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ABSTRACT

The study examines the structural impact of Kazakhstan's financial development institutions (DBK, the Damu
Foundation, and the Agrarian Credit Corporation) on the national economy using an analysis of intersectoral
relationships. The purpose of the study is to assess the degree of influence of institutional financing of development on
the formation of sustainable inter—industry relations and structural effects in the economy of Kazakhstan. Methods: The
analysis is based on the official symmetrical input—output tables of the Office for National Statistics for 2012-2021. Based
on the inverse Leontief matrix, output multipliers and rootedness coefficients are calculated to evaluate direct and inverse
relationships. The sectors receiving institutional financing are identified based on data on lending and subsidies. Panel
regressions with random effects, nonparametric Mann-Whitney U-tests, and trend analysis were used to test the
differences. Results: The sectors supported by financial institutions showed significantly higher multipliers of output and
rootedness compared to the unsupported ones. The differences are statistically significant and have been increasing over
time, especially since 2015. The most important growth is observed in healthcare, construction, and metallurgy,
indicating increased integration of these industries into the country's production structure. Conclusions: Development
finance has not only a direct impact on production performance but also forms long-term structural changes in the
economy. The results obtained confirm the role of financial development institutions as key mechanisms of structural
transformation and indicators of institutional effectiveness of state industrial policy. Practical implications include the
need to improve multiplier-based diagnostics, coordinate institutional development programs, and modernize the input-
output monitoring system.
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INTRODUCTION

Development Financial Institutions (DFIs) have emerged as a central pillar of Kazakhstan’s long-term strategy
for economic modernization and industrial diversification. Through targeted lending and investment programs,
these state-backed institutions aim to fill financing gaps in sectors underserved by commercial finance,

particularly those involving high-risk, capital-intensive, or socioeconomically strategic projects. Under the
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umbrella of Baiterek National Management Holding, Kazakhstan’s key DFIs—including the Development
Bank of Kazakhstan (DBK), the Damu Entrepreneurship Development Fund (DAMU), and the Agrarian Credit
Corporation (ACC)—implement a broad array of programs to support manufacturing, agriculture, services,
and small and medium-sized enterprises (SMES).

Each institution plays a distinct but complementary role in the national development finance ecosystem:
The Development Bank of Kazakhstan (DBK) focuses on long-term, capital-intensive industrial projects. As
of 2024, DBK had issued over 2.7 trillion KZT in loans across 16 priority sectors, with the largest volumes
directed to oil refining (586 bin KZT), metallurgical production (564 bln KZT), mining (552 bln KZT), and
energy infrastructure (147 bin KZT). DBK has played a particularly important role in financing heavy industry,
transport infrastructure, and energy generation, often co-financing large-scale investments alongside foreign

capital.

Table 1. Loans Issued by the Development Bank of Kazakhstan by Sector (2020-2024), Billion KZT

Sectors 2020 2021 2022 2023 2024
Financial Services 0 0 3,0 499,1 686
Mining Industry 297 309 294,1 249,5 552,3
Metallurgical Industry 334 406 497,2 514,2 435,2
Oil Refining 586 498 446,1 3345 296,4
Food Production 42 104 1247 109,8 157,2
Electricity, Gas, Steam & AC Supply 235 266 1747 156,1 1475
Mechanical Engineering 93 112 120,8 99 87
Chemical Industry 57 49 42,3 66,3 79,9
Transport and Storage 112 105 97,0 60,2
Construction Materials 27 32 31,8 17,2 27
Information and Communication 66 53 39,7 30,9 22,7
Accommodation and Food Services 77 47 43,3 14,6 15,5
Arts and Recreation 29 52 55,5 12,8 134
Textile Industry 0 0 1,8 2,2
Road Construction 127,7
Agriculture 19,5 23,3
Total Loans Issued 1957 2033 1970,2 2217 27325

Source: Compiled and adapted by the authors, based on the annual financial reports of Development Bank of
Kazakhstan JSC for 2020-2024

The Damu Fund serves as the principal SME support institution. Its key instruments include subsidized
interest rates, portfolio guarantees, and credit lines in partnership with second-tier banks and microfinance
organizations. From 2010 to 2023, DAMU operated dozens of programs, including Damu-Regions I-I11,
Women in Business, and Productivity 2020. As of January 2024, the fund had disbursed over 3.1 trillion KZT,
with the largest shares going to manufacturing (1.43 trillion KZT) and trade (766 billion KZT).

The Agrarian Credit Corporation (ACC) focuses on rural development and agricultural financing. ACC
provides concessional lending to farmers and agri-businesses through credit partnerships with microfinance
institutions and leasing companies. In 2023 alone, ACC financed over 6,600 units of agricultural equipment

worth 247.2 billion KZT, and annual agricultural lending volumes exceeded 560 billion KZT.
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Table 2. Amount of Financing by Damu Fund by Sector as of January 1, 2024 (mln tenge)

Ne Sector Amount, million T

1 Manufacturing 1430980
2 Trade 766 129
3 Other services 253 564
4 Transport and storage 141 664
5 Agriculture 110476
6 Construction 71648
7 Accommodation and food services 17 699
8 Healthcare 17 466
9 Other manufactured products 22997
10 Education 22 945
11 Arts and entertainment 4792
12 Information and communication 1467

Source: Compiled and adapted by the author according to the official website of the Damu Entrepreneurship Development Fund
(section "Analytics and reports on SMEs"), as of January 1, 2024

This support spans crop production, livestock, food processing, and rural infrastructure.

