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Abstract

This study investigates the impact of digital financial services (DFS) on inclusive growth (IG) in selected
Central Asia Regional Economic Cooperation (CAREC) countries during 2014-2024. In doing so, it
develops new composite indices for DFS and IG using a two-level Shannon entropy weighting
framework that assigns objective, data-driven weights at both the indicator and dimension levels. The
IG index (IGl) comprises four dimensions (i.e., social inclusiveness, human development, economic
prosperity, and climate resilience) while the DFS index (DFSI) captures digital infrastructure, DFS
adoption, internet affordability, and bandwidth capacity. Based on the Breusch—Pagan Lagrange
Multiplier and Hausman specification tests, the Random Effects model was selected for estimation.
Endogeneity was further assessed using the Durbin—-Wu—Hausman test. The results indicate a
persistent positive effect of DFSI on IGI (+0.062), alongside several significant control variables. To
examine distributional heterogeneity, the study employs method of moments quantile regression,
which reveals a clear asymmetric relationship, with the effect of DFSI gradually declining from 0.086
at the 10 percentile to 0.038 at the 90™" percentile of the IGI distribution. These results suggest that
investments in digital finance generate the largest marginal returns in the most disadvantaged
economies, particularly Tajikistan and the Kyrgyz Republic, supporting a progressive and quantile-
informed approach to resource allocation across the eight CAREC countries.

Keywords: Digital financial services; inclusive growth; entropy weighting; panel data; quantile
regression; CAREC

JEL Classification: C23, C31, G20, 011, 016, 053
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1. Introduction

Afghanistan, Azerbaijan, China, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia, Pakistan,
Tajikistan, Turkmenistan, and Uzbekistan collectively comprise the Central Asia Regional Economic
Cooperation (CAREC) region. CAREC was established to address common structural challenges,
including high transport costs, weak connectivity, uneven development, and limited financial
inclusion. Through regional cooperation in infrastructure, trade, digital connectivity, and policy
harmonization, CAREC provides a coordinated framework to enhance competitiveness, resilience, and
inclusive growth (IG) across member countries.

Although the region has achieved notable economic growth and development, significant challenges
remain in ensuring broad-based and equitable progress (Central Asia Regional Economic Cooperation
Program [CAREC], 2024). These challenges include sustained poverty reduction, lower income
inequality, and expanded access to financial services that can create economic opportunities.
According to the World Bank’s Global Findex Database (2021), approximately 60% of adults in CAREC
economies remain unbanked or underbanked, limiting their participation in economic activities and
growth opportunities. While the extent of exclusion varies across countries, affected populations
share common characteristics, particularly females, youth, and rural residents. Key barriers include
low and irregular incomes, limited physical access to financial institutions, documentation and
identification constraints, high service costs, low financial and digital literacy, and gender-based
obstacles. Weak digital infrastructure and regulatory frameworks further constrain the adoption of
digital financial services (DFS) and broader financial inclusion across the region (World Bank, 2021;
Asian Development Bank [ADB], 2024; Sahay et al., 2020; Cull, Demirgli¢-Kunt & Morduch, 2021).

The role of DFS is not uniform across CAREC economies. Some countries possess strong digital
infrastructure that provides a solid foundation for DFS expansion. China, for example, is a regional
leader, with nearly 90% of adults actively using mobile payment services (World Bank, 2021), reflecting
advanced digital infrastructure and high levels of digital adoption. In contrast, countries such as
Pakistan, Afghanistan, and Turkmenistan continue to face connectivity limitations and weaker
financial infrastructure, constraining DFS adoption (ADB, 2024). China's near-universal adoption and
the severe data gaps in Afghanistan and Turkmenistan and their regional lagging render these
economies statistical outliers that would bias coefficient estimates and undermine sample
comparability.

DFS, including mobile banking, digital wallets, fintech applications, and online financial platforms, are
increasingly transforming the financial services industry by expanding access at lower cost. DFS can
reduce transaction costs, lessen dependence on traditional financial infrastructure, and overcome
institutional barriers that restrict access to financial services (Jack & Suri, 2014; Demirgii¢-Kunt et al.,
2018; Sahay et al., 2020). Evidence from Africa and South Asia suggests that DFS can contribute to
poverty reduction, lower income inequality, and strengthen household resilience. These benefits are
realized through low-cost remittance transfers, improved access to affordable credit, and broader
participation in economic opportunities (Suri & Jack, 2016; CGAP, 2023).

Despite growing recognition of the links between DFS and IG, empirical evidence for the CAREC region
remains limited (Demirglic-Kunt et al., 2018; Asian Development Bank [ADB], 2024). Most existing
studies focus on Southeast Asia and Sub-Saharan Africa, where mobile banking and digital payments
have been shown to reduce poverty and improve household resilience (Jack & Suri, 2014; Sahay et al.,
2020).

Understanding disparities in DFS and |G across CAREC economies is therefore important for identifying
how digital finance can support broader development outcomes. The region exhibits substantial
variation in financial systems, digital infrastructure, and socioeconomic conditions. China leads in DFS,



supporting infrastructure, and digital governance, with approximately 92% of urban adults using
mobile payment systems and annual digital payment volumes exceeding RMB 54T (World Bank, 2021).

Conditions differ markedly in other CAREC economies. In Afghanistan, only about 11% of adults have
access to formal financial institutions, compared with approximately 47% in Tajikistan and 21% in
Pakistan (Global Findex Database, 2021). According to Global Findex 2024, global account ownership
has risen to nearly 80%, yet many CAREC economies remain below this benchmark, with rural usage
rates often 20% lower than urban rates. These disparities highlight persistent challenges in DFS
adoption across the region.

This study first develops a comprehensive DFS index (DFSI) that captures digital infrastructure, DFS
adoption, internet affordability, and bandwidth capacity. It also constructs an IG index (IGl)
encompassing social inclusion (poverty and inequality), human development (human development
index (HDI)), economic prosperity (gross domestic product (GDP) per capita), and environmental and
climate resilience (ND-GAIN Index). Using these indices, the study empirically examines the impact of
DFS on IG and evaluates how DFS contribute to inclusive development across the eight CAREC
economies included in the analysis.

2. Literature Review

The concept of IG extends beyond economic expansion to encompass the broad sharing of its benefits
across society (Rauniyar & Kanbur, 2010). Whereas traditional growth models largely rely on the
trickle-down effect, IG emphasizes poverty reduction, lower inequality, and improvements in living
standards across a wider segment of the population (Kakwani & Pernia, 2000; Rauniyar & Kanbur,
2010). It is closely linked to Sen’s (1999) capability approach, which defines development as the
expansion of substantive freedoms rather than income growth alone. Empirically, |G incorporates
both the level and distribution of income by considering income per capita alongside poverty,
inequality, human development, and environmental sustainability (Stiglitz, 2012; Ostry, Berg, &
Tsangarides, 2014).

Poverty and inequality are central components of IG because they indicate whether the benefits of
economic expansion reach lower-income groups. Growth is considered inclusive when it reduces
poverty and broadens access to economic opportunities (World Bank, 2009; lanchovichina &
Lundstrom, 2009). Berg and Ostry (2011) argued that high inequality undermines long-run growth
by weakening social cohesion and constraining human capital accumulation. Human development is
another key dimension. The HDI, developed by Ul Hag (2000), measures development through
income, health, and education. According to the U.N. Development Program (UNDP), IG should
expand human capabilities rather than merely increase income (UNDP, 2010). Anand et al. (2013)
report a strong inverse relationship between HDI and both poverty and inequality.

GDP per capita, although an imperfect measure, remains a useful indicator of societal welfare because
it reflects how economic growth translates into higher living standards. Combined with distributional
indicators, it provides a more comprehensive assessment of IG (Ali & Son, 2007). To incorporate
sustainability, this study also includes the ND-GAIN Index, which measures climate vulnerability and
adaptive readiness. The green growth literature emphasizes that protecting vulnerable populations
depends on environmental resilience (Hallegatte et al., 2016). Economies exhibiting sustainable 1G
under climate stress tend to achieve higher ND-GAIN rankings.

2.1 Finance, Inclusion, and Development

A substantial body of literature has linked financial development to long-run economic growth
through savings mobilization, efficient capital allocation, and risk management (Levine, 2005). Beyond
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growth, financial deepening can generate important distributional benefits by improving
opportunities for disadvantaged groups, reducing income inequality, and relaxing access constraints
(Beck, Demirglig-Kunt, & Levine, 2007). This perspective is particularly relevant to DFS because digital
channels represent a modern form of financial deepening that can lower costs, expand access, and
overcome geographic barriers.

Empirical evidence has shown that financial inclusion, measured through the use of formal accounts,
payments, savings, credit, and insurance, has expanded substantially over the past decade (Barro,
1991; Demirglic-Kunt, Klapper, Singer, Ansar, & Hess, 2018; Demirgii¢-Kunt, Klapper, Singer, & Ansar,
2022). Nevertheless, significant disparities remain across regions, income groups, genders, and rural
populations. Global Findex data indicate that although account ownership has increased, active usage
and service quality remain uneven, limiting the translation of access into welfare gains (Demirgic-
Kunt et al., 2018; Demirglic-Kunt, Klapper, Singer, & Ansar, 2022).

2.2 What Makes DFS Different?

DFS encompasses mobile money, online banking, and other forms of digital financial access and usage
that alter the cost structure and accessibility of financial services. Drawing on financial intermediation
theory (Greenwood & Jovanovic, 1990), DFS can promote the co-evolution of financial participation
and economic growth by reducing transaction and search costs, expanding the extensive margin of
inclusion, and creating digital financial footprints.

Several mechanisms explain how DFS can promote inclusiveness:

1. Mobile money improves risk sharing and helps households smooth consumption during
economic shocks. Evidence from Kenya shows that it reduces transaction costs, facilitates
faster and more reliable remittances (Jack & Suri, 2014), lowers extreme poverty, and
improves female labor-market outcomes (Suri & Jack, 2016).

2. Digitizing government-to-person transfers can improve timeliness and reduce leakages. In
India, smartcards with biometric authentication increased payment reliability and reduced
corruption, demonstrating the importance of digital identification systems in strengthening
implementation capacity (Muralidharan, Niehaus, & Sukhtankar, 2016; Mauro, 1995).

3. Randomized and quasi-experimental studies show that mobile money promotes formal saving
and improves financial management. These effects are often strongest among women and
low-income households, consistent with 1G objectives (Aker, Boumnijel, McClelland, &
Tierney, 2016; Batista & Vicente, 2019).

4. Digital payments and online platforms can reduce operating costs and support micro and small
enterprises through improved record-keeping and market access. Although results vary across
contexts, the overall evidence suggests positive effects where infrastructure and regulatory
conditions are supportive (Sahay et al., 2020).

