequate instrument 
strength, supporting the use of AH as a robustness check on the dynamic estimates.

3. 6. SPATIAL DEPENDENCE AND MODEL SELECTION

Moran’s I is computed for both the raw data and the residuals of the TWFE model. The results 
indicate weak spatial dependence in the raw data, but no statistically significant spatial auto-
correlation in the model residuals. This suggests that the observed spatial patterns are mainly 
driven by structural regional heterogeneity, which is absorbed by the fixed effects, rather than 
by spatial spillovers.
Accordingly, spatial autoregressive (SAR) and spatial error (SEM) models are not estimated, 
and the TWFE model is retained as the primary specification. The spatial diagnostics are re-
ported as a robustness check rather than as a structural test, since fixed effects may absorb part 
of the underlying spatial dependence.
This decision is also supported by methodological considerations. Spatial panel models re-
quire the prior specification of a spatial weight’s matrix defining the relevant channel of in-
ter-regional interaction, such as geographic proximity, economic complementarity, or institu-
tional linkages. In the Kazakhstani regional context, there is no clear theoretical consensus on 
the appropriate spatial structure. Given the small cross-sectional dimension (N = 16) and the 
absence of significant residual spatial autocorrelation, the additional complexity and parame-
ter uncertainty introduced by spatial modelling are not supported by the data.

3. 7. IDENTIFICATION STRATEGY AND LIMITATIONS

Identification is based on within-region variation over time. The two-way fixed effects speci-
fication controls for time-invariant regional heterogeneity and common time shocks, thereby 
reducing omitted variable bias (Wooldridge, 2010; Baltagi, 2005). This approach assumes 
that, conditional on fixed effects and observed covariates, the remaining variation in the ex-
planatory variables is exogenous.
However, strict exogeneity cannot be fully guaranteed. Reverse causality may arise if high-
er GRP per capita increases environmental expenditure or wages, while measurement error 
in regional indicators, particularly SME activity and environmental expenditure, may lead to 
attenuation bias. To address these concerns, the dynamic specification accounts for growth per-
sistence, while the Anderson-Hsiao estimator uses internal instruments to address the endoge-
neity of the lagged dependent variable (Nickell, 1981; Anderson & Hsiao, 1982; Hsiao, 2014).
Accordingly, the results should be interpreted as conditional associations rather than strictly 
causal effects. The small cross-sectional dimension of the panel (N = 16) limits the feasibility 
of high-dimensional GMM estimators and external instrumental-variable strategies. In addi-
tion, the absence of significant residual spatial autocorrelation suggests that the analysis pri-
marily captures internal regional dynamics rather than interregional spillover effects.

4. RESULTS
Descriptive statistics for the variables used in the empirical analysis are presented in Table 1. 
The dataset covers 16 regions over the period 2005–2024, resulting in 320 observations. Most 
variables are expressed in natural logarithms to ensure comparability and reduce scale differ-
ences across regions.



Muslimkyzy L. et al. & Değirmenci S. / Economics - Innovative and Economics Research Journal, doi: 
10.2478/eoik-2026-0057

252

Table 1. Descriptive statistics of variables

Variable Mean SD Min Max Obs
ln_food_output 17.75 1.14 14.84 20.03 320
ln_env_protection_exp 15.32 1.42 11.36 17.88 320
ln_fixed_capital_investment 12.78 0.92 10.01 15.28 320
ln_employment 13.07 0.46 12.05 14.05 320
ln_population 13.71 0.43 12.80 15.03 320
ln_grp_pc 14.58 0.94 12.00 16.91 320
ln_number_of_smes 10.89 0.68 9.53 12.82 320
ln_avg_wage 11.65 0.75 10.02 13.36 320
unemployment_rate 5.61 1.19 4.10 9.80 320

Source: Authors’ calculations based on data from the Bureau of National Statistics of the Republic of 
Kazakhstan

Table 1 reports summary statistics for all variables across the full sample of 320 region-year 
observations. GRP per capita exhibits substantial cross-regional variation, while environmen-
tal protection expenditure also displays considerable dispersion, indicating differences in the 
intensity of regional environmental policy. Fixed capital investment and average wages show 
moderate variation, whereas employment, population, SMEs, and the unemployment rate re-
main comparatively stable across regions. Overall, the observed variation provides sufficient 
within-region and cross-sectional heterogeneity to support two-way fixed effects estimation.

Figure 1. Average GRP per capita (left) and environmental protection expenditure (right) over time

 
Source: Authors’ Calculations

Both variables exhibit sustained upward trajectories across the full study period from 2005 
to 2024. The parallel growth in GRP per capita and environmental protection expenditure 
provides preliminary visual evidence of a positive association between regional income levels 
and environmental policy intensity, though the presence of regional heterogeneity in growth 
rates cautions against treating this as a uniform relationship. These trends motivate formal 
econometric analysis of the conditional relationship between the two variables.