Table 3. Volume of Agricultural Lending, billion KZT

Year Lending via Second-Tier Banks Total Lending (Agrarian Credit Corporation incl.
KazAgroFinance)
2014  450.6 161.2
2015 159.7 168.8
2016 198.2 2243
2017 139.2 2457
2018 764 385.2
2019 888 448.6
2020 138.2 445.7
2021 2405 464.2
2022 246 522.3
2023 3119 554.7

Source: Compiled and adapted by the author based on the annual reports of JSC Agrarian Credit Corporation (ACC) and
KazAgroFinance LLP for 2014-2023

A core question for economic policy is whether this targeted institutional financing has led to measurable
structural changes in the economy. Specifically, this study examines whether DFIs have contributed to
strengthening inter-sectoral linkages, as captured by changes in input—output multipliers. The input—output (I—-
0O) model, developed by Wassily Leontief, provides a powerful analytical framework to quantify the total
output generated across all sectors in response to increased demand in one sector. Output multipliers (column
sums) indicate how demand in a given sector stimulates production throughout the economy, while backward
linkages (row sums) reflect the extent to which a sector supplies inputs to others.

This paper empirically assesses the evolution of these multipliers across Kazakhstan’s economy from 2012
to 2021—a period marked by the rollout of numerous DFI-led financing programs. Using data from official
input—output tables and matching them with detailed records of sectoral support by DBK, DAMU, and ACC,
the study compares the trajectories of multipliers in supported ("main") and unsupported sectors. Econometric
techniques, including panel data regression models and non-parametric tests, are employed to identify

statistically significant differences in multiplier levels and growth rates.
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The analysis seeks to answer two key questions:

(1) Do sectors that received institutional financing exhibit higher output multipliers and stronger backward
linkages compared to other sectors?
(2) Has this gap widened over time, suggesting a cumulative structural impact of development finance?

By linking macro-structural analysis with micro-level policy interventions, this study contributes to the
literature on industrial policy effectiveness, public investment evaluation, and structural transformation in
emerging economies. The findings have direct policy implications for optimizing sectoral targeting,
coordinating among development institutions, and refining Kazakhstan’s national input—output monitoring
framework.

Related Studies on Input-Output Analysis and Development Policy Evaluation

A substantial body of international research employs input—output (I-O) analysis to evaluate the structural
impact of sectoral development, investment strategies, and industrial policies. This method has become a
standard tool for assessing both direct and indirect economic effects at a national or regional level.

Miller and Blair (2009) laid the foundational methodology for I-O analysis, including detailed treatment of
Leontief inverse matrices and multipliers. Their work is widely used to identify forward and backward linkages
and their significance in structural planning.

Dietzenbacher and Los (2000) developed dynamic I-O frameworks to track structural change over time,
applying these models to trace evolving interdependencies in European economies. Lenzen et al. (2012)
extended this by incorporating environmental and social dimensions, enabling analysis of broader
sustainability impacts of sectoral shifts.

In developing country contexts, Liu et al. (2012) and Zhang and Chen (2015) used I-O models to examine
the structural impact of industrial upgrading in China, showing that state-supported sectors experienced
measurable increases in economic multipliers. Their findings support the use of I-O methods for evaluating
the effectiveness of industrial policy.

Thurlow et al. (2018) applied multiplier diagnostics to agricultural investment programs in Africa,
highlighting that productivity spillovers depend on the embeddedness of target sectors. Similarly, Diao et al.
(2010) found that certain sectors generate stronger linkages, justifying their prioritization in development
finance.

Oosterhaven and Stelder (2002) examined the implications of regional policies in the EU through I-O
linkages, while Sonis, Hewings, and Guo (2000) proposed decomposition techniques to isolate the effects of
specific structural shifts.

More recently, Delgado and Meza (2020) used I-O methods to evaluate the long-term transformation
effects of public investment in Latin America, and Rueda-Cantuche and Amores (2019) analyzed policy

transmission in multi-country I-O frameworks (e.g., EU interregional policy).
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Further, in recent years, there has been an increasing trend towards the interpretation of input-output (I-
0) not only as a tool for assessing the impact of investments, but also as a means of analyzing structural
sustainability, technological channels, and institutional factors, which is especially relevant for countries with
developing development institutions. For example, a recent study by Linkage, Sectoral Productivity, and
Employment Spread (Kazekami, 2024) demonstrated that differences at the level of prefectural input-output
tables (Japan) in terms of multipliers and total factor productivity (TFP) lead to noticeable differences in
employment and production structure, even in a developed economy. It underlines that if the transition
economy wants to increase the return on investment of development institutions, it is necessary to take into
account not just the industry as a unit of analysis, but its relationship with the network of other industries and
its productive capacity.

Several studies emphasize the importance of mutual connections between industries (inter-industry links)
and their density as a key factor determining the strength of multipliers. For example, in the work Input—Output
Links and Interdependence Between Southern African Countries (Ncube, 2022), the authors analyze cross—
industry and cross-country 1-O tables for five countries in South Africa (2000 and 2015). Conclusion:
Countries with denser networks of sectoral interconnections have higher input-output multipliers, which
enhances the effect of investment and sectoral policies. In the context of Kazakhstan, this means that when
assessing the contribution of financial institutions to development, it makes sense to examine not just how
much money has been injected into an industry, but how much this industry is integrated into the national
industrial chain and how much it is connected to other industries through intermediate flows.

The institutional environment and financial development are also coming to the fore in studies looking at
multipliers and structural effects. For example, in the work Do Institutional Quality and Financial Development
Affect Green Economic Growth in the Long Run? (Ahmed et al 2022). It is shown that the quality of
institutions and the level of financial development have a direct impact on sustainable economic growth.
Although no direct analysis of I-O multipliers is provided, the relationship between institutional factors and
the effectiveness of industry investments and structural changes is evident, which underscores the need to
include financial institutions as an "environment" or "conduit" for multiplier effects.

From the point of view of financial development, the study Impacts of Openness on Financial Development
in Developing Countries: Using a Bayesian Model Averaging Approach (Thuy et al., 2021) shows that
countries with a better institutional environment can benefit more from openness to trade and financial flows,
that is, the creation of a network of connections and financial institutions contributes to growth. It is essential
that financial development institutions can enhance the multiplier effect not only through direct investment,
but also through strengthening channels (economic, technological, and intersectoral) and creating an
environment for "spreading™ the impact.

