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Abstract

The article presents the results of an empirical study of the localisation processes of the
Sustainable Development Goals (SDGs) in 102 regions of Russia and Kazakhstan for the
period 2015-2024. Based on the author’s methodology for constructing the SDG Localisa-
tion Index (SDGLI) using the method of the main components, a quantitative assessment
of regional progress was carried out according to 14 SDGs. Cluster analysis has identified
four sustainable types of regions that differ in the structure and dynamics of sustainable
development. Using eco-metric tools (panel regressions with fixed effects, spatial models,
difference-in-differences method), key factors of interregional differentiation were identi-
fied, including economic, social, institutional and spatial determinants. Particular attention
is paid to assessing the effect of adopting regional sustainable development strategies.
A decomposition of interregional inequality was carried out, which made it possible to
quantify the contribution of various groups of factors. The results of the study contribute to
the theory of regional economics and can be used to improve regional policies in the field
of sustainable development.

Keywords: sustainable development; SDGs localisation; regional differentiation; integral
index; econometrics; regional policy

1. Introduction

The relevance of the research on the processes of localisation of the Sustainable De-
velopment Goals (SDGs) at the subnational level is due to the approaching deadline for
the implementation of Agenda 2030 and the need to comprehend the interim results of the
implementation of global goals in countries with different government structures.
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Following the definition by UN-Habitat and the Sustainable Development Solutions
Network (SDSN), “SDG localisation” is understood as a multi-level process that involves
adapting global SDG targets and indicators to subnational contexts, taking into account
regional priorities, institutional capacities, and stakeholder participation [1]. This concept
implies the translation of global goals into regional strategies, the selection of locally
relevant indicators, and the alignment of regional policies with the SDG framework.

In modern international discourse, localisation of the SDGs is considered a multi-
level process that requires coordination of global indicators with national priorities and
local conditions, taking into account regional specifics and involving a wide range of
stakeholders [2,3]. A key localisation tool is Voluntary Local Reviews (VLRs), which allow
subnational authorities to assess progress towards the SDGs and present results at the
international level [4]. The effectiveness of the implementation of the SDGs largely depends
on the consistency of policies at different levels of government, which is confirmed by
studies of political coherence [5]. Global action to achieve the SDGs in the post-pandemic
period also requires a review of monitoring and evaluation approaches [6].

Comparative analysis of Russia and Kazakhstan in the context of SDG localisation is
of special scientific and practical interest. Both countries, being members of the Eurasian
Economic Union and preserving a common historical heritage, demonstrate different
models of state structure and regional policy. Russia is a federation with constitutionally
enshrined budgetary powers of the regions, while Kazakhstan is a unitary state with a high
degree of centralisation of government. The researchers note that the post-Soviet states are
characterised by a vertical model of the implementation of the SDGs, where the regions act
mainly as executors of federal decisions, and not as independent subjects of goal-setting [7].
A comparative analysis of approaches to the institutionalisation of the SDGs at the regional
level in the two countries reveals differences in formal institutional practices, the choice of
priority goals and the resourcing of management decisions [8].

Issues of legal regulation and public policy in the field of environmental management
in the context of achieving the SDGs also reveal country specifics. Studies show that
there are many contradictory acts in Russian legislation, while Kazakhstan’s strategic
documents are more coordinated. At the same time, in both countries there is no normative
consolidation of instruments for achieving the SDGs at the regional level, and fragmented
and inconsistent approaches enshrined in policy documents cause duplication of individual
provisions [9]. According to policy documents and analytical reviews, limited localisation
of the SDGs, especially at the regional and municipal levels, remains one of the key
structural problems in Kazakhstan [10]. An important role in promoting SDG localisation is
played by research centres and civil society organisations that develop a public monitoring
methodology that allows assessing progress on the SDGs in terms of service accessibility,
barriers and perceptions of equity [11]. The Voluntary National Review of Kazakhstan
records continuing structural challenges: limited SDG localisation, insufficient policy
coherence between sectors, and weak monitoring and accountability mechanisms.

Experts also point to problems associated with inadequate logistics infrastructure and
a high concentration of trade in the commodity sector, which limits economic diversification
and the achievement of Sustainable Development Goal 9 (SDG 9) in the North and Central
Asia region [12]. The theoretical and methodological basis of the study is work in the field
of regional economics and spatial analysis.

In the international literature, considerable attention is paid to the application of
spatial econometric methods [13], the methodology for evaluating panel data with bilateral
effects [14], as well as the analysis of economic convergence [15], which offers approaches
applicable to the study of regional differentiation. In the Russian scientific tradition, the
problems of sustainable development of regions are being developed in line with studies
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of regional differentiation and spatial inequality. A significant contribution was made by
works devoted to the construction of integral indices of socio-economic development [16],
an integral assessment of the economic development of the regions of the Russian Federa-
tion [17], an analysis of interregional convergence [18], and employment modelling using
spatial-econometric methods [19]. The researchers also made a significant contribution to
the study of agglomeration effects in the regional economy [20,21], the analysis of agglomer-
ation effects as a tool for regional development [22], and the development of a methodology
for assessing spatial interactions based on global and local Moran’s I statistics (measures
of spatial autocorrelation) [23]. A comprehensive analysis of the innovative development
of Russian regions in the context of sustainable development [24], a study of theoretical
and methodological approaches to the study of depressed regions [25,26], the development
of a methodological approach to assessing the effectiveness of public administration in
the regions [27], as well as theoretical and methodological foundations for studying the
sustainable development of regions [28] create the necessary basis for conducting this
research.

The practice of preparing voluntary local reviews in Russia and Kazakhstan is only
being formed. According to analytical materials, Russian VLRs demonstrate a high level of
data elaboration, but they face the problem of comparability with international indicators
and limited impact on budget planning [29]. According to international data, to date, more
than 250 cities and regions of the world have submitted VLR, but in the Commonwealth of
Independent States (CIS) this practice is in its infancy [30]. The CIS Interstate Statistical
Committee monitors SDG indicators in the region, providing methodological and statistical
support to the participating countries [31].

The fundamental foundations of the study of inequality and institutional develop-
ment are laid in works analysing the interaction of the state and society in the context
of freedom and development [32], as well as in works proposing practical measures to
reduce inequality [33]. Despite the presence of a significant number of studies on certain
aspects of sustainable regional development, comprehensive comparative studies of SDG
localisation processes in Russia and Kazakhstan using modern econometric tools, including
spatial models and methods for assessing causal effects, have not yet been available. This
determines the need for this research.

The purpose of this article is to compare the processes of localisation of the Sustainable
Development Goals in the regions of Russia and Kazakhstan, to identify key factors de-
termining interregional differences, and to assess the effectiveness of regional sustainable
development strategies.

To achieve this goal, the following tasks are being solved, each linked to the corre-
sponding research hypotheses (H1-H6):

(1) The development of an integral index of SDGs localisation based on a two-level PCA
(supports H1, H2);

(2) Cluster analysis of regions according to the structure of progress in achieving the
SDGs (provides empirical basis for H4, H5);

(3) Econometric modelling of interregional differentiation factors using panel data and
spatial specifications (tests H1, H2, H4);

(4) Assessment of the causal effect of adopting regional sustainable development strate-
gies using the difference-in-differences method (tests H3);

(5) Decomposition of interregional inequalities, highlighting the contribution of economic,
social, institutional and spatial factors (tests H6);

(6) Comparative analysis of two models of SDGs localisation in Russia and Kazakhstan
(tests H5).
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The scientific novelty of the study lies in the development of a comprehensive
methodology for assessing the localisation of the SDGs at the regional level, first used for
a comparative analysis of the regions of Russia and Kazakhstan; in the identification of sta-
ble types of regions by the structure of progress with the identification of the phenomenon
of the “paradox of poor inequality” (i.e., the poorest regions exhibit unexpectedly low
within-region inequality, often due to homogeneous low incomes); in quantifying interre-
gional differentiation factors using modern econometric instrumentation, including spatial
models and methods for estimating causal effects; in the decomposition of interregional
inequality, highlighting the contribution of various groups of factors; in identifying and
meaningfully interpreting differences in SDGs localisation models in the two countries.