2.3 Macro and Cross-Country Evidence on DFS, Inclusion, and Growth

A growing body of cross-country research has examined digital inclusion and digital financial inclusion.
Evidence from the COVID-19 and post-COVID-19 periods suggests that digital finance promotes
financial inclusion, which in turn supports economic growth, provided that consumer protection,
competition, interoperability, and institutional capacity are adequately strengthened (Sahay et al.,
2020). However, endogeneity remains an important concern because countries with higher-income
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levels and stronger governance are also more likely to adopt DFS, highlighting the need for rigorous
identification strategies.

The Global Findex Report 2021 provides detailed evidence on account ownership, digital payments,
and saving behavior. Digital payments increased substantially between 2017 and 2021, particularly in
countries with widespread digital wage payments and government transfer systems (Demirgli¢c-Kunt
et al., 2018; Demirgi¢-Kunt, Klapper, Singer, & Ansar, 2022). Despite this progress, significant gaps in
DFS usage remain, especially in countries where digital finance could generate substantial inclusive
gains but where infrastructure, education, and digital literacy constraints continue to limit adoption.

2.4 Theoretical Framework

This study integrates financial inclusion theory (FIT) and Sen’s capability approach to examine how
DFS promote IG in the CAREC region. FIT explains the economic mechanisms through which access to
affordable financial services supports participation, asset accumulation, and risk management. The
capability approach assesses whether such access translates into greater freedoms, agency, and well-
being. Together, these perspectives provide a multidimensional framework for evaluating the
contribution of DFS to IG.

24.1FIT

FIT posits that access to credit, savings, insurance, and payment systems plays a critical role in reducing
poverty, promoting entrepreneurship, and enhancing economic resilience (Beck, Demirglic-Kunt, &
Levine, 2004; Demirgli¢-Kunt et al., 2018). Historically, access to these financial services has been
constrained by geographic, socioeconomic, and institutional barriers. DFS can help overcome these
constraints by reducing transaction costs, expanding access to payment systems, and providing secure
and efficient services through mobile banking, agent networks, and digital wallets (Jack & Suri, 2014;
Ozili, 2018). Given the limited reach of traditional banking systems in many CAREC economies, DFS
can narrow financial access gaps, encourage private savings, support small and medium-sized
enterprise (SME) development, and strengthen financial stability across the region (Shen, Hu, &
Hueng, 2021).

2.4.2 Sen’s Capability Approach

Sen’s capability approach (1999) defines development as the expansion of human capabilities rather
than the accumulation of wealth alone. From this perspective, development involves creating
opportunities that enable individuals to lead lives they value. DFS adoption contributes not only to
financial inclusion but also to financial risk management and investment in human capital, particularly
education and health (Robeyns, 2005; Psacharopoulos & Patrinos, 2018). Low-income economies and
societies characterized by higher gender inequality often face substantial financial and non-financial
barriers that limit access to opportunities. Expanding access to DFS can help reduce these constraints,
strengthen women’s participation in decision-making, and support progress toward Sustainable
Development Goals (SDGs) related to poverty reduction, inequality, and economic participation
(Adera & Abdisa, 2023).

2.5 Integrated Framework: Capability-Driven Financial Inclusion

The integrated DFS framework serves both instrumental and intrinsic functions. Instrumentally, it
expands access to affordable financial services, supports SME growth, facilitates savings, and
contributes to poverty reduction. Intrinsically, it enhances individual capabilities, broadens
opportunities, strengthens resilience, and promotes social and economic empowerment.
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From the perspective of FIT, DFS improves access to financial services, encourages savings, particularly
among underserved populations, and supports entrepreneurship and financial stability. In contrast,
the capability approach emphasizes the capability approach broader developmental outcomes of DFS,
viewing it as a mechanism for expanding freedoms, enhancing human capital investment, promoting
autonomy, reducing gender disparities, and strengthening resilience to economic vulnerability.

By integrating these perspectives, the framework moves beyond measuring DFS penetration alone
and focuses on how digital financial access is transformed into measurable development outcomes. It
provides a basis for examining whether DFS adoption contributes to poverty reduction, improvements
in human development, and broader economic participation across CAREC economies.

3. Methodology
3.1 Data Sources

This study employs a balanced panel dataset covering selected CAREC member countries from 2014
to 2024. Data were obtained from several internationally recognized sources, including the Global
Findex Database (2024), World Development Indicators (WDIs), Human Development Report (HDR
2025), Worldwide Governance Indicators (WGIs), World Inequality Database (WID), and the
International Telecommunication Union (ITU).

To improve comparability and robustness, China and Afghanistan were excluded as outliers, while
Turkmenistan was excluded because of substantial data limitations. After applying these criteria, the
final sample consists of eight CAREC countries: Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic,
Mongolia, Pakistan, Tajikistan, and Uzbekistan

This refined dataset allows for more consistent cross-country comparisons and strengthens the
validity of the analysis. Table 1 presents the selected variables, their operational definitions,
measurement units, and abbreviations.

Table 1: List of variables and their operational definitions

Abbre

Variable Name Definition

viation
Percentage of respondents reporting
having used mobile money, debit or credit % adult
Digital Payment DP cards, or mobile phone to make payments Findex 2024 °o ulatio
(DFS Adoption)? from an account; those reporting having E P
used the internet to pay bills or purchase
from an online store in the past year.
Percentage of respondents reporting
having an account (single or joint) at a
. ) . % adult
Account Ownership bank or another type of financial . .
L AC e . . . Findex 2024 | populatio
(DFS Adoption) institution; those reporting using a mobile "
money service in the past 12 months (%
age 15+).

2 We used Findex data; missing years were interpolated for two variables: account ownership and digital
payments.
3 Same information as in the previous footnote.
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Mobile cellular telephone subscriptions to

lel 0 CEITIET a public provider, offering access to a % adult
Subscription (digital | MCS P . p ’ & . WDI populatio
. public switched telephone network using
infrastructure) n

cellular technology.

Those who reported having used the
Internet Usage internet (from any location) in the last 3 % of
(digital months via computer, mobile phone, WDI populatio
infrastructure) personal digital assistant, games machine, n

digital TV etc.
S %of
Home (%) (digital A §hare of househc?lds with any active U househol
. internet connection. ds
infrastructure)
Mc?blle Data & % of
Voice Low-
Consumption gross

Cost of a standardized low-consumption national
Basket MDC . . ITU .

- mobile package; reflects affordability. income
(affordability of .
. per capita
internet)

Internet Bandwidth Total used international internet
usage (quality of IBU bandwidth (incoming + outgoing). ITU Mbit/s
internet)
Human Index
Development Index HDI Human development index HDR 2025 0-1
(quality of Life)
Pre-tax national income (Gini coefficient
. World
. . . Adults. equal-split adults) = Pre-tax labor .
Gini_adults (income T . . Inequality Index
. . Gini | income [total pre-tax income ranking] +
inequality) o Database 0-1
Pre-tax capital income [total pre-tax
. . (WID)
income ranking]
Poverty (Economics P Poverty headcount ratio at $2.15/day (%) | SDR 2025 %
deprivations) ¥ ' yise 0-100
GDP Per Capita GDPP . Ln S (per
(standard of living) c Natural log of GDP per capita WDI e
ND-GAIN index (Notre Dame Global
ND- Adaptanon In.|t|at|ve Index’)—A compc??lte Index O—
ND-GAIN index measuring a country’s vulnerability
GAIN . . 100
to climate change and readiness to
improve resilience.
Domestic Credit . . : o
(depth of financial 5 || ZOMCSHECRIE O PR R FaEl) | ey % of GDP
—Indicator of financial sector depth.
sector)
Perceptions of the extent to which public
. . . . World
Control for power is exercised for private gain, Governance Index
. cC including both petty and grand forms of . -2.5to
Corruption . . “ ” Indicator
corruption; includes “capture” of the state 2.5
. o (WGI)
by elites and private interests.
Tertiary Education TE Gross enrolment ratio of the population of WDI Gross %

Enrolment

the age group corresponding to its level of
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education, regardless of age. Tertiary
education includes advanced research
gualification, requiring as a minimum
condition of admission the successful
completion of secondary education.

People living in urban areas defined b % of total
Urban Population up .p g. . 4 WDI populatio

national statistics. n

Perceptions of the ability of the World
Regulatory Quality government to formulate and implement Index

- . s Governance

(Governance RQ sound policies and regulations permitting Indicator -2.5to
indicator) and promoting private sector (WGI) 2.5

development.

Source: Author’s adopted definition of variables from various sources
3.2 DFS Index Construction

The DFSl is a composite measure designed to capture the breadth, depth, and enabling environment
of DFS across eight CAREC economies during 2014-2024. Composite indices synthesize
multidimensional phenomena into a single metric, facilitating cross-country comparisons and
longitudinal analysis that would otherwise be complicated by the heterogeneity of individual
indicators.

A key challenge in constructing composite indices is assigning weights to indicators and dimensions.
Three broad approaches are commonly used:

(i) Equal weighting, which assumes all indicators contribute equally;
(ii) Expert- or theory-driven weighting, which may introduce subjectivity; and
(iii) Data-driven weighting, which derives weights from the statistical properties of the data.

This study adopts the third approach, specifically the Shannon entropy method, because
it is transparent, replicable, and free from a priori assumptions regarding indicator
importance.

The DFSl is constructed using four dimensions, described in the following subsections.

3.2.1 Digital Infrastructure

To measure digital infrastructure, three key indicators were selected from the WDI, described as
follows.

3.2.1.1 Internet Penetration Rate

This indicator measures the percentage of the population that actively uses the internet and reflects
the extent of digital connectivity and online accessibility. To ensure comparability across countries and
years, the data were normalized into a dimensionless index using the standard min—max
transformation:

Index Valuepternetr = [(Observed Value — Minimum Value)/ (Maximum Value —
Minimum Value)]. .....cceeeeen(1)

15



3.2.1.2 Mobile Cellular Subscriptions and Households with Internet Access at Home (2 indicators)

Mobile Cellular Subscriptions and Households with internet Access at Home (%) were normalized using
the same procedure as internet Penetration Rate. Because higher values indicate better performance,
both variables were transformed using the standard min—max normalization formula:

Index Valueycs ana uuia = [(Observed Value — Minimum Value)/ (Maximum Value —

Minimum Value)]. ............. (2)
3.2.2 DFS Adoption
The DFS adoption dimension comprises two indicators, described as follows.
3.2.2.1 Access to DFS

Account ownership measures the percentage of respondents aged 15 years and above who report
having an account at a financial institution or personally using a mobile money service during the
previous 12 months. The same normalization procedure was applied to construct the dimensional
index.

Index Valuey. = [(Observed Value — Minimum Value)/ (Maximum Value —

Minimum Value)]. ......(3)

3.2.2.2 Usage of DFS

This indicator measures the percentage of respondents who used mobile money, a debit or credit
card, a mobile phone, or the internet to make payments, pay bills, or purchase goods and services
during the previous year. A dimensional index was constructed using the same normalization
approach.