Complementing this, the Economic Freedoms, Inclusive Growth, and Financial Development (Yang, 2023)

study found that economic freedom and inclusive growth significantly stimulate financial development and
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thus indirectly influence structural transformation. In the context of our topic, this suggests that development
institutions, particularly financial ones, can serve as a crucial link, ensuring that investments are not confined
to a single industry but are instead distributed across the entire economy through connectivity, innovation, and
financial infrastructure.

Among the empirical works directly analyzing input-output multipliers in developing countries, it is worth
noting Estimating the Economic Multipliers for Wildlife-Based Tourism in Zambia (Simuchimba, 2024)
despite the tourism industry and rural area, the authors use the I-O approach in conditions where input-output
tables are missing, and find significant multipliers. Although the scope is different, the methodology itself
shows that even with limited data 1-O analysis is possible and can provide helpful guidance for countries with
developing statistical systems, such as Kazakhstan.

In addition, a recent paper by Clouse, Thorvaldson, and Jolley (2023) highlights methodological standards
for the application of input-output analysis: the authors emphasize the need for a clear description of the
model's assumptions, interpretation of multipliers, and consideration of possible leaks and feedbacks when
assessing economic effects. It is important for countries with developing institutions, as incorrect specification
of coefficients or ignoring connections between industries can lead to an overestimation of the structural impact
of investments. Thus, when analyzing the role of financial development institutions and their impact on the
economy through input-output multipliers, it becomes necessary not only to make calculations, but also to
ensure methodological reliability.

In summary, modern literature emphasizes that the application of the input-output approach to the analysis
of the structural impact of financial development institutions should be considered in an expanded manner: not
just calculating the "cost — output" multiplier, but taking into account the institutional framework,
technological channels, intersectoral relationships, and the nature of the sectors financed. For Kazakhstan, this
means that when interpreting the results of the multiplier analysis, it is important to ask questions: to what
extent the sector supported by the development institute is interconnected with the rest of the economy, whether
it has the potential for technological modernization, what is the role of the financial intermediary, and what is
the institutional environment. This approach will allow not only to assess the effect of investment, but also to

understand precisely how development institutions create a structural impact on the country's economy.

METHODOLOGY

This study combines input—output modelling with panel data econometric analysis to evaluate the structural
impact of Kazakhstan's Development Financial Institutions (DFIs) — namely the Development Bank of
Kazakhstan (DBK), the Damu Fund, and the Agrarian Credit Corporation (ACC). The approach focuses on
estimating how financial support to specific sectors has influenced their systemic integration into the economy,
as measured by output and embeddedness multipliers derived from Leontief’s input—output framework.

1. Input—Output Data and Multiplier Calculation
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The analysis uses official input—output (I-O) tables published by the Bureau of National Statistics of
Kazakhstan for the years 2012-2021. These symmetric 1-O tables include data on 98 economic sectors and
are harmonized across the time period based on a consistent sectoral classification.

From these tables, two types of multipliers were calculated for each sector and year:

e  Output multipliers (column sums): total output response in the economy to a unit increase in final
demand for a given sector.

Embeddedness multipliers (row sums): total demand from other sectors for intermediate inputs from a given
sector.

e  Calculation of Total Requirement Coefficients
For each year, the Leontief inverse matrix (I — A)~! was calculated using the technical coefficient matrix
A. This matrix captures the total (direct and indirect) input requirements of each sector to produce one unit of
final demand in any given sector.

e  Computation of Output Multipliers (Column and Row Sums)

Basic Balance Identity
The fundamental identity of the input—output model is: x = A*x + f
x — vector of gross output by sectors
A — matrix of technical coefficients (a_ij)

f — vector of final demand
e Technical Coefficients Matrix
zij

Each element of the matrix A is defined as: a;; = —
J

z;; — intermediate input from sector i to sector |
x; — total output of sector

o Leontief Inverse and Total Output

 Rearranging the basic identity gives: x = (I — A)™1 * f
[ — identity matrix

(I — A)~! — Leontief inverse matrix

e Two types of multipliers were calculated:

Column-wise sums Y} l;;- These represent the output multipliers of sector j, indicating the total increase in
gross output across the economy resulting from a unit increase in final demand for sector j.
Row-wise sums Z}- l;;: These capture the economic embeddedness of sector i, reflecting the extent to which
the sector contributes intermediate inputs to the production processes of all other sectors.

2. Sector Classification and DFI Intervention Data

Sectors were categorized into two groups:
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» Supported (main) sectors: those that received financial support from DBK, DAMU, or ACC between 2010

and 2023, based on institutional annual reports and program-level datasets. A list of 31 sectors that received

funding from Kazakhstan’s Development Institutions—namely, the Development Bank of Kazakhstan (DBK),

DAMU Entrepreneurship Fund, and Agrarian Credit Corporation (ACC)—was compiled.

o Unsupported (other) sectors: all remaining sectors without recorded DFI involvement.

To enable comparative analysis, the sectoral classifications used in FIR program documents were

harmonized with the industry codes used in the input-output tables. Where necessary, aggregated or

disaggregated categories were aligned accordingly.

Sectors which were supported by FIR
1. Financial services, except insurance and
pension services
2. lIron ores
3. Non-ferrous metal ores
4. Mining industry products
5. Support services in the mining industry
6. Basic ferrous metals: iron, cast iron, steel, and
ferroalloys
7. Pipes of various diameters, hollow profiles, and
fittings for pipes of various diameters made of steel
8. Other steel products obtained through primary
processing
9. Precious base metals and other non-ferrous
metals
10.Foundry services
11.Finished metal products, except machinery and
equipment
12.Petroleum products
13.Food products and beverages
14 Electricity production and distribution services
15. Machinery and equipment not included in
other categories

3. Econometric Analysis

16.Chemical substances and chemical products
17.Automobiles, trailers, and semi-trailers
18.0ther transport equipment

19.Construction works

20.Information services

21.Communication services

22.Accommodation services

23.Food and beverage service activities
24.Services in the field of arts, entertainment, and
recreation