Regional Growth and Environmental Policy in Kazakhstan’s Circular Economy Transition

253

Figure 2. Regional dynamics and distribution of GRP per capita (left: regional trends over time; right: 
distribution across regions)

  
Source: Authors’ Calculations

The figure indicates a general upward trajectory in GRP per capita across regions, accom-
panied by widening dispersion over time. This pattern points to increasing regional hetero-
geneity and potential divergence in economic performance, underscoring the importance of 
controlling for regional effects in the empirical analysis.

4. 1. PANEL UNIT ROOT TESTS

Table 2. Unit Root Tests
Variable Test Statistic p-value Conclusion

ln(GRP per capita) Maddala–Wu 53.921 0.009 Stationary
ln(GRP per capita) Choi Pm 2.740 0.003 Stationary
Δln(GRP per capita) Maddala–Wu 146.68 <0.001 Strongly stationary

Source: Authors’ Calculations
Before estimation, panel unit root tests are conducted to ensure that the dependent variable is 
stationary and that the regression results are not spurious. Two complementary procedures are 
applied to the log-transformed GRP per capita series: the Maddala and Wu (1999) chi-squared 
test, which combines p-values from individual augmented Dickey-Fuller regressions, and the 
Choi (2001) Pm statistic, which provides an asymptotically normal alternative under the same 
null hypothesis of a unit root.
Both tests reject the null hypothesis at conventional significance levels. For ln (GRP per cap-
ita) in levels, the Maddala-Wu statistic is 53.921 (p = 0.009), while the Choi Pm statistic is 
2.740 (p = 0.003). These results confirm that the series is stationary in levels, eliminating the 
need to first-difference the dependent variable before estimation.
As an additional check, the first-differenced series is also tested and found to be strongly sta-
tionary, with the Maddala-Wu statistic increasing to 146.68 (p < 0.001). Overall, the results 
indicate that spurious regression is not a concern and support the use of both the two-way fixed 
effects and Anderson-Hsiao specifications.
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4. 2. CORRELATION MATRIX

Table 3. Correlation matrix

Variable (1) (2) (3) (4) (5) (6) (7)
(1) ln_food_output 1.00
(2) ln_env_protection_exp 0.01 1.00
(3) ln_fixed_capital_inv 0.20 0.54 1.00
(4) ln_employment 0.56 -0.05 0.13 1.00
(5) ln_grp_pc 0.16 0.57 0.87 -0.13 1.00
(6) ln_number_of_smes 0.67 0.13 0.56 0.74 0.35 1.00
(7) unemployment_rate -0.49 -0.46 -0.59 -0.23 -0.66 -0.48 1.00

Source: Authors’ Calculations

Table 3 presents the pairwise Pearson correlation coefficients for the variables used in the 
empirical analysis. The strongest bivariate relationship is observed between GRP per capita 
and fixed capital investment (r = 0.87), suggesting that economically stronger regions tend to 
attract higher capital inflows and maintain greater levels of physical investment.
Environmental protection expenditure is moderately and positively correlated with GRP per 
capita (r = 0.57) and fixed capital investment (r = 0.54). This indicates that regions with stron-
ger economic capacity allocate more resources to environmental policy, which is consistent 
with the literature on income-related environmental spending.
Among the structural variables, employment and SME density show a strong positive correla-
tion (r = 0.74), suggesting that labour absorption and business activity tend to develop together 
across Kazakhstan’s regions. Food output is also positively correlated with employment (r = 
0.56) and SME density (r = 0.67), reflecting the labour-intensive and enterprise-based nature 
of regional food production.
The unemployment rate is negatively correlated with almost all economic indicators, partic-
ularly GRP per capita (r = −0.66), fixed capital investment (r = −0.59), and environmental 
protection expenditure (r = −0.46). This pattern is consistent with standard macroeconomic 
expectations, where weaker labour market conditions are associated with lower economic and 
institutional capacity.
Although some correlations are relatively high, particularly between GRP per capita and fixed 
capital investment, they do not indicate severe multicollinearity. Moreover, the two-way fixed 
effects specification reduces the risk that cross-sectional correlations in the raw data distort the 
panel regression estimates.

Table 4. Variance Inflation Factors (VIF)

Variable VIF
ln_env_protection_exp 1.67
ln_fixed_capital_investment 4.91
ln_employment 4.53
ln_number_of_smes 5.72
ln_avg_wage 8.64
unemployment_rate 2.74

Source: Authors’ Calculations

To further assess multicollinearity, variance inflation factors (VIFs) were calculated for all ex-
planatory variables. The highest VIF value is 8.64 for average wages, while all remaining vari-
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ables exhibit values below 6. Although the VIF for average wages exceeds the more conservative 
threshold of 5, it remains below the widely accepted threshold of 10. Therefore, multicollineari-
ty is not considered severe and does not compromise the reliability of the estimated coefficients.