Index Valuepp = [(Observed Value — Minimum Value)/ (Maximum Value —
Minimum Value)]. ......(4)

3.2.3 Internet Affordability

Internet affordability captures the cost-based accessibility of digital services and is measured as the
percentage of gross national income (GNI) per capita required to purchase a low-consumption mobile
data and voice basket. Because lower values indicate greater affordability, the index was calculated
using reverse min—max normalization method.

3.2.4 DFS Quality/Internet Bandwidth Capacity

This indicator captures the quality of digital infrastructure and network capacity through per capita
international internet bandwidth usage (Mbit/s). Although bandwidth capacity improved substantially
during the study period, considerable disparities remained across the eight CAREC countries.

Table 2 presents the weighting structure for the DFSI, including the normalization procedures applied
to individual indicators and the resulting weights assigned to indicators and dimensions.
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Table 2: Dimension, indicators, and weights of DFSI

. . . Dir Within-dim  Global
Dimension Indicator Normalization ect R .
weight (wj) weight
Internet users % (Obs=Min)/ + | 09577 | 0.0423 | 13.86% | 2.66%
(Max—Min)
Digital Moblle.cgllular (Obs—Mm)/ + | 07752 | 0.2248 73.63% 14.11
Infrastructure | subscriptions (Max-Min) %
Household (Obs=Min)/(Max | | 5 5e18 | 00382 | 12.50% | 2.40%
internet access % -Min)
Dim weight: H=0.9396,d =
19.16% 0.0604
Account
_M'
ownership ol + | 09676 | 0.0324  42.41% | 5.21%
(Max-Min)

DFS Adoption (FI/Mobile) %
Digital payments | (Obs—Min)/(Max

+ | 0.9560 | 0.0440 57.59% 7.07%

made/received % -Min)
Dim weight: H=0.9613,d =
12.28% 0.0387
{-\ffordablllty of | % GNI per capita (Max—Ob.s)/(Max _ | 0.9829 | 0.0171 100.00% 5.499%
internet (ICT basket) -Min)
Dim weight: H=0.9829,d =
5.42% 0.0171
Internet .
Bandwidth L”:E;C;;th (Mbit) (Obs_—w% (Max |, 0.8008 | 0.1992 | 100.00% 63%14
Usage
Dim weight: H=0.8008, d =
63.14% 0.1992

Source: Author’s own calculation of two —level weights

The DFSI is a composite measure constructed from four dimensions: digital infrastructure, DFS
Adoption, internet affordability, and internet bandwidth capacity (quality of internet infrastructure).
Digital infrastructure comprises three indicators: Internet users (%), mobile cellular subscriptions, and
household internet access (%). Each indicator was normalized using the min—max transformation.

A two-level Shannon entropy weighting procedure was employed. At Level 1, weights were assigned
to indicators within each dimension. At Level 2, dimension weights were derived from the entropy of
dimension scores across all observations. Internet affordability was normalized using the inverted
formula, (Max-0bs)/(Max-Min), while all other indicators were normalized using (Obs-Min)/(Max—
Min). The resulting dimension weights were digital infrastructure = 19.16%, DFS adoption = 12.28%,
internet affordability = 5.42%, and internet bandwidth Capacity = 63.14%.

To assess construct validity, Pearson correlation coefficients were calculated between each
normalized indicator and the final DFSI score across all 88 observations. A valid index should exhibit
positive correlations between indicators and the composite measure, with stronger relationships
generally associated with more heavily weighted indicators. Negative correlations would suggest
directional misspecification.
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Table 3: Validity assessment; Pearson correlation between each normalized indicator

Pearso oba Alig e
dicato Dime 0
D eig 3550 -
Internet users % Digital Infrastructure 0.1767 2.66% Weak positive
Moderate—
Mobile subscriptions | Digital Infrastructure 0.5850 14.11% stroonegra €
;ousehold internet Digital Infrastructure 0.2750 2.40% Weak positive
(1)
Account ownership % | Digital Financial Services 0.0235 5.21% Weak positive
Digital payments % Digital Financial Services 0.0907 7.07% Weak positive
Affordability % GNI | Affordability of Internet 0.4764 5.42% mZifJZte
Bandwidth (Mbit) Internet Bandwidth Usage 0.9674 63.14% | Very strong

Source: Author’s own calculation

The bandwidth indicator exhibits an extremely strong positive correlation with the composite index
(r=0.9674), consistent with its dominant weight (63.14%). This relationship is not mechanically
circular; rather, it reflects the empirical reality that countries with stronger bandwidth capacity also
tend to perform well across other dimensions of DFS. Mobile cellular subscriptions show a
moderate—strong correlation (r = 0.5850), consistent with their role as the most influential indicator
within the Digital Infrastructure dimension.

The two DFS adoption indicators display weak positive correlations with the composite (r = 0.0235 for
account ownership and r = 0.0907 for digital payments). This pattern is informative rather than
problematic. For example, Mongolia records relatively high account ownership and digital payment
usage despite comparatively low bandwidth capacity, whereas Pakistan exhibits the opposite pattern.
Such divergence reduces the simple correlation between DFS adoption indicators and the composite
score while highlighting the multidimensional nature of digital financial development.

Internet affordability shows a moderate positive correlation (r = 0.4764). Countries with more
affordable internet access, such as Kazakhstan and Mongolia, generally achieve higher DFSI scores,
whereas higher-cost countries, including Tajikistan and the Kyrgyz Republic during the early years of
the sample, tend to perform less favorably. Importantly, no indicator exhibits a negative correlation
with the composite index, confirming that all directional specifications are correctly implemented.

3.3 Scores under Alternative Schemes

Table 4 presents DFSI scores for each country in 2024 under five alternative weighting schemes (scaled
from 0 to 100) to assess the sensitivity of the index to different weighting assumptions.

Table 4: Sensitivity analysis: DFSI scores (2024 cross-section) under five alternative dimension
weighting schemes

Y Entropy Equal weights Infrastr.ucture Demand focus Bandwidth
(base) (25% each) emphasis (40%) (40%) focus (50%)
Azerbaijan 0.351 0.250 0.273 0.361 0.121
Georgia 0.245 0.344 0.351 0.470 0.107
Kazakhstan 0.433 0.476 0.497 0.557 0.274
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Entropy Equal weights Infrastructure | Demand focus Bandwidth

Country (base) (25% each) emphasis (40%) (40%) focus (50%)
Kyrgyz Republic 0.247 0.236 0.247 0.303 0.106
Mongolia 0.246 0.567 0.573 0.624 0.290
Pakistan 0.743 0.223 0.240 0.205 0.575
Tajikistan 0.125 0.182 0.186 0.242 0.073
Uzbekistan 0.817 0.399 0.423 0.481 0.542

Source: Author’s own calculation

Spearman’s rank correlation coefficient (p) measures the degree of agreement between country
rankings under the entropy baseline and alternative weighting schemes. A p value close to 1.0
indicates highly similar rankings, whereas lower values indicate greater reordering.

e Entropy vs Equal weights: p = 0.810
e Entropy vs Infrastructure emphasis: p = 0.786
e Entropy vs Demand-side focus: p = 0.667
e Entropy vs Bandwidth focus: p = 0.929
3.4 Interpretation of Sensitivity Results

The Spearman correlations indicate that the overall pattern of country performance remains relatively
stable across weighting schemes. Tajikistan consistently ranks last or second-to-last, while Kazakhstan
and Georgia remain in the upper half of the distribution. However, the rankings of several middle-tier
countries, particularly Pakistan, Mongolia, and Uzbekistan, vary more substantially depending on the
dimension emphasized.

The demand-side focus scheme yields the lowest concordance with the entropy baseline (p = 0.667),
indicating that Mongolia rises considerably in the rankings when greater weight is assigned to DFS
adoption. This result is consistent with Mongolia’s strong digital finance adoption relative to its
infrastructure capacity. In contrast, the bandwidth-focus scheme produces the highest concordance
with the entropy baseline (p = 0.929), which is unsurprising given that the entropy method assigns
63.14% of the total weight to bandwidth capacity.

The entropy-weighted baseline is therefore adopted as the primary specification because it is derived
objectively from the data and is not influenced by researcher judgment.

Table 5: Average DFSI ranking over the entire period of the study (2014-2024)

Country Average DFSI Ranking
Pakistan 0.4127 1
Kazakhstan 0.3117 2
Uzbekistan 0.3076 3
Mongolia 0.1969 4
Azerbaijan 0.1887 5
Georgia 0.1819 6
Kyrgyz Republic 0.1360 7
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Tajikistan 0.0782 8

Source: Author’s own calculations

The distribution of DFSI scores reveals two distinct tiers separated by a clear discontinuity. The upper
tier—Pakistan (0.41), Kazakhstan (0.31), and Uzbekistan (0.31)—owes its position primarily to
substantial investment in bandwidth infrastructure, whether driven by population scale (Pakistan),
sustained state investment (Kazakhstan), or policy reforms (Uzbekistan). The lower tier—Mongolia
(0.20), Azerbaijan (0.19), Georgia (0.18), the Kyrgyz Republic (0.14), and Tajikistan (0.08)—consists of
countries where infrastructure capacity remains limited or where DFS adoption has not fully leveraged
available infrastructure.

The gap between the highest-ranked country in the lower tier (Mongolia, 0.20) and the lowest-ranked
country in the upper tier (Uzbekistan, 0.31) is 0.11 points, exceeding the entire score range of the
bottom two countries combined. This pattern suggests that CAREC economies are no longer following
a single path of digital financial development. Instead, the region appears to have diverged into
infrastructure-capacity leaders and adoption-constrained laggards, raising the possibility that
disparities may widen as bandwidth investments continue to accumulate disproportionately among
leading countries.

An equally important finding is that no country achieves a score above 0.42. Even the regional leader
has realized less than half of the level implied by the panel’s best-performing observations. Viewed
against the full 0-1 scale, this result indicates substantial unrealized digital finance potential across
the CAREC region.

3.5 Measurement of IG

Traditional growth indicators such as GDP per capita capture economic prosperity but do not
adequately reflect how the benefits of growth are distributed across society, whether growth
improves human capabilities, or whether it is environmentally sustainable. The 1GIl addresses these
limitations by integrating dimensions of social inclusion through the Gini coefficient and poverty rates,
human development through the HDI, economic prosperity through GDP per capita, and climate and
environmental resilience through the ND-GAIN Index.

DFS can contribute to IG by reducing transaction costs, expanding access to credit, savings, and
insurance, and integrating underserved populations into the formal economy. Based on the literature
and policy relevance, the study proposes the following dimensions and indicators for constructing the
IGI.

Table 6: Dimension, indicators, weights and construction of IGI

Entropy

Dimensions of IGI Indicator Dimensional Indices

Weights

1.Social Poverty Rate (S2.15) 20.41 (Max-Obs)/(Max—Min)

el ness Gini_Adults (Max-Obs)/(Max—Min) | Aggregation of
DW*Dimensio

2.Human Human Development . .

Capabilities Index (HDI) 1541 Ao IS Rl | s

3.Economic . . .