25.Agricultural products, hunting, and related

services
26. Textiles
27. Wholesale and retail trade services; repair

services of motor vehicles and motorcycles

28. Wholesale trade services, except trade in
motor vehicles and motorcycles

29. Retail trade services, except trade in motor
vehicles and motorcycles

30. Healthcare services

31. Education services

To statistically test the differences in multiplier dynamics, the following methods were applied:

o Random Effects Panel Regression Models: A random effects panel regression was estimated with an

interaction term between time and sector group (supported vs. unsupported sectors). This model tests whether
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the growth rate of multipliers differs systematically between sectors that received financial support from
development institutions and those that did not. The interaction term captures the differential evolution over
time across the two groups.. The baseline model is:

Multiplier;y = a + by * Support; + b, * Year; + b3 * (Support; * Year;) + u; + e;;

where Support; is a binary variable indicating whether sector i was supported, and Year; is a time trend
centered around the midpoint.

o Separate Regressions by Group: To directly compare structural trajectories, separate random effects
models were estimated for supported and unsupported sector groups. This allows for a clearer identification of
group-specific time trends in both output and embeddedness multipliers.

» Non-Parametric Testing (Mann—Whitney U test): To assess whether supported sectors consistently exhibit
higher multiplier values, a Mann-Whitney U test was applied. This test was performed for both multiplier
types and provides robust distributional evidence of systematic structural differences between the two groups.

o Growth Rate Analysis: Annual growth rates were computed for each sector's multipliers and compared
between supported and unsupported sectors. This helps identify whether support from development institutions
is associated with faster structural integration over time.

« Visualization: Boxplots were created to visually compare the distribution of multipliers across groups.
The plots illustrate dispersion, median, and interquartile range, offering intuitive insights that complement the
statistical tests.

4. Software and Reproducibility

All data processing, matrix calculations, and econometric models were implemented in Python 3.10 using
pandas, numpy, statsmodels, and scipy libraries. Boxplots and visualizations were generated using matplotlib.

All data sources are publicly available or obtained from official institutional reports (DBK, DAMU, ACC).
The methodology allows for full replication using 1-O tables from the Bureau of National Statistics and
publicly disclosed financing volumes by sector.

Use of Random Effects Estimation

In the panel regression analysis, the goal is to estimate the relationship between sectoral financial support
from development institutions and changes in sectoral multipliers over time. Although fixed effects (FE)
models are commonly used to control for unobserved heterogeneity across cross-sectional units, the random
effects (RE) model is more appropriate in this context for several reasons:

1) Time-Invariance of the Main Regressor
The key independent variable — a binary indicator of whether a sector was supported by a development
institution — does not vary over time for many sectors. Fixed effects estimation would eliminate this
variable during within-transformation, rendering it unusable for inference.

2) Sector Classification is Exogenous

The assumption that unobserved sector-specific effects are uncorrelated with the support indicator is
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reasonable in this case, as industry classification (e.g., manufacturing, agriculture, trade) is determined
exogenously and is not influenced by development institution behavior.

3) Efficiency and Use of Between Variation
Random effects models preserve both within- and between-sector variation, making them more efficient
when the number of sectors is relatively large and the number of time periods is limited (which is the case in
this study with 10 years and ~98 sectors).

Hence, the random effects estimator provides a more suitable and efficient framework for identifying the
average effect of development institution support across sectors, while retaining the key explanatory variable

of interest.

RESULTS

3.1 Trend Analysis of Output Multipliers in FIR-Supported Sectors (2012-2021)

An analysis of output multipliers over the period 2012-2021 across sectors supported by Kazakhstan’s
development financial institutions (DBK, DAMU, and ACC) reveals broad-based structural improvements.
Most supported sectors experienced moderate to substantial increases in their output multipliers, indicating
deepening forward linkages and stronger integration within the national production system. The most
significant growth occurred in steel pipe and fitting manufacturing, where the output multiplier rose by
+34.6%, reflecting intensified downstream demand from construction and industrial users. The automotive
sector and transport equipment manufacturing also exhibited marked gains of +18.9% and +14.7%
respectively, consistent with policy-driven industrialization and import substitution initiatives.

The healthcare sector demonstrated one of the strongest structural effects, with its output multiplier
increasing by +17.3%, culminating in the highest recorded multiplier among supported sectors (2.03 in 2021).
This indicates the rising economic embeddedness of healthcare following major public and private investment,
especially in the post-2019 period. Construction also emerged as a highly interconnected sector, ending the
period with a multiplier of 1.98, reinforcing its status as a critical driver of upstream demand in basic materials,
energy, and industrial services.

Several industrial sectors with strategic importance—such as machinery and equipment, chemical products,
and metal product manufacturing—maintained relatively stable or modestly increasing multipliers, reflecting
steady demand linkages across value chains. However, a few supported sectors such as textile manufacturing
and food and beverage production exhibited declining or stagnant multipliers. These patterns may indicate
persistent structural challenges or limited localization of supply chains despite financing support.

Overall, the data point to a positive trend in multiplier growth among FIR-supported sectors, particularly
after 2015, aligning with the expansion of conditional credit and subsidy programs. While growth was not
linear for all sectors, the cumulative structural effect of support programs appears to have strengthened the
inter-sectoral role of several key industries.

3.2 Trend Analysis of Embeddedness Multipliers in FIR-Supported Sectors (2012-2021)
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The evolution of row multipliers from 2012 to 2021 among sectors supported by Kazakhstan’s development
financial institutions reveals significant strengthening of backward linkages in several strategic industries. The
most prominent growth was observed in the non-ferrous metal ore mining sector, whose embeddedness
multiplier increased by +69%, reaching a level of 3.61 in 2021. This suggests a substantial increase in its role
as a critical input supplier to downstream sectors, likely reflecting expanded processing and export capacity
supported through institutional financing.

