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KonHTerpauuoHHbIU aHanus3
TOProBO-3KOHOMMWYECKOro CoTpyaHU4YecTBa
mexay Poccuen n AsepbangxaHom

B YCNOBUAX CaHKLUU

Ileab uccaedosanus. Lleav uccaedosanus — ananu3 OUHamMuKu pas-
BUMUS MOP20BO-IKOHOMUHECKUX OMHOWeHULl mencdy Azepbationcan -
ckou Pecny6aukoii u Poccuiickoii @edepayueli 6 ycao8usx caHkyul
¢ NpUMeHeHUeM IKOHOMEeMPUYecKux memoodos. Dmo GKauaem
nocmpoeHue 3KOHOMeMmpUHeckKoi Mooeau 3aumMoces3u KAlo4eabix
MAKpoIKOHOMUYecKux nokazameneti, makux kax BBII na dywy
Hacenenust 06eux cmpaH, YUCACHHOCMb IKOHOMUMECKU AKMUBHO20
HaceneHus u moeapoobopom mexncdy 08yMs CMpPaAHami, 6 PAMKAX
IMAUPUHECK020 UCCAeO08AHUS, 0X8ambleéaioue2o nepuod ¢ 1992 no
2023 200.

Mamepuaavt u memoodwt. /[1s oyenku OUHAMUKU IKOHOMUUECKUX
OMHOWIeHUL UCNOAB308AH IKOHOMempuyeckue memodsl. B ucciedo-
8aHUU nposedeHa cmamucmuyeckas 06pabomka UcXo0HbIX OAHHbIX,
nOCMpoeHa HopmanbHas peepeccuoHHas Mooeb, GblNOAHEH AHAAU3
npuuunnocmu Ipeinoxcepa u npumenen memood Kourmezpauuu
Hoxancena-Ipeiinoxcepa. B pesyrbmame 6vina peasusoéana mo-
denab Koppekyuu owuboK, KOmopas NoKazala CMamucmuvecKyro
3Hauumocmo. Bce pacuémol eoinoanenst 6 npoepamuom obecneueHuy
EViews 12. Jlns nposepku koppekmuocmu modeau u 0oCmogepHOCmu
NOAYYEHHbIX Pe3YAbIMAamog nPpogeoéH psod OUASHOCMUYECKUX Mecmos.
Pesyabmamotr. Pezyromamol uccaedosanusi nokazwléarom, 4mo
moeapoobopom medxncdy Aszepbationcanom u Poccueti Haxodumcs
8 COCMOSAHUU 00420CPOMHO20 PABHOBECUs, 4 MeHCOY IKOHOMUHUe-
cKUMU nokKazamensmu Habawdaromes e3aumHvle eausHus. Modeaw

nocmpoeHa ¢ y4émom nocaedcmeull CaHKyuil, 66e0EHHbIX NPOMUS
Poccuu 3anadunvimu cmpanamu u CIIA ¢ 2014 200y, a makice ux
yocecmouenusi 6 2022 200y. BausiHue paznuuhbix pakmopos na moea-
PO00OPOM AHAAUBUPOBANOCH C UCNONBI0BAHUEM MOOUDUUUPOBAHHOU
bazvl epagumayuonol modeau. bolia uzyveHa peakyus umo2oevix
NEePeMEeHHbIX HA U3MeHeHUs NPUMUHHBIX aKmopos, a makxice no-
AYHeHa 2000845 0eKOMNO3UUUSL OUCHEPCUU OCMAMOYHbIX 3HAYEHUL.
[Iposeden anaruz cmamucmu4ecky 3HAUUMOU KOUHMe2PAUUOHHOU
3a8UCUMOCIU U OnpedeneHa cmeneHb OMKJAOHEeHUs. OM PABHOBECHOU
mpaexmopuu.

3axarouenue. Ycmanosaeno, umo cankyuu, esedénnvie 6 2014 20dy,
He 0Ka3aau 3HauUumenbHo0 6AUSHUS HA MOBAPOOOOPOM, 8 MO 6peMs
Kak cankyuu 2022 2oda okazaiu noaoxcumenvHuii 3¢pexm. Imo
MOdICHO 00BsicHums mem, umo Poccus paspabomana nogvie 3K0HO-
MuMecKue cmpameauu U yKpenuaa compyoHu4ecmeo ¢ napmueépamu,
makumu Kaxk Asepbaiidxcan. Yuumoieas HeonpeoeiéHHOCMb CAHK-
YUOHHOU NOAUMUKU U MeNCOYHAPOOHOU IKOHOMUHECKOlU cpedbl, 015
no00epICcanusi mopeosvix OMHouweHUll mexcdy Asepbaidxcanom u
Poccuetl Heobxo0umo éHedpsame HOBble IKOHOMUYECKUEe cmpamezuu.
Imu cmpameeuu 0014cHb OblMb HANPABGAEHbL HA YKPenieHue 00120~
CPOUHO20 IKOHOMUUECK020 NAPMHEPCMBA U 83AUMHBIX UHBECIULUIL.

