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ECONOMETRIC MODELS OF THE
TRANSFORMATION OF INDUSTRIAL SECTORS OF
UZBEKISTAN IN THE CONDITIONS OF THE DIGITAL
ECONOMY

Ziyodova Raykhona

IKOHOMETPUYECKHWE MOJAEJIN
TPAHC®OPMAIIVMU MPOMBINLJIEHHBIX OTPACJIEHA
V3BEKUCTAHA B YCJOBUSIX IM®POBOH
IKOHOMUKH

3uéoosa Patixona

O‘ZBEKISTON SANOAT TARMOQLARINING
RAQAMLI IQTISODIYOT SHAROITIDA
TRANSFORMATSIYALASHUVINING EKONOMETRIK
MODELLARI

Ziyodova Rayhona

Received: May 15, 2026 May: May 17, 2026 May: May 19, 2026 Published: June 1, 2026

Abstract: This study analyzes the structural and technological transformation processes of the industrial
sectors of the Republic of Uzbekistan in the context of the digital economy based on econometric modeling. As part
of the study, an expanded Cobb-Douglas production function was formed by integrating information and
communication technology investments and digital infrastructure indicators into traditional production factors. The
model parameters were estimated using the least squares method based on official statistical data of the Statistics
Agency under the President of the Republic of Uzbekistan for 2022-2025. The results of the econometric analysis
show that the elasticity of industrial output of investments in digital technologies and ICT infrastructure is $0.183.
This confirms that accelerating digital transformation in industrial enterprises is an important driver of increasing
national production volumes. The study also analyzed structural problems that hinder industrial transformation,
including the regional digital divide, the shortage of highly qualified ICT personnel, and cybersecurity threats, and
developed scientific and practical proposals to address them.

Keywords: Digital economy, industrial transformation, econometric modeling, Cobb-Douglas function, ICT
costs, labor productivity, scale efficiency, "Digital Uzbekistan - 2030" strategy.

AHHOTalIl/Iﬂ: B JaHHOM HUCCJICIOBAHUU HAa OCHOBE S3KOHOMETPUYCCKOI0 MOACIMPOBAHUS MTPOAHAIN3UPOBAHBI
MIPOLIECCHI CTPYKTYPHOI M TEXHOJIOTHUYECKOH TpaHc(opManny MpOMBIIUIEHHBIX oTpacieil PeciryOnukn Y30ekucran
B YCIIOBHSX IIUPPOBOI SKOHOMUKH. B pamkax nccienoBanus Obiia copMupoBaHa pacIiiipeHHas IpOU3BOICTBEHHAS
¢ynakuns Ko66a—/lyrmaca myTéM HMHTETpanuy WHBECTUIINH B WHPOPMAIMOHHO-KOMMYHHUKAIIHOHHBIE TEXHOIOTHU U
nokasarese nuppoBoil HHPPACTPYKTYPHl B TPAAMIIMOHHBIC (AKTOPHI MPOU3BOJCTBA. [lapaMeTpsl Moaenu ObUTH
OIICHECHbBI METOAOM HAWMEHBLIINX KBaJapaTOB Ha OCHOBE 0(1)I/IHI/I8.J'[BHBIX CTaTUCTUYCCKHUX JaHHBIX AFeHTCTBa
craructuku npu Ilpesnnente Pecrybmmxm Y36exucran 3a 2022-2025 romsl. Pe3ymbraTsl 3KOHOMETPHYECKOTO
aHaJIn3a IMOKa3bIBAOT, YTO 3JIACTUYHOCTDH IMPOMBIIIJIIEHHOI'O BBIITYCKAa MO MHBECTUIIUAM B [II/Id)pOBBIe TEXHOJIOTUU U
UKT-undpactpykrypy cocrasmser 0,183. D10 monarTBepkaaer, 4Tro ycKOpeHHEe HU(POBOH TpaHchopMmanuu Ha
NPOMBINUICHHBIX  MPEANPUATHAX  ABJIACTCA  BaXKHBIM z[paﬁBepOM YBEJINYCHUA 00BEMOB HallMOHAJIbHOI'O
MIpoOU3BOACTBA. B HCCICAOBAHUUN TAaKXKC MPOAHATIU3UPOBAHBI CTPYKTYPHBIC HpOﬁJ‘IeMBI, OpensATCTBYIOLINEG
IIPOMBIIIIEHHON TpaHncdopmanum, BKJIOYast pEeruoHaNbHBIN uugposoit paspeIB, nedurur
BbIcOKOKBanuuuupoBaHHbix NKT-kazpoB u yrpo3sl KnOepOE30IacHOCTH, a TakkKe pa3padOTaHbl HaydHO-
MPaKTUYECKUE MPEIJIOKEHUSA 110 UX YCTPAHEHUIO.
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KnaroueBble caoBa: 1mppoBas HSKOHOMHKA, NPOMBINUICHHas TpaHcdopMmanusi, SKOHOMETPHYECKOE
MojenupoBanue, ¢pynkius Kob66a—/lyriaca, pacxonst Ha KT, nponsBogurensHOCT Tpyada, 3¢ et macirada,
crparerus «Llupposoit Y3oekucran — 2030».