4. 3. BASELINE TWFE RESULTS

Table 5. Main results: Two-way fixed effects estimations

Variable (1) TWFE (2) TWFE + DK (3) Digitalization (4) Innovation (5) No wage
ln_env_protection_exp 0.045** 0.045* 0.016 0.021 0.037**

(0.014) (0.025) (0.022) (0.018) (0.014)
ln_fixed_capital_investment 0.151*** 0.151*** 0.047 0.003 0.217***

(0.036) (0.033) (0.052) (0.050) (0.035)
ln_employment 0.183* 0.183** 0.305 0.491** -0.010

(0.104) (0.085) (0.187) (0.204) (0.101)
ln_number_of_smes -0.233*** -0.233** -0.476*** -0.618*** -0.269***

(0.059) (0.083) (0.089) (0.123) (0.062)
ln_avg_wage 0.943*** 0.943*** 0.826*** 0.948*** -

(0.186) (0.169) (0.242) (0.225)
unemployment_rate 0.127*** 0.127*** -0.207*** -0.135* 0.131***

(0.025) (0.030) (0.040) (0.080) (0.026)
internet_usage - - -0.002 - -

(0.001)
innovation_activity - - - 0.003 -

(0.004)

Source: Authors’ Calculations

Table 6. Model statistics
Statistic (1) (2) (3) (4) (5)

Observations 320 320 224 192 320
Fixed Effects Region & Year Region & Year Region & Year Region & Year Region & Year
R² 0.432 0.432 0.302 0.316 0.379
Adjusted R² 0.350 0.350 0.173 0.173 0.293

*** p < 0.01, ** p < 0.05, * p < 0.1.Standard errors in parentheses

Source: Authors’ Calculations

The baseline two-way fixed effects model (Model 1) identifies fixed capital investment and 
average wages as the strongest determinants of regional economic performance. Fixed cap-
ital investment has a positive and highly significant effect (0.151, p < 0.01), confirming the 
importance of capital accumulation for regional productivity. Average wages exhibit the larg-
est coefficient (0.943, p < 0.01), reflecting the close relationship between labour income and 
regional output. Environmental protection expenditure is positively associated with GRP per 
capita (0.045, p < 0.05), suggesting that greater investment in environmental policy accompa-
nies stronger regional economic performance. In contrast, SME activity is negatively related 
to growth (-0.233, p < 0.01), indicating that a higher concentration of small firms may char-
acterise less productive regional economies. Employment is only weakly significant (0.183, p 
< 0.10), whereas unemployment shows an unexpected positive coefficient (0.127, p < 0.01). 
This result should be interpreted cautiously, as it likely reflects structural characteristics of 
resource-rich regions rather than a positive effect of unemployment on economic growth.
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Model 2 applies Driscoll-Kraay standard errors to account for heteroskedasticity, serial cor-
relation, and cross-sectional dependence. Although coefficient estimates remain unchanged, 
standard errors increase slightly. Environmental protection expenditure becomes marginally 
significant (p < 0.10), while employment gains significance at the 5% level. Fixed capital 
investment, wages, SMEs, and unemployment retain both their magnitude and statistical sig-
nificance, indicating that the baseline findings are robust to alternative error specifications. 
Overall, Models 1 and 2 consistently identify capital accumulation and wage dynamics as the 
principal drivers of regional economic performance.
Model 3 extends the baseline specification by including internet usage as a proxy for digital-
isation. Owing to data limitations, the estimation sample decreases from 320 to 224 observa-
tions. Internet usage is not statistically significant, providing no evidence of an independent 
contribution of digitalisation to regional output. The unemployment coefficient changes sign 
and becomes negative, suggesting that the restricted sample reflects a different regional com-
position rather than a structural change in the underlying relationship.
Model 4 incorporates innovation activity, further reducing the sample to 192 observations. 
Innovation does not have a statistically significant contemporaneous effect on GRP per capita, 
implying that its contribution to regional growth may materialise only over a longer hori-
zon. The inclusion of innovation substantially weakens the effect of fixed capital investment, 
which becomes insignificant, whereas employment becomes positively significant. Average 
wages remain highly significant across all specifications. The negative effect of SME activity 
becomes stronger, reinforcing the finding that higher SME density is associated with lower 
regional productivity. Environmental protection expenditure also loses statistical significance, 
indicating that its estimated effect is sensitive to model specification and sample composition.
Model 5 excludes average wages to examine whether wage dynamics mask the effects of other 
explanatory variables. Removing wages restores the statistical significance of environmental 
protection expenditure, whose coefficient returns to a level close to that observed in the base-
line model. The coefficient on fixed capital investment increases substantially, suggesting that 
wages partly capture the returns to capital accumulation in more prosperous regions. Employ-
ment becomes insignificant, confirming the close relationship between employment and wage 
levels as alternative indicators of regional productivity. The negative effect of SME activity 
and the positive association between unemployment and GRP per capita remain robust, while 
the full sample of 320 observations is restored.
Overall, the results indicate that fixed capital investment and wage dynamics are the most 
stable determinants of regional economic performance. In contrast, the estimated effects of 
environmental protection expenditure, SME activity and unemployment vary across specifica-
tions, highlighting the importance of model choice, sample composition, and regional hetero-
geneity when assessing the determinants of economic growth in Kazakhstan.
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Figure 3. Coefficient stability across two-way fixed effects specifications (with 95% confidence intervals)

