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Peter Karacsony (Hungary), Aliya Uralova (Kazakhstan), Assel Bekbossinova (Kazakhstan),

Medet Konyrbekov (Kazakhstan), Vivien Valké (Hungary)

ANALYSIS OF PRODUCTION,
FISCAL, AND EXTERNAL SECTOR
CHANNELS OF ECONOMIC
GROWTH IN KAZAKHSTAN’S
OIL AND GAS SECTOR

Abstract

Given the instability of global energy markets and recurring price shocks, it is increas-
ingly important to assess the sustainability of economic growth in countries heavily
dependent on oil and gas, such as Kazakhstan. The purpose of this study is to assess
the impact of the oil and gas sector’s production, fiscal and external sector transmis-
sion channels on Kazakhstan’s economic growth during 2010-2024. The empirical
base includes official data from the Bureau of National Statistics of Kazakhstan, the
Ministry of Finance, and the World Bank, as well as economic indicators related to
exchange-rate dynamics and inflation. The study employs a combination of cointegra-
tion analysis, vector error correction models (VECM), and short-term ordinary least
squares (OLS) specifications. The results show that oil production and GDP are linked
by a stable long-term relationship, with the error-correction term indicating that about
24% of deviations from equilibrium are eliminated per year. Gas production emerges
as a key short-term growth factor: a one-thousand-ton increase in gas production is as-
sociated with a 5.26 billion tenge (11.8 million USD) in GDP (p = 0.002). Tax revenues
from the oil and gas sector exert a moderate positive effect on economic dynamics
(p =0.065), reflecting fiscal sensitivity to external conditions. The external sector chan-
nel exhibits the strongest short-term effect: a one-unit depreciation of tenge is associ-
ated with an average increase of 2.61 x 10° tenge in nominal GDP (p < 0.01). Overall,
the results indicate that Kazakhstan’s economic growth is shaped by long-term depen-
dence on production and short-term transmission of price and financial shocks.

Keywords oil and gas, energy market, energy economy, production
channel, fiscal channel, industry policy, Kazakhstan
JEL Classification C32,E22,Q33

INTRODUCTION

In the context of heightened volatility in global commodity markets
and growing uncertainty in the world economy, the sustainability of
resource-dependent countries increasingly depends on the mecha-
nisms through which strategic sectors transmit external shocks to eco-
nomic dynamics. For hydrocarbon-exporting economies, fluctuations
in global energy prices, financial conditions, and exchange rates create
persistent risks for economic growth, fiscal stability, and long-term
development trajectories. Understanding how these shocks propagate
through national economies remains a central issue in contemporary
economic research.

Kazakhstan is a particularly relevant case for examining these issues.
Despite large-scale reforms and modernization initiatives, structural
features of the Kazakh economy - such as a high concentration of ex-
tractive industries, limited diversification, and institutional inertia —
continue to create vulnerability to external price shocks. Periods of
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GDP growth are often accompanied by a deepening dependence on global market conditions, compli-
cating strategic planning and reducing the stability of long-term economic trajectories. This context
highlights the need for an in-depth analysis of the mechanisms through which the oil and gas sector
influences economic dynamics, including production, fiscal, and external sector transmission channels.

Empirical evidence confirms the structural importance of the oil and gas sector in Kazakhstan’s econ-
omy. Over the past decade, hydrocarbons have typically contributed around one-fifth of Kazakhstan’s
GDP, accounted for more than half of export earnings, and remained a major source of budget revenues
through both direct and indirect fiscal channels. Oil and gas exports also dominate foreign-currency
inflows, making macroeconomic performance highly sensitive to fluctuations in global energy prices
and exchange-rate dynamics. Despite ongoing diversification efforts, these structural characteristics
have remained essentially unchanged, reinforcing the oil and gas sector’s role as a primary transmission
channel for external shocks into domestic economic activity (OECD, 2017; IEA, 2023).

The existing literature provides a substantial body of research on the resource cycle and the “resource
curse”, as well as on the effects of oil shocks on exchange rates, fiscal systems, and economic growth.
However, most studies focus on individual dimensions such as production volumes, price dynamics,
and tax revenues without integrating them into a unified analytical framework.

For Kazakhstan, this limitation is particularly pronounced. Empirical studies tend to examine the
production sector (including the gas industry), fiscal mechanisms, and currency dynamics separately,
which constrains the identification of complex causal relationships. Issues of internal structural dynam-
ics in the industry, including employment, wages, investment activity, and institutional parameters,
have also not been adequately studied.

In addition, much of the existing research relies on static or short-horizon approaches that provide lim-
ited insight into the stability of sector-macro relationships over time. Such approaches make it difficult
to assess how the economy adjusts to structural shocks in the oil and gas sector and how different trans-
mission channels contribute to economic dynamics. An integrated examination of production, fiscal,
and external sector transmission channels, therefore, offers a more coherent perspective on how the oil
and gas sector shapes economic growth in resource-based economies and serves as a key conduit for the
transmission of external shocks.

1. LITERATURE REVIEW

than a transitory phenomenon. Gelb (1988) con-
ceptualized oil revenues as a macroeconomic shock

The impact of the oil and gas sector on economic
growth has been examined across multiple theoreti-
cal and empirical traditions, reflecting the complex,
multi-channel nature of resource dependence. Prior
research has shown that production dynamics, fis-
cal mechanisms, exchange-rate adjustments, and
institutional factors jointly shape growth outcomes
in resource-rich economies. However, the absence
of an integrated analytical framework has led to a
fragmented body of evidence, motivating a channel-
based systematization of literature.

