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BakuHckuin MocyaapcTBeHHbIN YHuBepcuteT, baky, AsepbaiigkaH

KouHTerpaumMoHHbIX aHanNun3 nnaTeXxHoro
GanaHca AsepbaungxaHa ¢ UCNoOJSib30OBaHUEM

metogonornu ARDL

1]eas dannozo uccaedosanus 3axa04aemcs 6 KOMHACKCHOU CIamu-
CIMUYecKoU U IKOHOMEMPUYECKOU OUeHKe OCHOBHbIX KOMHOHEHMO8,
opmupyowux OuHamMuKy niamedcHo2o baranca Asepbaidxcana —
BHEULHEMOP206020 000POMA, NPAMBIX UHOCIPAHHBIX UHBECIUYULL U
aKchopma Hepmu u easa.

Mamepuaavt u memoost. Ha ocrosee KeapmanbHbix 0aHHbIX 3a NepUoo
¢ nepeoeo keapmana 2001 2o0a no uemeépmoiii keapman 2024 20oa
npuUMeHena Memoooa0eUs A8MOPePeCcCUOHHO20 PACnPedeséHHO20
aaea (ARDL), eévibop modeau ocyuwecmenén no kpumepuro Axauke.
Hanuuue doneocpounvix cesseli NPpogepeHo ¢ NOMOWbI0 mecma Ha
Kxounmeepayuio (Bounds test), a Hadéxcnocms modeau noomeepicoe-
Ha duaeHocmuueckumu npoyedypamu (Jarque-Bera, Breusch-Pagan,
Durbin-Watson, CUSUM).

Iloayuennvte pesyabmamor nokasviearom, 4mo GHEUIHEMOP20GbllL
000pom U npamvle UHBECMUUUU OKA3bIGAIOM CMAMUCMUYECKU
3HAYUMOe GAUSHUE HA MeKYWui cuém. Xoms 6HewlHss mopeoeis
0Ka3bleaem HeeamueHoe AUsHUE 8 KPAMKOCPOYHOU nepchneKxmuee,
ocnaaoansn 6anranc 3a cuem ygeauveHus UMHOPMA, OHA uepaem cma-
OUAUBUPYIOWYIO POAb 8 CPEOHeCPOYHOU U 00A20CPOUHOU Nepchnek-
muee. [Ipamvle uneecmuyuu ocaabaaom 6arauc 8 KpamkocpoHHoOU
nepcnekmuge 3a cuem penampuayuu U UMROPMHO20 CRPOcd, HO 8
00420CPOUHOU nepcneKmuee YKpenasom npou3e00CmeeH bl U IKC-
NOPMHYIL ROMEHYUAN. JKcnopm Heghmu u 2asza 1645emcs KA1egoll

ONOpOll MeKywe20 c4éma U 0Ka3vlgaem NOAOICUMENbHOE GAUSHUE
KaK 6 KpamKocpo4HOM, MakK U 6 00A20CPOYHOM hepuode, 00HAKO
8bICOKAS BOAAMUALHOCMb ceKmopa deaaem HeodXo0umoll oueepcu-
urayu SKOHOMUKU.

Sakarouenue. C mouku 3peHusi IKOHOMUHECKOU UHMepnpemayuu,
pe3yavmamol HOOMEePIUCOalom, Ymo maxKas noAUMUKa, Kak ynpag-
JAeHue UMNOPMOM, HAnpagaeHue UH8EeCMUUUOHHbIX NOMOK08 HA NPO-
U3600cmME0 U IKCHOPM, OUBEPCUDUKAUUS IHEPeeMUHECK020 CeKmMopa
U pazeumue HeHe(YMAHLIX CEKMOPO8, UMEIOM peularoujee 3HaYeHue
04151 NOBbIWEHUS. YCMOU4U8OCMU naamexdcHo2o baranca. Hayuwoii
6KAA0 UCCAA08ANUS COCIOUM 8 MOM, YMO 8 PAMKAX Memo00A02ul
asmopezpeccuorHo2o pacnpedenénnoeo aaza (ARDL) ooroepemerto
OUeHeHbl KpamKoCcpouHble U 00420CpoUHble Ihghekmbl, a duazHocmu-
ueckue mecmol NOOMEEPOUNU CIMAOUABHOCMb U HAOEXCHOCHb MOOeAU.
Takoti nodxod obecheuugaem NPOYHYIO IMRUPUYECKYIO OCHOBY 0as
MAKPOIKOHOMUUECKOU CIAOUALHOCMU U NOBbIUEHUS 00CMOBEPHOCMU
npoeHo306 6 Asepbaiioxicare.

Karouesvte caosa: skoHomempuueckoe modeauposanue; naamedinc-
Hblll Oanramc; GHeuwHemop2o8ulil 060pom; NpsAMble UHOCMPAHHbIE
UHGECMULUUU,; IKCNOPM Hemu U 2a3a; cmayuoOHapHOCmy, Memoo
asmopeepeccuoHHoz2o pacnpedesénnozo naza (ARDL); kounme-
epayusi.
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Cointegration Analysis of Azerbaijan's
Balance of Payments Using the ARDL

Methodology

The aim of this study is a comprehensive statistical and econometric
assessment of the main components shaping the dynamics of
Azerbaijan’s balance of payments: foreign trade turnover, foreign
direct investment, and oil and gas exports.

Materials and methods. The Autoregressive Distributed Lag (ARDL)
methodology was applied based on quarterly data covering the period
from Q1 2001 to Q4 2024, with model selection conducted using the
Akaike information criterion. The existence of long-run relationships
was tested using the Bounds cointegration test, and the model's
validity was confirmed through diagnostic procedures (Jarque-Bera,
Breusch-Godfrey, Durbin-Watson, CUSUM).