Karouesnie caosa: mosapoooopom; BBII; cankuyuu; kounmeepayus;
mecm npuuunnocmu Ipeiindxucepa; modeab Koppekyuu ouuookK.
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Cointegration Analysis of Trade and
Economic Cooperation Between Russia and
Azerbaijan Under Sanction Conditions

Purpose of the study. The purpose of the study is to analyze the
development dynamics of trade and economic relations between the
Republic of Azerbaijan and the Russian Federation under sanction
conditions using econometric methods. This involves constructing an
econometric model of the relationship between key macroeconomic
indicators such as the GDP per capita of both countries, the number
of economically active populations, and the trade turnover between the
two countries - within the framework of an empirical study covering
the years 1992 to 2023.

Materials and methods. Econometric methods were employed to
evaluate the dynamics of economic relations. The study included
statistical processing of initial data, the construction of a formal
regression model, Granger causality analysis, and the application
of Granger-Johansen cointegration analysis. As a result, the Error
Correction Model (ECM), which demonstrated statistical significance,
was implemented. All calculations were conducted using the EViews
12 software. Several diagnostic tests were performed to verify the
model’s correctness and the reliability of the results.

Results. The results indicate that the trade turnover between
Azerbaijan and Russia is in a state of long-term equilibrium, and
mutual influences are observed between economic indicators. The

model has been constructed considering the effects of sanctions imposed
against Russia by Western countries and the United States in 2014,
as well as their intensification in 2022. The impact of factors on trade
turnover has been analyzed using a newly modified baseline gravity
model. The reaction of outcome variables to shocks in causal factors
has been examined, and the yearly decomposition of the variance of
residuals has been obtained. A statistically significant cointegration
relationship has been analyzed, and the extent of deviations from the
equilibrium trajectory has been determined.

Conclusion. It has been determined that the sanctions imposed
in 2014 did not significantly impact trade turnover, whereas the
sanctions imposed in 2022 had a positive effect. This can be explained
by Russia developing new economic strategies and strengthening its
cooperation with partner countries such as Azerbaijan. Considering the
uncertainty of sanctions and the international economic environment,
new economic strategies should be implemented to sustain trade
relations between Azerbaijan and Russia. These strategies should aim
to enhance long-term economic partnerships and mutual investments.

Keywords: Trade turnover; GDP; sanctions, cointegration, Granger
causality test; Error Correction Model (ECM).

Statistics and Economics 4 V. 22. Ne 2. 2025

47



Cmamucmuka u mamemamuyeckKue memoowl 8 IKOHOMUKE

Introduction

Trade relations between the Republic of
Azerbaijan and the Russian Federation have been
steadily developing over the years and hold strategic
importance for both countries. The geographical
proximity, historical ties, and mutual interests
between the two nations have been key factors
in shaping these relations. Russia, as a significant
trading partner for Azerbaijan, collaborates in
sectors such as energy, agriculture, metallurgy, and
other product categories. Azerbaijan, in turn, has
been making efforts to diversify its export markets
and increase the export of agricultural and non-oil
products to Russia. In recent years, geopolitical
changes on the international stage, particularly the
sanctions imposed on Russia, have had direct and
indirect impacts on the trade relations between
the two countries. While the economic sanctions
imposed by Europe and the United States on
Russia have created restrictions in sectors such as
banking, energy, technology, and transportation,
Azerbaijan has pursued a balanced and pragmatic
foreign policy during this period. This approach has
allowed Azerbaijan to maintain its trade position
while continuing its trade relations with Russia.
Due to the sanctions, Russia has been compelled
to diversify its trade routes and partners. Within
this context, Azerbaijan has emerged as an essential
transit country and alternative market for Russia’s
export and import activities. However, this process
has not only created new opportunities but also
introduced certain economic and trade risks. Trade
restrictions, currency exchange rate fluctuations,
and restrictions on banking operations have affected
Azerbaijan’s trade turnover. The primary purpose of
this article is to evaluate the impact of international
sanctions imposed on Russia on Azerbaijan-Russia
trade relations and to assess the short-term and
long-term implications of these effects. This topic is
highly relevant in the context of on going geopolitical
uncertainties.