Early theoretical research establishes that depen-

dence on natural resources constitutes a structurally
persistent feature of economic development rather

http://dx.doi.org/10.21511/ppm.24(1).2026.29

with long-lasting implications for growth trajecto-
ries, while Auty (1993) and Gylfason (2001) formal-
ized the “resource curse” hypothesis, arguing that
resource-rich economies face systematic structural
constraints that reinforce reliance on extractive sec-
tors and limit diversification. Empirical validation of
this framework was provided by Sachs and Warner
(1995), who demonstrated that natural resource
abundance is associated with weaker long-term
growth performance. Subsequent extensions of this
literature linked macro-level resource dependence to
structural dynamics within the oil and gas industry
itself, showing that sectoral organization and market
integration shape development outcomes (Baille &
Gir, 1998; Frankel, 2010). Collectively, these studies
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establish that long-term dependence on the oil and
gas sector represents a stable structural condition of
economic development rather than a temporary or
accidental occurrence.

A large body of empirical studies demonstrates that
the acceleration of economic activity in the United
States, combined with lower oil prices, leads to in-
creased consumption of petroleum products and gas,
increased imports, and increased dependence on
external supplies (Balke et al., 2010; De Michelis et
al.,, 2020). Other research also highlighted the role of
economic recovery in Europe and Japan, and raised
key questions about OPEC’s behavior and the bal-
ance of the global hydrocarbon market (Pierru et al.,
2018; Almutairi et al., 2023). While these approaches
provide valuable insights into average effects, they
abstract from country-specific structural mecha-
nisms and adjustment dynamics.

An important strand of the literature examined
the fiscal and institutional dimensions of resource
dependence, emphasizing how governance frame-
works shaped macroeconomic outcomes in resource-
rich economies. Previous comparative research on
Norway and Venezuela highlighted the importance
of rules-based fiscal frameworks and intertemporal
revenue management for reducing procyclicality and
stabilizing growth in resource-dependent econo-
mies (Bjerkholt & Niculescu, 2004). Building on this
institutional perspective, subsequent empirical stud-
ies employed panel data approaches to analyze how
resource rents affect economic performance across
countries. Bulte and Damania (2008) showed that
rents operated through political competition and
fiscal incentives, while Arezki and Van der Ploeg
(2010) highlighted the role of public investment al-
location and rent management. Van der Ploeg (2011)
systematized these mechanisms by emphasizing
exchange-rate appreciation and capital reallocation
toward non-tradable sectors, whereas Ross (2012)
focused on labor-market distortions that reinforced
the persistence of extractive growth models. Despite
their contributions, this literature relied primarily
on average cross-country effects and static or quasi-
dynamic specifications, which limited its ability to
capture country-specific long-run relationships and
adjustment dynamics.

More recent research shifted attention toward finan-
cial, fiscal, and external adjustment mechanisms as-
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sociated with oil and gas dependence. Early contri-
butions emphasized fiscal constraints arising from
structural transformations in the energy sector. Sun
et al. (2018) highlighted the budgetary implications
of introducing low-carbon technologies in upstream
production, while Fuinhas et al. (2015) provided
cross-country evidence that oil rents exert adverse
growth effects in the presence of weak fiscal insti-
tutions. Subsequent studies increasingly focused on
financial and external channels. Koilo and Grytten
(2019) demonstrated that hydrocarbon revenues in-
fluence economic performance primarily through
capital flows and balance-of-payments dynamics,
amplifying cyclical instability. Extending this analy-
sis, Bibi (2024) showed that oil revenues reshape the
structure of foreign capital inflows and external fi-
nancing, increasing macroeconomic vulnerability
through investment channels. Recent evidence from
China further emphasized that the simultaneous
pursuit of energy security and emission reduction
intensifies fiscal pressures and investment trade-offs
in resource-dependent economies (Bai et al., 2024;
Zhu et al., 2024).

A growing body of research also highlighted the role
of external sector transmission channels operating
through exchange rates, inflation, and macroeco-
nomic volatility. For Eurasian economies, Korhonen
and Mehrotra (2009) documented high sensitivity of
exchange rates to external commodity price shocks.
Empirical studies confirmed that oil price fluctua-
tions are rapidly transmitted to the currencies of ex-
porting countries, with short-term causal effects ob-
served even in the absence of stable long-run cointe-
gration relationships (Chen & Rogoff, 2003; Lizardo
& Mollick, 2010; Schaling et al., 2014).

At the production level, research emphasized the
role of physical output dynamics and technologi-
cal constraints. Hamilton (2009) showed that sta-
ble production, combined with rising global de-
mand, contributed to major oil price shocks, while
Esfahani et al. (2014) found a stable relationship
among output, external demand, and oil revenues
in commodity-exporting economies. More recent
evidence highlighted growing interdependencies
between oil and natural gas markets and increas-
ing volatility spillovers across regions (Zhong et
al., 2019). The combination of these findings dem-
onstrated that integration of energy markets in-
creased the impact of external price and financial

http://dx.doi.org/10.21511/ppm.24(1).2026.29



shocks on economic stability, creating a key mech-
anism for the external sector channel.

Against this broader international backdrop, region-
al and country-specific factors become particularly
important for Central Asia, where energy develop-
ment is shaped not only by market dynamics but al-
so by geopolitical, infrastructural, and institutional
constraints. Javaid and Rashid (2015) noted that, de-
spite the significant energy potential of Kazakhstan,
Uzbekistan, and Turkmenistan, the implementation
of interregional projects is constrained by political
risks and infrastructure barriers. In turn, Saddam
and Mansor (2015) found that the low efficiency of
oil and gas companies was often associated with a
shortage of qualified personnel, making strategic
human resource management a critical factor for the
industry.