Source: Authors’ Calculations

Figure 3 illustrates that average wages and fixed capital investment produce the most stable 
estimates across specifications, with confidence intervals that remain consistently away from 
zero. The environmental protection expenditure coefficient, by contrast, displays greater sen-
sitivity to specification changes: significant in the baseline and wage-excluded models but 
losing precision in the reduced-sample specifications. This pattern reflects conditional rather 
than unconditional robustness and is discussed in detail in the model-by-model analysis below.
Figure 4. Relationship between environmental protection expenditure and GRP per capita (left) and 

emissions and GRP per capita (right)

 
Source: Authors’ Calculations
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The scatterplots reveal a clear positive association between environmental protection expen-
diture and GRP per capita, supporting the view that environmental investment may comple-
ment economic growth. By contrast, the relationship between emissions and GRP is weaker 
and more dispersed, suggesting that environmental pressure does not follow a straightforward 
linear pattern with economic development.

4. 4.  DYNAMIC PANEL MODEL (TWO-WAY FE + DRISCOLL-KRAAY)

Dynamic specification is estimated to account for persistence in regional economic performance. 
A lagged dependent variable is introduced to capture temporal dependence and inertia in GRP 
per capita. The model retains the baseline set of controls and applies two-way fixed effects with 
Driscoll–Kraay standard errors to address cross-sectional dependence and serial correlation.

Table 7. Dynamic two-way fixed effects model with Driscoll-Kraay standard errors

Variable Coefficient Std. Error t-stat p-value
lag(ln_grp_pc, 1) 0.714 0.044 16.390 0.000***
ln_env_protection_exp 0.024 0.010 2.395 0.017**
ln_fixed_capital_investment 0.046 0.028 1.641 0.102
ln_employment -0.014 0.081 -0.170 0.865
ln_number_of_smes 0.065 0.047 1.383 0.168
ln_avg_wage 0.402 0.144 2.783 0.006***
unemployment_rate 0.052 0.023 2.264 0.024**

Source: Authors’ Calculations

Table 8. Model statistics

Statistic Value
Observations 304
Fixed Effects Region & Year
R² 0.702
Adjusted R² 0.657

*** p < 0.01, ** p < 0.05, * p < 0.1

Source: Authors’ Calculations

The lagged dependent variable has a positive and highly significant coefficient (0.714, p < 0.001), 
indicating strong persistence in regional economic performance. This suggests that about 71% 
of current GRP per capita is determined by its previous-period value, pointing to substantial 
structural inertia in regional growth patterns. As a result, regional development appears to be 
strongly path-dependent, meaning that short-term policy measures may have limited immediate 
impact. Environmental protection expenditure remains positive and statistically significant in 
the dynamic model (0.024, p < 0.05), although its effect is much smaller than in the static speci-
fications. This reduction is expected, as the inclusion of the lagged dependent variable accounts 
for past income levels. Therefore, the coefficient mainly reflects the additional contemporaneous 
effect of environmental spending beyond prior economic performance, while part of the rela-
tionship found in the static models likely captures accumulated long-term effects.
Average wages continue to show a positive and significant association with GRP per capita 
(0.402, p < 0.01), confirming their continued importance in regional income generation after 
accounting for persistence. The unemployment rate is also positive and significant (0.052, p < 
0.05), which is consistent with the explanation provided in Section 4.2 regarding structural fea-
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tures of Kazakhstan’s regional labour markets. Fixed capital investment, although significant 
in the static models, becomes statistically insignificant in the dynamic specification (0.046, p > 
0.10). This implies that its effect is largely captured by the lagged dependent variable. In other 
words, investment does not appear to produce immediate gains in GRP per capita but instead 
contributes gradually through the accumulation of productive capacity over time.
Employment and the number of SMEs are statistically insignificant (p > 0.10), suggesting that 
they do not exert a clear short-run effect on GRP per capita once dynamic adjustment is consid-
ered. This indicates that regional growth is driven more by productivity improvements than by 
simple increases in employment or firm numbers. The dynamic model also shows a considerably 
better fit than the static specifications, with R² = 0.702 and adjusted R² = 0.657. This indicates 
that the model explains a larger share of variation in regional economic performance, mainly due 
to the inclusion of the lagged dependent variable and the strong persistence it captures.

4. 5. SPATIAL DEPENDENCE (MORAN’S I)

To assess the presence of spatial dependence in regional data, Moran’s I statistic was calculat-
ed both for the raw variable and for the residuals of the two-way fixed effects (TWFE) model. 
This allows distinguishing between inherent spatial clustering and residual spatial autocorrela-
tion after controlling for regional and temporal heterogeneity.