Prosperity GDP per Capita 45.55 (Obs-Min)/(Max—Min)
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4.Climate and
Environment ND-Gain Index 18.64
Resilience

Source: Author’s own proposition
3.5.1 Social Inclusiveness
3.5.1.1 Poverty

Poverty is a direct indicator of IG; the more inclusive the growth process, the lower the incidence of
poverty, and vice versa. The pro-poor growth framework emphasizes that sustained poverty reduction
is essential for growth to be considered inclusive (Kakwani & Pernia, 2000; Rauniyar & Kanbur, 2010).
Cross-country evidence further suggests that economic growth combined with targeted social
investment produces the greatest gains in poverty alleviation (Dollar, Kleineberg, & Kraay, 2016;
Demirgii¢c-Kunt, Klapper, Singer, & Ansar, 2022).

3.5.1.2 Income Inequality

Income inequality is a key indicator of social inclusion and an important determinant of poverty. Even
when poverty declines, rising inequality can undermine inclusiveness by concentrating the benefits of
growth among higher-income groups, weakening social cohesion, and limiting human capital
development. IMF research indicates that lower inequality is associated with longer and more durable
growth episodes (Ostry, Berg, & Tsangarides, 2014).

3.5.2 Human Capabilities

The HDI, a proxy for human-centered development and capabilities, captures multidimensional well-
being through health, education, and income. This aligns with Sen’s (1999) Capability Approach, which
emphasizes the expansion of freedoms and capabilities rather than income alone. IG must therefore
strengthen human capital to sustain both productivity and equity.

3.5.3 Economic Prosperity

GDP per capita (GDPPC) is a widely used measure of aggregate economic prosperity and welfare that
reflects the productive capacity of an economy. Although it captures overall economic performance,
it does not reveal how the benefits of growth are distributed. Consequently, GDP per capita alone
cannot ensure inclusivity, but it provides the macroeconomic foundation for policies that promote
equity and human development (Solow, 1956).

3.5.4 Climate and Environment Resilience

Climate and environmental resilience is represented by the ND-GAIN Index, developed by the
University of Notre Dame. The index measures two interrelated dimensions: climate vulnerability and
adaptive readiness. The World Bank (2021) notes that economic gains are difficult to sustain when
economies remain exposed to environmental risks. Incorporating the ND-GAIN Index therefore
ensures that development is assessed in terms of both economic progress and resilience to climate-
related challenges.

3.6 Index Construction Methodology

The construction of the IGl involves two categories of indicators: negative (undesirable) indicators and
positive (desirable) indicators. For negative indicators, such as the Poverty Rate and Gini Coefficient,
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lower values indicate better performance. These indicators are normalized using the following
formula:

(Max obs)
(Max -Min)l"’

...................... (5)

Dimensional Index =

In contrast, higher values of positive indicators, such as HDI and GDP per capita, indicate improved
performance. These indicators are normalized using the following formula:

Dimensional Index = [%} P (-]

The four-dimensional indices are then aggregated using a weighted mean to preserve proportionality
while accounting for uneven progress across dimensions:

DW x social inclusiveness + DW x human capabilities + DW * Eco. Prosperity +)
DW x climate + enivornmental Resilience

(7)

IGI=(

Dimension weights are assigned using the Shannon entropy method to ensure an objective and data-
driven weighting structure for the IGI.

The IGI consists of four dimensions and five indicators. The selection of these variables is grounded in
the theoretical literature. The dimensions include social inclusiveness, human capabilities, economic
prosperity, and climate and environmental resilience. Poverty and income inequality capture
distributive justice and access to opportunities (Sen, 1999), while HDI reflects human-centered
development. GDP per capita measures the economy’s capacity to generate income and support
investment-led growth. The ND-GAIN Index is incorporated to assess resilience to climate-related risks
and environmental challenges (Hallegatte et al., 2016; UNDP, 2019).

Table 7: Entropy weight structure: Dimensions and indicators

Dimension Indicator Normalization

Poverty rate

— — H o G
(5$2.15/day) (Max-0Obs)/(Max-Min) | 0.9861 | 0.0139 | 24.36% 4.97%

Social

Inclusi
NCIUSIVENESS 1 Gini coefficient | (Max-Obs)/(Max-Min) | 0.9569 | 0.0431 | 75.64% | 15.44%

Dim weight: H=0.9617,d =

20.41% 0.0383
Human
Human . .
. Development (Obs—Min)/(Max-Min) | 0.9711 | 0.0289 | 100.00% | 15.41%
Capabilities
Index (HDI)
Dim weight: H=0.9711,d =
15.41% 0.0289
Economic GDP per capita
. (PPP, constant (Obs-Min)/(Max-Min) | 0.9146 | 0.0854 | 100.00% | 45.55%
prosperity
usD)
Dim weight: H=0.9146,d =
45.55% 0.0854
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Climate & ND-Gain Country

Environment Index (Obs-Min)/(Max-Min) | 0.9651 | 0.0349 | 100.00% | 18.64%
resilience

Dim weight: H=0.9651,d =

18.64% 0.0349

Source: Author’s own calculation

This study applies the Shannon entropy method (Shannon, 1948), which derives weights objectively
from the empirical distribution of the data rather than researcher judgment. The entropy approach is
widely recommended in the composite indicator literature (OECD/JRC, 2008; Zou et al., 2006) as a
transparent, replicable, and bias-free alternative to equal or expert-assigned weighting schemes. It is
implemented at two hierarchical levels: first to determine the contribution of indicators within each
dimension and then to determine the contribution of dimensions to the overall IGI.

The two-level entropy procedure produces the following dimension weights: economic prosperity
(45.55%), social inclusiveness (20.41%), climate and environmental resilience (18.64%), and human-
centered development (15.41%). The resulting IGI composite formula is IGl = 20.41% x SOC + 15.41%
x HCD + 45.55% x ECO + 18.64% x CL.

Table 8: Validity assessment: Pearson correlation between each indicator and the IGI composite

Indicator Dimension Pearsonr Alignment

Poverty rate Social (negative) 0.6520 4.97% Moderate
positive

Gini coefficient Social (negative) 0.1980 15.44% W?é.\k
positive

D o

Human Development Human-Centered 0.8724 15.41% Vi ST

Index Development

GDP per capita Economic Aspect 0.9639 45.55% Very strong

ND-Gain Country Cll.mate & 0.8031 18.64% S

Index Environment

Source: Author’s own calculation

Construct validity is assessed using Pearson correlation coefficients between each normalized
indicator and the final IGI composite score across all 88 observations. A valid composite should exhibit
positive correlations between its indicators and the overall index, while indicators with larger weights
are generally expected to display stronger alignment with the composite. The results show that all
Pearson correlation coefficients are positive, confirming correct directional specification. GDP per
capita (r = 0.9639) and HDI (r = 0.8724) exhibit the strongest relationships with the composite index,
consistent with their relatively large weights. No negative correlations are observed.

Table 9: Sensitivity analysis: 1Gl scores under five-dimensional weighting schemes

qud OCld Ono dle
Oop
O eig e PNd e PNd e PNd
hase
% ea 40% 40% 40%
Azerbaijan 68.13 71.80 76.22 69.05 67.91
Georgia 68.12 71.14 60.46 70.29 76.88
Kazakhstan 91.35 89.21 83.73 91.37 90.81
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Kyrgyz Republic 39.42 49.65 51.55 42.21 52.82
Mongolia 52.64 57.32 55.44 54.26 59.74
Pakistan 16.79 18.66 26.10 16.50 15.74
Tajikistan 27.22 35.75 37.40 29.70 36.80
Uzbekistan 40.39 48.03 45.70 42.98 51.47

Source: Author’s own calculations

Spearman rank correlations between the entropy-weighted baseline and alternative weighting
schemes are exceptionally high (p > 0.95 in all cases), indicating that country rankings remain highly
stable regardless of the weighting structure. Kazakhstan consistently ranks first and Pakistan
consistently ranks last across all five specifications, demonstrating the robustness of the index to
alternative weighting assumptions.

3.7 Econometric Model

The study employs panel data covering eight CAREC countries during 2014—-2024. Because DFS are a
relatively recent phenomenon, comprehensive data on DFS dimensions and indicators remain limited,
particularly within the CAREC region. Of the eleven CAREC member countries, China and Afghanistan
were excluded because their extreme characteristics reduced cross-country comparability, while
Turkmenistan was excluded because of substantial data limitations. The final sample therefore
consists of eight countries. The analysis begins with standard panel-data specification tests comparing
fixed effects (FE) and random effects (RE) estimators.

The general estimating equation takes the following form:

IGIit = o+ BLDFSkit + B Xit + L + £ eveveens wovereereeeennseenneen (8)

where i indexes countries (1-8) and t indexes years (2014-2024). X;t represents a vector of time-
varying control variables. The term p; captures unobserved country-specific heterogeneity and is
treated either as fixed effects in FE models or as random effects in RE models. Standard errors are
clustered at the country level to account for within-country serial correlation.

Table 10: Estimates across the seven potential models

BlvellieFI{iE] M2 FE M3 FE M4 FE M5 FE M6 FE
o Baseline Gov.Ch. Fin.Dep. Labor Interact.
+43.34 | +43.200** | +40.630** | +43.060** | +49.600* | +39.770** | +47.620
Constant Q*** * * * ok * ook
(7.720) | (5.850) (6.100) (5.910) (4.470) (5.750) | (7.470)
%k *
oFs| *0.080 | 0062 | +0.070%* | s0.06arr | 0092 | g p1xx | 0062
(0.020) (0.033) (0.027) (0.032) (0.026) (0.117) (0.022)
7.22 .291*
Governance | ek 0 +6.950** _ +6.690* | +7.360** | +0.649 +8 *f
(composite) (2.370) (3.340) (3.440) (3.130) (5.764) (2.550)
Sf?elz.tivenes - — +5.310" — — — -
) (2.180)
Regulatory _ _ +3.580 _ _ _ _
quality (2.650)
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-4.360

Rule of law — — (4.400) — — — —
DFSI x _ _ _ _ _ +0.257 _
Governance (0.159)

*
Tertiary 01271 10124 +0.069 +0111 | +0.060 | +0.067 | "1
Education (0.056) (0.105) (0.091) (0.104) (0.080) (0.055) (0.057)
Gross o
capital 0191 Loa3s** | s0a69%** | +0.137xxx | 0L g gagee |
formation (0.052) (0.063) (0.050) (0.063)
(% GDP) (0.056) (0.042)
Dom.estlc +0.026
credit (% — — — (0.026) — — —
GDP) ‘

; * _ * ok _ %% _ *ok ok - _ %% =
Population | 3.584 3.529 3.172 3.722 3 5agees | 2945 A
growth (%) & (1.397) (1.526) (1.394) (1.289) (1.344) (1.536)

(1.477) ’ ’

Unemploym . . . . -0.543 . .
ent rate (%) (0.385)

R? within 0.5780 0.5780 0.5980 0.5800 0.6020 0.6240 0.5490
R? between 0.3260 0.3200 0.3020 0.3160 0.3040 0.2790 0.3210
R? overall 0.5650 0.5780 0.5980 0.5800 0.6020 0.6240 0.5320
Estimator RE FE FE FE FE FE RE

N (obs) 88 88 88 88 88 88 88

Source: Author’s own calculations

The results from all seven panel specifications consistently indicate that DFS, as measured by the DFSI,
exert a positive and statistically significant effect on IG across the eight CAREC economies. This
relationship remains robust across alternative estimators, governance specifications, additional
financial and labor-market controls, and interaction effects. Specification tests support the RE
estimator as the preferred approach, with Model 7 serving as the recommended policy model.
Additional justification for selecting the RE specification is provided in the subsequent diagnostic tests.