Research Hypotheses

Based on the theoretical framework and the aims of the study, the following hypotheses
are formulated:

H1. Economic factors, particularly Gross Regional Product (GRP) and investment in fixed assets,
have a positive and dominant effect on the SDG localisation index (SDGLI), outweighing the
contribution of social and institutional factors.

H2. Institutional quality (IQI), measured through fiscal autonomy, budget discipline, corruption
prevalence, digitalisation of public services, SME density, and public administration employment,
positively influences SDGLI, and this effect remains significant after controlling for economic
development.

H3. The adoption of a regional sustainable development strategy (Policy) exerts a positive causal
effect on SDGLI, but this effect is not immediate: it manifests with a time lag of one to two years
and strengthens over subsequent periods.

H4. There exist positive spatial spillovers in SDG localisation: improvements in neighboring
regions’ SDGLI lead to an increase in the index in a given region, indicating diffusion of successful
practices and policies.

H5. The models of SDG localisation differ between Russia and Kazakhstan: Kazakhstan demon-
strates higher growth rates of SDGLI but stronger interregional inequality (higher coefficient of
variation), while Russia exhibits more spatially even development and greater reliance on accumu-
lated human capital.

H6. The contribution of economic factors to interregional inequality in SDGLI is larger than that
of social, institutional, or spatial factors, with Gross Regional Product (GRP) per capita being the
single most important contributor.

2. Materials and Methods
2.1. Research Design and Data

The study employs quantitative methods of multidimensional statistics, econometric
modelling, and spatial analysis. The observation period covers 2015-2024. The spatial
sample includes 89 regions of the Russian Federation (as of 2024) and 17 regions of the
Republic of Kazakhstan (14 oblasts and three cities of republican significance—Astana,
Almaty, Shymkent). After harmonising statistical indicators (see Section 2.2.2), a balanced
panel of 102 spatial units over 10 time periods was obtained, giving 1020 observations.

The spatial distribution of the analysed regions is shown in Figure 1.
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Figure 1. Geographical distribution of the 102 analysed regions: 89 regions of the Russian Federation
(subjects) and 17 regions of the Republic of Kazakhstan (14 oblasts and three cities of republi-
can significance—Astana, Almaty, Shymkent). Numbers correspond to the regional IDs listed in
Appendix A (Table Al).

The information base consists of three groups of sources.

(i) National official statistics: Rosstat data, including the Unified Interdepartmental
Information and Statistical System and specialised SDG regional compendia [34];
data from the Bureau of National Statistics of Kazakhstan, including the “Regions of
Kazakhstan” compendium and departmental reports [35].

(if) Financial and administrative data: Federal Treasury of Russia on consolidated regional
budget execution [36]; Ministry of Finance of Kazakhstan on local budgets [37];
Committee on Legal Statistics of Kazakhstan on corruption offences [38].

(iii) International databases: UN SDG Database [39], World Development Indicators [40],
and OECD Regional Database [41], used for cross-validation.

2.2. Construction of the Subnational SDG Localisation Index (SDGLI)

The SDGLI is a composite index constructed using a two-level principal component
analysis (PCA) approach, adapted from the Sustainable Development Solutions Network
(SDSN) global ranking methodology [42,43].

2.2.1. Indicator Selection

Forty-seven indicators were selected across 14 SDGs based on relevance, data avail-
ability, cross-country comparability, discriminatory power, and balance among economic,
social and environmental dimensions. Excluded goals were SDG 14 (marine ecosystems,
lacking regional dimension) and several targets that have no regional disaggregation (e.g.,
some targets under SDG 2 and SDG 6, as well as SDG 17, which is national by nature). The
full indicator list is given in Table A1 (Appendix A).
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2.2.2. Data Harmonisation and Preprocessing

To ensure comparability between Russian and Kazakhstani data, the following proce-
dures were applied. All monetary values were converted to constant 2015 US dollars at
purchasing power parity using World Bank conversion factors and regional GRP deflators.
Methodological harmonisation of poverty, unemployment and education indicators fol-
lowed the recommendations of the CIS Interstate Statistical Committee. Missing values
were imputed by linear interpolation for gaps < 2 consecutive years, and by k-nearest
neighbours (k = 5, Euclidean distance on structural characteristics) for isolated spatial gaps.
Regions with >15% missing data were excluded. Outliers, identified using the interquartile
range method (Tukey’s fences) with a coefficient of 3, were winsorised to the 1st and
99th percentiles.

2.2.3. Normalisation

All indicators were normalised to a [0,100] scale using min-max transformation with
global fixed boundaries determined from the entire panel.
For stimulants (higher original value indicates better performance):

Xjjt — min(x)
norm J
) = x 100, 1
Tijt max(x) — min(x) @
] )

where x;;; is the original value of indicator j for region i in year ¢; min;(x) and max(x)
]

are the global minimum and maximum of indicator j over all observations (all regions, all
norm
ijt

For destimulants (lower original value indicates better performance):

years); x is the normalised value.

max(x) — Xijt
norm ]
Tijt max(x) — min(x) x 100, @
] )

where the notation is the same as in Equation (1).

2.2.4. Weighting and Aggregation

A two-level PCA is employed: first, to derive weights of indicators within each SDG;
second, to derive weights of the SDGs in the final index.

Standardisation prior to PCA. Before each PCA, variables are standardised to zero mean
and unit variance:

norm v
Yijp X
Zijt = T! 3)
where J_Cj = %Zi,txg-?rm is the mean of indicator j over the entire panel (N = 1020,

i.e., 102 regions X 10 years), 0; is its standard deviation, and z;;; is the standardised
value. Standardisation to zero mean and unit variance is a standard preprocessing step
for PCA and does not require the data to be normally distributed; it ensures that all
indicators contribute equally regardless of their original scales. The standardised val-
ues z;;; are then used to construct the correlation matrix Ry for the first-level PCA (see
Equations (4) and (5)).

First-level PCA (within each SDG): For each SDG k with py indicators, let Zj be the n X py
matrix of standardised values. Here n = 1020 (102 regions x 10 years). The correlation
matrix is Ry = %ZkT Zy. Solve the eigenvalue problem:

RiVkm = M @kms (4)
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where Ag; > Agp > -+ > Ay, are the eigenvalues (variances of the principal components),
and vy, are the corresponding eigenvectors (loadings). Here vy, = (Vkm1, Vkmzs - - - » Uk pk)T
is the eigenvector for the eigenvalue Ay, with m € {1,2,...,p;}. The first principal
component (PC1) loadings are used, i.e., vx;. Denote by vy, the j-th component of this
eigenvector.

The weight of indicator j within SDG k is as follows:

2
(Uklj) )
Wik = —5——3/
T (o)
where vy is the loading of indicator j on PC1 for SDG k; py is the number of indicators in
SDG k; wj is the normalised weight (Z]P * 1 Wik = 1).
The subindex for SDG k in region i and year ¢ is as follows:

Pk
SDGyir = ) wjr x5, (6)
j=1
where xg-‘t’rm is the normalised value from Equation (1) or Equation (2).

Second-level PCA (across SDGs): Apply PCA to the n x 14 matrix of subindices SDGy;;

: _ (2)
(with n = 1020). Let vy,
second-level PCA. Note that vg

not a vector; therefore (vﬁ) )2. is well-defined.

The weight of SDG k in the integral index is as follows:

be the loading of SDG k on the first principal component of this
i) is a scalar (the k-th component of the first eigenvector),

(2)\2

- ) @)

2 7

lecil ( ng) )?
where wy, satisfies Z,lil w = 1.
The final SDGLI for region i in year ¢ is as follows:
14

SDGLI; = Y wy SDGyy. (8)

k=1

The resulting index is already bounded between 0 and 100 because all components lie
in that range and the weights sum to 1; we verified that the global minimum and maximum
of SDGLI;; over all observations are 0 and 100, respectively.

2.3. Operationalisation of Explanatory Factors
2.3.1. Economic Factors

In(GRP_pc)—natural logarithm of GRP per capita (constant 2015 USD, PPP).
Invest—gross fixed capital formation as a percentage of GRP.
Manuf—manufacturing value added as a percentage of GRP.
Unemp—unemployment rate (% of labour force).

In(Wage)—natural logarithm of average monthly real wage (constant 2015 prices).

