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ECONOMETRIC MODELING OF REGIONAL
ECONOMIC GROWTH BASED ON THE COBB-
DOUGLAS PRODUCTION FUNCTION: A CASE
STUDY OF SURXONDARYA REGION

Abstract. This study examines the key driving factors of economic growth in the Surxondaryo region using
econometric modelling based on the classical Cobb-Douglas production function. To address issues related to
multicollinearity and non-stationarity in the raw data, a restricted intensive form of the model, where a + = 1,
was constructed using regional statistical data for the period 2010-2025.

The empirical results demonstrate high statistical significance, with an adjusted R-squared of 0.961 and
an F-statistic of 379.63, confirming the reliability of the model. The estimated capital elasticity coefficient (a)
is 0.6967, while the labour elasticity coefficient (8) is 0.3033. This indicates that a 1% increase in capital
investment leads to an approximately 0.70% increase in regional output, whereas a 1% increase in labour
resources results in only 0.30% growth.

The findings suggest that economic growth in Surxondaryo is predominantly capital-intensive and is largely
driven by investment inflows. At the same time, the marginal productivity of labour remains relatively low due to
an oversupply of the workforce in the region.

Keywords: economic growth, Cobb-Douglas production function, intensive form, capital elasticity, labour
productivity, Surxondaryo region, econometric modelling.

AHHOTauuA. B gaHHOM MccrnegoBaHMM paccMaTpuBaloTCs KitoveBble DakTopbl 9KOHOMMYECKOro pocTa
CypxaHOapbUHCKOM 061acTv Ha OCHOBE 3KOHOMETPUYECKOrO MOAENMPOBaHUSA C MICMOMb30BaHMEM KITAaCCUYECKON
npon3BoacTBeHHoM yHKuMn Kobb6a—[yrmaca. [Ona ycTpaHeHus npobnem MymnbTUKONIMHEAPHOCT U
HEeCTaLMOHaPHOCTN MCXOOHbIX AaHHbIX Oblfa NMOCTPOEHa OrpaHUYeHHas MHTEHCKMBHAs popmMa Mogenu npu
ycrnoBun a + 3 = 1 ¢ nCNonb3oBaHNEM PErMoHarnbHbIX CTAaTUCTUYECKUX AaHHbIX 3a 2010-2025 roabi.

Pesynbratbl aMnmMpmnyeckoro aHanvmsa AeMOHCTPUPYIOT BbICOKYIO CTaTUCTUYECKYH 3HAYMMOCTb MOLEMMW:
CKOPPEKTUPOBaHHbIN koadhduumneHT getepmmHaumm (Adjusted R?) coctaBun 0,961, a 3HavyeHue F-kputepus
— 379,63, uTo NnoaTBEPXKAAET €€ HAaOEXHOCTb. OLEHEHHDBIN KOSMMPULNEHT 3NACTUYHOCTM KanuTana (a) paBeH
0,6967, Torga kak koadhpmumeHT anactnyHocTu Tpyaa (B) coctarnset 0,3033. 3To 03HaAYaET, UTO YBENUYEHME
KanutanbHbIX BNOXeHUn Ha 1 % obecneymBaeT POCT pernoHaribHoro Bbinycka npumepHo Ha 0,70 %, B TO
BPEMS Kak yBenu4eHne TpyaoBbix pecypcoB Ha 1 % npmBoauT nuiwb K pocTy Bbinycka Ha 0,30 %.

[MonyyeHHble pe3dynbrathl CBUOETENLCTBYHOT O TOM, YTO 3KOHOMMUYeCKMn pocT CypxaH4apbUHCKOM 06nactu
HOCUT MPENMYLLECTBEHHO KanMTarnoEMKNn XxapakTep 1 B 3HAYNTENbHOW CTeneHn 0ByCcnoBneH NHBECTULMOHHON
aKTMBHOCTbIO. B TO e Bpemsa mnpegenbHas NPOM3BOAMTENBHOCTb TPyda OCTAaETCH CpPaBHUTENbHO HW3KOMW
BCINEACTBUE BbICOKON 06eCneYeHHOCTU permoHa TpyaoBbIMY pecypcamu.

KnroyeBble cnoBa: 3KOHOMWYECKWIA POCT, NPOM3BOACTBEHHAs (yHkums Kobba—[yrnaca, nHTEHCUBHas
dopma, anacTu4HoCTbKanuTana, npoM3BoauTeNbLHOCTL TPYAa, CypxaHgapbuHcKas 0b6nacTb, 3KOHOMETPUYECKOE
MOZENVPOBaHNE.