These institutional arguments were particularly
relevant for transition and post-Soviet economies,
where resource dependence emerged alongside deep
structural and governance transformations. Early
country-specific research on Kazakhstan by Esanov
et al. (2004) showed that weak fiscal institutions,
limited transparency, and procyclical budgetary
policies amplified the macroeconomic risks associ-
ated with oil dependence, increasing volatility rather
than supporting sustainable growth. Building on
this perspective, Kalyuzhnova and Nygaard (2008)
demonstrated that resource abundance reshaped
state—business relations in transition economies, re-
inforcing state control over extractive sectors while
constraining broader institutional development.

Subsequent studies focusing on Kazakhstan’s long-
term trajectory emphasized the structural lim-
its of export-led growth based on hydrocarbons.
Kalyuzhnova and Patterson (2016) showed that eco-
nomic performance depended critically on the effec-
tiveness of resource management institutions and
diversification policies, while Azretbergenova and
Syzdykova (2020) and Kireyeva et al. (2021) provided
empirical evidence of persistent path dependence and
limited expansion of non-resource sectors despite
prolonged periods of high hydrocarbon revenues.
Alongside institutional analyses, a separate strand
of literature examined the production foundations
of Kazakhstan’s oil and gas sector. Azhgaliev et al.
(2018) identified geological exploration in Western
Kazakhstan as a key driver of production growth. In

http://dx.doi.org/10.21511/ppm.24(1).2026.29
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contrast, Nadirov et al. (2019) and Maldynova et al.
(2023) emphasized the increasing role of technologi-
cal modernization in sustaining efficiency and inter-
national competitiveness.

Investment-related mechanisms were analyzed
in studies highlighting the role of foreign capital.
Otarbayeva and Arupov (2020) showed that for-
eign direct investment contributed to infrastructure
modernization and field development but also risked
reinforcing extractive dependence in the absence
of strong domestic spillovers. Recent quantitative
evidence further confirmed a close relationship be-
tween energy consumption and economic growth in
Kazakhstan, underscoring the continued macroeco-
nomic reliance on hydrocarbons (Zhai et al., 2024;
Beisembayev & Akhmetkyzy, 2025).

Taken together, these studies demonstrate that
Kazakhstan’s oil and gas sector affects economic
development through a combination of production,
fiscal-institutional, and investment-related mecha-
nisms, each operating with different time horizons
and adjustment dynamics. However, despite exten-
sive country-specific research, existing studies typi-
cally analyze these channels in isolation and rely
predominantly on static or partial frameworks. The
absence of an integrated dynamic approach that si-
multaneously captures long-run equilibrium rela-
tionships and short-run adjustment mechanisms
across multiple transmission channels constitutes a
critical gap in the literature. The present study ad-
dresses this gap by applying a unified econometric
framework that combines cointegration analysis,
vector error correction modeling, and short-term re-
gression techniques.

Thus, the purpose of this study is to assess the pro-
duction, fiscal, and external sector channels through
which the oil and gas sector influences Kazakhstan’s
economic growth over the period 2010-2024.

2. METHODS

A review of the literature shows that existing
studies of the impact of the oil and gas sector on
economic growth often focus either on the short-
term effects of price shocks or on long-term de-
pendencies within static models. This limits the
understanding of both stable structural relation-
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ships and short-term adjustment mechanisms.
Therefore, this paper uses an integrated econo-
metric approach that combines tools for analyzing
long-term equilibrium and short-term dynamics.
Using only one method does not allow for proper
investigation of the processes, so a combination of
correlation analysis, regression models, cointegra-
tion analysis, and a vector error correction model
is used.

Unlike traditional studies based on a single econo-
metric model, this study employs an integrated
methodological framework that combines cor-
relation analysis, regression analysis, Augmented
Dickey-Fuller stationarity testing, Johansen coin-
tegration analysis, and a vector error correction
model (VECM). All econometric estimations
and data processing were conducted using Stata
18, ensuring the reproducibility of results and the
consistency of statistical testing procedures. The
use of this combination of methods allows the
identification of temporal patterns, the distinc-
tion between periods of economic stability and in-
stability, and the assessment of which oil and gas
sector indicators exert the greatest influence on
economic growth, exchange rate dynamics, and
fiscal outcomes. Within this study, a clear distinc-
tion is made between the concepts of channel and
parameter. Channels are understood as economic
mechanisms through which the oil and gas sec-
tor’s functioning affects macroeconomic dynam-
ics. Parameters, in turn, are observable quantita-
tive indicators used as empirical measures to iden-
tify and assess the corresponding channels within
econometric models.

We use official statistical data for the period 2010-
2024. This time interval is chosen because compa-
rable, continuous data are available for all key indi-

cators. In addition, the period under review spans
various stages of the global oil price cycle, allow-
ing analysis of both long-term stable relationships
and the economy’s short-term reactions to exter-
nal shocks. The data sources were the Bureau of
National Statistics, the Ministry of Finance of the
Republic of Kazakhstan (tax revenues of the oil
and gas sector), and the World Bank Worldwide
Governance Indicators (WGI) database, used to
account for institutional factors.