2.3.2. Socio-Demographic Factors

e  Urban—share of urban population in total population (%).

e  DepRat—dependency ratio: population aged <15 or >64 per 1000 population aged
15-64.

e  Edu—share of population aged 25-64 with tertiary education (%).
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e LifeExp—life expectancy at birth (years).

2.3.3. Institutional Quality Index (IQI)

Because direct institutional measures are unavailable, we constructed the IQI using
PCA on six normalised proxies: financial autonomy (own budget revenues/total revenues,
%), budget discipline (overdue payables/total expenditures, %—destimulant), corruption
prevalence (registered corruption-related crimes per 100,000 population—destimulant),
digitalisation of public services (share of e-services, %), small and medium enterprises
(SME) density (number of small and medium enterprises per 1000 population), and public
administration employment (share of employed in government per 1000 population). The
first principal component explained 64.7% of the variance. The IQI was normalised to
[0,100].

2.3.4. Political and Spatial Factors

e  Policy—binary variable equal to 1 if the region adopted a strategic document explicitly
referencing the SDGs, 0 otherwise.

e  In(PopDens)—natural logarithm of population density (persons per km?).

e In(Dist)—natural logarithm of road distance (km) from the regional centre to Moscow
(Russian regions) or to Astana (Kazakh regions).

e (Climate—time-invariant natural climatic index [44].

e  Country—dummy variable equal to 1 for Kazakhstan, 0 for Russia.

2.4. Econometric Methods
2.4.1. Panel Regression

The general fixed-effects specification is as follows:
SDGLI; = a+ BeEit + BsSit + P1IQI + ppPolicyir + B Gi +pi +Ae + &, (9)

where E; and S;; are vectors of economic and socio-demographic variables (see
Sections 2.3.1 and 2.3.2), G; includes time-invariant geographic factors (In(Dist), Climate),
u; are region fixed effects, A; are time fixed effects, and ¢;; is the idiosyncratic error term.
The Hausman test favoured fixed effects over random effects. Clustered standard errors at
the regional level were applied [45].

2.4.2. Spatial Panel Models

Global Moran’s I was computed to detect spatial autocorrelation. Spatial panel mod-
els [46] with a queen contiguity weight matrix (row-standardised) were estimated: spatial
autoregressive (SAR), spatial error (SEM), and Spatial Durbin (SDM). Model selection
followed Lagrange multiplier tests and their robust versions [47]. Fixed-effects spatial
models were estimated by maximum likelihood using the approach of Lee and Yu [48].
Direct, indirect, and total effects were decomposed following LeSage and Pace [49].

2.4.3. Difference-in-Differences with Staggered Adoption

The causal effect of adopting a regional SDG strategy was estimated using the
Callaway—-Sant’Anna [50] method, which is robust to staggered treatment timing (dif-
ferent adoption years) and dynamic exposure effects. Average treatment effects on the
treated (ATT) were computed for each adoption cohort, with bootstrapped standard errors
(500 replications).

https://doi.org/10.3390/su18126158


https://doi.org/10.3390/su18126158

Sustainability 2026, 18, 6158

9 of 30

2.4.4. Decomposition of Interregional Inequality

To quantify the contribution of each factor to the variance of In(SDGLI), the regression-
based decomposition method of Fields [51] was used. The relative contribution of a variable
is derived from the covariance of the explained component with the dependent variable.

2.5. Cluster Analysis

Hierarchical clustering (Ward’s method) was performed on the 14 SDG subindices
averaged over the last three years (2022-2024) using Euclidean distance. The optimal
number of clusters was determined from the dendrogram and the elbow rule. The final par-
tition was refined using k-means clustering; cluster quality was assessed by the silhouette
coefficient (value: 0.53). Fuzzy c-means clustering was applied as a sensitivity check.

2.6. Robustness Checks

Stability of the results was verified through (i) alternative weighting schemes (equal
weights, AHP), (ii) alternative normalisation (z-score instead of min-max), (iii) exclusion of
extreme observations (outliers), (iv) separate estimates for each country, (v) placebo tests
(pseudo-treatment) in the difference-in-differences (DiD) analysis, and (vi) bootstrap with
500 replications.

2.7. Software

All computations were performed in R version 4.3.2 [52] using the following packages:
tidyverse [53] for data manipulation, plm [54] for panel data, fixest [55] for fixed-effects
estimation, spdep [56] for spatial weights, splm [57] and spatialreg [58] for spatial panel
models, cluster [59] for cluster analysis, did [50] for difference-in-differences, psych [60] for
PCA, ggplot2 [61] for visualisation, and tmap [62] for thematic mapping. Key results were
replicated in Stata/MP 18 [63].

3. Results
3.1. Building an Integral Index of SDG Localisation (SDGLI)

e Dimensionality reduction and determination of weighting coefficients.

At the first stage, the initial indicators were standardised, and the applicability of the
method of the main components was checked. The KMO value was 0.784, and the Bartlett
sphericity test was x? = 3847.2 (df = 1081; p < 0.001). The first major components within the
targets explain 52.3% to 78.6% of the variance of the original indicators. Full PCA results
(loads and weights for all 47 indicators) are presented in Appendix B, Table A3. The largest
contribution to the integral assessment is made by the goals of the economic bloc (SDGs
8, 9, 7)—their total contribution exceeds 28%. The contribution of human development
goals (SDG 3, 4) is also about 38%. The lowest weights were obtained for environmental
purposes (SDG 12, 13) due to the limited regional statistics and less differentiation of regions
by environmental parameters. At the second level of PCA (aggregation of subindexes
14 targets), the first principal component explains 68.7% of the variance. The weights of the
targets in the SDG Localisation Index (SDGLI) are given in Appendix B, Table A4. SDG 8
“Decent Work and Economic Growth” (10.9%), SDG 3 “Good Health” (10.4%) and SDG 9
“Infrastructure and Industrialisation” (9.4%) make the greatest contribution.

e  SDGLI Integral Index Distribution.

In 2024, the mean SDGLI was 54.7 points (o = 12.3). For the period 2015-2024, the
index grew from 49.2 to 54.7 points (average annual growth of 1.18%), and in the Kazakh
regions the growth rate (1.47%) exceeded the Russian (1.05%). The dynamics are presented
in Figure 2.
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Figure 2. Dynamics of average SDGLI in Russia and Kazakhstan, 2015-2024.

The gap between the leading regions and outsiders in 2024 reaches 2.4 times. The first

and last ten positions of the rating are given in Table 1.

Table 1. Rating of regions of Russia and Kazakhstan according to the SDGLI, 2024 (first and last

10 positions).

Rank Region Country SDGLI, Points
1 Moscow Russia 784
2 Astana Kazakhstan 76.2
3 St. Petersburg Russia 74.8
4 Almaty Kazakhstan 73.5
5 Khanty-Mansi Autonomous Area Russia 71.2
6 Karaganda Region Kazakhstan 68.9
7 Moscow Region Russia 67.8
8 Republic of Tatarstan Russia 67.1
9 Atyrau Region Kazakhstan 66.8

10 Yamalo-Nenets Autonomous Area Russia 65.9
93 Republic of Tyva Russia 38.2
94 Kurgan Region Russia 37.9
95 Zhambyl Region Kazakhstan 37.5
96 J eWiShf\: Lglti(;rrlomous Russia 36.8
97 Kyzyl-Orda Region Kazakhstan 36.4
98 Republic of Kalmykia Russia 35.9
99 Altai Krai Russia 35.2
100 Turkestan Region Kazakhstan 34.8
101 Republic of Ingushetia Russia 33.1
102 Mangystau Region Kazakhstan 32.5

Source: author’s calculations. The table shows only the first 10 and last 10 positions in the rating.
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Verification of index robustness using alternative weighting methods (equal weights,
hierarchy analysis method) showed a high correlation (r > 0.89), which confirms the
robustness of the results (Table A10).

3.2. Cluster Analysis of Regions by SDGs Localisation Patterns

Hierarchical cluster analysis by the Ward method (Euclidean distance over subindexes
of 14 targets) allowed the identification of four stable clusters (silhouette coefficient 0.53).
Refinement by the k-means method yielded the following types.

Cluster 1 “Leading Regions” (n = 18) are the metropolitan agglomerations, raw materi-
als and industrial regions. Maximum values for economic and social goals, minimum—for
SDG 10 (inequality).