Three policy implications emerge from these findings. First, expanding DFS adoption represents a
measurable pathway to promoting IG in the CAREC region, distinct from traditional financial
deepening. Investments in digital infrastructure, mobile money adoption, and internet affordability
can generate inclusive-growth benefits beyond those associated with credit expansion alone. Second,
institutional quality—particularly government effectiveness and policy implementation capacity—
emerges as a critical structural determinant of 1G. The magnitude of its effect substantially exceeds
that of DFSI, suggesting that digital finance reforms are likely to yield greater benefits in stronger
governance environments. Governance improvements should therefore complement digital finance
initiatives. Third, population growth exerts a consistently negative effect on IG across all specifications,
highlighting the importance of investments in education, family planning, and productive employment
alongside digital and governance reforms. This finding is supported by the World Bank report, 2013
which shows that effective job creation and productive employment can support IG.

Table 11: Model specification and post-estimation test summaries
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Test Statistic / Result Verdict Implication for M7
DFSI =
[A1] VIF A< Bl No harmful multicollinearity;
. e . 1.07, governance PASS .. .
Multicollinearity - 5.89) coefficients estimable
[A2] Pesaran CD Test CD=1.784,p= PAS.S No s.|gn|f|cant CSP; clustering SEs is
0.074 (marginal) | sufficient correction
[A5] Regressor Max |r| =0.805 PASS No perfect multicollinearity;
Correlations (governance—pg) governance—pg correlation monitored
[B1] Breusch—Pagan LM =382.73, PASS Panel effects highly significant; RE
LM p<0.0001 strongly preferred over Pooled OLS
RE is consistent & efficient; no
hi2(4) = 0.051 ’
[B2] Hausman Test E (; é9)97 0.051,p PASS endogeneity between effects &
: regressors
[B3] F-test (FE effects) F=23.02, PASS Country effects J.omtly significant; panel
p<0.0001 structure essential
. JBp=0.203,SW p . . ;
[C1]. Normality of - 0.104; skew = PASS Be5|duals apprommately normal;
Residuals inference valid
0.46
[C2] Heteroskedasticity | BP-LM = 16.27, p = MANAGED Heteroskedasticity present but
(BP) 0.003 corrected by robust SEs throughout
Mean AR(1) rho =
[C3] Serial Correlation 0.655; ?/8 MANAGED Serial correlation present but corrected
countries by clustered/robust SEs
significant
F=0.437,p= . . T
E::leﬁ:g (panel- 0.648 (within- PASS Naonf:ln:tlorr;aIr?a);;ntrensltsspeuﬁcatlon in
demeaned) P pprop
[C5] DWH Endogeneity First-stage F = DFSI is exogenous; OLS/RE estimates
(DFSI) A W= s are consistent
-0.863, p=0.391
Stud.resid>2: 3 . . . . . .
[C6] Outliers / Cook’s D | obs; Cook’s PASS Z:timgafg(lg;mﬂuentlal outliers distorting
D>4/n: 4 obs
[LOO] Leave-One-Out DFSl significant in PASS Results not driven by any'smgle
6/7 sub-panels country; robust to exclusion
M?7: AIC = 400.6, Parsimonious model confirmed b
[AIC/BIC] Info. Criteria | BIC = 413.0 PASS | lous moc y
information criteria
(lowest BIC)

Note: Table 11 summarizes fourteen diagnostic tests. Tests are classified as PASS (assumption
satisfied) or MANAGED (violation detected but appropriately corrected). Overall, the results provide
strong support for Model 7. All major assumptions are either satisfied or adequately addressed, while
endogeneity—the most serious threat to causal inference—is not found to be a significant concern.

3.7.1 Robustness Check: Leave-One-Country-Out Analysis

To verify that the results are not driven by any single country, the preferred model was re-estimated
repeatedly, excluding one country at a time. The DFSI coefficient remains positive and statistically
significant (at the 1-10% level) in six of the seven sub-panels. The only exception occurs when Pakistan
is exclude, in which case the DFSI coefficient becomes small (0.017) and statistically insignificant

(P=0.709)
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Table 12: Leave-one-country-out analysis summary

Excluded country  DFSI coef SE p-value Assessment
Effect strengthens; AZE’s fast DFSI growth

Azerbaijan (excl.) 0.0677 0.0213 | 0.002*** .
not the driver

Largest increase in DFSI coef; GEO moderates

H % %k 3k
Georgia (excl.) 0.0982 0.0178 | 0.000 the effect slightly
Kazakhstan 0.0461 0.0227 | 0.046** Remains significant; KAZ’s high-performance
(excl.) ’ ’ ’ trajectory not essential
Kyrgyz Republic 0.0645 0.0229 | 0.006%** Stable; Kyrgyz Republic is not an outlier
(excl.) ) ' ) driver
o — 0.0506 00223 | 0.027** Stable; Mongolia’s unique DFS structure does

not distort

Loses significance; Pakistan’s high-BW / low-

Pakistan (excl.) 0.0165 0.0439 0.709 DFS contrast is key identifier

Stable; Tajikistan’s laggard status is not

Tajikistan (excl.) 0.0564 0.0248 | 0.026** . ..
mechanically driving results

Strengthens; Uzbekistan’s recent reform

H 3k k %k
Uzbekistan (excl.) 0.0770 0.0203 | 0.000 period validates the effect

Source: Author’s own calculation
3.8 Method of Moments Quantile Regression (MM-QR)

The study also examines whether the impact of DFS varies across different levels of 1G. To address this
question, it employs the method of moments quantile regression (MM-QR) approach. MM-QR allows
the effects of explanatory variables to differ across the distribution of the dependent variable while
remaining robust to outliers, heteroskedasticity, and unobserved heterogeneity.

The most important distributional finding is the monotonically declining DFSI coefficient, which
decreases from 0.086 at T = 0.10 to 0.038 at T = 0.90, with statistical significance disappearing beyond
T=0.80. Countries located in the lower tail of the IG distribution (Gl = 15.8), represented primarily by
Tajikistan and Pakistan during the early years of the sample, experience an estimated effect of 0.086
for each unit increase in DFSI. This effect is nearly 1.4 times larger than the average panel estimate
(0.062) and more than twice the effect observed at T = 0.90. The results are consistent with a
diminishing-returns mechanism, whereby DFS generate larger welfare gains in environments
characterized by severe financial exclusion, thinner markets, and limited digital connectivity.
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Table 13: MM-QR estimation results across all quantiles

Variable ‘ t=0.10 ‘t=0.20 t=0.25 t=030 =040 <t=050 <t=0.60 t=0.70

0.078**

DESI 0.086*** - 0.075*** 0.073*** 0.068*** 0.060*** 0.056*** 0.052** 0.049* 0.045* 0.038
(0.026) (0.022) (0.020) (0.019) (0.019) (0.019) (0.021) (0.023) (0.025) (0.027) (0.032)
. 1 %k . 1 %k %k . * 3k . 2 %k %k

Governance 5.495 5.968*  6.109** 6.247** 6.594** 7.042*** 7.289%** 75 *6 7.7 *6 / 95*5 8.4 *3
(composite) (3.684) (3.119) (2.947) (2.808) (2.546) (2.401) (2.358) (2.420) (2.490) (2.591) (3.002)
Tertiary 0.049 0.074 0.081 0.088* 0.106* 0.129** 0.141** 0.153* 0.163* 0.176* 0.200*
Education (0.062) (0.052) (0.050) (0.050) (0.054) (0.062) (0.071) (0.081) (0.088) (0.096) (0.116)
H %k %k %k k %k %k %k k

Gross capital 0072 0093 0100 0106* 0.122%* 0142%* 0.153+xx 016477 0.1737% 018377 0.205

formation (% * * * *

(0.072) (0.063) (0.060) (0.058) (0.055) (0.055) (0.056)

GDP) (0.059) (0.061) (0.065) (0.075)
Population -3125%% L, -3.295%% -3.333%* -3.420%* -3553** -3622** _ . .. -3.740* -3.806* -3936*
. : .
growth (%) (1L364) ([T (1317)  (1328)  (1402) (1527) (L672) oo (1923) (2044) (2338)
45.248%% 44.584* 44.386** 44.193** 43.706** 43.077** 42.730%* 42.411* 42.130*% 41.796* 41.138*
Constant * %k * * * * * %k %k k% %k %k k%

(4.735)  (4.348) (4.266) (4.259) (4.452) (4.826) (5.320) (5.886) (6.226) (6.657) (7.785)

g(t) — quantile

. -1.5372 -1.0380 -0.8897 -0.7447 -0.3786 0.0943 0.3546 0.5942 0.8050 1.0564 1.5507
of std. residuals

N (observations) 88 88 88 88 88 88 88 88 88 88 88
Estimator MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR MM-QR
(FE) (FE) (FE) (FE) (FE) (FE) (FE) (FE) (FE) (FE) (FE)
Bootstra Bootstr Bootstra Bootstra Bootstra Bootstra Bootstra Bootstr Bootstr Bootstr Bootstr
Std. errors p(B= ap (B = p(B= p(B= p(B= p(B= p(B= ap(B= ap(B= ap(B= ap(B=
500) 500) 500) 500) 500) 500) 500) 500) 500) 500) 500)

Source: Author’s own calculations



The governance coefficient increases monotonically from 5.50 at T = 0.10 (statistically insignificant) to 8.42
at T = 0.90 (significant at the 1% level). This pattern suggests that countries with higher levels of IG, such
as Kazakhstan and Georgia, derive greater benefits from marginal improvements in government
effectiveness, regulatory quality, and the rule of law. In contrast, governance exerts a weaker and
statistically insignificant effect among lower-performing countries, where structural constraints such as
limited infrastructure, lower income levels, and population pressures appear to be more binding than
institutional quality, persistent with the findings of Kaufmann, Kraay & Mastruzzi (2010).

Gross capital formation exhibits a similar pattern, increasing from 0.072 (insignificant) at Tt = 0.10 to 0.205
(significant at the 1% level) at Tt = 0.90. This finding suggests that investment becomes more productive in
countries that already possess stronger foundations in governance, connectivity, and financial
infrastructure. Tertiary education follows the same trend, rising from 0.049 (insignificant) at the lower
quantiles to 0.200 (significant at the 10% level) at the upper quantiles persistent with the findings of
Psacharopoulos & Patrinos, 2018. Population growth, by contrast, exerts a consistently negative effect
across the entire distribution.