Table 9. Moran’s I test’s results

Test specification Moran’s I Expected value Std. deviate p-value Interpretation

Raw data (ln_grp_pc / or proxy) 0.1665 -0.0667 1.3086 0.0953 Weak / marginal spatial 
dependence

TWFE residuals -0.0892 -0.0667 -0.126 0.5501 No spatial 
autocorrelation

Source: Authors’ Calculations

These results indicate that the spatial clustering observed in the original data is attributable 
to persistent structural differences across regions rather than genuine spatial dependence. Ac-
cordingly, the two-way fixed effects specification adequately accounts for this regional hetero-
geneity. Consequently, there is no empirical basis for estimating spatial econometric models, 
such as the Spatial Autoregressive (SAR) or Spatial Error Model (SEM), as their application 
would unnecessarily increase model complexity without improving model performance.

4. 6. SYSTEM GMM

Since no evidence of residual spatial dependence was detected, a dynamic specification was 
subsequently estimated using the System GMM (Blundell–Bond) estimator to account for 
potential endogeneity and dynamic panel bias. Nevertheless, the estimation results were not 
considered reliable. Specifically, the Sargan/Hansen test produced exceptionally high p-values 
(close to 1), indicating instrument proliferation and weak instrument identification arising 
from the relatively small cross-sectional dimension of the dataset (N = 16). This limitation is 
widely recognised in the dynamic panel literature, where System GMM is known to perform 
poorly in panels with a limited number of cross-sectional units.

4. 7. ROBUSTNESS ANALYSIS: ANDERSON-HSIAO IV ESTIMATOR

To further address potential endogeneity and dynamic panel bias (Nickell bias), an additional 
robustness analysis is conducted using the Anderson-Hsiao instrumental variable estimator. 
This approach first transforms the model through first differencing and subsequently instru-
ments the lagged dependent variable with its second lag, producing a consistent estimator in 
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the presence of endogeneity. Unlike System GMM, the Anderson-Hsiao estimator avoids the 
problem of instrument proliferation and is therefore particularly appropriate for panels with a 
relatively small number of cross-sectional units (N = 16).

Table 10 - Anderson–Hsiao IV Estimator results

Variable Estimate Std. Error t-value p-value Significance
Lagged GRP (Δyₜ₋₁) 0.740 0.226 3.281 0.00116 **
Environmental expenditure -0.004 0.019 -0.219 0.826
Investment -0.026 0.050 -0.517 0.605
Wage 0.419 0.157 2.662 0.00822 **
SMEs 0.221 0.068 3.266 0.00122 **
Unemployment -0.051 0.035 -1.443 0.150

Source: Authors’ Calculations

Table 11. Model statistics

Test Statistic p-value Interpretation
Weak instruments (F) 29.89 <0.001 Strong instruments
Wu–Hausman 23.03 <0.001 Endogeneity confirmed
Sargan N/A N/A Exactly identified

Source: Authors’ Calculations

The Anderson–Hsiao estimator provides further evidence supporting the robustness of the 
empirical findings. The coefficient on the lagged dependent variable remains positive and sta-
tistically significant (0.740, p < 0.01), confirming the strong persistence of regional economic 
performance over time. Its slightly larger magnitude compared with the TWFE estimate is 
consistent with the expected correction for Nickell bias.
Among the explanatory variables, average wages and SME activity retain positive and statisti-
cally significant coefficients, indicating that higher income levels and greater business activity 
contribute positively to regional economic growth once dynamic adjustment is considered. 
By contrast, environmental protection expenditure and fixed capital investment are not statis-
tically significant in the first-difference specification, suggesting that their effects materialise 
gradually over longer periods rather than through immediate changes in regional output.
The diagnostic statistics provide strong support for the validity of the Anderson–Hsiao spec-
ification. The first-stage F-statistic (29.89) exceeds conventional critical values, confirming 
instrument relevance and eliminating concerns regarding weak instruments. The Wu–Haus-
man test rejects the exogeneity of the lagged dependent variable, thereby providing empirical 
justification for adopting an instrumental variable approach. The absence of a Sargan test is 
expected because the model is exactly identified and should not be interpreted as a method-
ological limitation. By construction, the second lag of GRP per capita satisfies the exclusion 
restriction, as it is correlated with the first-differenced lagged dependent variable while re-
maining uncorrelated with the first-differenced error term under the standard assumptions of 
Anderson and Hsiao (1982) and Hsiao (2014).
Despite these advantages, the Anderson-Hsiao estimator has certain limitations. Because it re-
lies on first differencing and a relatively limited set of instruments, it is generally less efficient 
than System GMM in large samples. Furthermore, it primarily captures short-run dynamic 
relationships and may therefore understate longer-term adjustment processes. Nevertheless, 
given the relatively small cross-sectional dimension of the present dataset (N = 16), the Ander-
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son–Hsiao estimator provides a conservative yet statistically reliable robustness check while 
avoiding the instrument proliferation and over-identification problems encountered with the 
System GMM estimator.