The results obtained show that foreign trade turnover and direct
investments have a statistically significant impact on the current
account. Although foreign trade has a negative impact in the short
term by weakening the balance through an increase in imports, it
plays a stabilising role in the medium and long term. Direct investment
weakens the balance in the short term through repatriation and
import demand, but in the long term, it strengthens production and

export potential. Oil and gas exports constitute the primary driver
of the current account and have a positive impact in both the short
and long term, but the sector's volatility underscores the need for a
diversification policy.

In conclusion, from an economic interpretation perspective, the results
confirm that policies such as import management, channelling investment
flows towards production and exports, diversification of the energy sector,
and the development of non-oil sectors are critical to strengthening the
sustainability of the balance of payments. The contribution of the study
is that, within the ARDL methodology, both short-run and long-run
effects have been estimated in the same structure, and the stability and
robustness of the model have been demonstrated through diagnostic
tests. This approach provides a strong empirical basis for Azerbaijan's
macroeconomic stability and the reliability of forecasts.

Keywords: econometric modelling; balance of payments; foreign trade
turnover; foreign direct investment; oil and gas exports; stationarity;
ARDL method; cointegration.
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Introduction

The balance of payments is one of the key
indicators that, in addition to reflecting a country's
external economic relations, plays an important role
in ensuring macroeconomic stability. Reflecting a
country's overall position in foreign trade, services,
investment and financial flows, this balance is of
strategic importance in the formulation of economic
policy. The structure and dynamics of the balance
of payments serve as a crucial analytical tool for
assessing economic resilience, particularly in
economies based on energy resources.

As oil and gas exports play a leading role in the
Azerbaijani economy, the balance of payments is
highly sensitive to both changes in the global energy
market and domestic macroeconomic policy. For
this reason, the balance of payments is subject to
the influence of exogenous factors, such as oil prices
in world markets, international terms of trade, and
foreign investment, as well as endogenous factors,
such as the exchange rate, fiscal and monetary policy,
and domestic capital investment. Consequently,
the changes in the balance of payments and its
interrelationship  with  other = macroeconomic
indicators have become one of the main areas of
academic research.

The analysis of the balance of payments is not
limited to the comparison of statistical indicators.
In modern economic research, the interaction of
components such as the current account balance,
capital flows, foreign exchange reserves, and foreign
and domestic investments is empirically investigated
in this field using various econometric models
(ARDL, VECM, ECM, and VAR). This approach
provides a basis for the making of important decisions
in the formulation of the country's economic policy,
both theoretically and practically. At the same time,
these models are used to assess the balance of
payments' stability, resilience to shocks, and long-
term equilibrium position, and to prepare forecasts
for the prospective period.

The aim of the present study is to identify the
main determinants of Azerbaijan's balance of
payments, to assess their interrelationships using
empirical models, and to analyse the potential
risks and opportunities for macroeconomic stability
in this context. To this end, both domestic and
international literature have been reviewed, and
the experiences of various countries have been
analysed comparatively. The findings of the study
can contribute to the formulation of more effective
approaches for managing the balance of payments
in Azerbaijan's economic policy.

Literature review

The balance of payments and its impact on
economic stability is one of the most extensively
studied topics in international economics. Scientific

research conducted in this area demonstrates that
the balance of payments not only reflects a country's
interactions with the external sector, but also plays
a significant role in shaping macroeconomic policy
[1]. In particular, the balance of payments structure
based on energy resource exports in developing
countries is regarded as one of the key factors posing
challenges to long-term economic sustainability [2].
Studies on Azerbaijan's balance of payments have
primarily examined the mechanisms of influence on
foreign trade and foreign exchange reserves within
economic models dominated by the energy sector.
The research conducted by Ayyubova [3] analyzed
the relationship between Azerbaijan's balance of
payments and the world market prices of WEST
and BRENT crude oil over the period 2011—-2021
using econometric methods. Employing regression
and correlation analysis, Dickey-Fuller and Granger
causality tests, the study established that volatility
in world oil prices has a significant impact on
the balance of payments. Ayyubova [4, 5] further
investigated the cointegration relationships between
world oil prices and Azerbaijan's balance of payments
using the Johansen test and the VECM model,
identifying the existence of a long-run equilibrium.
In addition, the author analyzed the dynamics of the
balance of payments through the Error Correction
Model (ECM) and demonstrated the existence of
an adjustment mechanism in response to short-term
shocks.

Mushendami and Manuel [6] evaluated whether
the monetary approach to the balance of payments
holds in Namibia using a VECM model. The results
indicate that an increase in domestic credit exerts a
negative effect on net foreign assets (NFA), while an
improvement in the fiscal balance leads to an increase
in NFA in the short run. The Granger causality test
revealed a unidirectional effect running from GDP,
fiscal balance, exchange rate, and domestic credit
toward NFA. The authors demonstrated that both
monetary and non-monetary factors play a role
in explaining changes in NFA. Eita and Gaomab
[7] examined the macroeconomic determinants
of the balance of payments in Namibia over the
period 1999—2009 using a cointegrated VAR model.
The findings identify fiscal balance, GDP, and
interest rate as the principal determinants of the
balance of payments. Increases in GDP and the
interest rate were associated with more favorable
balance of payments outcomes, while fiscal stability
contributed to a strengthening of the overall external
position. The study underscores the importance of
both monetary and fiscal policy in the management
of the balance of payments.