Turaev Bakhtiyor Ergashevich

Associate Professor, PhD in Economics
Termez University of Economics and Service
ORCID: 0000-0001-8026-8186
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INTRODUCTION

In the current context of globalisation, ensuring economic growth is one of the priority tasks for every region.
Economic growth is directly linked not only to the expansion of production volumes, but also to the improvement
of public welfare, the increase in employment levels, and the reduction of economic disparities between regions.
Therefore, an in-depth analysis of the drivers of economic growth and their scientific evaluation remain highly
relevant issues.

In modern economic research, econometric modelling methods are widely used to analyse economic
growth processes. Econometric models make it possible to identify quantitative relationships between economic
indicators, assess their degree of influence, and conduct forecasting. In particular, models constructed on the
basis of production functions play an important role in determining the contribution of the main factors of
economic growth, namely capital and labour resources.

In this research, the Cobb-Douglas production function, which is widely applied in modelling economic
growth, was used. Through this model, the dependence of gross regional product (GRP) on investment,
representing capital, and labour resources was econometrically evaluated. The main reason for selecting the
Cobb-Douglas model is that, along with its simple and clear structure, it enables the determination of elasticity
indicators for economic growth factors.

LITERATURE REVIEW

At the regional level, the impact of various factors on economic growth processes was investigated by
I. Abdullayev using the Khorezm region as a case study. Although the author constructed a Cobb-Douglas
model in this research, it was specifically noted that the model did not accurately reflect the economic process.
Consequently, it was demonstrated that this model is not universal and has certain limitations [1].

Yu. V. Podpovetnaya [6] examined the labour factor as a specific structural component of the regional
economy. The study determined that labour demand depends on product output, internal production factors,
and the level of capital intensity in production. Based on data from industrial sectors of the Chelyabinsk region
for the period 2008-2014, the Cobb-Douglas function was practically applied to analyse the relationship
between employment and output.

M. Zecevic et al. [8] analysed agriculture and its influencing factors in the Serbian economy. Open-source
agricultural data were examined, and a classical Cobb-Douglas model was constructed. The objective of the
study was to identify relationships between production factors and develop forecasts.

RESEARCH METHODOLOGY

It is well known that the Cobb-Douglas model, which explains gross domestic product and its growth rates
through capital and labour factors, makes it possible to study the efficiency of using capital and labour inputs, as
well as the results of their influence on economic growth when their volumes increase or decrease. The Cobb-
Douglas model was proposed in 1928 by Ch. Cobb and P. Douglas in their work “A Theory of Production”. The
model expresses the dependence of production volume (Y) on its structural factors, namely capital inputs (K)
and labour inputs (L) [7; 2]. Its general form is as follows [3]:

Q:A.[(a.Lﬁ (1)

where Q represents total production volume or gross regional product; A is the coefficient representing the
level of technological progress, also known as total factor productivity; K represents capital inputs; L represents
labour inputs; and a and 8 are the output elasticities of capital and labour, respectively.

The a coefficient of the model is the elasticity coefficient indicating that a 1% increase in capital inputs
leads to an a% increase in production volume [5]. The B coefficient is interpreted in the same way for labour. If
these parameters satisfy the condition a + B = 1, it implies that an n-fold increase in capital and labour inputs
will increase output by the same proportion, indicating constant returns to scale. Likewise, if the condition a + 8
> 1 holds, it means that a 1% increase in capital and labour inputs results in a proportionally higher percentage
increase in production, indicating increasing returns to scale [3].

As a result of the empirical analysis, a log-linear Cobb-Douglas model was initially constructed. However,
the estimated parameters of the model did not fully correspond to real economic conditions, since the elasticity
of the labour factor (L) appeared to be excessively high. In fact, in the context of the Surxondaryo region, there
is an oversupply of labour resources. Under such conditions, economic theory suggests that an additional
increase in labour supply contributes less to total production. This anomaly may be explained by differences in
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the units of measurement of the variables, differences in scale, multicollinearity, or the non-stationarity of the
data. Consequently, it was not possible to interpret the initial results accurately.

Therefore, it was decided to impose a restriction on the model parameters, where a + § = 1, and to
estimate the production function in its ratio, or per capita, form, that is, through the intensive form. In scientific
literature, this type of model is usually referred to as a restricted production function or an intensive form of the
production function. Since a + 3 = 1 in this specification, it implies constant returns to scale, meaning that when
all production factors increase in the same proportion, output increases by the same proportion.