5. DISCUSSION

5. 1. STRUCTURAL INTERPRETATION OF REGIONAL GROWTH 
DYNAMICS

The empirical findings indicate that regional economic performance in Kazakhstan is influ-
enced by a combination of structural, institutional, and policy-related factors rather than by 
any single determinant. The baseline two-way fixed effects model identifies average wages 
and fixed capital investment as the most consistent determinants of GRP per capita, with coef-
ficients of 0.943 (p < 0.01) and 0.151 (p < 0.01), respectively.
The strong relationship between wages and regional income suggests that economic dispar-
ities across Kazakhstan are driven primarily by differences in labour productivity, industrial 
structure, and the concentration of high-value-added activities rather than by labour market 
participation alone. Likewise, the significance of fixed capital investment highlights the im-
portance of capital accumulation as a key driver of regional development, supporting theories 
of structural transformation and long-run economic growth.
However, these relationships are not entirely stable across model specifications. Environmen-
tal protection expenditure is positive and statistically significant in the baseline model (β = 
0.045, p < 0.05), but its effect weakens or becomes statistically insignificant in alternative 
specifications and subsamples. Similarly, SME activity exhibits a consistently negative and 
statistically significant coefficient in the static models, becomes insignificant in the dynamic 
specification, and turns positive under the Anderson–Hsiao estimator. These results suggest 
that the effects of environmental policy and entrepreneurship depend on both model specifica-
tion and regional context, reinforcing the institutional perspective that regional development 
outcomes are shaped by governance quality and structural conditions (Acemoglu et al., 2005). 
Comparable evidence from Central Asia also indicates that coordinated institutional arrange-
ments and integrated policy implementation contribute to stronger policy coherence and great-
er societal resilience (Yermekbayeva et al., 2026).

5. 2. NEGATIVE SME COEFFICIENT: STRUCTURAL INTERPRETATION 
AND PRODUCTIVITY CONSTRAINTS

One of the most notable findings is the consistently negative and statistically significant coef-
ficient on SME activity across the static TWFE specifications, ranging from -0.233 to -0.618 
and remaining significant at the 1% level in four of the five estimated models.
Baumol (1990) argues that entrepreneurial activity does not necessarily promote economic 
growth, particularly in weak institutional environments where entrepreneurship may be direct-
ed towards rent-seeking or other low-productivity activities. This perspective is especially rel-
evant for transition economies, where institutional constraints frequently limit firms’ ability to 
generate productivity improvements. Likewise, Henrekson and Sanandaji (2014) contend that 
conventional indicators such as SME density may fail to capture productive entrepreneurship 
and may even exhibit a negative association with economic performance.
Short-run market dynamics provide an additional explanation for the observed relationship. 
Fritsch and Mueller (2004) demonstrate that new firm entry may initially reduce regional 
output through competitive displacement effects, while its positive contribution emerges only 
over longer periods. In the context of Kazakhstan, where many SMEs operate in relatively 
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low-value-added sectors, an increase in the number of firms may therefore reflect economic 
fragmentation rather than productivity-enhancing expansion.
Recent empirical evidence supports this interpretation. Potter et al. (2025) report that the pres-
ence of small firms does not necessarily stimulate regional economic growth once structural 
factors are considered, while Keffala (2025) finds that the growth-enhancing role of SMEs in 
developing economies depends critically on institutional quality. Similarly, Szerb et al. (2019) 
show that necessity-driven or low-quality entrepreneurship is associated with weaker regional 
performance where entrepreneurial ecosystems remain underdeveloped. Matenda and Sibanda 
(2023) likewise conclude that entrepreneurial activity alone is insufficient to improve per capi-
ta output without stronger entrepreneurial capabilities and supportive institutional conditions.