In another study [8], a systematic approach
was applied, utilizing statistical, cluster, and non-
parametric analysis methods to identify the principal
trends in the dynamics of the balance of payments
of the Russian Federation. These trends include the
synchronization of changes in transactions related to
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goods, services, and income, the maintenance of a
positive balance position, and the accumulation of
reserve assets. Among the significant indicators, assets
and liabilities, debt instruments, portfolio investments,
credit, and export operations occupy a particularly
prominent place. The study in [9] was conducted with
the aim of assessing the monetary character of the
balance of payments in Algeria over the period 1980—
2019, employing the ARDL bounds test alongside the
novel statistical approach of Kripfganz and Schneider
(2020). The results demonstrate that an expansion
in domestic credit exerts a negative effect on net
foreign assets, confirming that balance of payments
disturbances are primarily attributable to monetary
disequilibrium. Furthermore, the existence of a long-
run relationship among the variables was established,
and the propositions of the monetary approach were
empirically validated. The principal contribution of
the study lies in the combination of the conventional
ARDL method with the new p-value approach,
yielding more robust estimates. In a subsequent
study [10], the macroeconomic determinants of
Sierra Leone's balance of payments over the period
1980—2020 were analyzed using the ARDL model.
Both the real interest rate and the exchange rate
were found to exert significant effects on the balance
of payments in both the short and long run. A
negative relationship between FDI and the balance
of payments was identified, suggesting that foreign
investment is largely associated with import-oriented
activities and the repatriation of profits to investor
countries. Abaidoo [11] empirically investigated the
applicability of Thirlwall's Law and the balance of
payments constrained growth model in the case of
Ghana, employing both the Johansen cointegration
test and the ARDL bounds test. While the ARDL
test results proved inconclusive, the analysis based
on data spanning 1965—2004 confirmed through the
Johansen test the existence of a long-run relationship
between GDP growth and export growth. The study
in [12] examined the theoretical and empirical
relationship between the current account balance
and macroeconomic variables in Turkey over the
period 1987—2009 using the ARDL model. The
findings indicate that inflation exerts a positive effect
on the current account balance, whereas economic
growth, trade openness, oil prices, and real exchange
rate appreciation contribute to a deterioration
of the balance. Following any given shock, the
balance converges to its long-run equilibrium within
approximately one year following a shock.

Methodology

The present study investigates the long-run and
short-run determinants of Azerbaijan's balance of
payments. The current account of the balance of
payments was selected as the dependent variable,
while foreign trade turnover, investment flows,
exports from the oil and gas sector, and economic

factors affecting the balance of payments were
selected as independent variables.

The study is based on quarterly data obtained
from official sources [13], covering the period
from 2001Q1 to 2024Q4, and addresses the issues
of constructing an AutoRegressive Distributed Lag
(ARDL) model. Drawing on the capabilities of this
model, the analysis is designed to examine both the
long-run and short-run relationships between the
current account of Azerbaijan's balance of payments
and such variables as foreign trade turnover, foreign
direct investment, and the volume of exports in
the oil and gas sector. It should be noted that the
analysis of long-run relationships within the balance
of payments provides a basis for explaining the
dynamics of its development and, more broadly, for
shaping the strategic development of the national
economy, its external trade relations, and its
integration into global markets.

At the same time, the examination of short-run
dynamic relationships among these indicators is of
considerable importance. The mechanism through
which shocks are transmitted between variables in
short-run dynamics constitutes one of the principal
objects of investigation in this study. The effective
management of short-run fluctuations is essential
for the sustainability of economic growth. The
analysis of this aspect contributes to determining the
extent to which the economy is resilient in the face
of current economic shocks [14, 15].

As a country engaged in oil exports, Azerbaijan
faces instability in its balance of payments arising
from dependence on oil revenues and fluctuations
in world oil prices, along with other adverse
consequences generated by this dependence —
circumstances that substantiate the relevance of the
present research topic [16]. The application of the
ARDL framework is of significant importance for
explaining these problems, identifying economic
risks, and constructing a scientifically grounded
econometric model. Furthermore, econometric
modeling is of considerable value in terms of
assessing indicators and the relationships among
them across various sectors of the economy, as well
as enhancing the effectiveness of economic policy.
The EViews 12 software package was utilized to
support the computational procedures of the study.

The capacity of the ARDL model to analyze both
long-run equilibrium relationships and short-run
dynamics among variables is essential for identifying
the permanent as well as transitory effects of the
factors influencing the balance of payments. The
ARDL model facilitates the implementation of
cointegration testing in a more straightforward
manner and employs lagged variables to mitigate
the problem of endogeneity, thereby contributing to
the greater reliability of the study's findings. Prior
to constructing the ARDL model, it is important
to pay careful attention to the quality and adequacy
of the statistical data. The execution of necessary
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transformations and the detection and treatment of
outliers are indispensable steps in this process. Once
the model has been estimated, diagnostic tests must
be conducted in order to ensure the adequacy and
validity of the model.

The general form of the ARDL model is expressed
as follows:

AY, = a0+ LAY ]+ ZBAX, ]+ Y, +

Y te (1
where:
A - first difference operator; Y, - dependent variable;
X, - set of independent variables; ao - constant term
(intercept); a; - coefficients of the lagged values of
the dependent variable; g; - coefficients of the lagged
values of the independent variables; y: - coefficient
of the lagged level of the dependent variable; y. -
coefficient of the lagged level of the independent
variable; ¢ - stochastic error term.

The selection of the ARDL method in this study is
justified by a number of methodological advantages.
This approach allows for the simultaneous inclusion
in the model of both /(0) variables - that is, those
stationary at levels - and /(1) variables that become
stationary upon taking first differences. However, a
fundamental requirement of the ARDL method is
that none of the variables under investigation should
be integrated of order /(2) or higher. The presence of
such a condition would undermine the validity of both
the ARDL framework and the Bounds cointegration
test. It is for this reason that the conduct of unit
root tests should be regarded not merely as a formal
procedural step, but as a necessary condition ensuring
the integrity of the model.

Three unit root tests were employed in the study.
For the Augmented Dickey-Fuller (ADF) test, the
optimal lag length for each variable was determined
on the basis of the Akaike Information Criterion
(AIC) and the Schwarz Information Criterion (SIC/
BIC), and the test was conducted at both level and
first difference [17]. The Phillips-Perron (PP) test
was selected as an alternative test complementing the
ADF test, owing to its robustness to heteroskedasticity
and autocorrelation. Finally, given that the data
encompass the economic shocks of 2008, 2015, and
2020, the Zivot-Andrews test, which accounts for the
presence of structural breaks, was also applied.