4. Policy Implications

The findings support a four-tier policy framework that reflects the differing stages of digital financial
development and the varying policy priorities across CAREC economies.

Table 14: Policy framework: Four-tier recommendations by country group and priority

i T .
Priority arge.t Recommended actions
countries

. - s Subsidized broadband expansion; reduce ICT basket cost below
Tier 1: Digital Tajikistan, . . .
. 3% GNI (currently 2.19-6.49%); public—private partnerships for
infrastructure Kyrgyz . . . . .
S ——— Republic last-mile connectivity; regional bandwidth-sharing agreements

P under CAREC Digital Strategy 2030.
Mobile money regulatory sandboxes; financial literacy programs

Tier 2: DFS demand Pakistan, targeting rural and unbanked populations; government-to-person
activation Azerbaijan digital transfer payments to anchor adoption; interoperability

Tier 3: Governance

All countries,

mandates across payment platforms.

Strengthen government effectiveness (most significant WGI pillar
in Model 3); regulatory quality improvements for FinTech

and institutional IoFi/\r/frr—l:r:/i;?j:e licensing; rule-of-law reforms for digital contract enforcement;
deepening - anti-corruption measures that reduce transaction costs for digital
financial services.
Cross-border digital payment systems; shared FinTech regulatory
Tier 4: Coordinated All 8 CAREC  frameworks; regional digital identity infrastructure; coordinated
regional approach economies spectrum policy to reduce country-level barriers to cross-border

Source: Author’s own calculations

digital finance.
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5. Conclusion

This study examined the role of DFS in promoting |G across CAREC economies by constructing two
composite measures: the DFSI and the IGI. Using panel data covering 2014-2024, the analysis identified a
statistically significant positive relationship between DFS and IG. The findings suggest that DFS constitutes
an important driver of inclusive development within the CAREC region.

The results further indicate that CAREC economies are progressing along different digital development
trajectories. A group of countries, including Kazakhstan, Uzbekistan, and Pakistan, has developed
relatively strong infrastructure and institutional foundations that support continued digital expansion. In
contrast, countries such as Tajikistan and the Kyrgyz Republic continue to face substantial infrastructure
and adoption constraints. These findings suggest that the CAREC Digital Strategy 2030 should prioritize
concessional investment in digital infrastructure, regulatory capacity building, and regional digital
payment systems to accelerate progress among the region’s lower-performing economies.

Although the study contributes by developing the DFSI and IGI for selected CAREC countries, several
limitations should be acknowledged. The exclusion of China and Afghanistan because of their extreme
characteristics, together with the exclusion of Turkmenistan due to data limitations, reduces the regional
generalizability of the findings. In addition, the 2014-2024 panel may be insufficient to fully capture the
long-run developmental effects of DFS. Finally, while the entropy method provides an objective weighting
procedure, the resulting weights are determined by statistical variation rather than theoretical
importance, which may produce weighting structures that are not always fully aligned with conceptual
priorities.

The DFSI-IGI relationship loses significance when Pakistan is excluded from the panel while reliance on
two interpolated Findex indicators are the limitations of the study.
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Appendices

Appendix-1.1: DFSI dimensions

Digital Accounts Individuals | Household Mobile Internet
Country Year using the access to | Affordability %GNI cellular bandwidth
payments_% own . . - .
internet % | internet_% subscription Mbit
2014 20.42 20.42 75.00 76.20 6.23 10,552,500 187,000
2015 21.80 21.80 77.00 76.70 5.44 10,697,100 260,000
2016 23.19 23.19 78.20 77.40 3.89 10,189,000 260,000
2017 24.58 24.58 79.00 77.75 2.73 10,127,000 360,000
2018 29.07 29.07 79.80 78.20 1.39 10,339,700 414,000
Azerbaijan | 2019 33.56 33.56 81.10 79.10 1.12 10,750,300 485,050
2020 38.05 38.05 84.60 84.80 0.92 10,344,300 688,000
2021 42.55 42.55 86.00 81.37 1.86 10,817,100 692,122
2022 45.56 45.56 88.00 89.31 1.48 11,068,100 | 1,090,000
2023 48.58 48.58 89.00 88.57 1.08 11,111,300 | 2,420,000
2024 51.59 51.59 90.00 88.57 1.14 11,323,000 | 2,420,000
2014 23.58 39.67 49.10 41.03 1.90 5,400,770 187,223
2015 33.37 61.23 47.57 45.14 1.40 5,550,730 197,239
2016 43.16 51.83 58.46 70.05 1.40 5,531,880 217,823
2017 52.95 61.23 59.71 70.70 1.47 5,502,400 250,525
2018 55.26 62.51 62.72 75.80 2.87 5,459,240 322,205
Georgia 2019 57.56 64.06 68.85 79.26 2.29 5,382,060 343,273
2020 59.86 65.61 72.53 83.84 1.86 5,100,100 519,785
2021 62.17 70.47 76.44 86.12 1.89 5,552,600 587,266
2022 64.57 69.24 78.71 88.38 0.78 5,844,480 603,817
2023 66.98 71.31 81.88 88.99 0.66 5,911,130 731,794
2024 69.38 78.82 81.88 88.99 0.60 6,138,030 731,794
2014 46.74 53.91 66.00 82.00 0.90 28,595,600 469,346
Kazakhstan | 2015 49.11 58.70 70.83 82.22 0.60 26,309,300 850,695
2016 51.49 60.16 74.59 84.38 0.40 25,534,800 | 1,130,000
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2017 53.87 61.87 76.43 84.85 0.70 26,693,300 | 800,000
2018 59.89 67.14 78.90 87.59 1.15 26,065,600 | 950,000

2019 65.90 72.40 81.88 90.34 0.72 25,717,700 | 1,180,000

" 2020 71.91 77.66 85.94 92.40 0.60 24,293,900 | 1,580,000
Kazakhstan 1= 501 77.93 81.11 90.92 94.45 1.04 24,471,000 | 1,940,000
2022 80.29 84.96 92.30 96.17 0.95 25,171,800 | 2,240,000

2023 82.66 86.99 92.88 96.81 0.99 25,842,600 | 2,740,000

2024 85.02 84.20 93.39 97.06 111 26,170,100 | 2,740,000

2014 15.09 18.47 28.30 13.80 5.80 7,563,440 39,680

2015 22.08 38.28 30.25 16.50 4.70 7,579,440 77,323

2016 29.07 37.74 40.50 18.76 3.70 7,613,530 81,310

2017 36.06 44.06 50.80 21.11 3.61 8,467,970 | 112,580

2018 36.90 44.15 62.80 70.06 2.86 8,735250 | 148,520

R';‘gfg'lzic 2019 37.74 44.24 64.10 83.40 2.86 8,622,570 | 203,229
2020 38.59 44.34 72.00 87.80 2.83 7,315,900 | 345,212

2021 39.43 40.97 77.12 72.79 3.11 7,377,830 | 426,631

2022 48.77 53.44 82.60 77.58 273 7,437,540 | 762,392

2023 58.12 62.45 88.47 80.64 1.74 7,681,220 | 906,504

2024 67.46 69.96 88.47 80.64 1.24 7,724,410 | 906,504

2014 72.27 91.82 19.94 22.52 0.90 3,027,240 10,000

2015 76.60 92.97 22.50 22.43 0.80 3,068,160 15,000

2016 80.93 89.60 22.27 22.99 0.80 3,367,570 15,500

2017 85.27 93.27 23.71 43.30 0.86 3,886,170 16,540

2018 88.30 94.95 47.13 46.72 2.95 4,222,040 20,675
Mongolia | 2019 91.34 96.63 51.08 77.60 2.95 4,418,920 63,042
2020 94.37 98.32 62.50 80.03 2.57 4,363,920 93,300

2021 97.41 98.17 81.61 81.10 2.57 4,687,300 | 256,000

2022 96.57 99.64 82.17 81.78 1.12 4,835,520 | 387,000

2023 95.74 99.27 83.02 81.40 0.92 4,841,940 | 390,000

2024 94.91 98.22 83.02 81.61 0.69 4,889,040 | 390,000

Pakistan | 2014 9.45 8.71 10.00 15.68 2.00 1.36E+08 | 145,227
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2015 12.20 18.05 11 19 18 1266408 | 403,253
2016 14.95 23.61 11.00 19.00 1.80 1366408 | 493,435
2017 17.69 25.69 12.39 22.14 2.00 1456408 | 672,453
2018 17.67 24.92 13.78 11.79 2.19 1546408 | 922,729
y 2019 17.66 24.16 15.34 21.47 2.43 1.65E+08 | 2,650,000
Pakistan = 520 17.64 23.39 17.07 34.13 2.43 1.76E+08 | 3,170,000
2021 17.62 16.29 18.93 32.77 1.96 1.89E+08 | 4,670,000
2022 19.96 24.63 21.41 35.78 2.27 1.936+08 | 5,990,000
2023 22.30 26.64 2421 36.83 1.51 1.89E+08 | 6,740,000
2024 24.64 18.28 27.38 36.73 1.71 1.936408 | 6,740,000
2014 8.75 11.46 17.49 7.23 5.80 7,999,100 5,800
2015 20.48 47.02 18.98 8.77 4.70 8,489,000 3,530
2016 32.20 40.87 20.47 10.31 371 9,400,000 4,367
2017 43.93 51.93 21.96 26.68 3.60 9,004,000 4,400
2018 41.23 48.48 23.50 26.93 6.49 10,000,000 | 4,150
Tajikistan | 2019 38.53 45.03 25.11 27.10 6.49 10,995,000 | 5,500
2020 35.83 41.58 27.54 27.18 3.73 6,072,130 6,400
2021 33.13 38.90 49.84 24.69 3.02 6,387,540 7,800
2022 38.53 43.20 53.11 39.45 2.94 6,500,760 8,200
2023 43.93 48.27 56.79 41.72 2.66 7,018,680 8,950
2024 49.33 52.47 56.79 44.34 2.19 7,018,680 9,600
2014 38.37 40.71 35.50 58.10 2.30 21,639,200 | 16,460
2015 36.99 37.09 42.80 75.19 2.60 21,783,300 | 26,390
2016 35.60 44.27 46.79 79.70 1.39 23,265,400 | 80,000
2017 34.22 42.22 48.70 79.86 0.66 24,265,500 | 160,000
Usbekistan 2018 36.10 43.35 55.20 80.40 1.59 23,226,200 | 459,034
2019 37.97 44.47 70.40 81.15 1.81 33,380,000 | 950,034
2020 39.85 45.60 71.10 93.55 1.68 33,387,000 | 1,200,000
2021 41.72 44.13 76.59 95.05 1.14 35,069,000 | 2,010,000
2022 44.44 49.11 83.90 95.53 1.02 36,850,700 | 2,310,000
2023 47.16 51.50 89.01 96.15 0.95 38,106,900 | 7,090,000
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Uzbekistan| 2024 ‘