Review of literature

In this aspect, the published scientific articles
cover the development of trade-economic relations
between Azerbaijan and Russia, the economic
effects of sanctions, and analyses conducted using
econometric methods. Research indicates that
trade turnover between Azerbaijan and Russia
is closely related to indicators such as GDP and
the economically active population. In study [1],
cointegration methods were used to examine
the relationship between the trade turnover of
Azerbaijan and Ukraine and their GDPs. However,
other economic growth factors were not included
in this analysis. Similarly, in study [2], the trade
relations between Azerbaijan and Turkey were
investigated, focusing on the long-term stability of

these relations. However, other economic growth
factors were also not considered in this study. In
study [3], the economic relations between the GDPs
of Azerbaijan, Russia, Belarus, and Kazakhstan
were explored, and their mutual influences were
evaluated. Nevertheless, this study did not conduct
an empirical analysis of trade turnover between
these countries in connection with their key
macroeconomic indicators, nor did it consider the
sanctions imposed on Russia.

The impact of sanctions on the Russian economy
has been extensively studied in numerous research
works. In studies [4] and [5], the long-term changes
in AZN/RUB and USD/RUB exchange rates
in the context of sanctions against Russia were
evaluated, and cointegration relationships among
the exchange rates were examined. In study [6],
trade relations between Russia and certain Eastern
and Southeast countries were predicted using a
gravity model constructed considering the sanctions
imposed on Russia, along with an analysis of the
future development of these relations. However, the
statistical validity of the model was not substantiated.
Since the mentioned factors are non-stationary,
their cointegration dependence should have been
analyzed, but this issue was not explored. In study
[7], the equilibrium state of long-term co-movement
between the GDP growth rates of Azerbaijan and
Ukraine was examined using the ARDL model,
but other factors were not considered. Study [8]
investigated the dependence of Azerbaijan’s export
volume to Ukraine on Ukraine’s economic openness,
per capita GDP, and Azerbaijan’s economically
active population. Study [9] assessed the impact of
sanctions on trade turnover between the European
Union and Russia during 2015—2019, revealing that
Russia loses, on average, 2.5% of its GDP annually
as export revenues due to sanctions. The econometric
model used in this study considered the nominal
GDP values, annual average exchange rate changes
of the Russian ruble relative to the currencies
of EU countries and the inflation levels in these
countries. However, the econometric modeling of
the relationship between trade turnover, per capita
GDP and economically active population was not
addressed. In study [10], an error correction model
was developed to evaluate the relationship between
the real exchange rate of the Russian ruble and oil
prices with time-varying parameters. However, the
issues intended to be addressed in our research were
not reflected here. Study [11] examined the impact
of financial sanctions on the Russian economy,
analyzing the challenges created by sanctions on
capital flows, financial market stability, and the
banking sector’s resilience. Study [12] analyzed the
effects of 2022 sanctions on the Russian economy
and provided recommendations for mitigating the
potential negative impacts of these sanctions. Study
[13] assessed the overall potential cargo flows of the
North-South Transport Corridor, but econometric

48

Cmamucmuxka u ykonomurxa 4 T. 22. Ne 2. 2025



Statistical and mathematical methods in economics

analysis between relevant factors was not conducted.
Study [14] investigated the development of cross-
border economic cooperation between Russia and
Kazakhstan and the role of regions in this process.
The author emphasized the strategic importance
of border regions in trade, transportation, and
industrial cooperation. The study analyzed the
dynamics of cross-border trade, the intensity of
economic relations, and the key factors affecting
trade turnover between Russia and Kazakhstan. It
also examined the impact of infrastructure projects,
customs procedures, and economic policies on
cross-border trade. Study [15] explored the key
problems and risks posed by sanctions, as well as
potential opportunities to mitigate their effects on
the economy. The article evaluated the implications
of sanctions across various sectors and proposed
possible solutions for Russia’s long-term economic
strategy. We would like to specifically highlight
the [16] study, which evaluates the development
trends of the Russian economy under the impact
of sanctions and conducts a quantitative analysis to
ensure global competitiveness.