The results of the unit root tests confirmed that
all variables are stationary at first differences, thereby
providing a methodologically sufficient basis for the
application of the ARDL approach. An ARDL(p,
qi, 2, gs) model was constructed, combining levels
and first differences with varying lag lengths within
the same equation, and the optimal lag lengths were
determined by means of the Akaike Information
Criterion (AIC):

91

P
Yi=c+ zaiYH' + lel,t—j +
i=1 =0
2 3
+ 2kX2,t—k + 2ﬂ3mX3,t—m + gt (2)
k=0 m=0

where Y, - current account (as quarterly indicators);
Xu, Xo, X5, - three independent variables, respectively;
¢ - constant term of the model; a; - coefficients on
the lagged values of the dependent variable; ; -
parameters measuring the short-run effect of the
current and past values of the independent variables
on the dependent variable; ¢ - is the error term..

Based on the ARDL model, which allows for the
simultaneous assessment of short-run dynamics and
long-run equilibrium relationships within a unified
framework, the Bounds test was conducted and the
existence of cointegration among the variables was
empirically confirmed; the F-statistic exceeding the
upper critical bound warranted the estimation of the
long-run relationship [18]. The Error Correction
Model (ECM), which presents both the long-run
equilibrium and short-run dynamics simultaneously,
is specified as follows:

p-1 g -1

AY; =%t (pECTH + 2 é‘lAY;—l + Zﬂ.leXl,t—j +

i=1 =0
g2 -1 q3-1

+Z HZkAXz,z-k + Z ”SmAXSJ—m + 4, (3)
k=0 m=0

ECT =Y -6X, - erz,H - 63X3,r—1 (4)

1r-1
where ¢ - is the error correction coefficient,
indicating the speed at which the system returns to
equilibrium following a deviation from the long-run
equilibrium; 6,,...,0; — are the long-run coefficients
of the independent variables; J§; and w; - are the
respective short-run dynamic coefficients; x - is the
error term. A negative and statistically significant
value of the coefficient ¢ confirms the existence of
cointegration and the convergence of the system
toward long-run equilibrium.

Empirical results

The variables included in the model are as
follows: the dependent variable Y - CA, representing
the current account of the balance of payments; and
the independent variables X; - FT, foreign trade
turnover; X, - FDI, foreign direct investment; and
X; - OGE, the volume of exports in the oil and
gas sector. The descriptive statistics of the variables
under investigation are first examined, with the
aim of identifying the principal characteristics of
the data - namely, trend, variation, distributional
form, and inter-variable relationships. This analysis
provides the foundational information required
for subsequent econometric modeling and informs
model specification decisions. In particular, the
graphical analysis of time series allows for the visual
identification of potential structural breaks and
extreme values. The results presented in Table 1
and Figure 1 reflect the dynamics of Azerbaijan's
current account balance (Y), foreign trade turnover
(X,), foreign direct investment (X,), and oil and gas
exports (X;) over the period spanning 2001—-2024.
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Puc. 1. /lunamuka BpeMeHHbix psaaoB Y, Xi, Xz, Xs
Fig. 1. Dynamics of the Time Series of Y, Xi, Xz, X5
WcToyHuK: cocTaBlIeHO aBTOpPaMH C MCIIOJIb30BaHHEM mporpamMmHoro nmakera EViews

Source: compiled by the authors using the EViews software package

From the analysis of the graphs presented in
Figure 1, it can be observed that the time series
under consideration are non-stationary. Fluctuations
are evident across all time series, with the principal
declines and rises occurring predominantly during
the same periods. The graphical analysis of the time
series indicates that the economic shocks of 2008,
2015, and 2020 exerted a discernible influence on all
variables under investigation, giving rise to structural
breaks in their dynamics. The fluctuations observed

Tabauya 1/ Table 1
Descriptive statistics

OnucarenbHasi CTATHCTHKA

Descriptive CA ()) FT (X;) | FDI (X, | OGE(Xj3)
Statistics

Mean 1658.81 | 7064.849 | 1221.123 | 4219.782
Median 1393.5 | 7030.688 1168.5 4494.5
Maximum 7379.7 | 15980.19 | 2523.639 | 11696.46
Minimum -806.00 838.7 168.00 219.00
Std. Dev. 1907.393 | 3681.708 | 469.001 | 2789.508
Skewness 0.766172 | -0.087993 | 0.135771 | 0.112577
Kurtosis 2.865653 | 2.282630 | 3.132688 | 2.305495
Jarque-Bera 9.464509 | 2.182365 | 0.365366 | 2.132126
Probability 0.008807 | 0.335819 | 0.833032 | 0.344362
Sum 159245.8 | 678225.5 | 117227.8 | 433899.1
Sum Sq. Dev. | 3.46E+08 | 1.29E+09 | 20896383 | 7.39E+08
Observations 96 96 96 96

are attributed to such processes as changes in world
oil prices, the weakening of external trade relations
and investment flows (2019—2020), the devaluation
of the national currency in Azerbaijan (2015), and
related developments.

A probability value exceeding 0.05 under the
Jarque-Bera test indicates that the residuals of the
corresponding time series are normally distributed,
meaning that the distribution is considered standard
according to the test. Upon examining the Jarque-
Bera test results presented in Table 1, it can be
observed that, since the aforementioned condition is
satisfied for the independent variables, the residuals
of those time series cannot be rejected as normally
distributed at the 5% significance level. However,
the same conclusion cannot be drawn for the
dependent variable. Specifically, the test result for
the current account time series was obtained with a
value of JB;=9.46 at a probability of p=0.008<0.05.