Cluster 2 “Regions with balanced development” (1 = 41)—mainly regions of Central
Russia, the Volga region, the Urals, the northern and eastern regions of Kazakhstan. Values
are above average for most goals.

Cluster 3 “Depressed regions with low socio-economic indicators” (n = 28)—Republics
of the North Caucasus, southern regions of Kazakhstan. Low economic and social indica-
tors, relatively higher environmental ones.

Cluster 4 “Regions with critical indicators” (n = 15)—Republics of Tyva, Kalmykia and
Ingushetia, Altai Krai, Turkestan Region. Maximum values for SDG 10 (“paradox of poor
inequality” (as defined earlier)).

Mean subindex values for each cluster are provided in Appendix B, Table A5. Cluster
profiles are visualised in Figure 3.

Custers
. Cluster 1
Cluster 2
Cluster 3
. Cluster 4

HCBNRRgOER IR AN SRR GLRAIRA AR CEGRRNAB A5 AGI ARG " AUI I ARS8 ABAANEERNERNARABRNEEGANEARRYCBY N "GRIEIRNARS
Regions (indices)

Figure 3. Cluster profiles by SDGs subindex.

The spatial distribution of the clusters confirms the steady centre-periphery polarisa-
tion in both countries. In Russia, the leading regions are concentrated in the metropolitan
agglomerations and oil and gas producing provinces of Western Siberia; balanced regions
form the “main field” around the centre; depressive and critical regions gravitate to the
periphery (North Caucasus, south of Siberia).

Three poles stand out in Kazakhstan: capital centres, oil-producing western regions
and agrarian southern territories; the northern and eastern regions form a median cluster.
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3.3. Econometric Analysis of Localisation Factors
3.3.1. Panel Regression Models

To assess the impact of factors on SDGLI, panel data for 2015-2024 were used
(102 regions, 1020 observations). Descriptive statistics of changes are presented in
Appendix B, Table A6. The Houseman test (x? = 78.4; p < 0.001) indicates the oblique-shaft
application of the fixed effects model. The results of evaluating four specifications (FE, FE
with lags, RE, IV 2SLS) are given in Table 2. In all models, standard errors are clustered at
the region level.

Table 2. Panel regression results (dependent variable—SDGLI).

Variable Model 1 (FE) (FEh‘:Iv?tc}ieiigs) Model 3 (RE) Model 4 (IV, 2SLS)
In_GRP_pc 8.234 *** (1.234) 7.891 *+* (1.312) 9.012 *** (0.987) 7.456 *** (1.567)
Invest 0.178 *** (0.045) 0.156 *** (0.048) 0.201 *** (0.038) 0.167 *** (0.052)
Unemp —0.445 *** (0.123) —0.412 *** (0.131) —0.523 *** (0.112) —0.398 ** (0.145)
In_Wage 3.456 ** (1.234) 3.123 ** (1.312) 4.012 *** (1.089) 3.234 * (1.456)
DepRat —0.012 *** (0.003) —0.011 *** (0.003) —0.015 *** (0.002) —0.010 ** (0.004)
Edu 0.234 *** (0.067) 0.212 *** (0.071) 0.278 *** (0.058) 0.198 ** (0.078)
LifeExp 0.789 *** (0.156) 0.745 *** (0.167) 0.834 *** (0.134) 0.712 *** (0.178)
1QI 0.156 *** (0.034) 0.145 *** (0.037) 0.178 *** (0.029) 0.134 *** (0.041)
Policy 2.345 *** (0.678) 1.890 ** (0.712) 2.678 *** (0.589) 3.234 ** (1.234)
(KaCZ‘;f}‘f;ya o - - 3.456 *** (0.789) -
R? (within) 0.678 0.645 0.701 0.623

Note: *** p < 0.01; ** p < 0.05; * p < 0.1. Clustered standard errors are in brackets. Source: author’s calculations.

The strongest impact on SDGLI is exerted by the level of economic development: the
elasticity of GRP per capita is 0.82 (an increase in SDGLI by 1.55% with an increase in
GRP by 10%). Investment activity, educational attainment, life expectancy and quality of
institutions (IQI) also have a significantly positive effect on the integral index.

Demographic burden and unemployment have a negative impact. Having a regional
sustainability strategy (Policy) increases SDGLI by an average of 2.3-2.7 points depending
on the specification. The country fixer in the random effects model is significant and
positive, indicating systematic differences between countries in favour of Kazakhstan, all
other things being equal.

3.3.2. Spatial Econometric Models

The global Moran Index I for SDGLI is positive and significant for all years
(I=0.34-0.41; p < 0.001), confirming spatial autocorrelation. Three specifications of spatial
panel models with a queen contiguity weight matrix are evaluated: SAR, SEM and SDM.
Based on the Akaike Information Criterion (AIC), the Spatial Durbin Model (SDM) is
preferred. The full results of all three models are given in Appendix B, Table A7. In the
SDM model, the spatial lag coefficient of the dependent variable p = 0.298 (p < 0.01), which
indicates significant positive spatial externalities: an increase in SDGLI in neighbouring
regions by 1 point increases the index in this region by 0.298 points. Decomposition of
effects on direct, indirect and general (Table 3) allows you to evaluate the contribution of
spatial interactions.
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Table 3. Decomposition of effects in the SDM model (direct, indirect and cumulative effects).

Variable Direct Effect Indirect Effect Cumulative Effect
In_GRP_pc 7.123 ***(1.312) 3.456 ** (1.567) 10.579 *** (2.345)
Invest 0.156 *** (0.048) 0.067 (0.056) 0.223 *** (0.078)
Unemp —0.398 *** (0.124) —0.123 (0.089) —0.521 ***(0.156)
Edu 0.212 *** (0.069) 0.089 * (0.052) 0.301 *** (0.089)
LifeExp 0.723 *** (0.158) 0.234 * (0.123) 0.957 *** (0.234)
1QI 0.134 *** (0.035) 0.045 (0.029) 0.179 *** (0.048)
Policy 2.123 *** (0.678) 1.234*(0.712) 3.357 *** (1.023)

Note: *** p < 0.01; ** p < 0.05; * p < 0.1. Standard errors are calculated by Delta method. Source: author’s calculations.

Indirect effects account for a significant share of direct effects: for GRP per capita—
about 48%, for the presence of a sustainable development strategy (Policy)—about 58%.
This indicates an intense spatial diffusion of economic growth and management practices.

3.3.3. Assessment of the Causal Effect of Regional Strategies
(Difference-in-Differences Method)

Work by Callaway and Sant’Anna [50] was used to assess the causal effect of adopting
regional sustainable development strategies. Regional strategies were adopted in 34 regions
during the period 2017-2023. Detailed estimates of ATT by group and period are presented
in Appendix B, Table A8. The mean weighted effect is 2.14 points (p < 0.05). The dynamics
of the effect over time are reflected in Figure 4.
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Figure 4. Dynamic effect of SDG strategy adoption (event study).

The effect is lagging: in the year the strategy was adopted, no statistically significant
increase was observed; significant positive effects appear after 1-2 years and increase over
time, reaching 2.8-3.1 points by the third year after adoption. The effect is significantly
higher in regions with high baseline institutional quality (IQI above median), supporting
the role of the institutional environment as a moderator. In Kazakhstan regions, the effect
was slightly higher than in Russia, but the difference is not statistically significant (p = 0.18)
(see also Table A1l for separate country regressions).
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3.3.4. Variance Decomposition of SDGLI by Factor Groups

The regression decomposition method of Fields made it possible to assess the contri-
bution of time-personal factors to the interregional inequality of SDGLI (Table 4, Figure 5).

Table 4. Variance decomposition In (SDGLI) by factor, 2024.

Factor Contribution to Variance, %

In_GRP_pc 28.4
In_Wage 13.1
LifeExp 12.4

IQI 9.9

Edu 7.8
Spatial spillovers 74
Invest 3.9
Policy 2.8
Urban 1.8
Unemp -5.0
DepRat -2.8
Remainder (unexplained variance) 20.1
TOTAL 100.0

Source: author’s calculations.

Total = 100.0%
£ . (=1 =100.0%]

20.3%

N
=)

Contribution to variance (%)

Figure 5. Decomposition of interregional inequality in SDGLI, 2024.