Purpose and methodology of the study

The purpose of the study is to conduct a
cointegration analysis of the determinants of trade
relations between the Republic of Azerbaijan and
the Russian Federation, including the GDP per
capita of both countries (LN_GDP_RUS PER
CAPITA, LN _GDP_AZE PER CAPITA), the
economically active population (LN_EC POP_
RUS, LN_EC POP_AZE), and trade turnover
(TRADE_TURNOVER_RUS) under sanction
conditions. It is assumed that sanctions imposed
against Russia directly influence inflation, interest
rates, and exchange rate fluctuations of the Russian
ruble relative to major global currencies, thereby
indirectly affecting the aforementioned indicators.

To achieve the objective, a cointegration analysis
was conducted and an ECM model was constructed
using a newly modified version of the gravity model
[17], along with multivariate statistical analysis,
multivariate regression approaches [18], [19], [20],
and appropriate statistical tests applied correctly.

All time series under investigation, except for
the TRADE TURNOVER_RUS variable, will be
transformed into logarithms. This transformation
allows for a clearer representation of the relationships
between the analyzed indicators. The research used
statistical data obtained from the official websites of
the State Statistical Committee of the Republic of
Azerbaijan and the World Bank [21], [22].

The descriptive statistics and dynamic changes
of the variables during the years are presented in
Figure 1 and Table 1.

In this study, to analyze the dependency of the
Russian Federation’s trade turnover per capita, the
GDP per capita of both the Republic of Azerbaijan
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Figure 1. Dynamic description of the data

Hcemounuk: T'paduk coznan aBTopoM B nporpamme EViews

Source: The graph was created by the author in the EViews
software
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OnucaTtenbHasi CTATHCTHKA JAHHBIX
Descriptive statistics of the data

Ta6auua 1/ Table 1

TRADE LN_GDP RUS_ | LN _GDP AZE
TURNOVER RUS | PER CAPITA | PER CAPITA | LN-EC_POP_RUS| LN_EC_POP_AZE
Mean 0.010743 13.04994 7.447668 18.11918 15.29160
Median 0.011729 13.18691 7.845828 18.11913 15.26734
Maximum 0.030306 13.38943 8.072227 18.14891 15.46377
Minimum 0.001271 12.55317 6.437912 18.05154 15.09243
Std. Dev. 0.008114 0.286460 0.631853 0.025240 0.090240
Skewness 0.457500 ~0.477951 20.414568 20.927614 0.125449
Kurtosis 2.291090 1635053 1.435242 3.458283 2.465929
Jarque-Bera 1786370 3.702437 4181245 4.869196 0.464242
Probability 0.409350 0.157046 0.123610 0.087633 0.792850
Sum 0.343791 417.5982 2383254 579.8138 489.3310
Sum Sq. Dev. 0.002041 2.543848 12.37637 0.019749 0.252439
Observations 32 32 32 32 32

and the Russian Federation, and the economically
active population of both countries on the natural
logarithms of these variables — and taking into
account the natural logarithm of the residuals — we
have selected the following multifactor specification
for the multivariate regression model:

v, =0, + o lnx, + a,lnx,, + olnx,, + o, Inx,, +In€,,

t=1,25, (1)
let y, x4, Xn, X3, and x, — denote the respective
variables. The specification includes a parameter
defined as oy, = Inoy + oylnd, where o, a,, oz —
are the unknown parameters of the model; ¢, — is
the residual term, which captures the aggregate im-
pact of all factors omitted from the model as well as

measurement errors. The logarithm of ¢, is assumed
to be normally distributed with zero mean and
constant variance. Specifically, it is assumed that,

V,=Ing ~N (0,02). g, — is normally distributed with:

0.2
M(g)=e?, D(g)=e" (e"l —1). Using the Ordinary

Least Squares (OLS) method, the multivariate re-
gression model was implemented in the EViews 12
software package. The resulting estimates and diag-
nostic measures are presented in Table 2. Table 2.
Multivariate Regression Model

The Semi-logarithmic model based on Table 2
is as Follows:

Tabauua 2 / Table 2

MHoromMepHasi perpecCHOHHAs MOJEJb

Multivariate Regression Model

Dependent Variable: TRADE_TURNOVER_RUS

Method: Least Squares

Sample: 1992 2023

Included observations: 32

Variable Coefficient Std. Error t-Statistic Prob.
LN_GDP_RUS PER_CAPITA 0.017725 0.011156 1.588739 0.1252
LN_GDP_AZE PER_CAPITA 0.006521 0.004375 1.490756 0.1491
LN_EC_POP_RUS -0.069605 0.037911 -1.836026 0.0788
LN_EC_POP_AZE 0.027659 0.028123 0.983495 0.3352
DUMMY_V_1 -0.002254 0.001652 -1.364181 0.1852
DUMMY _V 2 0.009137 0.002002 4.563056 0.0001
@TREND -0.000253 0.000502 -0.503792 0.6190