Correlation analysis is employed to examine the
direction and magnitude of pairwise associations
among the study variables. In order to determine
the correlation dependence, the values within the
interval [—1; 1] obtained through the correlation
coefficient are examined, and on the basis of the
results, the strength of the relationship - whether
weak, moderate, or strong - is determined using
the Chaddock scale. If the value of the correlation
coefficient is below 0.3, the relationship is
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Table 2 / Tabauya 2
Correlation matrix
Koppeasnuonnasa maTpuna

Y X, X, X,
Y I 0.818 0.051 0.919
X, 0.818 1 0.475 0.969
X, 0.051 0.475 1 0.361
X, 0.919 0.969 0.361 1

considered weak; if it falls between 0.3 and 0.7, the
relationship is moderate; and if it is 0.7 or above,
the relationship is considered strong. The results of
the correlation analysis are presented in Table 2.
Based on the obtained results, it can be noted that
a strong relationship exists between Y - that is, the
dependent variable - and the independent variables
X; and X; However, the relationship between Y and
X, is assessed as weak, given that its value is close
to zero. With regard to multicollinearity among the
explanatory variables, the following results were
obtained: since r = 0.475 between X; and X,, and r =
0.361 between X, and X;, multicollinearity is absent
in these pairs; however, r = 0.969 between X; and X;
confirms the existence of a strong dependence, that
is, multicollinearity.

The descriptive statistics and graphical analyses
obtained (see Table 1 and Figure 1) have established
that the current account of Azerbaijan's balance of
payments is significantly dependent on foreign trade
turnover and oil and gas exports. The high correlation
coefficient observed between foreign trade turnover
and oil and gas exports (» = 0.969) indicates the
existence of a strong statistical relationship between
these variables (see Table 2). This situation arises

from the fact that both variables reflect different
aspects of the external trade sector of the Azerbaijani
economy: X; measures total trade turnover, while X;
captures its energy export component. Since both
variables theoretically influence the current account
through distinct economic channels, their joint
inclusion within the ARDL model framework has
been deemed appropriate.

Unit root tests for each time series were conducted
using three methods. In the ADF test, the optimal
lag length was determined automatically on the basis
of the Schwarz Information Criterion (SIC). The
PP test was applied to verify the ADF results, given
its greater robustness against heteroskedasticity and
autocorrelation. Taking into account the structural
transformations to which the Azerbaijani economy
was subjected during the period 2001Q1-2024Q4 -
most notably the global financial crisis of 2008 and
the sharp decline in oil prices in 2014—2015 - the
Zivot-Andrews test, which endogenously identifies
such breaks, was also employed. When structural
breaks are not accounted for, conventional tests
may lead to erroneous conclusions in rejecting the
unit root.

As can be seen from Table 3, the results of the
three tests across all variables mutually corroborate
one another. At the level form, the ADF, PP, and
Zivot-Andrews p-values for each variable exceeded
the 0.05 threshold, and the null hypothesis - that
is, the presence of a unit root - was not rejected.
Upon taking first differences, however, the test
statistics for Y, Xi, X>, and X; across all three tests
surpassed the critical values at the 1% significance
level, with p-values falling below 0.01. Accordingly,
all variables included in the study are integrated of

Tabauua 3 / Table 3

PesyabraThl TecToB pacummpenHoro JIuku-®ymnepa, Ouiaunca-Ileppona n 3usora-DHapioca
Results of the Augmented Dickey—Fuller, Phillips-Perron, and Zivot-Andrews Tests

Augmented Dickey— o . .
Var. | Form Fuller Phillips-Perron Zivot-Andrews (Breakpoint)

t-stat. p t-stat. p t-stat. p crit.(1%) | crit.(5%) | Br.date
Y Level | -2.2986 | 0.4304 | -2.2986 | 0.4304 | -4.1063 | 0.4522 | -5.7191 | -5.1757 | 2014Q2
Ist diff. | -8.3189 | 0.0000 | -8.2161 | 0.0000 | -9.4662 | <0.01 -5.7191 | -5.1757 | 2008Q4

skskok skksk skskok
Xi Level | -2.2160 | 0.4751 | -2.3726 | 0.3914 | -4.4910 | 0.2408 | -5.7191 | -5.1757 | 2014Q3
Ist diff. | -8.4918 | 0.0000 | -8.4182 | 0.0000 | -9.7453 | <0.01 -5.7191 | -5.1757 | 2008Q4

skskok skksk sk
Xz Level | -2.2223 | 0.2000 | -2.4418 | 0.1332 | -3.0670 | 0.6469 | -4.9491 | -4.4436 | 2002Q3
Ist diff. | -4.4494 | 0.0005 | -14.2111 | 0.0001 |-15.0864 | <0.01 -4.9491 | -4.4436 | 2024Q3

sk ok skokk sk ok
Xs Level | -2.7120 | 0.2344 | -2.3363 | 0.4103 | -4.7610 | 0.1363 | -5.7191 | -5.1757 | 2014Q3
Ist diff. | -7.6065 | 0.0000 | -7.3862 | 0.0000 | -9.0919 | <0.01 -5.7191 | -5.1757 | 2008Q4

skksk skskok skksk

Note: *** p < 0.01; ** p < 0.05; * p < 0.10. ADF and PP critical values are based on MacKinnon (1996). Zivot-Andrews
critical values are based on Vogelsang (1993); p-values are asymptotic one-sided. Trend and Intercept specification
applied for ¥, Xi and Xs; Intercept only for X.. Break type: Innovational Outlier; selection criterion: Dickey-Fuller

minimum #-statistic (SIC).
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Mogaems ARDL (1, 3, 1, 2) — KpaTKoCpoYHasi THHAMHKA

ARDL(1, 3, 1, 2) Model — Short-Run Dynamics

Tabauua 4 / Table 4

Dependent Variable: ¥; Model Selection: AIC

Method: ARDL; Number of Observations: 93 (2001Q4 — 2024Q4)

Variable Coefficient Std. Error t-Statistic Prob. Significance
Y(-1) 0.604266 0.085825 7.040705 0.0000 ok