49.88

59.66

90.00

96.15

1.20

40,177,000

8,090,000
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Appendix 1.2: Dimensional indices of DFSI

Digital
Digital Financial | ¢ rdability | Bandwidth DFS
Country Year Infrastructure Services Index (AF) Index (BW) (composite)
Index (DI) Index
(DFS)
2014 0.23 0.17 0.04 0.02 0.08
2015 0.24 0.19 0.17 0.03 0.10
2016 0.24 0.20 0.43 0.03 0.11
2017 0.24 0.20 0.62 0.04 0.13
2018 0.24 0.26 0.84 0.05 0.16
Azerbaijan 2019 0.25 0.31 0.88 0.06 0.17
2020 0.26 0.35 0.91 0.08 0.20
2021 0.26 0.39 0.76 0.09 0.19
2022 0.28 0.43 0.82 0.13 0.24
2023 0.28 0.46 0.89 0.30 0.35
2024 0.28 0.50 0.88 0.30 0.35
2014 0.12 0.24 0.75 0.02 0.11
2015 0.13 0.40 0.84 0.02 0.13
2016 0.18 0.42 0.84 0.03 0.15
2017 0.18 0.53 0.82 0.03 0.16
2018 0.19 0.55 0.59 0.04 0.16
Georgia 2019 0.21 0.58 0.69 0.04 0.17
2020 0.22 0.60 0.76 0.06 0.20
2021 0.23 0.64 0.76 0.07 0.21
2022 0.24 0.64 0.94 0.07 0.22
2023 0.24 0.67 0.96 0.09 0.24
2024 0.25 0.72 0.97 0.09 0.24
2014 0.30 0.46 0.92 0.06 0.20
2015 0.30 0.50 0.97 0.10 0.24
2016 0.30 0.52 1.00 0.14 0.26
2017 0.31 0.54 0.95 0.10 0.24
2018 0.32 0.60 0.88 0.12 0.26
Kazakhstan 2019 0.32 0.67 0.95 0.15 0.29
2020 0.33 0.73 0.97 0.20 0.33
2021 0.34 0.79 0.89 0.24 0.36
2022 0.35 0.82 0.91 0.28 0.39
2023 0.35 0.85 0.90 0.34 0.43
2024 0.35 0.85 0.88 0.34 0.43
2014 0.06 0.09 0.11 0.00 0.03
Kyrayz 2015 0.06 0.22 0.29 0.01 0.06
Republic 2016 0.08 0.27 0.46 0.01 0.08
2017 0.11 0.34 0.47 0.01 0.10
2018 0.20 0.35 0.60 0.02 0.12
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2019 0.23 0.36 0.60 0.04 0.15
2020 0.22 0.35 0.56 0.05 0.15

Kyrgyz 2021 0.24 0.47 0.62 0.09 0.20
Republic 2022 0.25 0.57 0.78 0.11 0.23
2023 0.25 0.67 0.86 0.11 0.25

2024 0.23 0.36 0.60 0.04 0.15

2014 0.04 0.80 0.92 0.00 0.16

2015 0.04 0.83 0.93 0.00 0.16

2016 0.04 0.85 0.93 0.00 0.16

2017 0.08 0.89 0.92 0.00 0.18

2018 0.12 0.92 0.58 0.00 0.17

Mongolia 2019 0.17 0.95 0.58 0.01 0.19
2020 0.19 0.97 0.64 0.01 0.20

2021 0.23 0.99 0.64 0.03 0.22

2022 0.23 0.99 0.88 0.05 0.24

2023 0.23 0.99 0.91 0.05 0.25

2024 0.23 0.98 0.95 0.05 0.25

2014 0.53 0.00 0.74 0.02 0.15

2015 0.49 0.07 0.77 0.05 0.18

2016 0.54 0.11 0.74 0.06 0.20

2017 0.56 0.14 0.71 0.08 0.22

2018 0.61 0.13 0.67 0.11 0.24

Pakistan 2019 0.68 0.13 0.67 0.33 0.39
2020 0.72 0.13 0.74 0.39 0.44

2021 0.78 0.09 0.69 0.58 0.56

2022 0.80 0.15 0.82 0.74 0.68

2023 0.79 0.17 0.78 0.83 0.74

2024 0.80 0.15 0.84 0.83 0.74

2014 0.03 0.01 0.11 0.00 0.01

2015 0.04 0.25 0.29 0.00 0.05

2016 0.05 0.30 0.46 0.00 0.07

2017 0.07 0.43 0.47 0.00 0.09

2018 0.08 0.40 0.00 0.00 0.06

Tajikistan 2019 0.08 0.36 0.00 0.00 0.06
2020 0.07 0.33 0.45 0.00 0.08

2021 0.10 0.30 0.57 0.00 0.09

2022 0.13 0.35 0.58 0.00 0.10

2023 0.14 0.41 0.63 0.00 0.11

2024 0.15 0.47 0.71 0.00 0.12

2014 0.19 0.34 0.69 0.00 0.12

2015 0.22 0.32 0.64 0.00 0.12

2016 0.24 0.34 0.84 0.01 0.14

Uzbekistan 2017 0.25 0.32 0.96 0.02 0.15
2018 0.26 0.34 0.80 0.06 0.17

2019 0.32 0.36 0.77 0.12 0.22

2020 0.34 0.37 0.79 0.15 0.25
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Uzbekistan

2021 0.36 0.38 0.88 0.25 0.32
2022 0.38 0.42 0.90 0.29 0.35
2023 0.39 0.45 0.91 0.88 0.73
2024 0.40 0.50 0.87 1.00 0.82
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Appendix 2: Data on IGl indicators

Country Year Inequality HDI gdppc poverty ND_Gain
2014 0.43 0.77 20709.20 0.30 47.27
2015 0.43 0.77 20678.75 0.30 48.15
2016 0.41 0.77 19822.41 031 4931
2017 0.43 0.77 19659.00 0.32 48.54
2018 0.43 0.78 19781.85 031 48.85
Azerbaijan 2019 0.43 0.78 20101.49 031 49.81
2020 0.43 0.76 19126.10 033 48.63
2021 0.43 0.77 20111.38 031 49.62
2022 0.43 0.78 21051.24 0.30 48.82
2023 0.43 0.79 21310.74 0.29 48.33
2024 0.43 0.79 22072.11 0.29 48.33
2014 0.56 0.80 1447531 6.35 57.30
2015 0.56 0.81 14936.84 5.23 56.52
2016 0.58 0.81 15442.96 5.17 56.37
2017 0.59 0.82 16237.62 6.03 58.17
2018 0.58 0.82 17228.68 5.78 58.51
Georgia 2019 0.58 0.83 18186.88 5.39 57.36
2020 0.58 0.82 17031.14 6.13 58.10
2021 0.58 0.82 18915.65 5.91 58.63
2022 0.58 0.84 20966.53 4.50 58.53
2023 0.58 0.84 22590.53 3.93 58.61
2024 0.58 0.84 25000.63 3.41 58.61
2014 0.47 0.81 30986.44 0.65 54.67
2015 0.44 0.82 30893.76 0.68 54.17
2016 0.49 0.82 30758.32 0.77 55.46
2017 0.50 0.82 31524.44 0.69 56.07
2018 0.50 0.83 32330.23 0.65 56.86
Kazakhstan 2019 0.50 0.83 33298.21 0.65 57.79
2020 0.50 0.83 32011.55 0.64 57.32
2021 0.50 0.82 32945.85 0.62 57.83
2022 0.50 0.83 33506.26 0.61 58.15
2023 0.50 0.84 34703.23 0.58 58.03
2024 0.50 0.84 35905.44 0.57 58.03
2014 0.43 0.69 5513.75 1.65 4827
Kyrgyz 2015 0.46 0.70 5600.21 2.62 47.59
Republic 2016 0.45 0.70 5715.01 161 49.82
2017 0.47 0.70 5861.22 1.82 50.37
2018 0.47 0.71 5951.83 1.34 51.30
2019 0.50 0.71 6087.60 1.26 51.48
R';‘gfg'lzic 2020 0.50 0.70 5537.80 1.87 50.86
2021 0.50 0.70 5736.48 134 51.17
2022 0.50 0.72 6139.78 1.10 51.06
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2023 0.50 0.72 6575.78 1.03 51.18

2024 0.50 0.72 7046.31 0.98 51.18

2014 0.55 0.75 13943.43 0.99 49.33

2015 0.54 0.75 13974.60 1.04 49.09

2016 0.53 0.76 13898.15 1.28 49.79

2017 0.53 0.76 14401.54 1.33 51.44

2018 0.54 0.77 15230.24 1.22 51.70

Mongolia 2019 0.53 0.76 15790.70 1.03 52.52
2020 0.53 0.74 14801.34 0.96 52.12

2021 0.53 0.73 14792.25 0.97 52.35

2022 0.53 0.74 15310.43 0.88 51.71

2023 0.53 0.75 16222.86 0.84 52.02

2024 0.53 0.75 16801.31 0.81 52.02

2014 0.50 0.52 4520.24 6.02 37.21

2015 0.51 0.53 4645.29 5.64 37.36

2016 0.50 0.54 4886.61 5.51 37.01

2017 0.50 0.54 5031.56 5.52 37.30

2018 0.49 0.54 5255.06 5.52 37.27

Pakistan 2019 0.49 0.54 5295.95 4.83 37.70
2020 0.49 0.54 5135.02 5.77 38.69

2021 0.49 0.54 5367.27 4.37 38.76

2022 0.49 0.54 5526.28 3.52 38.64

2023 0.49 0.54 5439.18 3.85 37.89

2024 0.49 0.54 5531.00 3.72 37.89

2014 0.50 0.66 2943.09 6.11 41.91

2015 0.50 0.66 3041.45 9.95 42.40

2016 0.52 0.66 3169.97 7.28 4431

2017 0.52 0.67 3312.71 6.85 44.87

2018 0.52 0.67 3479.69 6.56 45.94

Tajikistan 2019 0.52 0.67 3649.88 6.17 46.23
2020 0.52 0.66 3724.75 5.99 45.91

2021 0.52 0.67 3985.91 5.66 46.03

2022 0.52 0.69 4213.76 4.99 45.82

2023 0.52 0.69 4472.32 4.32 45.87

2024 0.50 0.66 2943.09 6.11 41.91

2014 0.55 0.70 7145.11 5.37 44.37

2015 0.55 0.71 7529.76 4.24 44.56

Uzbekistan 2016 0.54 0.71 7839.98 3.67 46.68
2017 0.55 0.72 8047.05 3.49 46.89

2018 0.55 0.73 8348.96 3.14 48.62

2019 0.55 0.73 8755.13 2.95 49.02

2020 0.55 0.72 8727.41 3.06 49.00

Uzbekistan 2021 0.55 0.73 9247.64 2.63 50.18
2022 0.55 0.74 9607.56 2.29 50.76

2023 0.55 0.74 10007.69 2.11 51.12
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2024 0.55 0.74 10450.21 1.96 51.12
Appendix 2.1: IGI indicator indices