C 0.573162 0.698317 0.820776 0.4199
R-squared 0.949178 Mean dependent var 0.010743
Adjusted R-squared 0.934355 S.D. dependent var 0.008114
S.E. of regression 0.002079 Akaike info criterion -9.301604
Sum squared resid 0.000104 Schwarz criterion -8.935170
Log likelihood 156.8257 Hannan-Quinn criter. -9.180141
F-statistic 64.03369 Durbin-Watson stat 1.562212
Prob(F-statistic) 0.000000
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TRADE_TURNOVER_RUS = 0.0177246305* LN_GDP_
RUS_PER_CAPITA + 0.00652147226 * LN_GDP_AZE_
PER_CAPITA - 0.0696050597 * LN_EC_POP_RUS +
+0.0276588014 * LN_EC_POP_AZE + 0.00913724982 *
DUMMY_V_2 - 0.0022536207 * DUMMY_V_1 -
-0.000252947624* @TREND + 0.57316160. ?2)

This model characterizes how the relative change in
independent factors influences the absolute change in the
dependent variable’s value. 1% increase in the independent
variables x,,, x,,, and x,, results in an increase in the average
value of the dependent variable, in its respective unit of
measurement, by approximately 0,01 * o, 0,01 * o, and
0,01 * o, assuming positive coefficients for these factors.
In contrast, the effect of the factor, x,; leads to a decrease
in the value of the dependent variable by approximately
0,01 * 0. As observed from the results obtained in Table
2, the overall formal model demonstrates high accuracy,
with a coefficient of determination (R-squared) of 94%.
The F-statistic (64.03369) and P.(F-statistic) = 0.000000
indicate that the model is statistically significant overall.
The 2022 sanctions (DUMMY V 2) had a positive
impact on trade turnover. This is associated with the
discovery of new trade routes and the implementation
of alternative economic strategies to circumvent these
sanctions. On the other hand, the slight negative effect
of the 2014 sanctions (DUMMY _V 1) is not statistically
significant, which suggests that no substantial changes in
trade turnover occurred during that period. The reduction

in Russia’s economically active population negatively
affects trade turnover, likely due to a decline in the labor
market and consumption potential. The long-term trend is
not statistically significant. It should be noted that when
aligning the DUMMY V 1 variable for 2014 with LN
GDP_RUS PER CAPITA, the estimate was -0.00016,
with a probability (P.) of 0.1901. Therefore, preference was
given to Model (2).

A correlation matrix was constructed using the
EViews 12 software package, and the dependencies
among factors were identified in Table 3. The
intensity of the relationships between factors was
qualitatively interpreted using the Cheddock scale.

A strong positive correlation (0.908605) is
observed between TRADE _TURNOVER_RUS and
LN _GDP_RUS PER_CAPITA, indicating that as
Russia’s GDP per capita increases, trade turnover
also rises. This result is expected, as economic
growth generally boosts trade volume.

A similarly strong positive correlation (0.8956)
is observed between TRADE TURNOVER_ RUS
and LN_GDP_AZE PER_CAPITA, suggesting a
very strong relationship between Azerbaijan’s GDP
per capita and trade turnover. This shows that
Azerbaijan’s economic growth significantly impacts
its trade volume with Russia.

An average level correlation (0.4801) exists
between TRADE TURNOVER RUS and LN_
EC _POP_RUS. While trade turnover moderately

Tabauya 3 / Table 3

Koppenﬂunom{aﬂ MATpUIIA B COOTBETCTBHHM C MOJI€CJIbIO MHOKECTBEHHOM perpeccun

Correlation matrix according to the multiple regression model

TRADE
TURNOVER_ |LN_GDP RUS_|LN_GDP AZE_ | LN _EC_POP_ | LN_EC POP_
RUS PER_CAPITA | PER_CAPITA RUS AZE
TRADE_TURNOVER_RUS 1.000000
LN_GDP_RUS_PER_CAPITA 0.908605 1.000000
LN_GDP_AZE_PER_CAPITA 0.895570 0.987332 1.000000
LN_EC_POP_RUS 0.480114 0.724650 0.743038 1.000000
LN_EC_POP_AZE 0.768049 0.674834 0.662891 0.137865 1.000000