X; -0.476520 0.090060 -5.291135 0.0000 ok
X,(-1) 0.260697 0.090266 2.888110 0.0050 ok

X, (-2) 0.147514 0.091001 1.621008 0.1089

X,(-3) -0.050551 0.029830 -1.694644 0.0939 *

X, -0.619518 0.135036 -4.587810 0.0000 ok
XA-1) 0.287829 0.145568 1.977284 0.0514 *

X; 1.271299 0.099990 12.71424 0.0000 okx
X;(-1) -0.683032 0.143882 -4.747153 0.0000 ok
X5(-2) -0.175416 0.105925 -1.656029 0.1015

c 30.41708 107.5527 0.282811 0.7780

Model Fit Statistics

R-squared (R?) 0.977297 F-statistic 352.9880
Adjusted R> 0.974528 Prob(F-statistic) 0.000000
S.E. of Regression 305.5306 Akaike Information Criterion 14.39266
Sum of Squared Residuals 7654611 Schwarz Criterion 14.69221
Log Likelihood -658.2585 Hannan-Quinn Criterion 14.51361
Mean Dependent Variable 1712.116 Durbin-Watson Statistic 2.222714

the first order, that is, they belong to the I(1) class.

The break dates identified by the Zivot-Andrews
test correspond directly to the economic context of
the present study. For variables Y, Xi, and Xz, the
period 2014Q2—-2014Q3 was identified as the break
point. This is explained by the structural impact
exerted on Azerbaijan's current account, foreign
trade turnover, and oil and gas exports by the
approximately 50 percent decline in world oil prices
during those years. The 2008Q4 break observed in
the first differences reflects the sharp shock created
in the dynamics by the global financial crisis. The
2002Q3 break in variable Xz, in turn, coincides with
the period during which major oil contracts were
being realized in Azerbaijan.

Accordingly, the results of the three unit root
tests unanimously confirm that all variables are
integrated of order I(1) and that none is integrated
of order I(2). This finding fully satisfies the necessary
methodological condition for the application of the
ARDL method proposed by Pesaran, Shin, and
Smith (2001). Specifically, the condition permits the
joint modeling of variables integrated of order 1(0)
and I(1). However, the presence of an I(2) variable
would undermine the validity of the Bounds test.

In the subsequent stage, an ARDL(1, 3, 1, 2)
model was constructed and the existence of a long-
run relationship among the variables was examined
through the Bounds cointegration test. The ARDL
model is a flexible methodological approach that
allows for the simultaneous estimation of both short-
run and long-run relationships within a unified
structural framework. In this model, the current
value of the dependent variable is explained not only

by its own past observations, but also by the current
and lagged values of the independent variables.
Within the scope of the study, the ARDL(1, 3, 1,
2) specification was identified as optimal through
model selection based on the Akaike Information
Criterion (AIC) (see Table 4).

The estimation of the coefficients yielded the
following equation:

Y, = 0.6043Y,_, — 0.4765X,, + 2.2607X,,, +

+0.1475X,,_, — 0.0506X3,,_5 — 0.6195X,, +

+0.2878X,,, + 1.2713X;, — 0.6830X;, | —
—0.1754X,,_, + 30.4171 (5)

The estimation results indicate that the first lag
of the dependent variable (Y-1) was positive and
highly statistically significant (0.6), confirming
the persistence of the current account indicator.
Although foreign trade turnover exerted a negative
effect in the current period (X;, = -0.4765,
p < 0.01), positive and significant effects were
observed in preceding periods (X, 0.2607,
p < 0.01). This finding suggests that trade turnover
has both short-run negative and lagged positive
effects on the current account. Foreign direct
investment exerted a negative effect in the current
period (X, = -0.6195, p <0.01), but was positive
and borderline statistically significant at the first lag
(X5, = 0.2878, p = 0.05). This indicates that, despite
FDI weakening the balance in the short run, it may
play a stabilizing role over the medium term.

Oil and gas exports exert a strong positive effect in
the current period (X3, = 1.2713, p < 0.01); however,
negative effects were observed in preceding periods
(X3, = -0.6830, p < 0.01; X3,, = -0.1754, p = 0.1).
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Mogneas ARDL (1, 3, 1, 2) - JloJrocpoyHasi JMHAMMKA W TECT IPAHMIL
ARDL(1, 3, 1, 2) Model — Long-Run Dynamics and Bounds Test

Tabauya 5 / Table 5

Dependent variable: D(Y); Restricted constant, no trend;
Model: ARDL(1, 3, 1, 2); Number of observations: 93
Conditional Error Correction Regression
Variable Coefficient Std. Error t-Statistic Prob.
Y-)* -0.395734 0.085825 -4.610961 0.0000
X,(-1) -0.118860 0.056052 -2.120517 0.0370
Xy(-1) -0.331689 0.124912 -2.655379 0.0095
X;3(-1) 0.412852 0.113923 3.623942 0.0005
DX} -0.476520 0.090060 -5.291135 0.0000
D(X,(-1)) -0.096963 0.088422 -1.096591 0.2760
D(X,(-2)) 0.050551 0.029830 1.694644 0.0939
D(X,) -0.619518 0.135036 -4.587810 0.0000
D(X3) 1.271299 0.099990 12.71424 0.0000
D(X5(-1)) 0.175416 0.105925 1.656029 0.1015
X; 1.043255 0.149402 6.982867 0.0000
c 76.86242 269.9700 0.284707 0.7766
F-Bounds Test
F-statistic 4416413
k 3
10% 2.37 3.20
5% 2.79 3.67
2.5% 3.15 4.08
1% 3.65 4.66
Actual Sample size 93
10% (n = 80) 2.474 3.312
5% (n = 80) 2.920 3.838
1% (n = 80) 3.908 5.044

This finding indicates that the oil and gas sector
strengthens the current account in the short run, but
generates volatility across consecutive periods.