Economic factors together explain 45.4% of interregional variation, social—22.5%,
institutional—12.7%, and spatial effects—7.4%. The largest contribution is made by the
level of GRP per capita (28.4%). Negative contributions of unemployment and demographic
burden indicate that these factors weaken inequality, since their high values are systemically
associated with low SDGLI values.

3.3.5. Regional Management Quality Index (IQI)

The application of PCA to six indicators (financial autonomy, budgetary discipline,
corruption, digitalisation of public services, density of small and medium enterprises, the
share of people employed in public administration) gave the first main component explain-
ing 64.7% of the variance. Factor loads and indicator weights are given in Appendix B,
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Table A9. The greatest contribution to IQI is made by financial autonomy and the level of
corruption.

The distribution of IQI by regions (Figure 6) is bimodal in nature, which is consistent
with the polarisation of the institutional environment.

== Mean: 52.4
++ Median: 51.7
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Figure 6. Distribution of Institutional Quality Index (IQI), 2024.

The correlation between IQI and SDGLI is r = 0.68 (p < 0.001). In GRP control,
a 10-point increase in IQI is associated with a 1.8-point increase in SDGLI. The relationship
between institutional quality and sustainable development is illustrated in Figure 7, where
regions are colored by cluster membership.
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Figure 7. Scatter plot: IQI vs SDGLI with cluster membership.

The leading regions (Cluster 1) are concentrated in the upper right quadrant (high
IQ, high SDGLI), and the regions with critical indicators (Cluster 4) are concentrated
in the lower left (low IQI, low SDGLI). Regions with balanced development (Cluster 2)
exhibit higher IQI at comparable SDGLI values compared to depressed regions (Cluster 3),
indicating a key role for institutions in differentiation.
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3.3.6. Comparative Analysis of Russia and Kazakhstan

Comparison of the two countries by key indicators (Table 5, Figure 8) reveals significant
differences.

Table 5. Comparative characteristics of Russia and Kazakhstan by key indicators, 2024.

Indicator Russia Kazakhstan Difference p-Value

SDGLI (average) 53.9 58.6 +4.7 <0.001

Growth rate SDGLI (2015-2024), % per year 1.05 1.47 +0.42 0.002
GRP per capita (PPP), thousand dollars 28.4 26.7 -1.7 0.221
Fixed capital investment, % GRP 20.3 24.6 +4.3 <0.001
Unemployment rate, % 4.8 4.6 -02 0.503

Life expectancy, years 72.4 73.1 +0.7 0.061
Share of population with higher education, % 26.3 21.4 —49 <0.001
IQI (institutional index) 52.4 58.7 +6.3 <0.001
Share of own budget revenues, % 68.2 54.3 —-13.9 <0.001
Coefficient of variation SDGLI 0.22 0.28 +0.06 <0.001

Source: author’s calculations.

—— Cluster 1 (n=18)
= Cluster 2 (n=41)
= Cluster 3 (n=28)
= Cluster 4 (n=15)

Figure 8. Comparison of SDGs profiles for Russia and Kazakhstan (country averages).

Kazakhstan is ahead of Russia in terms of the integral index and its growth rates,
as well as in terms of investment activity, institutional quality (with the exception of the
financial autonomy of the regions) and indicators of the SDGs of the economic and structural
blocks. Russia retains an advantage in the social sphere (education, health), which reflects
the legacy of the Soviet system. Spatial polarisation in Kazakhstan is more pronounced
(coefficient of variation SDGLI 0.28 versus 0.22 in Russia). The effect of adopting regional
sustainable development strategies in Kazakhstan is higher (2.34 points versus 2.02 in
Russia), although the difference is not statistically significant.
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The research provided a comprehensive picture of the SDGs localisation processes in
the regions of Russia and Kazakhstan. Key findings are as follows:

1.  The developed SDGLI shows a steady positive trend (average annual growth of 1.18%),
with growth rates in Kazakhstan (1.47%) higher than in Russia (1.05%). Interregional
inequality is extremely high: the gap between leaders and outsiders reaches 2.4 times.

2. Four types of regions are distinguished: “Leading regions” (capitals and commodity
enclaves), “Regions with balanced development,” “Depressed regions” and “Regions
with critical indicators.” The spatial distribution confirms the centre-periphery model.

3. Econometric analysis revealed the dominant role of economic drivers (SDGLI elasticity
by GRP 0.82). Social factors, institutional quality and the availability of a regional
sustainable development strategy also significantly influence progress on the SDGs.

4. Spatial effects are significant: positive externalities from neighbouring regions
(p = 0.298); indirect effects account for up to 58% of direct effects for strategic de-
cisions.

5. The adoption of regional sustainable development strategies provides a causal increase
in SDGLI by an average of 2.14 points; the effect increases over time and is higher in
regions with quality institutions.

6.  The decomposition of inequality shows that 45% of interregional variation is explained
by economic factors, 22% by social factors, 13% by institutional factors, and 7% by
spatial interactions.

7. Comparative analysis of countries revealed two models of SDG localisation: Kaza-
khstan (higher dynamics, reliance on economic growth and institutional modernisa-
tion, but higher polarisation) and Russia (reliance on accumulated human capital and
more uniform spatial development).

4. Discussion

4.1. Interpretation and Comparison of the Results
4.1.1. Hypothesis H1 (Dominance of Economic Factors)

H1 posited that economic factors, especially GRP per capita and fixed capital invest-
ment, exert the strongest positive influence on the SDGLI. The results consistently support
this hypothesis. Panel regressions (Table 2) show that the elasticity of SDGLI with respect
to GRP per capita is 0.82, meaning that a 10% increase in GRP per capita is associated with
a 1.55% rise in the integral index. This effect remains significant across all specifications
(FE, RE, 1V), with coefficients ranging from 7.456 to 9.012. Investment activity (Invest) also
contributes positively, though its magnitude is smaller (0.156-0.201 points per percentage
point). Decomposition of interregional inequality (Table 4) further confirms that economic
factors collectively explain 45.4% of the variance, with GRP per capita alone accounting
for 28.4%—the single largest contributor. These findings are consistent with the classical
analysis of regional growth determinants [64] and with recent evidence on the role of
economic development in SDG localisation [65].

Contribution: This finding contributes to regional economics by quantifying the
elasticity of SDG localisation to GRP per capita (0.82) and demonstrating that eco-
nomic factors explain 45% of interregional inequality, providing a benchmark for future
comparative studies.

4.1.2. Hypothesis H2 (Institutional Quality Matters Beyond Economic Development)

H2 stated that Institutional Quality Index (IQI)—a composite index constructed from
six proxies via PCA has a significant positive effect on SDGLI, even after controlling for
economic development. The results support this hypothesis. In all panel specifications
(Table 2), IQI coefficients are positive and statistically significant (0.134-0.178, p < 0.01).
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The correlation between IQI and SDGLI is r = 0.68 (p < 0.001), and a 10-point increase in
IQl is associated with a 1.8-point increase in SDGLI, holding GRP constant. Moreover, the
effect of IQI is not merely a reflection of economic prosperity: regions with similar GRP
per capita but higher IQI (Cluster 2 vs. Cluster 3 in Figure 6) exhibit systematically higher
SDGLI. The construction of IQI using PCA (Table A9) reveals that financial autonomy and
corruption prevalence are the most influential components. This aligns with institutional
theories of regional development [66] and with empirical studies showing that governance
quality moderates the impact of economic policies [67].

Contribution: The significant independent effect of IQI after controlling for GRP
extends institutional theory to the context of SDG localisation in post-Soviet regions,
highlighting that institutional reforms are not automatically redundant if economic growth
is achieved.

4.1.3. Hypothesis H3 (Causal Effect of Regional Strategies with Time Lag)

H3 predicted that adopting a regional sustainable development strategy (Policy)
causes a delayed increase in SDGLI The difference-in-differences analysis presented in
Table A8 and Figure 3 provides strong support. In the adoption year (t = g), the ATT is small
(0.56-1.45) and not statistically significant. However, after one year (t = g + 1), the effect
becomes significant (1.89-2.56 points, p < 0.05), reaching 2.78-3.12 points by the second
and third years (t =g + 2 and t = g + 3). The weighted average ATT across all groups is
2.14 points (p < 0.05). This lagged pattern is consistent with the concept of sustainable
development as a learning process that requires time for institutional adaptation [68]. The
effect is stronger in regions with above-median IQI, suggesting that institutional capacity
acts as a moderator—a finding that resonates with the literature on strategic planning
effectiveness at the subnational level [69].