The indicator of gross domestic product, which re-
flects economic growth dynamics, is used as the
dependent variable. To identify the production
channel, the analysis includes indicators of oil and
natural gas production volumes that characterize
the actual scale of activity in the oil and gas sector.
The fiscal channel is represented by tax revenues
from the oil and gas sector, reflecting the indus-
try’s contribution to overall budget revenues. The
external sector channel is represented by exchange
rate, as fluctuations in oil prices directly affect the
foreign exchange market and broader macroeco-
nomic conditions. Additionally, the analysis in-
cludes indicators of investment activity in the oil
and gas sector, the inflation rate, and employment
and wages in the industry. To control for the insti-
tutional environment, an indicator of public ad-
ministration quality is used, reflecting the influ-
ence of institutional factors on the nature of mac-
roeconomic and fiscal responses. A complete list
of variables, their definitions, units of measure-
ment, and sources is presented in Table 1.

Table 1 provides descriptions of all variables used
in the empirical analysis, including their defini-
tions, units of measurement, and data sources.
The set of indicators covers economic, production,
fiscal, and institutional characteristics, providing

Table 1. Description of variables used in the empirical analysis

Variable code : Full variable description Definition Unit Data Source

: i B f Nati |

GDP Gross domestic product Total annual GDP of Kazakhstan million KZT urgag of Nationa
,,,,,, . B e r2uStiCS Database

. i Bureau of National
S flaton rate percentage . Statistics Database

UNEMP Unemployment rate ercentage Bureau of National
,,,,,, e L STEES . Statistics Database

EXCH Exchange rate ; KZT perUsb Burgag of National
‘‘‘‘‘‘‘‘‘‘‘‘‘ R R oD 7. Statistics Database

INV_OIL Foreign investment in the oil and Annual inflow of FDI into the oil and million USD Bureau of National

gas sector

gas industry ! Statistics Database
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Variable code | Full variable description Definition : Unit Data Source
TAX_OIL : Oil-sector tax revenues : Total tax reven‘ues generated by the : million KZT ¢ Ministry of Finance
oil sector e, Of the RK Database
i Bureau of National
p ) [resi ) i
D e b ulatlon foralresident popuiaron ... Statistics Database
OIL_PROD : QOil production Annual crude oil output thousand tons ! BurgaL_J of National
S A SO ...Statistics Database
GAS_PROD Natural gas production Annual production of natural gas million m* . Bureau of National
e e ’ . Statistics Database
EMP OIL Employment in the oil and gas i Number of workerslemployed inthe persons Burgag of National
s SEEOT et 211 3N g3S industry e taTIStics Database
WAGE_OIL i Average monthly wage in the oil i Average real wage of employees in . KZTpermonth Burz_eaL_J of National
e ANO BRS SECXOT the sector e r2TISTICS Database
: Institutional/governance i
GOV_IND Government Effectiveness Index | effectiveness indicator (World Bank i percentile (0-100) i World Bank Databank

WGI)

a comprehensive assessment of the oil and gas sec-
tor’s impact on Kazakhstan’s economic dynamics.
This multi-level combination of variables enables
a comprehensive assessment of the links between
economic growth and various aspects of the oil
and gas industry’s functioning, including produc-
tion, fiscal, and economic mechanisms.

Figure 1 summarizes the stages of the
analysis.

empirical

According to Figure 1, the methodological ap-
proach is based on the consistent use of economet-
ric tools to identify both short- and long-term links
between the oil and gas sector and Kazakhstan’s
economic growth. The analysis begins with an as-
sessment of the industry’s dynamics from 2010 to
2024, including oil and gas production, export vol-
umes, investment flows, and tax revenues. These
data demonstrate the structure of the economy’s
oil dependence and justify the need to use dy-

1 N I _________________ A I_ _____________ il

| |

1st STAGE. : * mining analysis; I : Describing |

B Oil and gas industry > * export analysis; :»| the structure and :

overview for 2010-2024 : * analysis of taxes and FDI. I : dynamics of industries |

P4 |_ ________________ - _!

N T e T T A N

| * construction of the matrix P |

Ly 2nd STAGE. >: « identification of connections; | | Identifying key relationships |

Correlation analysis | * evaluation of the results : | between indicators :

= | obtained. || I

- e et

5 Vi . i t
w 3rd STAGE. | * the structure of the time I .

T ) ) ) | Recording the presence |

~ || Diagnosis of the temporary >: series; |»I of trend and |

& structure of GDP | * inertia of the GDP; | : autocorrelation in GOP :

] (ACF/PACF) and ADF test |« ADF test |l I

(U] B - - __ -

< N T . t

n | * definition of I(1); |

. | |

4th STAGE . I« diagnosis of trends; I ! Defining a long-term I

—»  Johannsen cointegration : ) » . i |

analysis | * long-term relationship; Lo relationship I

|« GDP-OIL_PROD. ;! I

J - - ___ - - -

Ly I N H l

5th STAGE. | * VECM; Loy '

- . | - | Assessing the short-term |

Investigation of correction * production channel | : I

. i ) I»' impact of oil and gas sector |

mechanisms (VECM) | * fiscal channel; Lo factors on GDP I

and OLS modeling I« economic channel. ;| I

[ J - - - -

CONCLUSIONS AND RESULTS OF THE STUDY

Figure 1. Stages of research
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Table 2. Short-term OLS models of the impact of oil and gas factors on economic growth

Model The purpose of the analvsis ' Dependent |  Explaining The role of the model within the
purp y { variable  variables framework of the research objective
The production Assessing thg impact of oil a.nd OIL_PROD, Short-term effect of production factors in the
gas production on economic GDP ) )
channel GAS_PROD oil and gas industry
growth
The fiscal channel Assessing the impact of oil and : GDP : TAX_OIL : Fiscal contribution of oil and gas rgnts to the
i gas sector tax revenues on GDP : ; ¢ short-term dynamics of economic growth
The external Assgssmg t.h_e Impact of ) INF, EXCH, Short-term impact of the currency mechanism
economic conditions and foreign GDP )
sector channel ) INV_OIL and external economic factors
investment on GDP

namic models that account for the impact of ex-
ternal shocks and structural shifts. To determine
the initial relationships, correlation diagnostics
are conducted for key indicators. The coefficients
obtained allow identifying the main channels of
influence of oil factors and assessing the risk of
multicollinearity before regression analysis. Next,
formal verification of stationarity using ADF tests
shows that the variables are integrated of order
I(1), which makes the application of cointegration
analysis appropriate.