The estimation results of the model demonstrate
a high explanatory power (R2 = 0.9773, Adj.
R =0.9745), the F-statistic is significant (p < 0.01),
and the Durbin-Watson statistic (DW = 2.22)
indicates no evidence of residual autocorrelation.
These indicators confirm the reliability of the
model and the accurate estimation of the short-run
dynamics.

The cointegration equation reflecting the long-
run equilibrium relationships was constructed on
the basis of the results presented in Table 5 using
the Engle—Granger methodology, and is specified
as follows:

AY, = — 0.3957(Y, , — (—0.3004X,, , —
— 0.8383X,,_, + 1.0433X,,_, + 76.8624))  (6)

The error correction term (ECT) coefficient,
which characterizes the speed of adjustment toward
long-run equilibrium, is - 0.3957, statistically highly
significant (p < 0.01), and carries a negative sign. This
result confirms the tendency of short-run deviations
occurring in the model to be corrected toward long-
run equilibrium. The calculations indicate that
approximately 39.6% of the disequilibrium arising

each quarter is eliminated; this suggests that the
speed of adjustment to equilibrium is satisfactory,
and that the full restoration of equilibrium requires
approximately 2.5 quarters (roughly 7 - 8§ months).

The results of the Bounds Test reported in
Table 5 provide significant evidence indicating
the existence of long-run relationships among
the statistical indicators of Azerbaijan's balance
of payments. The results of the tests conducted
demonstrate that the calculated test statistic exceeds
the critical bounds required to confirm the existence
of long-run relationships. In particular, at the 10%
and 5% significance levels, this statistic lies above
the upper bound, thereby confirming the formation
of cointegration relationships.

First and foremost, it should be noted that
the calculated F-statistic (4.416) exceeds the
corresponding critical values at the 10% and 5%
significance levels (2.37, 2.79, 3.15, and 3.67),
thereby confirming the existence of cointegrating
relationships among the variables in the model.
This result indicates that the variables considered
in the model - foreign trade turnover (Xi), foreign
direct investment (X:), and oil and gas exports
(X5) - possess the potential to form long-run
relationships. Additionally, the low p-values of
variables Xi and X: (0.037 and 0.0095, respectively)
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confirm their statistical significance within the long-
run relationship and their relevance as strategically
significant variables for economic policy design.
From the perspective of economic interpretation,
the long-run coefficient of foreign trade turnover
(X1) is —0.3004, indicating a negative direction. This
result suggests that trade expansion accompanied by
an increase in imports generates a long-run deficit
in the current account. Conversely, the long-run
coefficient of oil and gas exports (Xs) was found
to be 1.0433, indicating a positive effect on the
balance of payments. Accordingly, the obtained
results are considered statistically reliable and
confirm that foreign trade and investment flows are
significant determinants of the long-run equilibrium
relationships of Azerbaijan's balance of payments.
These findings provide an important empirical basis
for the optimization of economic policy and the
formulation and strengthening of investment and
trade strategies.

The results of the ARDL model indicate
that the first lagged value of the current account
(—1) = —0.3957) is statistically significant
(p < 0.05), confirming the influence of preceding
periods on the current period. The current period
coefficient of foreign trade turnover is —0.4765
and is highly significant (p < 0.001). This negative
effect is explained by short-run import growth.
However, the first lagged values of foreign trade
turnover and foreign direct investment are positive
(X;(—=1) = 0.2607, X;(—2) = 0.1475), indicating a
positive contribution of foreign trade to the current
account in the long-run perspective. The current
period coefficient of foreign direct investment is
—0.6195 and is statistically significant (p < 0.001).
This negative effect is associated with repatriation
and import demand in the short run. The first lagged
value of this indicator is positive, reflecting the long-
run production and export effect of investments
(X5(—1) = 0.2878). The current period coefficient
of oil and gas exports is 1.2713 and carries the
highest degree of statistical significance (p < 0.001).
This strong positive effect once again confirms the
dominant role of oil and gas exports in the balance
of payments.

The CUSUM test is employed to assess the
stability of a model in economic and statistical
frameworks. This test evaluates parameter stability
by examining whether the cumulative sum of
recursive residuals remains within critical bounds
over the sample period. In the presence of structural
instability, the cumulative sum crosses the critical
bounds, indicating a rejection of parameter
constancy.

According to the results of the CUSUM test,
the parameters of the model remained broadly stable
throughout the period under investigation. As can be
seen from Figure 2, the blue line does not approach
the upper and lower bounds (at the 5% significance
level) and exhibits no signs of systematic departure
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Fig. 2. CUSUM Test

Hcemounuk: coCTaBIeHHBINM aBTOPaMKM C MCITOJIb30BaHUEM TIPO-
rpaMMHOTO0 maketa EViews

Source: compiled by the authors using the EViews software
package

or abrupt shift. This indicates that no statistically
significant structural breaks or deviations contrary to
stability are present in the model, meaning that the
results are stable and reliable. From an economic
perspective, this finding suggests that changes in
the indicators affecting the balance of payments in
Azerbaijan have been stable and persistent, without
the occurrence of long-run or short-run structural
breaks. This implies that no sudden or transitory
effects associated with general economic conditions
or policy changes are observed, and that the results
obtained from the model demonstrate stability.
Diagnostic tests conducted on the residuals of the
constructed economic models for autocorrelation
and heteroskedasticity indicate that the residuals
of the model must be free from serial correlation
and must exhibit constant variance. When these
conditions are satisfied, the model's estimates
are considered reliable and the inference drawn
from them is statistically valid. Conversely, when
autocorrelation or heteroskedasticity is detected in
the residuals, the results of the model may become
distorted and the reliability of future forecasts may
be undermined. For this reason, the regular conduct
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Series:Residuals
Sample 2001Q4 202404
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Mean 137e-12
Median 4.192381
Maximum 965.4255
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Figure 3. Histogram of Residuals with Normal
Distribution (Jarque-Bera Test)
VICTOYHUK: COCTABJIEHHBI aBTOPAMHU C MCIOJbL30BAHUEM IIPO-
rpaMMHoro naketa EViews
Source: compiled by the authors using the EViews software
package
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of diagnostic tests in empirical studies is regarded as
methodologically indispensable.