Contribution: The lagged ATT (up to +3 points after two years) provides novel
evidence on the timing of policy impact, supporting the notion of sustainable development
as a learning process and offering a practical guideline for policy evaluation (effects should
be measured after at least one year).

4.1.4. Hypothesis H4 (Positive Spatial Spillovers)

H4 stated that SDGLI exhibits positive spatial dependence, with improvements in
neighbouring regions generating positive externalities. The global Moran’s I for SDGLI
ranges from 0.34 to 0.41 (p < 0.001), confirming spatial autocorrelation. Among the spatial
panel models (Table A7), the SDM model is preferred (lowest AIC = 3763.6). The spatial
lag coefficient p = 0.298 (p < 0.01) indicates that a 1-point increase in the average SDGLI
of neighbouring regions raises SDGLI in the focal region by 0.298 points. Decomposition
of effects (Table 3) reveals that indirect (spillover) effects account for about 48% of the
direct effect for GRP per capita and as much as 58% for policy. This means that economic
growth and strategic planning practices diffuse across regional borders, which is in line
with innovation diffusion theory [70] and recent spatial econometric evidence on regional
growth dynamics [71].

Contribution: The decomposition of direct, indirect, and total effects in the SDM model
(p = 0.298) contributes to spatial econometrics by quantifying the diffusion of SDG practices
across regional borders, and it shows that strategic decisions (Policy) have even larger
spillovers (58% of direct effect) than economic variables.

4.1.5. Hypothesis H5 (Differences Between Russia and Kazakhstan)

H5 proposed that the two countries follow distinct SDG localisation models: Kaza-
khstan exhibits higher growth rates but greater spatial inequality, while Russia relies on
human capital and more even development. The comparative data in Table 5 support this

https://doi.org/10.3390/su18126158


https://doi.org/10.3390/su18126158

Sustainability 2026, 18, 6158

19 of 30

hypothesis. Kazakhstan’s average SDGLI (58.6) is significantly higher than Russia’s (53.9),
and its annual growth rate (1.47%) exceeds Russia’s (1.05%, p = 0.002). At the same time,
the coefficient of variation for SDGLI in Kazakhstan (0.28) is larger than in Russia (0.22,
p <0.001), indicating stronger interregional polarisation. Russia retains an advantage in
social indicators: share of population with higher education (26.3% vs. 21.4%) and life
expectancy (72.4 vs. 73.1 years, but the difference is not large). The institutional profiles also
differ: Russia’s regions enjoy greater fiscal autonomy (68.2% of own revenues vs. 54.3%),
but Kazakhstan scores higher on the overall IQI (58.7 vs. 52.4), possibly due to more ad-
vanced digitalisation and lower corruption prevalence in its leading regions. These patterns
are consistent with the theoretical distinction between federal and unitary governance
systems and with earlier comparative analyses of post-Soviet SDG implementation [72].

The observed differences can be further explained by the institutional mechanisms
inherent to federal versus unitary systems. In Russia, fiscal federalism grants regions
significant autonomy in revenue collection and expenditure, which promotes more even
spatial development (as evidenced by the lower SDGLI variation coefficient of 0.22 vs. 0.28
in Kazakhstan). However, this autonomy also creates coordination costs and may delay the
adoption of unified SDG strategies. In contrast, Kazakhstan’s unitary system allows for
faster top-down implementation of strategic priorities—reflected in higher SDGLI growth
rates (1.47% vs. 1.05%) and a stronger average effect of the Policy variable (2.34 vs. 2.02
points, though not statistically significant). The trade-off is greater interregional inequality
because resource allocation and institutional capacity are more concentrated in the capital
city (Astana) and oil-producing regions. Thus, the two countries illustrate distinct institu-
tional pathways to SDG localisation: Russia relies on regional initiative and accumulated
human capital, while Kazakhstan leverages centralised strategic steering at the cost of
higher spatial polarisation.

Contribution: The identification of two distinct localisation models—federal (Russia)
vs. unitary (Kazakhstan)—informs the comparative politics literature on governance
and sustainable development trade-offs, showing that no single model is superior on all
dimensions (equity vs. speed).

4.1.6. Hypothesis H6 (Economic Factors Dominate Inequality Decomposition)

H6 stated that economic factors contribute more to interregional inequality in SDGLI
than social, institutional, or spatial factors, with GRP per capita as the single most important
contributor. The decomposition using the Fields method (Table 4, Figure 4) unequivocally
supports this. Economic factors (In_GRP_pc, In_Wage, Invest, Unemp) together explain
45.4% of the variance, with In_GRP_pc alone accounting for 28.4%. Social factors (Life-
Exp, Edu, DepRat, Urban) contribute 22.5%, institutional factors (IQI) 12.7%, and spatial
spillovers 7.4%. Unexplained variance is 20.1%. Negative contributions of unemployment
(—5.0%) and demographic burden (—2.8%) indicate that these factors reduce inequality
because they are systematically higher in low SDGLI regions. The dominance of GRP per
capita confirms that economic development remains the primary driver of interregional dis-
parities, which is consistent with convergence theories [73] and with studies of inequality
traps in post-Soviet economies [74-76].

Contribution: The Fields decomposition (28.4% from GRP per capita alone) advances
inequality measurement by isolating the contribution of each factor group, providing
a clear ranking of policy levers for reducing regional disparities.

4.2. Importance and Implications of the Results

Theoretical contributions: This study advances the literature on SDG localisation by
providing a robust two-level PCA methodology applicable to subnational comparisons in
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post-Soviet contexts. The confirmation of all six hypotheses offers quantitative evidence
on the dominance of economic factors, the independent role of institutional quality, the
presence of spatial spillovers, and the lagged causal effect of regional strategies. The
identification of two distinct localisation models—Russia’s more even but slower diffusion
versus Kazakhstan’s faster but more polarised growth—contributes to the understanding
of how federal versus unitary governance shapes sustainable development trajectories.
Moreover, the decomposition of interregional inequality using the Fields method provides
a template for similar studies in other regions.

Practical recommendations. For regional authorities: (1) increasing GRP per capita
and fixed capital formation remains the most effective lever for improving SDGLI;
(2) institutional quality (financial autonomy, corruption control) should be strengthened
simultaneously, as it moderates the impact of economic policies; (3) adopting a regional
SDG strategy yields a delayed but significant positive effect (up to +3 points after two
years); (4) spatial spillovers imply that cooperation between neighbouring regions can
amplify policy effectiveness. For national governments: Kazakhstan should consider re-
distributive mechanisms to reduce polarisation (coefficient of variation 0.28 vs. Russia’s
0.22), while Russia could accelerate strategic adoption by reducing bureaucratic inertia and
promoting the diffusion of best practices from leading regions (e.g., Moscow, Tatarstan) to
lagging ones.

Policy implications. The results support the design of tailored regional policies that
combine economic incentives (e.g., investment in lagging regions), institutional reforms
(e.g., anti-corruption measures, fiscal decentralisation), and support for interregional col-
laboration (e.g., joint SDG programmes in border areas). The finding that spatial spillovers
account for 7.4% of interregional variance suggests that policies aimed at stimulating
growth in a few key regions can have positive externalities on their neighbours, potentially
reducing the need for direct transfers to every lagging region.

4.3. Limitations and Recommendations
Several Limitations of This Study Should Be Acknowledged

Data and methodological limitations. First, environmental data availability remains
incomplete, leading to lower weights for SDGs 12, 13, and potentially underestimating
the ecological dimension of sustainability. Second, potential endogeneity of institutional
variables (e.g., IQI) cannot be fully ruled out despite the use of fixed effects and instrumental
variables. Third, the results may be sensitive to the chosen spatial weight matrix (queen
contiguity); alternative matrices (inverse distance, economic distance) were not explored
but could be examined in future research. Fourth, aggregation into composite indices
inevitably entails information loss, and some indicators rely on imputed data for missing
values. Fifth, causal identification using difference-in-differences assumes parallel trends,
which holds in our specification but should be interpreted cautiously. Sixth, the analysis
covers only Russia and Kazakhstan; generalisation to other post-Soviet or developing
countries requires additional validation. Seventh, the map of regions (Figure 1) does
not fully display the easternmost parts of Russia due to projection and data limitations;
however, the complete list of all 102 regions is provided in Appendix A (Table A1).