5. 3. DYNAMIC ADJUSTMENT AND THE ANDERSON-HSIAO CORRECTION

The dynamic and instrumental variable estimates provide additional insight into the relation-
ship between SME activity and regional economic growth. Once temporal dependence is in-
corporated into the model, the SME coefficient becomes statistically insignificant (0.065, p > 
0.10). However, under the Anderson-Hsiao IV estimator, it becomes positive and statistically 
significant (0.221, p < 0.01). Two complementary explanations may account for this pattern.
First, the static and dynamic estimators capture different aspects of the underlying data. The 
static TWFE model measures contemporaneous within-region variation after controlling for 
regional fixed effects, whereas the Anderson-Hsiao estimator, based on first differences, iso-
lates short-run within-region changes while correcting for the endogeneity of the lagged de-
pendent variable. Consequently, the contrasting estimates suggest that structural inefficiencies 
dominate the cross-sectional relationship, whereas the productive contribution of SMEs be-
comes more apparent when analysing changes within regions over time.
Second, the reversal in the coefficient’s sign may indicate that the static TWFE estimates are 
affected by endogeneity bias, which the Anderson-Hsiao estimator partially addresses. Under 
this interpretation, the Anderson-Hsiao coefficient provides a more reliable estimate of the 
marginal within-region effect of SME activity on economic growth.
Overall, the relationship between SME activity and regional growth proves highly sensitive to 
the treatment of dynamics and endogeneity. This finding highlights the importance of dynamic 
modelling in regional growth analysis and is consistent with evidence that regional develop-
ment trajectories exhibit strong path dependence and are shaped by governance quality and 
institutional continuity (Karagiannis & Paleologou, 2025).
More broadly, the differences between the static TWFE and Anderson–Hsiao estimates ob-
served for environmental protection expenditure, SME activity, and fixed capital investment 
can be attributed to three complementary mechanisms. First, endogeneity may bias the static 
TWFE estimates through reverse causality where higher GRP per capita stimulates environ-
mental spending or SME formation or through omitted variables that distort the estimated 
relationships. The Anderson–Hsiao estimator partially mitigates this issue by instrumenting 
the lagged dependent variable, thereby producing estimates that more closely reflect marginal 
within-region effects.
Second, the two estimators capture different adjustment horizons. The static TWFE specifica-
tion reflects long-run within-region associations, whereas the Anderson–Hsiao estimator, es-
timated in first differences, focuses on short-run dynamic responses. Consequently, variables 
whose effects accumulate gradually, such as environmental expenditure and capital investment, 
are expected to display weaker contemporaneous effects in the Anderson-Hsiao specification.
Third, first differencing increases the influence of measurement error relative to the underlying 
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signal, creating attenuation bias that tends to shrink estimated coefficients towards zero. This 
effect is particularly relevant for variables measured less precisely at the regional level, includ-
ing environmental expenditure and SME activity. Taken together, these mechanisms explain 
why the Anderson–Hsiao estimates differ from the static TWFE results and caution against 
relying on any single estimator as definitive.

5. 4. ENVIRONMENTAL EXPENDITURE: CONDITIONAL AND 
SPECIFICATION-SENSITIVE EFFECTS

The estimated effect of environmental protection expenditure is consistently positive but var-
ies considerably across model specifications. The coefficient is positive and statistically sig-
nificant in the baseline model (0.045, p < 0.05), remains positive but smaller in the dynamic 
specification (0.024, p < 0.05), and becomes statistically insignificant under the Anderson–
Hsiao estimator (−0.004, p = 0.83).
This pattern is broadly consistent with the Porter hypothesis, which argues that environmental 
regulation can enhance innovation and productivity, although only under favourable institu-
tional and technological conditions (Porter & van der Linde, 1995). Previous empirical studies 
similarly demonstrate that the economic effects of environmental policy depend on technolog-
ical capabilities and institutional quality (Rubashkina et al., 2015; Benatti et al., 2024).
The instability of the estimated coefficient further suggests that environmental protection ex-
penditure influences economic performance primarily through indirect channels, including 
improvements in institutional quality and governance, rather than through immediate increas-
es in regional output. This interpretation is supported by Fan et al. (2022), who show that 
local environmental expenditure strengthens governance quality and regulatory effectiveness 
even when short-run growth effects remain limited. Likewise, Gorus (2024) finds that strict-
er environmental regulation may generate temporary adjustment costs and reduce short-term 
economic growth where innovation-absorption capacity is insufficient.

5. 5. WAGES AS THE DOMINANT CORRELATE OF REGIONAL PERFORMANCE

Average wages emerge as the most stable and economically important determinant across 
all estimated specifications. The coefficient remains large and highly significant in the static 
models (ranging from 0.826 to 0.948) and continues to be positive and statistically significant 
in both the dynamic specification (0.402, p < 0.01) and the Anderson–Hsiao model (0.419, p < 
0.01). These results suggest that wage dynamics play a central role in regional income forma-
tion, most likely reflecting underlying differences in labour productivity, human capital, and 
industrial composition across regions.
The omission of wages from Model 5 substantially increases the coefficient on fixed capital 
investment from 0.151 to 0.217, indicating that wages capture an important share of produc-
tivity-related variation that would otherwise be attributed to capital investment.

5. 6. UNEMPLOYMENT AND LABOUR MARKET STRUCTURE

The positive and statistically significant coefficient on unemployment in the baseline specifi-
cation (0.127, p < 0.01) appears counterintuitive at first glance. However, it can be explained 
by the structural characteristics of Kazakhstan’s regional labour markets. In resource-depen-
dent and regionally imbalanced economies, relatively high unemployment rates may coexist 
with high income levels because capital-intensive industries generate substantial output while 
employing comparatively few workers. As a result, economically advanced regions may si-
multaneously record high GRP per capita and elevated measured unemployment.
The sign reversals observed in Models 3 and 4, together with the loss of statistical signifi-



Muslimkyzy L. et al. & Değirmenci S. / Economics - Innovative and Economics Research Journal, doi: 
10.2478/eoik-2026-0057

264

cance under the Anderson–Hsiao specification (-0.051, p = 0.150), suggest that the positive 
association identified in the static models reflects structural differences across regions rather 
than a causal within-region relationship. This interpretation is consistent with the wage curve 
literature, which documents an inverse relationship between wages and unemployment across 
regional labour markets (Blanchflower & Oswald, 1994).