A series of OLS regressions is used to assess the
rapid effects of oil shocks on production, fiscal,
and economic channels. These models allow clari-
fication of short-term relationships that VECMs
do not capture and reveal differences in the sensi-
tivity of economic indicators to industry changes.
Indicators reflecting the logic of oil dependence
are used as explanatory variables: production vol-
umes reflect the sector’s production potential. In
contrast, fiscal and economic indicators capture
the economy’s response to short-term fluctua-
tions. Thus, the OLS regression methodologically
complements long-term analysis and allows the
quantification of the economy’s instantaneous re-
actions to oil and gas factors.

The choice of variables for short-term OLS mod-
els differs from the VECM variables, as cointe-
gration analysis revealed a long-term relationship
between GDP and OIL_PROD. The remaining
indicators are included exclusively in short-term
specifications, where they reflect production, fis-
cal, and currency channels. The summary results
presented in Table 2 reflect the specifications of
the three short-term models.

Together, the three OLS models form a single
methodological framework that allows a system-
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atic assessment of the short-term manifestations
of oil dependence in the Kazakh economy. The in-
clusion of production, fiscal, and economic spec-
ifications provides coverage of the main areas of
impact of oil shocks. It allows them to be com-
pared with the long-term structural effects iden-
tified in the framework of cointegration analysis
and VECM. This integration of short-term and
long-term approaches forms a holistic analytical
framework necessary to identify the functioning
of the oil and gas sector and its role in shaping the
country’s economic dynamics.

3. RESULTS

The oil and gas sector remains a system-forming
element of the national economy, accounting for
about 20% of GDP and shaping the key economic,
fiscal, and external dimensions of the country’s
development. Over the period 2010-2024, GDP
increased by 627%, while fiscal revenues from the
oil sector grew by 169%, reflecting a strong depen-
dence of macroeconomic dynamics on external
price conditions rather than on physical expan-
sion of production. In contrast, production in-
dicators evolved more moderately: oil output in-
creased by only 8%, while natural gas production
rose by 159%.

These dynamics confirm the cyclical nature of
Kazakhstan’s resource-based growth model.
Periods of high global oil prices (2011-2014, 2018-
2019, 2022) coincided with sharp increases in fis-
cal revenues and exchange-rate effects, whereas
price downturns (2015-2016, 2020) were associat-
ed with contraction of the fiscal base and reduced
investment activity (Table 3).

The structure of the oil and gas sector also changed
over the period under study. Foreign direct invest-

http://dx.doi.org/10.21511/ppm.24(1).2026.29



Table 3. Dynamics of economic and oil and gas indicators in Kazakhstan for 2010-2024

Problems and Perspectives in Management, Volume 24, Issue 1, 2026

Year/
indicator :

GDP,
million KZT

FDI in the oil and gas
industry, million USD thousand KZT

Taxes,

Oil production,
million tons

Gas
production,
million tons

Average
: monthly salary
. in OGI, KZT

21,815,517.0

28,243,052.7

31,015,186.6

35,999,025.1

39,675,832.9

40,884,133.6

46,971,150.0
54,378,857.8

2001135,

61,819,536.4

69,532,626.5

70,649,033.2

83,951,587.9

103,765,518.2

119,442,289.7

136,693,318.3

114,877,801.3

2256345640 |
3360214853

3467390959 801

9

727

800 .

A

(3200814277 003 . ss4
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ment in the industry declined from USD 4.7 bil-
lion to USD 3.1 billion (—34%), whereas average
monthly wages in the oil and gas sector increased
more than fivefold (+531%). In general, the data
demonstrate a model typical of a resource-based
economy, in which production volumes change
only marginally, while fiscal, economic, and social
outcomes depend strongly on external price con-
ditions and cycles in the global oil market.

Furthermore, to examine the direction of the rela-
tionship between economic growth and key indica-
tors of the oil and gas industry, a correlation analy-
sis was conducted using data for 2010-2024. This
approach describes the structure of statistical rela-
tionships between variables and determines which
characteristics of the oil and gas sector are most

closely associated with GDP dynamics. The analy-
sis includes indicators reflecting production activity
(oil and natural gas production), social character-
istics of the sector (employment and wages), fiscal
relevance (tax revenues), investment activity (for-
eign direct investment), as well as macroeconomic
and institutional variables (inflation, exchange rate,
and government effectiveness). The resulting corre-
lation matrix is presented in Table 4.

The results indicate that Kazakhstan’s GDP exhib-
its strong positive correlations with several oil and
gas sector indicators over the sample period. The
highest correlation is observed between GDP and
natural gas production (r = 0.998), followed by em-
ployment in the oil and gas sector (r = 0.997) and
average wages in the industry (r = 0.923). GDP is

Table 4. Correlation matrix of key variables for 2010-2024

Variable (1) (2) (3) (4) (5)

(6) (7) (9 (10) (11)

(GAS_PROD
OIL_PROD 1.000
FDLOL . 0769 . 0764 . 0409 .
0359
4
0672
0645
..0387
0.397 i —0.045

.0653 | 0769
0698 4.