A similarly strong upward trend was seen in the ferrous metals sector (iron, steel, and ferroalloys), which
recorded a +66% increase in its multiplier, indicating deeper integration into industrial supply chains such as
construction, engineering, and transport manufacturing. Retail trade services also experienced a notable rise in
embeddedness, growing by +49.8%, signaling increased inter-sectoral demand for distribution and consumer
market access—ypossibly as a result of growing SME financing through DAMU programs.

Other sectors such as wholesale trade and precious/non-ferrous metals likewise maintained relatively high
multiplier levels, though with more modest growth over the period. Notably, the wholesale trade sector
maintained the highest overall row multiplier across all years, peaking at 7.63 in 2017, before stabilizing at
5.87in 2021. This underlines its consistent role as a hub for intermediate input distribution across the economy.

Overall, the data suggest that institutional support has helped reinforce the embeddedness of key upstream
sectors, positioning them as essential suppliers within Kazakhstan’s economic structure. However, the
variation in growth rates across sectors also reflects differing capacities to absorb investment and integrate into
value chains, underscoring the importance of sector-specific approaches in development finance policy.

3.3 Econometric analysis for Output Multipliers

Table 4. Random Effects Regression with Time Interaction

Variable Coef. Std.Err. T-stat P-value 95% CI (Lower-Upper)
const 1.4407 0.0400 35.97 0.0000 [1.3620 — 1.5193]
is_main 0.1109 0.0593 1.869 0.0621 [-0.0056 — 0.2273]
year_centered 0.0008 0.0009 0.875 0.3817 [-0.0010 — 0.0027]
interaction 0.0045 0.0014 3.265 0.0011 [0.0018 — 0.0073]
Source: The author's own calculations. Adapted and presented by the author based on the processed panel analysis data

A random effects panel model was estimated to assess whether the growth trajectory of output multipliers
differs between sectors supported by development financial institutions (FIR) and those that were not. The
regression included an interaction term between sector group (main vs. other) and time (centered year).

o The interaction term was positive and statistically significant (f = 0.0045, p = 0.0011), indicating that

FIR-supported sectors exhibit faster growth in output multipliers over time.

Table 5. Time Trend Estimation for Main sectors

Parameter  Coefficient Std.Err. T-stat P-value 95% CI (Lower—Upper)

const 1.5515 0.0410 37.856 0.0000  [1.4709 - 1.6332]
year_centered  0.0054 0.0011 4.864 0.0000 [0.0032—0.0075]
Source: The author's own calculations. Adapted and presented by the author based on panel analysis data processing for the primary
industries
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e The base effect of FIR support (p = 0.1109) was marginally significant (p = 0.062), suggesting that these
sectors also tend to have higher baseline multipliers.

Table 6. Time Trend Estimation for Other sectors

Parameter  Coefficient Std. Err. T-stat P-value 95% CI (Lower-Upper)
const 1.4407 0.0421 34.234 0.0000 [1.3579-1.5234]
year_centered  0.0008 0.0009 0.939 0.3484  [-0.0009 — 0.0025]
Source: The author's own calculations. Adapted and presented by the author based on panel analysis data processing for other

industries

Separate random effects regressions were run for supported ("main") and unsupported ("other") sectors.

e  For main sectors, the time coefficient was highly significant (f = 0.0054, p < 0.001), confirming a
consistent upward trend in output multipliers.

e For other sectors, no significant time trend was observed (f = 0.0008, p = 0.348), suggesting structural
stagnation in terms of multiplier effects.

Non-Parametric Distribution Test

Mann-Whitney U test (main > other): p-value = 0.0000

A Mann-Whitney U test was applied to test whether supported sectors systematically exhibit higher
multiplier values than unsupported sectors. The result (p = 0.0000) strongly supports the hypothesis that main
sectors have significantly higher multiplier distributions.

Descriptive and Temporal Statistics

Table 7. Annual Average Output Multipliers

Year Main Sectors Other Sectors Year Main Sectors Other Sectors
2012 1.534655 1.452360 2017 1.565791 1.449693
2013 1.544761 1.447586 2018 1.603534 1.467397
2014 1.537809 1.430983 2019 1.569386 1.444450
2015 1.520977 1.420284 2020 1.512849 1.412600
2016 1.517889 1.413704 2021 1.607406 1.467452

Source: The author's own calculations. The data has been processed and presented by the author based on the results of econometric
modeling and calculations of output multipliers.

The average multiplier for FIR-supported sectors was 1.55, compared to 1.44 for other sectors.

Table 8. Summary Statistics by Group

Group Mean StdDev. Count Min Max
Main Sectors  1.551506 0.228194 310 1.055723 2.089341
Other Sectors  1.440651  0.253845 370 1.000000 1.998466
Source: The author's own calculations. The data has been processed and presented by the author based on the results of a statistical
analysis of output multipliers by industry groups
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Annual trends show consistently higher values for main sectors across all years (2012—-2021), with notable
divergence after 2016.

For example, in 2021 the average multiplier for main sectors was 1.607, while for other sectors it was 1.467.

Dustribasbion of Mukiglers By Sechor Group

Devgr. 1=klgr

Figure 1. Boxplot Analysis of Output Multipliers

Source: The author's own calculations and visualization based on the results of an econometric analysis of output multipliers

The boxplot displays the distribution of output multipliers—which measure the total direct and indirect
demand generated throughout the economy by a unit increase in final demand for a given sector. The following
patterns are observed:

Supported sectors (Group = 1) exhibit a higher median output multiplier compared to unsupported sectors
(Group = 0), suggesting that development institution support is associated with greater forward economic
linkages.

The interquartile range (IQR) for supported sectors is narrower, indicating more consistent structural roles
across those sectors.

Outliers are fewer, and the upper whisker extends higher, confirming that the top-performing supported
sectors contribute more strongly to systemic output effects.

Key Findings:

1. Supported sectors exhibit significantly higher output multipliers. On average, sectors that received
financial support from development institutions (FIR) demonstrate higher levels of total economic impact per
unit of final demand.

2. The difference is both statistically and economically meaningful. The estimated average difference in
multiplier values is approximately 0.11 points, a substantial gap in the context of structural production analysis.