By transforming the variables into Q/L, representing labour productivity, and K/L, representing the
capital-labour ratio, the data are normalised. This reduces the influence of time trends and helps eliminate
multicollinearity. As a result, the estimated parameters become more stable, statistically robust, and structurally
comparable from the perspective of economic interpretation.

The Cobb-Douglas model with the constant returns to scale constraint is expressed as follows:

£ a(e)

After logarithmic transformation, the model takes the following linear form:
K
ln%zlnA+alnz (3)

ANALYSIS AND RESULTS

For the empirical analysis, data obtained from the regional Statistics Department were used to assess
the impact of investment and labour factors on the gross regional product (GRP) of the Surxondaryo region
(Table 1).

Table 1
The volume of Gross Regional Product of the Surxondaryo region
and the values of influencing investment and labor factors [4]

Labour Labour
Gross Gross
Year reqional Investments resources Year regional Investments resources
9 (billion UZS) (thousand 9 (billion UZS) | (thousand
product product
people) people)
2010 33947 655,3 11741 2018 21 229,4 7 240,6 14427
2011 52171 802,9 12454 2019 254731 11 835,1 1462,6
2012 6 436,4 980,3 1282,7 2020 27 571,6 10 068,2 1452,2
2013 7 436,4 1371,0 1320,2 2021 335911 12 037,8 1463,5
2014 9213,2 1509,1 1353,0 2022 39 201,8 11 569,4 1468,9
2015 11 114,4 1843,6 1379,2 2023 46 999,2 18 307,7 1489,6
2016 12 179,6 21424 1403,1 2024 54 3541 16 593,1 1509,6
2017 16 354,4 3551,0 1425,0 2025 66 186,5 22 758,4 1511,4

Based on the data presented in Table 1, labour productivity and the capital-labour ratio were calculated.
These indicators make it possible to visually analyse the efficiency of production volume (Figure 1).
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Figure 1. Labor productivity and capital-labor ratio levels in the Surxondaryo region'

According to the data presented in Figure 1, gross regional product per unit of labour resources increased
from 2.9 billion to 43.8 billion between 2010 and 2025, indicating a significant improvement in labour productivity.
The investment-to-labour ratio, referred to as the capital-labour ratio, increased from 0.6 to 15.1. Notably,
during the New Uzbekistan period, that is, after 2017, a sharp increase was observed in both indicators. This
demonstrates that the growth in investment volume had a positive impact on labour productivity. During the
pandemic period in 2020, investment declined slightly, leading to short-term fluctuations.

By transforming the capital and labour factors into ratio forms, the risk of multicollinearity was reduced.
Furthermore, the analysis revealed a strong correlation between the dependent and independent variables.
The results of the regression analysis are presented in Table 2.

Table 2
Estimation results of the Cobb-Douglas model?

Model 2: OLS, using observations 2010-2025 (T = 16)
Dependent variable: |_Q/L

Coefficient  Std. Error t-ratio p-value
const 1.73030 0.0569158 30.40 <0.0001 ™
| K/L 0.696740 0.0357591 19.48 <0.0001 ™
Mean dependent var 2.510287 S.D. dependent var 0.829028
Sum squared resid 0.366658 S.E. of regression 0.161833
R-squared 0.964434 Adjusted R-squared 0.961894
F(1, 14) 379.6373 P-value(F) 1.53e-11
Log-likelihood 7.504294 Akaike criterion -11.00859
Schwarz criterion -9.463410 Hannan-Quinn -10.92946
Rho 0.443220 Durbin-Watson 0.918063
1 author’s development
2 author’s development
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From Table 2, it can be observed that the calculated value of Fisher’s F-criterion is F.,;. = 379.63. At a
significance level of @ = 0.05, the tabulated value of Fisher’s F-criterion is equal to F;,;, = 4.6. Therefore, since
$ Feaic > Fran, the model is considered adequate for the economic process. Furthermore, the calculated values
of Student’s t-criterion for the model parameters are greater than tsap at the @ = 0.05 significance level.
Consequently, all coefficients of the regression equation are statistically significant.

Additionally, Breusch-Godfrey Godfrey LM test (LMF) results were obtained through experimentation
(test statistic: LMF = 1.175750, with p-value = P(F(3,11) > 1.17575) = 0.363). This indicates the absence of
autocorrelation in the residuals.