The histogram (see Figure 3) indicates that the
distribution of residuals is largely symmetric, with
no pronounced right or left skewness observed. This
suggests the absence of significant outliers or heavy
tails in the residual distribution. The Jarque-Bera
test statistic is 5.295, with a probability of 0.0708.
Since the p-value exceeds the 0.05 threshold, there
is no basis for rejecting the hypothesis of normal
distribution of the residuals. Accordingly, the null
hypothesis of normally distributed residuals cannot
be rejected at the 5% significance level, which
confirms the model's compliance with the OLS
assumptions.

Tabauya 6 / Table 6

LM TecT nociieoBaTeIbHOMH KOppeasiun
Bpeyma-T'ongpn

Breusch-Godfrey Serial Correlation LM Test

Null Hypothesis:No serial correlation at up to 2 lags;
Included observations: 93

Test Statistic Prob. (p)
F-statistic 1.589531 F(2, 80) 0.2104
Obs*R-squared 3.554414 | Chi-Square(2) 0.1691

The results of the Breusch-Godfrey test (see Table
6) indicate that no autocorrelation exists in the residuals
up to 2 lags. Since the p-values for the F-statistic
(1.589531, p = 0.2104) and Obs* R-squared (3.554414,
p = 0.1691) both exceed the 0.05 threshold, the null
hypothesis of no autocorrelation is not rejected; in
other words, confirming that the residuals exhibit no
serial correlation up to the second lag.

Ta6auya 7/ Table 7
White / Heteroskedasticity test
Tect YaiiTa Ha reTepocKeIaCTHIHOCTH

Null hypothesis: Homoskedasticity
Sample: (2001Q4-2024Q4)

Test Statistic Prob. (p)

F-statistic 1.752463 Prob. F(65,27) = 0.0542
Prob. Chi-Square(65) =

Obs*R-squared 75.18013 0.1820

Scaled explained SS | 92.28919 |  Prob- Ché'gf;;‘re(“) =

The White heteroskedasticity test conducted
in Table 7 assesses the constancy of the variance
of the residuals. In terms of the hypotheses, Ho
represents the assumption of homoskedasticity,
while the alternative hypothesis H: expresses the
assumption of heteroskedasticity. Based on the test
results, the p-value for the F-statistic was 0.0542, for
ObsR? it was 0.1820, and for Scaled Explained SS
it was 0.0147. As the primary decision criteria, the
F-statistic and ObsR? indicators are generally taken
into consideration. Since p > 0.05 for both of these
indicators, the null hypothesis Ho is not rejected,
confirming that the residuals are homoskedastic.

Accordingly, no statistically significant
heteroskedasticity problem is observed in the model.
This finding confirms that the standard errors are
correctly estimated, satisfying a key assumption
underlying the validity of t and F tests, and supporting
the overall reliability of the empirical results. The
presence of homoskedastic residuals supports the
reliability of the model's parameter estimates and
any forecasts derived therefrom.

Conclusion

The empirical analysis conducted has established
that all variables are integrated of order I(1) and that
the ARDL(1, 3, 1, 2) model reliably estimates both
short-run and long-run relationships:

e The first lag coefficient of the current account
is 0.6043, highly significant (p < 0.001), confirming
the persistence of the indicator;

o Foreign trade turnover exerted an effect with
a coefficient of —0.4765 (p < 0.001) in the current
period, while the coefficients at the first and second
lags were positive (0.2607, p = 0.005; 0.1475,
p =~ 0.11), indicating a short-run negative but
medium-term positive effect of imports.

e The current period coefficient of foreign direct
investment is —0.6195 (p < 0.001), while the first lag
yields a positive coefficient of 0.2878 (p ~ 0.05). This
suggests that although FDI weakens the balance in
the short run, it plays a stabilizing role over the
medium term.

¢ Qil and gas exports exert a strong positive effect
in the current period (1.2713, p < 0.001); however,
negative coefficients were observed in preceding
periods (—0.6830, p < 0.001; —0.1754, p ~ 0.10),
confirming that the energy sector strengthens the
current account contemporaneously but introduces
volatility across successive periods.

e The Bounds test yielded F = 4.4164, exceeding
the 5% critical bound and confirming the existence
of cointegration relationships.

e The long-run coefficient of foreign trade
turnover is —0.3004, that of foreign direct investment
is —0.8382, and that of oil and gas exports is 1.0433.

e The Error Correction Term (ECT) = —0.3957
(p < 0.001), indicating that approximately 40% of
the disequilibrium arising each quarter is eliminated,
confirming that the full restoration of equilibrium
requires approximately 2.5 quarters (7—8 months).

o The reliability of the model is confirmed by its
high explanatory power (R> = 0.9773), the absence
of autocorrelation in the residuals (DW = 2.22),
homoskedasticity and freedom from serial correlation
(White test: p = 0.1820; Breusch—Godfrey test:
p = 0.2104), and the stability of parameters as
confirmed by the CUSUM test.

o The empirical findings highlight three principal
mechanisms in Azerbaijan’s balance of payments.
While foreign trade turnover exerts a negative short-
run effect by increasing imports and weakening the
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balance, its stabilizing role becomes apparent over
the medium and long run. Although foreign direct
investment weakens the balance in the short run
due to repatriation and import demand, it generates
long-run stability by enhancing production and
export potential. Oil and gas exports represent
the dominant component of the current account,
exerting a positive effect in both the short and long
run; however, the volatility of the sector necessitates
a diversification policy for economic stability.
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