3. Supported sectors display stronger positive trends over time. The interaction effect between time and
sector group reveals a positive and statistically significant growth rate of 0.0054 per year for supported sectors,
indicating progressive structural deepening.

4. Lower variability within supported sectors. The distribution of multipliers for supported sectors is

more concentrated, suggesting greater consistency in economic spillovers.
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5. Widening divergence over time. The trajectory of supported sectors diverges increasingly from that of
unsupported sectors, suggesting cumulative structural effects of long-term institutional financing.

6. Findings are robust across methodologies. Both parametric (random effects regression) and non-
parametric (Mann-Whitney U test) analyses confirm the statistical significance of observed differences.

Implications

1. Institutional financing contributes to stronger economic linkages. The consistent elevation of output
multipliers in supported sectors indicates that development institutions play a constructive role in enhancing
forward linkages within the economy.

2. Long-term benefits accumulate over time. The positive time trend among supported sectors suggests
that repeated or sustained financing efforts lead to lasting improvements in economic integration and sectoral
output effects.

3. Stability of impacts supports strategic targeting. The lower variance among supported sectors implies
more predictable and stable structural outcomes, reinforcing the value of carefully targeted support policies.

3.4 Econometric analysis for Embeddedness Multipliers

Table 9. Random Effects Model with Time Interaction

Variable Coefficient Std. Err. T-stat P-value 959% CI
const 1.3215 0.1221 10.83 0.0000 [1.0818 —1.5611]
is_main 0.3723 0.1808 2.06 0.0399  [0.0173-0.7273]
year_centered  0.0004 0.0037 0.12 0.9054  [-0.0068 — 0.0077]
interaction 0.0054 0.0055 0.98 0.3253  [-0.0054 —0.0161]

Source: The author's own calculations. The data are processed and presented by the author based on the results of econometric
modeling, taking into account the temporal interaction of variables

The random effects model including an interaction term between time and sector group was used to assess
whether supported sectors became more integrated as suppliers to other industries over time. The results show
that:

e The dummy variable for supported sectors (is_main) is positive and statistically significant (f = 0.3723,
p = 0.0399), indicating that sectors supported by FIR programs tend to exhibit systematically higher
embeddedness multipliers.

e The interaction term between time and group (B = 0.0054, p = 0.3253) is not statistically significant,
suggesting no strong evidence of differential growth trends in embeddedness over time between the two
groups.

« The overall time trend (year_centered) is insignificant across the full sample (p = 0.9054), implying that

embeddedness multipliers remained relatively stable throughout the period.

Table 10. Time Trend Estimation for Main sectors

Variable Coefficient Std. Err. T-stat P-value 959% CI
const 1.6938 0.1753 9.66 0.0000 [1.3488 — 2.0387]
year_centered 0.0058 0.0054 1.07 0.2845 [-0.0049 — 0.0165]

Source: The author's own calculations. The data has been processed and presented by the author based on an econometric analysis of
time trends for the primary industries
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Table 11. Time Trend Estimation for Other Sectors

Variable Coefficient Std. Err. T-stat P-value 959% CI
const 1.3215 0.0771 17.14  0.0000 [1.1698 — 1.4731]
year_centered  0.0004 0.0021 0.21 0.8335 [-0.0037 — 0.0045]

Source: The author's own calculations. The data has been processed and presented by the author based on an econometric analysis of
time trends for other industries.

Separate random effects models were estimated for supported and unsupported sector groups:

e Among FIR-supported sectors, the time coefficient is positive (B = 0.0058), but not statistically
significant (p = 0.2845), suggesting a mild upward trend in embeddedness over time.

e  For unsupported sectors, the time trend is essentially flat and insignificant (3 = 0.0004, p = 0.8335),
indicating no structural improvement in terms of intermediate input contributions.

These results suggest that while FIR-supported sectors tend to have higher average embeddedness, this
difference is structural rather than driven by recent dynamics.

Non-parametric Comparison:

Mann-Whitney U test (main > other): p-value = 0.0000

A Mann-Whitney U test was performed to compare the distribution of row multipliers between supported
and unsupported sectors. The result (p < 0.001) strongly supports the hypothesis that FIR-backed sectors are

consistently more embedded as suppliers in the national production system.

Table 12. Annual Average Row Multipliers

Year Main Sectors Other Sectors Year Main Other Sectors
Sectors

2012 1.6409 1.3633 2017 1.7376 1.3058

2013 1.6909 1.3252 2018 1.7521 1.3430

2014 1.7068 1.2894 2019 1.6920 1.3417

2015 1.6625 1.3017 2020 1.6540 1.2943

2016 1.6552 1.2987 2021 1.7455 1.3517

Source: The author's own calculations. The data are processed and presented by the author based on the results of an econometric
analysis of average annual output multipliers by sector

Descriptive analysis reveals that FIR-supported sectors maintained consistently higher embeddedness
multipliers in all years from 2012 to 2021. The gap remained stable over time:

e In 2012, the average row multiplier for supported sectors was 1.64, compared to 1.36 for others.

e By 2021, this grew slightly to 1.75 vs. 1.35, confirming that the structural difference is persistent.

Table 13. Summary Statistics by Group

Group Mean StdDev Count Min Max
Main Sectors  1.6938 0.9825 310 1.0028 7.6297
Other Sectors  1.3215 0.4704 370 1.0000 3.1535
Source: The author's own calculations. The data has been processed and presented by the author based on the results of a statistical
analysis of output multipliers by industry groups
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Supported sectors had a higher mean (1.69) and wider standard deviation (0.98), indicating greater
heterogeneity in supplier roles among them.
Unsupported sectors had a lower mean (1.32) and a narrower range, suggesting more limited integration as

providers of intermediate goods and services.

Dimstrbution of Bow wise Nultiplers by Sector Group

¥ 1 Manl

Figure 2. Boxplot Analysis of Embeddedness Multipliers

Source: The author's own calculations and visualization based on the results of the analysis of engagement multipliers
(embeddedness multipliers)

This distribution exhibits key differences:

 Supported sectors (Group = 1) again show a notably higher median and a wider distribution, confirming
that these sectors are more diversified and critical providers of intermediate goods and services.