Moreover, the distribution of the residuals was examined; according to the test, the Jarque-Bera statistic
is x?=3,409 (p=0,1819), and since the p-value is greater than the 0.05 threshold, it implies that the residuals are
normally distributed. At the same time, the Mean Absolute Percentage Error (MAPE) (MAPE = 5,7362% < 10%)
confirms its high forecasting accuracy and adequacy to the economic process.

The final estimated form of the model is expressed as follows:

) K
In 1= 1,73+ 0,6967In 7 3)

According to the OLS (Ordinary Least Squares) estimation results of model (3), the coefficient a is equal
to 0.6967, which represents the elasticity of the capital-labor ratio (K/L). This indicates that if the capital-labor
ratio increases by 1%, the output per unit of labor resources (Y/L, i.e., labor productivity) will increase by
approximately 0.6967%. This demonstrates that an increase in capital intensity within the model positively
drives labor productivity. On the other hand, the constant term In(A) reflects the technological level or total
factor productivity of the economy.

The model can be written in linear form as follows:

In Q=1,73+0,6967 In K+0,3033 In L (4)

According to the restriction condition (a + B = 1), the elasticity of labour (8) is estimated at 0.3033. These
results indicate that the capital factor plays a dominant role in the production process. Specifically, a 1%
increase in investment leads to an approximately 0.70% increase in output. In contrast, a 1% increase in labour
resources results in only a 0.30% increase in output. Consequently, economic growth is primarily driven by the
level of capital accumulation, indicating that the model reflects a capital-intensive pattern of development.

In addition, the parameter A captures the influence of factors not explicitly included in the model, such as
technological progress, management quality, infrastructure, and institutional conditions. A relatively high value
of A suggests that these factors exert a significant positive impact on production within the regional economy.
The estimated elasticity of labour () is lower than the elasticity of capital (a), which indicates the following:

— The utilisation level of labour resources is already relatively high, meaning that an additional increase in
the workforce contributes only marginally to production growth;

— The marginal productivity of labour has declined;

— The growth of labour resources has not been accompanied by a proportionate increase in technology or
capital,

— Capital remains a relatively scarce factor in the region and therefore serves as the primary driver of
production growth.

The results show that the Cobb-Douglas model, representing the impact of investment and labour resources
on the gross regional product of the Surxondaryo region, satisfies all the requirements of the verification stage.

The estimated model parameters confirm that the investment factor plays a dominant role in the production
process. According to the model, a 1% increase in investment volume leads to an approximate 0.70% increase
in output, whereas a 1% increase in labour resources contributes only about 0.30% to production growth.
Therefore, economic growth in the region is largely determined by the level of investment provision, reflecting
the capital-intensive nature of regional development.

Overall, the obtained results demonstrate that expanding capital investment is of paramount importance
for increasing production volume. At the same time, achieving sustainable long-term economic growth requires
further development of technological and institutional factors that enhance labour productivity and improve the
efficiency of resource utilisation.

CONCLUSION AND RECOMMENDATIONS

The econometric analysis of the Surxondaryo region’s economy for the period 2010-2025 demonstrates
that transforming the Cobb-Douglas production function into its restricted intensive form effectively reduced
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issues related to multicollinearity and non-stationarity. The model shows high statistical reliability, with an
adjusted R-squared of 0.961 and an F-statistic of 379.63, confirming its suitability for representing the region’s
economic processes.

The empirical results reveal that the capital elasticity coefficient (a = 0.6967) significantly exceeds
labour elasticity (8 = 0.3033), indicating that the regional economy has a strongly capital-intensive character.
Specifically, a 1% increase in capital investment leads to an approximately 0.70% increase in regional output,
whereas a 1% increase in labour resources results in only a 0.30% increase.

This difference demonstrates that regional economic growth is predominantly driven by investment inflows
rather than labour expansion. The low elasticity of labour indicates structural inefficiencies and a decline in the
marginal productivity of the workforce, which may be associated with an oversupply of labour in the region.
Although significant reforms since 2017 have accelerated both labour productivity and the capital-labour ratio,
the workforce’s capacity to generate higher value remains constrained by the existing technological base.

Overall, while capital investment remains the main driver of regional economic growth, ensuring long-term
sustainable development requires a gradual shift from pure capital accumulation towards improving labour
productivity. In this regard, the introduction of modern technologies, the development of workforce skills, the
improvement of institutional conditions, and the more efficient use of investment resources should be considered
priority directions for regional economic policy.
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