GDPPC - 0888 0889
GOV_IND

L0863 .0
70168
0.567

0476 001 0882

0.190

0923 0421

0660 - 1000 -
0.452 0.642
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Figure 2. PACF GDP

also positively correlated with oil and gas tax rev-
enues (r = 0.808) and foreign direct investment in
the sector (r = 0.769). By contrast, the correlation
between GDP and inflation is negative and rela-
tively weak (r = —0.352). These results describe the
strength and direction of pairwise associations
between economic growth and key sectoral vari-
ables during 2010-2024.

Despite the strong pairwise correlations identi-
fied above, correlation analysis does not capture
the dynamic properties of GDP or its time-series
behavior. To examine the stochastic structure
of economic growth, autocorrelation (ACF) and
partial autocorrelation (PACF) functions were
analyzed for Kazakhstan’s GDP over the period
2010-2024.

The PACF reveals statistically significant spikes at
lags 1 and 5, both exceeding the 95% confidence
bounds (Figure 2).

The results of the analysis of the private autocor-
relation function of GDP indicate the presence of
a pronounced peak in the first lag, at which the
value of the private autocorrelation coefficient ex-
ceeds 0.7 and exceeds the 95% confidence inter-
val. This indicates a high short-term inertia of eco-
nomic dynamics and means that more than 70%
of current changes in GDP are related to its value
in the previous period. An additional statistically
significant peak is observed on the fifth lag. This
result indicates the presence of delayed effects in
the dynamics of economic activity and may have
an impact on the level of GDP for up to five years.
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Figure 3. ACF GDP
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Collectively, the revealed structure of private au-
tocorrelation, characterized by stable coeflicient
values, confirms the trend nature of the GDP time
series.

The ACF exhibits a slow and monotonic decay of
autocorrelations, with the first lag exceeding 0.7
and subsequent lags declining gradually without
crossing into negative values (Figure 3).

This pattern of slowly decaying autocorrelations is
characteristic of non-stationary time series with a
pronounced trend component and long memory.
The autocorrelation value in the first lag exceeds
0.9 and remains statistically significant (beyond
the 95% confidence interval) for several subse-
quent lags. Even in the fifth lag, the autocorrela-
tion coefficient remains at about 0.6, which indi-
cates a strong dependence of current GDP values
on previous periods.

Since the joint analysis of ACF and PACF indi-
cated non-stationarity in GDP, formal unit root
testing was conducted for all key macroeconomic
and sectoral variables. Augmented Dickey-Fuller
(ADF) tests were applied to GDP, oil production
(OIL_PROD), exchange rate (EXCH), and oil-sec-
tor tax revenues (TAX_OIL). The results reported
in Table 5 show that all variables are non-station-
ary in levels, as the test statistics do not exceed the
corresponding critical values at conventional sig-
nificance levels. The associated p-values also fail to
reject the null hypothesis of a unit root.

These results indicate that the variables exhibit
trending behavior and are integrated of order
one, which allows further analysis of potential

Table 5. ADF unit root tests (levels)
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long-run relationships among them. For GDP,
the ADF test statistic equals +4.310, which is well
above the critical value even at the 10% signifi-
cance level (=2.630). This result means that the
null hypothesis of a unit root cannot be reject-
ed. Similar results are obtained for the oil and
gas sector indicators. For oil production (OIL_
PROD), the ADF statistic equals —1.516 with a p-
value of 0.525. For the exchange rate (EXCH), the
test statistics equal 0.449 with a p-value of 0.902.
For oil-sector tax revenues (TAX_OIL), the ADF
statistic equals —2.247 with a p-value of 0.190. In
all cases, the absolute values of the test statistics
are smaller than the critical values at the 1%, 5%,
and 10% significance levels, indicating the ab-
sence of stationarity in levels.

Table 6 presents the results of the Johansen cointe-
gration test for GDP and oil production.

The trace statistic exceeds the corresponding crit-
ical value at the 10% significance level, indicat-
ing the presence of a single long-run equilibrium
relationship between the variables. According
to the trace test, the test statistic for the null hy-
pothesis of no cointegration (r = 0) equals 14.036,
which exceeds the 10% critical value (13.4294),
although it remains below the 5% critical value
(15.4943). This result provides evidence of one
cointegrating relationship at the 10% signifi-
cance level. For the null hypothesis of at most
one cointegrating vector (r < 1), the trace statis-
tic equals 4.711, which is above the 10% critical
value (2.7055) and exceeds the 5% critical value
(3.8415). This confirms that only one stable long-
run relationship characterizes the interaction be-
tween GDP and oil production.