» The long upper tail and the presence of multiple outliers indicate that several supported sectors play
exceptionally central roles as suppliers, with some multipliers exceeding 7.0, while unsupported sectors remain
clustered below 2.0.

» The distribution for unsupported sectors (Group = 0) is both lower and more compressed, suggesting
limited participation in inter-industry production chains.

Together, these visualizations reinforce the statistical findings. Supported sectors consistently demonstrate:

» Higher forward linkages (output multipliers)—indicating their strong capacity to stimulate the broader
economy through final demand.

o Greater backward linkages (embeddedness multipliers)—reflecting their vital role as suppliers within
national production networks.

The clear separation in distributions supports the hypothesis that targeted financial support by development
institutions has enhanced both the systemic demand effects and production embeddedness of key sectors in
Kazakhstan’s economy.

Key Differences from Output Multipliers (Forward Linkages):

1. Wider gap between groups. The average difference in row multipliers between supported and

unsupported sectors is 0.37, which is notably larger than the 0.11 gap observed for output multipliers.
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2. Higher variability. Both sector groups exhibit greater dispersion, indicating more heterogeneity in how
sectors function as suppliers to the broader economy.

3. Weaker time trends. Temporal dynamics are less pronounced, with interaction terms and time
coefficients largely insignificant in regression models.

4. Higher absolute values for supported sectors. FIR-backed sectors consistently show greater
embeddedness, with some multipliers exceeding 7.6, reflecting deep integration into production chains.

5. Lower embeddedness in unsupported sectors. Other sectors remain narrowly embedded, suggesting
limited roles as suppliers.

Key Findings

1. Stronger backward linkages in supported sectors. Compared to their forward linkages, supported
sectors demonstrate substantially stronger connections as input providers to the economy.

2. The inter-group gap is more pronounced. The difference in embeddedness between supported and
unsupported sectors is larger and more robust than that of output effects.

3. Greater volatility in embeddedness effects. Higher standard deviations indicate more uneven
integration, both across time and between industries.

4. Less consistent structural trends over time. Unlike forward linkages, embeddedness multipliers show
no systematic growth trend, reflecting more complex underlying dynamics.

5. Presence of extreme values. Some FIR-supported sectors display exceptionally high embeddedness,
pointing to key strategic roles as suppliers in national production networks.

Implications

1. Development financing strengthens demand-side effects. The stronger impact on backward linkages
suggests that institutional support is particularly effective in stimulating supply chains and intermediate
demand.

2. Supported sectors generate greater inter-sectoral demand. These sectors act as important anchors for
upstream industries, increasing their systemic influence.

3. Greater heterogeneity in outcomes. The wide range of multiplier values reflects sector-specific
responses to institutional support, suggesting a need for tailored program designs.

4. High variability signals differentiated transmission. While some sectors exhibit dramatic integration,

others respond less consistently—nhighlighting the importance of sectoral diagnostics in policy targeting.

DISCUSSION

The findings of this study highlight the structural significance of Kazakhstan’s development financial
institutions (DBK, DAMU, and ACC) in shaping sectoral linkages within the national economy. The consistent
elevation of both output and embeddedness multipliers among supported sectors points to the catalytic role

that institutional financing can play in advancing structural transformation.
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The upward trajectory of output multipliers in supported sectors suggests that FIR programs have helped
these industries become stronger drivers of downstream economic activity. This reinforces the view that well-
targeted financial interventions can do more than just expand output—they can embed sectors more deeply
within the fabric of the economy, stimulating demand across multiple layers of production.

The analysis of embeddedness multipliers adds an important dimension. Sectors supported by DFIs not
only generate higher forward linkages but also appear to integrate more fully as suppliers within broader value
chains. This dual effect suggests that development finance in Kazakhstan contributes to both the depth and
breadth of structural connectivity. However, the greater variability observed in backward linkages also
indicates that the magnitude of impact is not uniform across sectors. Differences in technology, scale, and
absorptive capacity may shape how effectively sectors respond to investment and establish themselves as
critical input providers.

The widening gap in multiplier levels between supported and unsupported sectors over time is particularly
noteworthy. It may reflect cumulative gains from long-term investment policies and persistent programmatic
support. At the same time, it raises important questions about the trajectory of non-supported sectors and the
potential need for broader diffusion of structural benefits.

Overall, the study emphasizes that the strategic targeting of finance matters—not just for individual sector
performance but for the integrity of inter-sectoral dynamics. Development institutions, when aligned with
structural priorities, can serve as levers for embedding resilience, increasing interdependence, and fostering
inclusive industrial development.

The results of the analysis confirm that the institutional mechanisms of financing development in
Kazakhstan play a key role in restructuring the national economy's structure. Modelling based on intersectoral
input—output tables revealed not only the quantitative effects of investment flows, but also qualitative shifts in
the intersectoral configuration. A comparison of the dynamics of output multipliers and rootedness
demonstrates that systemic financing from national development institutions forms new centers of economic
growth integrated into the country's production networks.

The structural significance of the identified trends lies in the fact that financial development institutions the
Development Bank of Kazakhstan (DBK), the Damu Foundation, and the Agrarian Credit Corporation (ACC)
act not only as intermediaries between government programs and the private sector, but also as catalysts for
structural transformation. The sectors they support are beginning to play the role of connecting nodes, thereby
enhancing production and investment flows in other segments of the economy. Thus, institutional financing in
Kazakhstan can be considered as a systemic mechanism for multiplying structural effects.

The significance of the results lies in proving that development financing creates a rootedness effect,
indicating the sector's ability to be more than just a recipient of funds - it is an active element of the production
network. High rooting coefficients suggest that the industry is becoming a supplier of intermediate products
and services to other sectors, thereby creating horizontal channels for the spread of economic activity. It means

that investments directed through development institutions not only increase output in a particular industry but
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also strengthen the interdependence between sectors, thereby increasing the stability of the entire economic
system.