Country Year N_HDI N_gdppc N_ND_Gain N_Ineqlity N_Poverty

2014 0.758 0.539 0.475 0.879 0.999

2015 0.773 0.538 0.515 0.927 0.999

2016 0.776 0.512 0.569 1.000 0.998

2017 0.783 0.507 0.533 0.919 0.997

2018 0.786 0.511 0.548 0.919 0.998

Azerbaijan 2019 0.801 0.521 0.592 0.919 0.998

2020 0.730 0.491 0.538 0.919 0.996

2021 0.755 0.521 0.583 0.919 0.998

2022 0.814 0.549 0.546 0.919 0.999

2023 0.829 0.557 0.524 0.919 1.000

2024 0.829 0.580 0.524 0.919 1.000

2014 0.870 0.350 0.938 0.147 0.373

2015 0.885 0.364 0.902 0.143 0.489

2016 0.891 0.379 0.895 0.044 0.495

2017 0.913 0.403 0.979 0.000 0.406

2018 0.938 0.433 0.994 0.039 0.432

Georgia 2019 0.957 0.462 0.941 0.017 0.472

2020 0.932 0.427 0.975 0.017 0.395

2021 0.922 0.485 1.000 0.017 0.418

2022 0.981 0.547 0.995 0.017 0.564

2023 1.000 0.596 0.999 0.017 0.623

2024 1.000 0.669 0.999 0.017 0.677

2014 0.904 0.851 0.817 0.688 0.963

2015 0.922 0.848 0.793 0.823 0.960

2016 0.925 0.844 0.853 0.537 0.950

2017 0.938 0.867 0.881 0.523 0.959

2018 0.950 0.892 0.918 0.505 0.963

Kazakhstan 2019 0.969 0.921 0.961 0.505 0.963

2020 0.944 0.882 0.939 0.505 0.964

2021 0.913 0.910 0.963 0.505 0.966

2022 0.960 0.927 0.977 0.505 0.967

2023 0.978 0.964 0.972 0.505 0.970

2024 0.978 1.000 0.972 0.505 0.971

Kyreyz 2014 0.525 0.078 0.521 0.873 0.859

Republic

2015 0.537 0.081 0.489 0.729 0.759

2016 0.553 0.084 0.592 0.791 0.863

R';‘;fg’lzic 2017 0.565 0.089 0.618 0.687 0.842

2018 0.578 0.091 0.661 0.654 0.891

2019 0.578 0.095 0.669 0.483 0.900

44




2020 0.553 0.079 0.640 0.483 0.836
2021 0.565 0.085 0.655 0.483 0.891

2022 0.606 0.097 0.650 0.483 0.916

2023 0.615 0.110 0.655 0.483 0.923

2024 0.615 0.124 0.655 0.483 0.929

2014 0.702 0.334 0.570 0.225 0.928

2015 0.717 0.335 0.559 0.299 0.922

2016 0.736 0.332 0.591 0.305 0.898

2017 0.736 0.348 0.667 0.310 0.892

2018 0.761 0.373 0.680 0.295 0.904

Mongolia 2019 0.733 0.390 0.717 0.329 0.923
2020 0.680 0.360 0.699 0.329 0.931

2021 0.637 0.359 0.709 0.329 0.930

2022 0.683 0.375 0.680 0.329 0.939

2023 0.699 0.403 0.694 0.329 0.943

2024 0.699 0.420 0.694 0.329 0.946

2014 0.000 0.048 0.009 0.499 0.407

2015 0.016 0.052 0.016 0.467 0.446

2016 0.040 0.059 0.000 0.493 0.460

2017 0.047 0.063 0.013 0.511 0.459

2018 0.050 0.070 0.012 0.531 0.459

Pakistan 2019 0.056 0.071 0.032 0.531 0.530
2020 0.043 0.066 0.078 0.531 0.433

2021 0.047 0.074 0.081 0.531 0.578

2022 0.068 0.078 0.075 0.531 0.666

2023 0.068 0.076 0.041 0.531 0.631

2024 0.068 0.079 0.041 0.531 0.645

2014 0.419 0.000 0.227 0.479 0.398

2015 0.422 0.003 0.249 0.505 0.000

2016 0.432 0.007 0.337 0.409 0.276

2017 0.447 0.011 0.363 0.381 0.321

2018 0.460 0.016 0.413 0.377 0.351

Tajikistan 2019 0.469 0.021 0.427 0.377 0.391
2020 0.441 0.024 0.412 0.377 0.410

2021 0.466 0.032 0.417 0.377 0.444

2022 0.512 0.039 0.408 0.377 0.513

2023 0.525 0.046 0.410 0.377 0.583

2024 0.525 0.055 0.410 0.377 0.638

e 2014 0.562 0.127 0.340 0.221 0.474
Uzbekistan 2015 0.575 0.139 0.349 0.221 0.591
2016 0.59 0.149 0.447 0.247 0.650

2017 0.612 0.155 0.457 0.215 0.669

Uzbekistan 2018 0.630 0.164 0.537 0.215 0.705
2019 0.646 0.176 0.555 0.215 0.725

2020 0.624 0.175 0.555 0.215 0.713
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2021 0.637 0.191 0.609 0.215 0.758
2022 0.668 0.202 0.636 0.215 0.793
2023 0.677 0.214 0.652 0.215 0.812
2024 0.677 0.228 0.652 0.215 0.827
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Appendix 2.2: Dimensional indices of IGI

Social Index

Human Dev.

Economic

Climate Index

Country Year (SOC) Index (HCD) | Index (ECO) (cL) |Gl (0-100)
2014 0.91 0.76 0.54 0.47 63.60
2015 0.94 0.77 0.54 0.52 65.31
2016 1.00 0.78 0.51 0.57 66.29
2017 0.94 0.78 0.51 0.53 64.25
2018 0.94 0.79 0.51 0.55 64.73
Azerbaijan 2019 0.94 0.80 0.52 0.59 66.24
2020 0.94 0.73 0.49 0.54 62.77
2021 0.94 0.75 0.52 0.58 65.38
2022 0.94 0.81 0.55 0.55 66.90
2023 0.94 0.83 0.56 0.52 67.08
2024 0.94 0.83 0.58 0.52 68.13
2014 0.20 0.87 0.35 0.94 50.94
2015 0.23 0.89 0.36 0.90 51.67
2016 0.15 0.89 0.38 0.90 50.83
2017 0.10 0.91 0.40 0.98 52.69
2018 0.14 0.94 0.43 0.99 55.47
Georgia 2019 0.13 0.96 0.46 0.94 55.95
2020 0.11 0.93 0.43 0.98 54.22
2021 0.11 0.92 0.48 1.00 57.26
2022 0.15 0.98 0.55 1.00 61.63
2023 0.16 1.00 0.60 1.00 64.53
2024 0.18 1.00 0.67 1.00 68.12
2014 0.75 0.90 0.85 0.82 83.30
2015 0.86 0.92 0.85 0.79 85.09
Kazakhstan 2016 0.64 0.93 0.84 0.85 81.61
2017 0.63 0.94 0.87 0.88 83.21
2018 0.62 0.95 0.89 0.92 84.93
2019 0.62 0.97 0.92 0.96 87.36
2020 0.62 0.94 0.88 0.94 84.80
2021 0.62 0.91 0.91 0.96 86.06
Kazakhstan 2022 0.62 0.96 0.93 0.98 87.83
2023 0.62 0.98 0.96 0.97 89.69
2024 0.62 0.98 1.00 0.97 91.35
2014 0.87 0.52 0.08 0.52 39.08
Kyrgyz 2015 0.74 0.54 0.08 0.49 36.10
Republic 2016 0.81 0.55 0.08 0.59 39.89
2017 0.73 0.57 0.09 0.62 39.05
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2018 0.71 0.58 0.09 0.66 39.90

2019 0.58 0.58 0.10 0.67 37.65

2020 0.57 0.55 0.08 0.64 35.65

2021 0.58 0.57 0.08 0.65 36.66

2022 0.59 0.61 0.10 0.65 37.87

2023 0.59 0.61 0.11 0.66 38.75

2024 0.59 0.61 0.12 0.66 39.42

2014 0.40 0.70 0.33 0.57 44.71

2015 0.45 0.72 0.33 0.56 45.91

2016 0.45 0.74 0.33 0.59 46.67

2017 0.45 0.74 0.35 0.67 48.83

2018 0.44 0.76 0.37 0.68 50.42

Mongolia 2019 0.47 0.73 0.39 0.72 52.09
2020 0.48 0.68 0.36 0.70 49.60

2021 0.48 0.64 0.36 0.71 49.10

2022 0.48 0.68 0.38 0.68 50.03

2023 0.48 0.70 0.40 0.69 51.82

2024 0.48 0.70 0.42 0.69 52.64

2014 0.48 0.00 0.05 0.01 12.07

2015 0.46 0.02 0.05 0.02 12.33

2016 0.48 0.04 0.06 0.00 13.20

2017 0.50 0.05 0.06 0.01 14.03

2018 0.51 0.05 0.07 0.01 14.67

Pakistan 2019 0.53 0.06 0.07 0.03 15.54
2020 0.51 0.04 0.07 0.08 15.49

2021 0.54 0.05 0.07 0.08 16.64

2022 0.56 0.07 0.08 0.08 17.53

2023 0.56 0.07 0.08 0.04 16.60

2024 0.56 0.07 0.08 0.04 16.79

2014 0.46 0.42 0.00 0.23 20.06

Tajikistan 2015 0.38 0.42 0.00 0.25 19.08
2016 0.38 0.43 0.01 0.34 20.94

2017 0.37 0.45 0.01 0.36 21.66

2018 0.37 0.46 0.02 0.41 23.08

2019 0.38 0.47 0.02 0.43 23.91

Tajikistan 2020 0.38 0.44 0.02 0.41 23.40
2021 0.39 0.47 0.03 0.42 24.42

2022 0.41 0.51 0.04 0.41 25.61

2023 0.43 0.52 0.05 0.41 26.55

2024 0.44 0.52 0.06 0.41 27.22

Uzbekistan 2014 0.28 0.56 0.13 0.34 26.57
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2015 0.31 0.57 0.14 0.35 28.05
2016 0.35 0.60 0.15 0.45 31.34
2017 0.33 0.61 0.15 0.46 31.64
2018 0.33 0.63 0.16 0.54 34.01
2019 0.34 0.65 0.18 0.56 35.25
2020 0.34 0.62 0.18 0.55 34.81
2021 0.35 0.64 0.19 0.61 36.96
2022 0.36 0.67 0.20 0.64 38.61
2023 0.36 0.68 0.21 0.65 39.70
2024 0.36 0.68 0.23 0.65 40.39
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