Variable | TestStatisticZ(t) | 1%CV 5% CV 10% CV p-value Result
OIL_PROD : -1.516 o 3750 -3.000 : -2.630 : 0.525 . Non-stationary
BXCH . 0449 3750 -3000 2630 0802
TAX_OIL -2.247 -3.750 -3.000 -2.630 0.190 Non-stationary

Table 6. Results of the Johansen cointegration test for GDP and oil production

Test Type . Rank Hypothesis Statistic Critical 90% Critical 95% Critical 99%
: r=0 : 14.036 13.4294 15.4943 19.9349
TraCe TEST b
ré‘l 4711 247955 3.?{4{15 6.6349
) r=0 9.325 12.2971 14.2639 18.5200
IMIAX-BIGEIN b
r<i 4711 2.7055 3.8415 6.6349
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Table 7. Vector error-correction model (VECM)

Dependent A
P R Error-Correction Term (ECM,-,) Std. Error z-stat p-value : R?
Variable :
AGDP 0.2369 ....00701 i 338 ....00007 . .08
AOIL_PROD -0.0000447 ©0.0000734 -0.61 : 0.5422 0.04

Although the maximum eigenvalue statistic pro-
vides weaker statistical support, this divergence is
typical in small samples and does not undermine
the evidence from the trace test. Taken together,
these findings point to a stable long-term associa-
tion between the variables.

To examine short-term adjustment dynamics to-
ward the identified long-run equilibrium, a vec-
tor error correction model (VECM) was estimated.
The model captures the response of economic vari-
ables to deviations from the long-term cointegrat-
ing relationship between GDP and oil production.
The VECM estimates are reported in Table 7.

The results indicate that the error-correction term
is statistically significant only in the AGDP equa-
tion. The estimated coefficient of the error-correc-
tion term equals 0.2369 (p = 0.0007), suggesting
that deviations from the long-run equilibrium
are corrected through adjustments in GDP. By
contrast, the error-correction term in the AOIL__
PROD equation is not statistically significant (p =
0.5422), indicating the absence of short-term ad-
justment in oil production.

The explanatory power of the two equations dif-
fers substantially. The AGDP equation exhibits
a high coefficient of determination (R*> = 0.88),
whereas the AOIL_PROD equation shows a low R?
value (0.04), indicating limited short-term vari-
ability explained by the model. These results point
to asymmetric adjustment dynamics, with short-
term corrections occurring through changes in
GDP rather than through oil production.

While the VECM captures long-run equilibri-
um and adjustment mechanisms, it does not ac-
count for short-term transmission effects operat-
ing through fiscal and exchange-rate channels.
Therefore, additional OLS regressions are em-
ployed to assess short-term responses of economic
indicators to oil and gas sector variables.

The OLS regression for the production channel
examines the short-term association between oil
and gas production and GDP. The results reported
in Table 8 show that natural gas production (GAS_
PROD) is positively and statistically significantly
associated with GDP.

The estimated coefficient equals 5257.49 and is
significant at the 1% level (p = 0.002). By con-
trast, oil production (OIL_PROD) does not ex-
hibit a statistically significant relationship with
GDP (p = 0.282). The model explains a substan-
tial share of short-term GDP variation, with an
R? value of 0.782.

The fiscal channel model assesses the short-term
relationship between oil and gas tax revenues and
GDP. As shown in Table 9, the coefficient on TAX _
OIL is positive and statistically significant at the
10% level (p = 0.065).

The estimated coefficient equals 0.0127, indicating a
positive association between oil-sector tax revenues
and GDP. The explanatory power of the fiscal mod-
el is relatively limited (R* = 0.238), suggesting that
fiscal revenues account for only part of short-term
GDP variation.

Table 8. OLS regression for the production channel (determinants of GDP)

Variable Coefficient Std. Error t-stat p-value 95% CI
OIL_PROD -2519.72 2238.34 -1.13 0.282 [-7396.65, 2357.20]
GAS_PROD e R e s [242920 808577]
T T e -28x108 3ogx108]
e R e T e e T T

AdJRZ S R | e | e | e
F(212) [ B e i yovra

448

http://dx.doi.org/10.21511/ppm.24(1).2026.29



Problems and Perspectives in Management, Volume 24, Issue 1, 2026

Table 9. OLS regression for the fiscal channel (determinants of GDP)

Variable Coefficient Std. Error t-stat p-value 95% ClI
Jax ol L9027 ...00063 L2015 L0065 (-0.001,0.026]
_Constant 2.466x107 2.07x107 1192 0254

RZ

Adj.

F(L13)

4.061

Table 10. OLS regression for the external sector channel (determinants of GDP)

Variable Coefficient Std. Eror t-stat p-value 95% ClI
INF 1.06x10° 1.15x10° 0.092 0.928 2.42x10°, 2.63%x10°]
EXCH o 2EIDA0T L 37060% 706 0000 [18x10°%3.42:0°
FDI_OIL -2503.55 1489.79 -1.68 0.121 [-5783, 775]
Constant 147x10° U 143x107 0103 0920 -3.29%107, 3.0x107]
Adj. R? 0.808
F(311) 2066p:795x105

The external sector channel model evaluates the
short-term effects of economic variables related to
the oil and gas sector. The results presented in Table
10 indicate that the exchange rate (EXCH) has a
positive and statistically significant association with
GDP at the 1% level. The estimated coeflicient equals
2.61x10° (p < 0.001).

Inflation does not show a statistically significant rela-
tionship with GDP (p = 0.928). Foreign direct invest-
ment in the oil and gas sector is negatively signed but
statistically insignificant (p = 0.121). The model dem-
onstrates high explanatory power, with an R? value
of 0.849.