For Kazakhstan, where resource concentration and limited diversification have been observed for many
years, such effects are of strategic importance. The growth of multipliers in non-resource industries suggests
that government financing mechanisms can effectively compensate for market constraints by directing
investments into structurally significant segments. It is essential for regions with narrow industry
specialization, where development institutions are becoming a tool for smoothing territorial imbalances.

An analysis of the dynamics of output multipliers has shown that the structural effect of exposure increases
with time. Sectors receiving support under industrial and innovative development programs demonstrate a
higher rate of expansion of intersectoral ties compared to industries not included in the programs. It confirms
that the institutional consistency of policy plays a crucial role: sustainable financing is not limited to short-
term stimulation of production. Still, it forms long-term relationships between producers, consumers, and
suppliers of intermediate goods.

The revealed effect of differentiation between supported and unsupported sectors has a crucial theoretical
consequence. It shows that the formation of structural advantages is not an automatic result of economic
growth. A conscious institutional strategy is required, in which financial resources are directed to sectors with
the most significant potential for multiplication. This approach shifts the focus of industrial policy from
guantitative indicators (the volume of loans, subsidies, and benefits) to qualitative parameters the level of
technological ties, the degree of integration, and the share of intersectoral supplies.

The practical significance of the work lies in the fact that intersectoral analysis makes it possible to assess
not only what development institutions support, but also how it affects the overall structure of the economy.
In Kazakhstan, where statistical data on program effectiveness is often limited, the input—output methodology
provides an objective way to measure synergetic effects. The application of this model in the strategic planning
system can improve the accuracy of the selection of priority areas of support and contribute to the formation
of programs focused on intersectoral relations, rather than on individual industries.

The scientific significance of the study lies in the fact that it complements the theoretical framework on the
institutional economics of development, demonstrating the relationship between financial structures and
intersectoral relationships. Unlike most previous studies, which consider financial institutions primarily as
sources of liquidity, this work shows their role as structural intermediaries influencing the architecture of the
national economy. This approach enables us to transition from evaluating short-term effectiveness to
examining long-term systemic changes.

Further interpretation of the revealed patterns indicates the presence of an asymmetry of structural effects.
Supported sectors generate positive externalities for related industries, while non-supported sectors remain less
integrated and subject to market fluctuations. It indicates the need for a more balanced resource allocation
strategy that would take into account not only the current potential of the industry but also its ability to form

new cross-industry relationships.
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The significance of the results increases in the political and economic context. For Kazakhstan, transitioning
to a knowledge- and innovation-based economy is impossible without effective development institutions that
can ensure long-term investment flows. The study confirms that it is through the mechanisms of intersectoral
relations that development institutions can turn into systemic drivers of industrialization and sustainable
growth. Measuring their effectiveness should include not only financial indicators, but also structural
coefficients of interaction with other sectors.

The revealed patterns allow us to propose the concept of a structural multiplier of development, which
reflects not only the direct impact of investments on output, but also their indirect effect through distribution
through economic networks. The application of this concept in strategic planning opens up the possibility of
forecasting the secondary effects of government support, which makes investment management more accurate
and rational.

In the context of international practices, the results of the study complement the understanding of the role
of development institutions in countries with economies in transition. Kazakhstan provides an example of how
a limited but institutionally built financial sector can offer a sustainable structural impact. It confirms the need
not only to attract investments, but also to institutionalize them in a way that promotes intersectoral exchange,
technological renewal, and regional balance.

Policy Implications

These findings offer several actionable insights for Kazakhstan’s industrial, fiscal, and structural policy
agenda:

1. Reinforce Targeted Industrial Support
Sectors with high and growing output and embeddedness multipliers should remain central to FIR
programming. These sectors act as transmission hubs, amplifying both downstream and upstream economic
activity.

2. Monitor Dual Structural Spillovers
Program evaluations should integrate both forward and backward multiplier diagnostics into appraisal and
impact assessment. This would ensure that supported sectors contribute meaningfully to system-wide
structural development.

3. Balance Support Between Core and Emerging Sectors
While prioritizing high-multiplier sectors, complementary measures should aim to uplift underperforming
but strategic industries — including those with high job creation potential or innovation capacity but
currently low embeddedness.

4. Enhance Institutional Coordination
Closer alignment between DBK, DAMU, and ACC is necessary to maximize structural spillovers and avoid
fragmented support. Coordinated planning is especially critical where cross-sectoral integration (e.g.,

industry + transport) is needed.
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5. Modernize Input-Output Monitoring Systems
The analytical value of multiplier-based approaches underscores the need for regularly updated and
disaggregated input—output tables. Kazakhstan’s statistical institutions should invest in maintaining a

dynamic 1-O framework to support evidence-based industrial strategy.

CONCLUSION

This study provides empirical evidence that targeted financial support from Kazakhstan’s development
financial institutions—DBK, DAMU, and ACC—has contributed to the structural deepening of supported
sectors within the national economy. By combining input—output multiplier analysis with econometric
modelling over the period 2012-2021, we demonstrate that sectors receiving institutional financing exhibit
higher levels of both output and embeddedness multipliers. These sectors not only generate greater downstream
economic impact but also become more integrated as suppliers within inter-industry value chains.

The observed widening gap in multiplier values between supported and unsupported sectors suggests that
the cumulative effects of development finance extend beyond short-term production gains, contributing to
longer-term structural transformation. Particularly strong effects were found in industries such as construction,
healthcare, transport equipment, and metallurgy—sectors that align closely with national industrial policy
priorities.

The findings reinforce the strategic importance of aligning financial interventions with sectoral
development goals and highlight the utility of multiplier-based indicators in guiding future investment
programs. Moreover, they suggest that enhanced institutional coordination and updated input—-output
monitoring can further improve the design and evaluation of public support instruments. Overall, the study
contributes to a growing body of evidence that development finance, when well-targeted, plays a critical role

in fostering inclusive and interconnected economic systems.
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