Annotatsiya: Ushbu tadgigotda ragamli igtisodiyot sharoitida O‘zbekiston Respublikasi sanoat tarmoglarining
tarkibiy va texnologik transformatsiyalashuv jarayonlari ekonometrik modellashtirish asosida tahlil gilingan. Tadgigot
doirasida an’anaviy ishlab chigarish omillariga axborot-kommunikatsiya texnologiyalariga yo‘naltirilgan
investitsiyalar hamda ragamli infratuzilma ko‘rsatkichlarini integratsiya qilish orgali kengaytirilgan Kobb-Duglas
ishlab chigarish funksiyasi shakllantirilgan. Model parametrlari O‘zbekiston Respublikasi Prezidenti huzuridagi
Statistika agentligining 2022-2025-yillarga oid rasmiy statistik ma’lumotlari asosida eng kichik kvadratlar usuli
yordamida baholangan. Ekonometrik tahlil natijalari raqamli texnologiyalar va AKT infratuzilmasiga yo‘naltirilgan
investitsiyalarning sanoat ishlab chiqarish hajmiga elastikligi 0,183 ga teng ekanligini ko‘rsatdi. Bu esa sanoat
korxonalarida ragamli transformatsiyani jadallashtirish milliy ishlab chigarish hajmini oshirishning muhim omili
ekanligini tasdiglaydi. Tadgigotda sanoat transformatsiyasiga to‘sqinlik qiluvchi tarkibiy muammolar, jumladan,
hududlar o‘rtasidagi raqamli tafovut, yuqori malakali AKT kadrlarining yetishmasligi hamda kiberxavfsizlik

tahdidlari tahlil qilinib, ularni bartaraf etish bo‘yicha ilmiy-amaliy takliflar ishlab chigilgan.
Kalit so‘zlar: ragamli igtisodiyot, sanoat transformatsiyasi, ekonometrik modellashtirish, Kobb—Duglas
funksiyasi, AKT xarajatlari, mehnat unumdorligi, miqyos samaradorligi, “Ragamli O‘zbekiston — 2030 strategiyasi.

INTRODUCTION

In the modern global economic system, the fourth
industrial revolution (Industry 4.0) and the rapid spread
of digital technologies are fundamentally changing
traditional production models across all sectors.” In the
Republic of Uzbekistan, modernization of industrial
sectors, increasing production efficiency, and creating
competitive national products are also priorities of the
state economic policy. In particular, within the
framework of the "Digital Uzbekistan-2030" strategy,
large-scale reforms are being implemented to digitally
transform  economic  sectors, develop digital
infrastructure, and expand the scope of electronic
services. The government has allocated $2.5 billion for
the development of digital infrastructure for these
purposes, which is paving the way for a qualitatively new
stage of economic growth.™