Recommendations for future research. Future work should incorporate more granular
environmental and social data (e.g., satellite-based indicators, household surveys), apply
machine learning methods for prediction, extend the panel to 2026-2030 when official data
become available, and explore network-based spatial interactions (e.g., trade flows, migra-
tion corridors, interregional cooperation agreements). Additionally, qualitative case studies
of specific regions (e.g., successful adopters of SDG strategies vs. persistent laggards)
would help uncover mechanisms behind the observed statistical effects. Methodological
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improvements could include the use of alternative spatial weight matrices (inverse distance,
economic distance) and the application of robust causal inference techniques (e.g., synthetic
control, staggered DID with multiple robustness checks). Cross-country comparisons with
other post-Soviet or BRICS countries would also test the external validity of the two models
identified here.

5. Conclusions

This study proposed and validated a comprehensive methodology for quantifying
SDG localisation in 102 regions of Russia and Kazakhstan (2015-2024). The SDGLI reveals
a steady positive trend (1.18% annual growth) but extreme interregional disparity (2.4-fold
gap). Four robust regional types are identified, with the poorest territories exhibiting
a “paradox of poor inequality”. Econometric analysis confirms that economic factors domi-
nate (45% of inequality explained by GRP per capita, investment, wages), while institutional
quality and regional SDG strategies have significant independent causal effects, the latter
with a lag of 1-2 years (ATT up to +3 points). Positive spatial spillovers (p = 0.298) indicate
diffusion of successful practices. A comparative analysis reveals two distinct localisation
models: Kazakhstan achieves higher growth but stronger polarisation (coefficient of vari-
ation 0.28), whereas Russia relies on accumulated human capital and more even spatial
development (0.22). These findings provide an empirical basis for tailored regional policies
that combine economic incentives, institutional reforms, and interregional cooperation.
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Appendix A

Table Al. System of indicators for calculating the subnational SDG Localisation Index (SDGLI).

SDG

Goal Name Number of Indicators Examples of Indicators

SDG 1

Share of population with income below the
subsistence minimum, %; share of population

No Poverty 4 receiving social support measures, %;

unemployment rate, %; coverage of population
with targeted social assistance, %

SDG 3

Life expectancy at birth, years; infant mortality
rate, per 1000 live births; mortality from

Good Health and circulatory system diseases,
Well-being per 100,000 population; number of physicians

per 10,000 population; tuberculosis incidence,
per 100,000 population
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Table Al. Cont.

SDG Goal Name Number of Indicators Examples of Indicators
Coverage of children with preschool education,
%; share of 9th-grade graduates receiving
SDG 4 Quality Education 4 a certificate, %; share of employed persons with
higher education, %; number of university
students per 10,000 population
Share of women in regional legislative bodies,
SDG 5 Gender Equality 3 %; ratio of women’s to men’s wages; share of
women in managerial positions, %
Share of population supplied with quality
SDG 6 Clean Water and 3 drinking water, %; share of population served
Sanitation by centralised sewerage, %; share of
wastewater treated to regulatory standards, %
Share of population supplied with natural gas,
SDG 7 Affordable and 3 %; electricity consumption per capita, kWh;
Clean Energy share of households using electricity for
heating, %
Gross Regional Product (GRP) per capita (PPP),
USD; labour productivity, thousand
SDG 8 Decent Work and 5 RUB/person; employment rate, %; share of
Economic Growth fixed capital investment in GRP, %; share of
small and medium-sized enterprises in
employment, %
Share of paved roads, %; number of broadband
Industry, . .
. internet subscribers per 100 people; share of
SDG 9 Innovation and 4 L o .
manufacturing in GRP, %; freight turnover of
Infrastructure 1
road transport, million t-km
Reduced Gini coefficient; income ratio of the top 10% to
SDG 10 o 3 the bottom 10% of the population, times;
Inequalities . S
income concentration index
Share of population living in dilapidated
Sustainable Cities housing, %; ghare of urba? population w1.th
SDG 11 o 4 access to public transport, %; level of housing
and Communities s . .
amenities, %; air pollutant emissions from
motor vehicles per capita, kg
Responsible Generation of production and consumption
SDG 12 Consumption and 2 waste per capita, tonnes; share of waste that is
Production recycled, %
Air pollutant emissions per unit of GRP,
SDG 13 Climate Action 2 tonnes/million RUB; Energy intensity of GRP,
tce/million RUB
Share of specially protected natural areas in the
SDG 15 Life on Land 3 region’s area, %; forest cover of the territory, %;
reforestation, ha per 1000 ha of forest land
Peace, Justice and Number of recorded crimes per 1000 people;
SDG 16 / 2 share of population satisfied with the work of

Strong Institutions

local authorities, %
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Appendix B. Detailed Results of the Analysis

Table A2. Results of PCA and weight coefficients of indicators within the SDG sub-indices (to

Section 3.1).

Variance Explained

SDG Indicator Loading on PC1 Weight (w_jk) by PC1, %
SDG 1 Share of populétlon w1th income _0.892 0.284 714
below the subsistence minimum
Share of population receiving social 0.765 0.209
support measures
Unemployment rate -0.834 0.248
Coverage of targeted social 0.812 0.259
assistance
SDG 3 Life expectancy at birth 0.912 0.221 78.6
Infant mortality rate -0.887 0.209
Mortality fI'OI’l’.I circulatory system _0.856 0.195
diseases
Number of physicians per
10,000 population 0823 0180
Tuberculosis incidence -0.834 0.195
SDG 4 Coverage of preschool education 0.778 0.267 65.9
Share of. 9’Fh-grade gljaduates 0.745 0.245
receiving a certificate
Share of gmployed persons with 0.812 0.291
higher education
Number of university students per
10,000 population 0743 0.197
SDG 5 Share of women in regional 0.723 0.332 58.7
legislative bodies
Ratio of women’s to men’s wages 0.687 0.299
Share of women in managerial 0.812 0.369
positions
SDG 6 Share of poPul.atlon with quality 0.867 0378 73
drinking water
Share of population with centralised 0.845 0.359
sewerage
Share of treated wastewater 0.734 0.263
SDG 7 Share of population supplied with 0.823 0.334 68.8
natural gas
Electricity consumption per capita 0.745 0.273
Share of households using electricity 0.767 0.393
for heating
SDG 8 GRP per capita (logarithm) 0.912 0.234 76.2
Labour productivity 0.889 0.222
Employment rate 0.834 0.195
Share of investment in GRP 0.767 0.165
Share of SMEs in employment 0.823 0.184
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Table A3. Cont.

Variance Explained

SDG Indicator Loading on PC1 Weight (w_jk) by PC1, %
SDG 9 Share of paved roads 0.745 0.201 70.1
Number of internet subscribers per 0.856 0.265
100 people
Share of manufacturing in GRP 0.712 0.184
Road freight turnover 0.823 0.350
SDG 10 Gini coefficient -0.889 0.412 74.5
Income ratio of top 10% to
bottom 10% -0.912 0.433
Income concentration index —-0.845 0.155
Share of population living in
SDG 11 dilapidated housing -0.823 0.178 66.7
Share of urban p(?pulatlon with 0.812 0.234
access to public transport
Level of housing amenities 0.834 0.245
Air pollutanﬁ emissions f'rom motor 0767 0.343
vehicles per capita
SDG 12 Waste generation per capita -0.712 0.489 52.3
Share of recycled waste 0.834 0.511
SDG 13 Pollutant emissions per unit of GRP -0.845 0.512 60.4
Energy intensity of GRP -0.823 0.488
SDG 15 Share of sp§c1ally prgtec/ted natural 0.789 0312 63.8
areas in the region’s area
Forest cover of the territory 0.812 0.330
Reforestation per 1000 ha of forest 0.745 0.358
land
SDG 16 Number of recorded crimes per _0.834 0.578 55.6
1000 people
Share of population satisfied with 0.778 0.422

the work of local authorities

Note: Negative loadings correspond to destimulant indicators. Weights are calculated as normalised squared
loadings of the first principal component. Source: Author’s calculations.