5. 7. SPATIAL DIAGNOSTICS AND MODEL VALIDITY

The Moran’s I statistic calculated from the residuals of the TWFE model (I = -0.0892, p = 
0.55) is statistically insignificant, indicating that the spatial clustering observed in the raw data 
is largely explained by regional fixed effects. Consequently, there is no empirical justification 
for estimating spatial econometric models in the present analysis.
As discussed in the methodology, however, this result should not be interpreted as conclusive 
evidence that spatial dependence is absent. Regional fixed effects may absorb part of any un-
derlying spatial structure, thereby reducing detectable residual autocorrelation. Within these 
limitations, the diagnostic supports the use of the TWFE specification without indicating a 
need for additional spatial modelling.

5. 8. SYNTHESIS

Taken together, the empirical findings indicate that regional economic growth in Kazakh-
stan is driven by a combination of structural productivity factors, institutional conditions, and 
dynamic adjustment processes. The results further demonstrate that distinguishing between 
short-run and long-run relationships, as well as between cross-sectional and within-region 
variation, is essential for interpreting the estimated effects.
The consistently negative SME coefficient in the static models points towards structural inef-
ficiencies and relatively low productivity, whereas its positive coefficient under the Anderson–
Hsiao estimator suggests that SMEs may contribute positively to regional growth once dynamic 
adjustment and endogeneity are appropriately addressed. Similarly, the effects of environmen-
tal protection expenditure appear conditional upon model specification and institutional context 
rather than universally positive. In contrast, average wages remain the most stable predictor 
of regional economic performance across all specifications, while unemployment primarily 
reflects structural labour market characteristics rather than cyclical economic conditions.
Overall, the findings support the broader conclusion that the effectiveness of regional develop-
ment policies depends critically on the institutional and structural environment in which they 
are implemented.

6. CONCLUSION
This study examined the relationship between environmental protection expenditure, SME 
activity, fixed capital investment, and regional economic growth in Kazakhstan during the 
country’s transition towards a circular economy. Using a balanced panel dataset covering 16 
regions over the period 2005-2024 and combining static two-way fixed effects models with 
Driscoll-Kraay standard errors and the dynamic Anderson–Hsiao instrumental variable esti-
mator, the analysis demonstrates that regional growth is shaped by persistent structural condi-
tions and that the estimated effects of key policy variables depend on model specification and 
dynamic adjustment.
Three principal findings emerge. First, environmental protection expenditure does not exert 
a uniform effect on regional economic growth. Although it is positively associated with GRP 
per capita in the baseline specification, its effect weakens across alternative models, indicating 
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that the effectiveness of sustainability-oriented policies depends on regional structural charac-
teristics and institutional capacity.
Second, the relationship between SME activity and regional growth is highly specification de-
pendent. SME activity exhibits a negative association with regional income in the static models 
but becomes positive under the Anderson–Hsiao estimator, highlighting the importance of ac-
counting for endogeneity and dynamic adjustment when evaluating entrepreneurship policies.
Third, fixed capital investment contributes positively to regional growth in the static speci-
fications but loses statistical significance in the dynamic models, suggesting that part of its 
estimated impact reflects the persistence of regional income rather than an immediate with-
in-region growth effect.
The comparison of static and dynamic estimators demonstrates that the determinants of region-
al growth are conditional rather than universal. Furthermore, the spatial diagnostics provide no 
evidence of statistically significant residual spatial autocorrelation, although this should not be 
interpreted as conclusive evidence that regional spillover effects are entirely absent.
Several limitations should be acknowledged. Environmental protection expenditure serves 
only as a proxy for the policy dimension of the circular economy, while the absence of regional 
indicators of institutional quality prevents the explicit modelling of institutional interactions. 
Moreover, the single-country focus limits the external validity of the findings, and alternative 
dynamic panel estimators were not pursued because of instrument proliferation concerns as-
sociated with small-N panel datasets. Although the results are likely to be most relevant for 
transition and resource-dependent economies with structural characteristics like Kazakhstan, 
broader generalisation requires comparative cross-country evidence.
From a policy perspective, the findings suggest that environmental expenditure should be 
aligned more closely with regional industrial structures and institutional capacity to mini-
mise short-term adjustment costs and maximise long-term benefits. Policies supporting SMEs 
should focus on productivity-enhancing measures, including improved access to finance, in-
novation incentives, and business formalisation. Likewise, investment policies should be com-
plemented by governance reforms that strengthen project selection, implementation quality, 
and regional absorptive capacity. Given that these policy effects operate over different adjust-
ment horizons, their effectiveness should be assessed over the medium and long term rather 
than within a single annual budget cycle.
Future research should incorporate direct regional measures of institutional quality, extend the 
analysis to comparative cross-country settings, and evaluate alternative dynamic panel estima-
tors as longer panel datasets become available.
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