Overall, the empirical results reveal a differentiated
interaction between Kazakhstan’s economic growth
and the oil and gas sector. The cointegration analy-
sis confirms a stable long-run relationship between
GDP and oil production, while the VECM results in-
dicate asymmetric short-run adjustment, with devia-
tions from equilibrium corrected primarily through
changes in GDP rather than production. Short-run
transmission mechanisms operate through mul-
tiple channels: natural gas production shows a sig-
nificant association with GDP, whereas oil produc-
tion does not; fiscal effects are positive but limited;
and exchange-rate dynamics emerge as the domi-
nant short-term driver. Taken together, the findings
suggest that Kazakhstan’s resource-based growth is
shaped less by physical expansion of production and
more by external market conditions and macroeco-
nomic adjustment mechanisms.

http://dx.doi.org/10.21511/ppm.24(1).2026.29

4. DISCUSSION

The empirical results provide new insights into the
mechanisms through which the oil and gas sector
influences Kazakhstan’s economic growth. The
identified long-term cointegration between GDP
and oil production confirms the existence of a
stable structural relationship, which is consistent
with the literature on resource-dependent econo-
mies. Similar to the findings of Sachs and Warner
(1995) and Van der Ploeg (2011), the results sug-
gest that hydrocarbon production serves as a long-
run anchor for economic dynamics, even though
short-term adjustments occur primarily outside
the extractive sector.

The asymmetry of the adjustment mechanisms in
the VECM analysis, whereby deviations from long-
run equilibrium are corrected through changes in
GDP rather than through adjustments in oil pro-
duction, reflects the capital-intensive and rigid
nature of the extractive industry. This finding is
consistent with previous studies emphasizing the
low short-term flexibility of oil production due to
technological constraints, long investment cycles,
and high fixed costs (Hamilton, 2009; Esfahani
et al,, 2014). As a result, the burden of adjustment
to external shocks is shifted toward the broader
economy, increasing its exposure to volatility.

The OLS results for the production channel, in-

dicating a statistically significant association be-
tween natural gas production and GDP, are con-
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sistent with the findings of Zhong et al. (2019) on
the growing importance of the gas segment in
global energy chains. These results also align with
the evidence reported by Azhgaliev et al. (2018),
who emphasize the strategic role of natural gas re-
sources in Western Kazakhstan for the country’s
long-term energy balance.

The fiscal model demonstrates a moderate but pos-
itive relationship between oil and gas tax revenues
and economic growth, consistent with the obser-
vations of Bjerkholt and Niculescu (2004) regard-
ing the need for effective institutions to transform
oil rents into sustainable growth. At the same
time, the partial statistical significance of the fis-
cal channel echoes the conclusions of Fuinhas et
al. (2015), who noted that oil rents may have a lim-
ited effect under weak fiscal institutions and insuf-
ficient diversification.

The results obtained for the external sector chan-
nel support the ‘commodity currency’ hypothesis
described by Chen and Rogoft (2003) and Lizardo
and Mollick (2010). The observed exchange-rate
response of the KZT in response to rising exter-
nal oil-related factors is consistent with the no-
tion that the currencies of oil-exporting countries
are susceptible to commodity market dynamics.
These findings are also aligned with the evidence
reported by Korhonen and Mehrotra (2009) for
Eurasian economies, and our analysis reveals a
similar transmission mechanism whereby exter-

nal shocks are propagated through the exchange
rate into Kazakhstan’s economic dynamics. This
result is consistent with broader evidence that
external shocks are transmitted through inter-
connected financial and real-economy channels,
amplifying volatility at the macroeconomic level
(Koilo & Grytten, 2019).

In addition, the revealed absence of a short-term
impact of foreign investment on GDP is consistent
with the results of Otarbayeva and Arupov (2020),
who emphasized that investments in the oil and
gas sector have a long lag and manifest themselves
only in the medium term. The weak relationship
between oil production and GDP also aligns with
the approach of Balke et al. (2010), who noted that
physical production volumes in developed and de-
veloping economies often change slowly and are
endogenous to global demand rather than to do-
mestic economic conditions.

Taken together, the results indicate that
Kazakhstan’s growth model remains structurally
dependent on the oil and gas sector but is char-
acterized by asymmetric adjustment mechanisms.
Long-term stability is anchored in hydrocarbon
production, whereas the broader economy pri-
marily absorbs short-term volatility through ex-
change rate and fiscal channels. This combination
amplifies sensitivity to global energy price cycles
and highlights the importance of complementary
macroeconomic and institutional policies.

CONCLUSION

This study examined the role of the oil and gas sector in shaping Kazakhstan’s economic growth through
production, fiscal, and external sector transmission channels over the period 2010-2024. The analysis
aimed to clarify how resource-dependent economies absorb external shocks and how long-term struc-
tural relationships interact with short-term macroeconomic adjustments.

The empirical results provide evidence of a stable long-run relationship between hydrocarbon produc-
tion and economic growth, confirming the system-forming role of the oil and gas sector in Kazakhstan’s
economy. At the same time, short-term dynamics are characterized by pronounced asymmetry: eco-
nomic adjustment occurs primarily at the macroeconomic level, while sectoral production remains rela-
tively rigid. Quantitatively, natural gas production exhibits a stronger short-term association with GDP
than oil output. At the same time, fiscal revenues and exchange rate movements act as key conduits for
transmitting external shocks into domestic economic activity.

From a policy perspective, the results underscore the importance of strengthening fiscal stabilization
frameworks, enhancing monetary policy credibility, modernizing extractive technologies, expand-
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ing gas processing infrastructure, and improving the efficiency of oil and gas revenue management.
Strengthening institutional resilience and developing human capital in the industry can reduce short-
term volatility and support more balanced growth trajectories.

Future research may extend the present analysis by incorporating ESG indicators, examining the grow-
ing role of renewable energy in resource-dependent economies, using higher-frequency data, and con-
ducting comparative cross-country studies. The integrated approach used in the study can serve as a
methodological basis for assessing structural effects and for developing strategies for long-term eco-
nomic diversification.
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