Table A4. Weight coefficients of the SDG goals in the integral SDGLI (to Section 3.1).

SDG Loading on PC1 (Second Level) Weight in the Integral Index (w_k)
SDG 1—No Poverty 0.845 0.089
SDG 3—Good Health and Well-being 0.912 0.104
SDG 4—Quality Education 0.823 0.085
SDG 5—Gender Equality 0.678 0.057
SDG 6—Clean Water and Sanitation 0.756 0.071
SDG 7—Affordable and Clean Energy 0.789 0.078
SDG 8—Decent Work and Economic Growth 0.934 0.109
SDG 9—Industry, Innovation and Infrastructure 0.867 0.094
SDG 10—Reduced Inequalities -0.823 0.085
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Table A4. Cont.

SDG Loading on PC1 (Second Level) Weight in the Integral Index (w_k)
SDG 11—Sustainable Cities and Communities 0.745 0.069
SDG 12—Responsible Consumption and Production 0.623 0.048
SDG 13—Climate Action 0.567 0.040
SDG 15—Life on Land 0.712 0.063
SDG 16—Peace, Justice and Strong Institutions 0.689 0.059

Note: The negative loading for SDG 10 is due to the inverse relationship between inequality and progress on other
goals; the squared loading was used to calculate the weight. Source: Author’s calculations.

Table A5. Profiles of regional clusters by SDG sub-indices (mean values), 2024 (to Section 3.2).

SDG Cluster1 (n=18) Cluster2 (n=41) Cluster3 (n=28) Cluster4(n=15)  F-Statistic p-Value
SDG 1 78.4 62.3 45.6 34.2 124.7 <0.001
SDG 3 81.2 68.7 52.3 41.8 156.3 <0.001
SDG 4 76.8 64.5 55.6 47.3 89.4 <0.001
SDG 5 62.3 58.9 54.2 51.7 23.6 <0.001
SDG 6 79.4 71.2 58.9 46.5 112.8 <0.001
SDG7 84.5 73.4 61.2 52.8 145.2 <0.001
SDG 8 83.6 65.8 48.7 36.9 178.9 <0.001
SDG 9 79.8 64.3 51.2 40.4 134.5 <0.001
SDG 10 42.3 48.9 56.7 61.2 41.2 <0.001
SDG 11 74.5 66.8 57.8 49.3 87.6 <0.001
SDG 12 54.6 52.3 50.1 47.8 8.9 <0.001
SDG 13 58.9 55.6 524 49.7 11.2 <0.001
SDG 15 68.7 63.4 58.9 54.6 23.4 <0.001
SDG 16 71.2 64.5 56.8 489 56.7 <0.001

Source: author’s calculations.

Table A6. Descriptive statistics of variables (panel: 102 regions x 10 years, N = 1020) (to Section 3.3.1).

Variable Mean Std. Dew. Minimum Maximum
SDGLI (integral index) 52.8 124 28.3 81.2
In_GRP_pc (log of GRP per capita) 11.24 0.86 9.12 13.87
Invest (% of GRP) 21.6 8.9 52 58.4
Manuf (% in GRP) 16.8 8.2 1.2 413
Unemp (%) 5.7 2.8 1.2 32.1
In_Wage (log of wage) 9.87 0.54 8.45 11.23
Urban (% of urban population) 68.4 14.2 29.8 98.7
DepRat (dependency ratio) 734 128 512 1124
Edu (% with higher education) 247 6.8 12.3 48.6
LifeExp (years) 71.8 29 64.2 78.9
IQI (Institutional Quality Index) 54.2 15.6 21.4 88.7
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Table A6. Cont.
Variable Mean Std. Dev. Minimum Maximum
Policy (binary variable) 0.32 0.47 0 1
PopDens (people/km?, logarithm) 3.12 1.78 0.02 7.89
In_Dist (log of distance to capital) 6.84 0.92 412 8.45
Climate (natural-climatic index) 2.34 0.78 0.00 3.56

Table A7. Results of spatial panel models (weight matrix—queen contiguity) (to Section 3.3.2).

Variable SAR Model SEM Model SDM Model
p (spatial lag) 0.324 *** (0.067) - 0.298 *** (0.071)
A (spatial error) - 0.356 *** (0.072) -
In(GRPp.) 7.123 *** (1.156) 7.456 *** (1.234) 6.789 *** (1.312)
Invest 0.156 *** (0.042) 0.167 *** (0.045) 0.145 *** (0.048)
Unemp —0.398 *** (0.118) —0.423 ***(0.121) —0.378 *** (0.124)
Edu 0.212 *** (0.064) 0.223 *** (0.067) 0.198 *** (0.069)
LifeExp 0.723 ** (0.149) 0.756 *** (0.152) 0.689 *** (0.158)
IQI 0.134 ** (0.032) 0.145 ** (0.034) 0.123 *** (0.035)
Policy 2.123 *** (0.645) 2.234 *** (0.656) 1.989 *** (0.678)
Spatial lags (W x X)
W x In(GRPp. >) - - 2.345 ** (1.012)
W x Policy - - 1.456 * (0.834)
Goodness-of-fit statistics
Log-likelihood -1876.4 -1889.7 -1867.8
AIC 3772.8 3799.4 3763.6
Likelihood ratio test (p) <0.001 <0.001 <0.001

Note: *** p < 0.01; ** p < 0.05; * p < 0.1. Standard errors are shown in parentheses. All models include regional and
time fixed effects. Source: author’s calculations.

Table A8. Average treatment effects on the treated (ATT(g,t)) by adoption year groups and time
periods (to Section 3.3.3).

Adoption Year (g) t = g (Adoption Year) t=g+1 t=g+2 t=g+3 Group Average

2017 (n = 4) 1.23 (0.89) 2.34* (1.12) 2.89 * (1.34) 3.12 ** (1.45) 2.65* (1.12)
2018 (n = 5) 1.45 (1.02) 2.56 ** (1.23) 3.01* (1.34) - 2.45* (1.08)
2019 (1 = 6) 1.34 (0.98) 2.45** (1.18) 2.78 ** (1.28) - 2.32** (1.04)
2020 (n = 5) 0.89 (0.76) 1.89 * (1.08) 2.34 % (1.18) - 1.87 * (0.98)
2021 (1 = 6) 1.12 (0.87) 2.01*(1.12) - - 1.68 * (0.92)
2022 (n = 4) 0.78 (0.67) 1.56 (1.02) - - 1.23 (0.89)
2023 (n=4) 0.56 (0.54) - - - 0.56 (0.54)

Weighted average ATT - - - - 2.14 (0.67)

Note: ** p < 0.05; * p < 0.1. Standard errors are shown in parentheses, bootstrap with 500 replications. Source:
author’s calculations.
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Table A9. Factor loadings of the first principal component of the IQI (to Section 3.3.5).

Indicator Loading on PC1 Weight in the Index
Financial autonomy (FinAut) 0.845 0.234
Budget discipline (BudDisc) 0.789 0.204
Corruption prevalence (Corrupt) -0.823 0.222
Digitalisation of public services (Digital) 0.734 0.176
SME density (SME) 0.812 0.216
Share of employed in public administration (GovEmp) -0.567 0.105

Note: Variance explained by the first principal component—64.7%. Source: author’s calculations.

Table A10. Robustness check: correlation between indices constructed by different weighting methods
(to Section 3.1).

Weighting Method PCA (SDGLI) Equal Weights (EW) AHP
PCA (SDGLI) 1.000 - -
Equal weights (EW) 0.892 1.000 -
AHP 0.914 0.878 1.000

Note: All Pearson correlation coefficients are statistically significant at p < 0.001. Source: author’s calculations.

Table A1l. Additional robustness checks: separate estimates by country

Variable Russia (FE) Kazakhstan (FE)
In(GRP<sub>pc</sub>) 7.892 *** (1.345) 8.456 *** (1.678)
Invest 0.156 *** (0.048) 0.198 *** (0.056)
IQI 0.134 *** (0.038) 0.167 *** (0.045)
Policy 2.023 *** (0.712) 2.456 ** (1.023)
R? (within) 0.654 0.712
Number of observations 890 130

Note: *** p < 0.01; ** p < 0.05; Clustered standard errors are shown in parentheses. Source: author’s calculation.
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