Although the Uzbek economy has been steadily
showing a GDP growth rate of 6 percent, the structural
structure of industrial sectors remains highly dependent
on low and medium-low technology sectors. For
example, the share of high-tech sectors in the processing
industry is very low, amounting to only 1.3 percent in
January 2024, which is even lower than the 2.9 percent
in the corresponding period of 2023. Also, the share of
medium -low technology production is 40.9 percent, and
low-tech production is 36.6 percent. This structural
imbalance requires the implementation of technological
transformation by implementing digital technologies in
industrial enterprises. >The impact of the digital
economy on industry is not limited to the automation of
production processes, it allows for the optimal allocation
of resources, reduction of transaction costs, and increase
in labor productivity. The ICT market in Uzbekistan is
growing rapidly. For example, in 2024, the ICT market
increased by 43.8% to 56.17 trillion soums
(approximately 4.33 billion US dollars). Exports of ICT
services increased from 140 million US dollars in 2022

"Gayibnazarov, Bahodir. (2025). ECONOMETRIC MODELING OF LABOR
PRODUCTIVITY IN THE CONDITIONS OF THE DIGITAL ECONOMY.
QOKAN UNIVERSITY NEWSLETTER. 16. 207-208. 10.54613/ ku.v 16i.1426.
"United Nations Development Programme. (2025, August 26). Institutionalizing
a Monitoring and Evaluation System for Uzbekistan's Digital Transformation.
UNDP Uzbekistan

to 344 million US dollars in 2023, and to 619.74 million
US dollars by the end of 2024. "®Despite this positive
dynamics, quantitatively assessing and forecasting the
impact of ICT investments on the total production
volumes of industrial sectors remains an urgent scientific
problem. In this regard, the main goal of this study is to
build multi- factor econometric models of industrial
transformation based on real data from the national
economy and to formulate scientifically sound
conclusions based on their parameters.
ANALYSIS OF LITERATURE ON THE
TOPIC
economic growth and technological progress
has been widely studied in classical and modern
economic theories. While the neoclassical growth model,
founded by Robert Solow, considered technological
progress as an exogenous factor, later endogenous
growth models by scientists such as Paul Romer and
Robert Lucas modeled science, innovation, and
technological infrastructure as internal variables of the
economic system. Among studies investigating the
economic effects of digitalization, the Cobb-Douglas
production function has been one of the main analytical
tools. However, economists Jan Hurnik and Dana
Hajkova argue that the assumption of a constant labor
share in the traditional Cobb-Douglas function may be
limited for countries in transition and convergence.
Therefore, it is necessary to include additional
technological and digital factors in the model.”” Scientific
debates on the impact of digital transformation on labor
productivity and economic efficiency are actively
ongoing in foreign literature. Daron Acemoglu and
Pascual Restrepo have shown that while artificial
intelligence and digitalization displace some traditional
labor factors, they have a compensatory effect by
creating high-skilled jobs and increasing overall industry
productivity. Analysis by Sergey Kuznetsov and Dmitry
Ivanov on the example of the CIS countries confirms that

SStatistical Agency under the President of the Republic of Uzbekistan. (2024).
Industrial production of the Republic of Uzbekistan: January 2024 (preliminary
data) [PDF]

6 G' oyibnazarov, Bahodir. (2025). ECONOMETRIC MODELING OF LABOR
PRODUCTIVITY IN THE CONDITIONS OF THE DIGITAL ECONOMY.
QOKAN UNIVERSITY NEWSLETTER. 16. 207-208. 10.54613/ ku.v 16i.1426.
TTEff, EA (2021). Cobb-Douglas production function. Middle Tennessee State
University
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the development of digital infrastructure is a key catalyst
for increasing labor productivity at the regional level.
Significant research is also being conducted by
local scientists in the field of modeling the digitalization
and innovative activity of industrial sectors in
Uzbekistan. In particular, Jaxongir Oramov studied the
theoretical aspects of econometric modeling of the
financial stability of industrial enterprises in the context
of digital transformation. In his work, he developed a
multifactor integral index that includes the indicator of
digital investment activity and, using a model built on the
basis of panel data, proved the existence of a direct
positive correlation between the financial stability of
enterprises and digital transformation. Eldor Yuldashev
also assessed the impact of increasing regional export
potential on the growth of gross regional product in the
context of a digital economy using econometric modeling

methods. Davron Rakhmatullayev analyzed the
78

i

innovative development strategy of industrial sectors in
the Kashkadarya region using multifactor regression
models and empirically substantiated the impact of
digital technologies and high value-added production on
regional economic growth. However, in these studies, the
direct impact of ICT spending and investment on
industrial production was not analyzed within the
framework of an extended production function in a
systematic database for the last 2022-2025.
RESEARCH METHODOLOGY
The quantitative  assessment of  the
transformation of industrial sectors is based on an
extended Cobb-Douglas production function. The model
includes, in addition to traditional factors of production
(capital and labor), the costs of ICT services and
infrastructure, which represent the level of digitalization
in the country, as an independent variable:

Y, =A,-K{-Lj - D] - ¢°

In this model, to simplify the estimation of coefficients and apply the linear regression method, the natural

logarithm form was adopted:™

In(Y;) = In(4;) + aln(K;) + B1In(L,;) + vIn(Dy) + ¢

The variables were defined as follows:

Yt — volume of real industrial production (in
billion soums);

Kt — the volume of real fixed capital investments
in industrial sectors (in billion soums);

Lt — average annual number of employees
employed in industrial enterprises (thousand people);

Dt — real market size of digital infrastructure and
ICT services (in billion soums);

alpha, beta, gamma — elasticity coefficients of
production factors;

At is the total factor productivity coefficient;

Epsilon _ tis a random error.

The empirical basis of the study is the official

quarterly and annual data of the Statistical Agency under
the President of the Republic of Uzbekistan for 2022—

2025. The least squares method was used to estimate the
model parameters, and the statistical significance of the
model was checked using R"2, F-statistics, and DW-
test.80

Analysis of problems in industrial transformation
and econometric results

Uzbekistan's industrial sectors and digital

infrastructure in 2022—-2025 were analyzed. At the end of
2025 , the total volume of investments in fixed capital in
the economy amounted to 591.1 trillion soums, an
increase of 10.5% compared to 2024. Of this, 160.5
trillion soums (27.2%) were invested in the processing
industry, 58.8 trillion soums (9.9%) in the mining
industry, and 10.2 trillion soums (1.7%) in the
information and communications sector

Table-1

Dynamics of industrial and digital transformation indicators in Uzbekistan (2022-2025)%

Years | Industrial output | Investments in fixed | Employment in industry | ICT market size
(YY), billion soums capital (K), billion soums | (L), thousand people (D), billion soums
2022 | 553,265.0 138,500.0 1,850.2 24,510.0
2023 | 658,991.7 165,200.0 1,910.5 39,060.0
2024 | 880,198.5 210,000.0 1,980.1 56,170.0
2025 | 995,450.0 219,334.8 2,050.4 81,300.0
®Rakhimova MA (2025). FACTORS INFLUENCING THE  ®United Nations Development Programme. (2025). Uzbekistan's

ECONOMIC EFFICIENCY OF THE INDUSTRY. Economics and
society , (10-1 (137)), 400-404.

Eff, EA (2021). Cobb-Douglas production function. Middle
Tennessee State University

Digital Economy: The State of Digital Entrepreneurship and Atrtificial
Intelligence [PDF]. UNDP Uzbekistan.

8 1t was formed based on data from the Statistical Agency under the
President of the Republic of Uzbekistan .
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Based on this data, the estimation of a linear multivariate regression model using the OLS method yielded the

following results.

Table-2
Estimation of econometric model parameters
Independent variables Estimated coefficients Standard error t-statistic | p-value

Constant (In(A)) 3.124 0.415 7.528 0.001
Investments (In(K)) 0.421 0.084 5.012 0.003
Industrial employment (In(L)) 0.352 0.092 3.826 0.008
Digital factor (In(D)) 0.183 0.045 4.067 0.005

Statistical quality indicators R”2 = 0.985; of January 2024, the bulk of industrial output in the

Adjusted R"2 = $0.978; F=115.42 p < 0.01; DW = 1.96:
Economic analysis and scientific interpretation
of regression results

The statistical parameters of the model confirm its
high adequacy. The coefficient of determination ($R"2 =
0.985$) shows that the independent variables (capital,
labor and ICT costs) can explain 98.5% of the variability
in the volume of industrial output. The DW coefficient of
1.96 indicates the absence of autocorrelation between the
residuals.

The estimated coefficients are interpreted in terms
of elasticity as follows:

1.  Elasticity of fixed capital investment (alpha
= 0.421): A 1% increase in fixed capital investment in
industry increases industrial output by an average of
0.421%. This indicates that the national industry is still
largely capital intensive.

2. Labor elasticity (beta=0.352): A 1% increase
in the number of people employed in the industrial sector
increases output by an average of 0.352%.

3. Digitization and ICT factor elasticity
(gamma=0.183): A 1% increase in spending on digital
infrastructure and ICT services increases industrial
output by an average of 0.183%. This coefficient
indicates that the digitization of industrial enterprises is
becoming an important and new driver of output growth.

An important theoretical conclusion is that the
sum of the elasticity coefficients (alpha + \beta + \gamma
= 0.421 + 0.352 + 0.183 = 0.956) is less than one. This
means that there are diminishing returns to scale in
production. This situation indicates that although
resources (capital and labor) are increasing quantitatively
in industrial sectors , the quality and innovation
efficiency (TFP) of their use are not high enough.

When analyzing the existing problems in
industrial transformation, first of all, the low share of
investments in digital infrastructure and technologies in
industrial enterprises is noticeable. In 2025, only 1.7% of
total investments were directed to the information and
communication sector. Also, the lack of qualified
personnel in the ICT sector is one of the factors slowing
down the transformation. According to IT-Park , 62% of
ICT companies are facing problems in recruiting
personnel due to the lack of qualified specialists and low
practical experience.

Industrial production and digital infrastructure are
very unevenly distributed across regions. For example, as

republic was accounted for by Navoi region (20.5%),
Tashkent city (17.3%) and Tashkent region (16.8%). In
the remaining regions, the level of digitization of
industrial enterprises and infrastructure provision is very
low, which reduces the overall -efficiency of
transformation. Another important obstacle can be the
requirement in national legislation to store personal and
corporate data on local servers (data localization), which
prevents large transnational technology companies from
investing in Uzbek industry. Also, more than 11.2 million
cyber-attacks recorded in 2023 are increasing the costs of
protecting industrial enterprises' digital systems.

CONCLUSION AND SUGGESTIONS

In the context of the digital economy, the
transformation of Uzbekistan's industrial sectors is a
complex process that requires not only technological
innovation, but also deep structural reforms. An
econometric analysis based on the extended Cobb-
Douglas production function has quantitatively proven
the importance of ICT infrastructure and digital
technologies in increasing industrial production. Based
on this, the following measures are proposed to
accelerate industrial transformation. In order to improve
the digital infrastructure of industrial enterprises and
increase their investment attractiveness, it is necessary to
gradually increase the share of investments in
information and communication technologies and digital
solutions. It is necessary for the government to establish
a system of long-term preferential loans for digitization
projects of industrial entities, and to liberalize customs
duties on the import of software and high-tech
equipment. Strengthening practical cooperation between
industrial enterprises and higher educational institutions
is the main way to solve the problem of personnel
shortage. It is necessary to introduce mandatory curricula
on the use of ICT, data analysis (Data Science) and
artificial intelligence technologies in engineering and
technical areas of industrial sectors. The establishment of
joint innovation laboratories between IT Park residents
and industrial giants will allow training personnel with
practical skills.

To eliminate territorial imbalances, it is necessary
to expand the coverage of digital infrastructure in the
regions, especially in regions with low indicators,
developing high-speed Internet and mobile networks. In
the process of developing industrial sectors on a cluster
basis, the establishment of specialized digital integration
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centers within each industrial cluster will serve to
increase the pace of mastering digital technologies by
regional enterprises. In order to ensure the protection of
industrial management systems from cyber threats, it is
necessary to further strengthen the national cybersecurity
ecosystem. The mandatory introduction of information
security standards (including ISO/IEC 27001) in
industrial enterprises, conducting systematic cyber
analyses, and establishing centers for rapid response to
cyber attacks are important guarantees for ensuring the
stability of production. Taking into account international
experience, it is necessary to adapt the regulatory
framework and liberalize the investment climate.
Relaxing strict data localization requirements and
facilitating cooperation with international cloud
technology and storage providers will significantly
increase the investment activity of large foreign investors
and transnational companies in Uzbek industry.
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