Tect JTukku-Dyniepa
Dickey-Fuller test

Tabauya 4 / Table 4

Variable T-statistic Cl'lthiil %Yalues: Crltlcz;l %’alues: Cl'lth;l(l] %alues: Prob
First difference, intercept
TRADE TURNOVER _RUS -5.428892 -3.670170 -2.963972 -2.621007 0.0001
LN _GDP_RUS PER _CAPITA -3.460385 -3.670170 -2.963972 -2.621007 0.0165
LN _GDP_AZE PER_CAPITA -3.155901 -3.670170 -2.963972 -2.621007 0.0330
LN_EC _POP RUS -2.996182 -3.711457 -2.981038 -2.629906 0.0485
LN_EC POP AZE -5.577819 -3.670170 -2.963972 -2.621007 0.0001
First difference, trend and constant

TRADE_TURNOVER_RUS -5.800865 -4.296729 -3.568379 -3.218382 0.0003
LN_GDP_RUS_PER_CAPITA -3.350385 -4.296729 -3.568379 -3.218382 0.0776
LN_GDP_AZE PER_CAPITA -2.953105 -4.296729 -3.568379 -3.218382 0.1613
LN_EC_POP_RUS -4.682629 -4.309824 -3.574244 -3.221728 0.0042
LN_EC_POP_AZE -5.513282 -4.296729 -3.568379 -3.218382 0.0005
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increases with the growth of Russia’s economically
active population, the relationship is not very
strong. This may indicate that the growth of Russia’s
population does not directly impact trade.

A moderate correlation (0.7680) is also found
between TRADE TURNOVER _RUS and LN _
EC _POP_AZE, demonstrating a positive but
not very strong relationship between Azerbaijan’s
economically active population and trade turnover.
This indicates that the growth of Azerbaijan’s
economically active population has a certain impact
on trade.

A strong positive correlation (0.9873) is found
between LN _GDP_RUS PER _CAPITA and
LN _GDP_AZE PER CAPITA, showing that
Russia and Azerbaijan’s GDP per capita are highly
synchronized, reflecting the strong economic
interdependence between the two countries.

Lastly, a weak correlation (0.1378) is observed
between LN_EC POP_RUS and LN_EC POP_
AZE, indicating almost no connection between
the economically active populations of the two
countries. This may suggest that the growth rates
of the populations and labor markets are shaped by
different factors.

The stationarity of time series was tested using
the Augmented Dickey-Fuller test in the EViews 12
software package, and the corresponding results are
presented in Table 4.

The results indicate that the first-order differences
of the time series are stationary under constant,
trend, and constant with trend conditions.

The Granger Causality test has revealed the
presence of one-way and two-way relationships
at 5% and 10% significance levels for lags m = 1,
2, 3, 4. A one-way relationship exists between the

Pe3yIbTaThl KOMATErPANMOHHOTO TecTa Moxancena
The results of the Johansen cointegration test

Tabauya 5 / Table 5

Sample: 1992 2023
Included observations: 30
Series: TRADE_TURNOVER_RUS LN _GDP RUS PER_CAPITA LN _GDP _AZE PER CAPITA LN _EC POP RUS LN_
EC POP_AZE
Lags interval: 1 to 1
Selected (0.1 level*) Number of Cointegrating Relations by Model
Data Trend: None None Linear Linear Quadratic
Test Type No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Trace 1 3 1 1 1
Max-Eig 1 3 1 1 1
Information Criteria by Rank and Model
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log Likelihood by Rank (rows) and Model (columns)
0 415.1732 415.1732 430.5196 430.5196 434.6519
1 432.8561 436.1451 449.3381 451.6121 455.3866
2 443.5124 451.6188 460.8652 463.1407 466.6883
3 447.9062 462.1481 465.0783 471.6062 474.7333
4 450.5264 466.3536 468.6186 475.8029 478.9291
5 450.5320 468.8940 468.8940 478.9903 478.9903
Akaike Information Criteria by Rank (rows) and Model (columns)
0 -26.01155 -26.01155 -26.70131 -26.70131 -26.64346
1 -26.52374 -26.67634 -27.28921 -27.37414 -27.35911
2 -26.56749 -26.97459 -27.39101 -27.40938 -27.44588*
3 -26.19375 -26.94321 -27.00522 -27.24041 -27.31556
4 -25.70176 -26.49024 -26.57457 -26.78686 -26.92861
5 -25.03547 -25.92626 -25.92626 -26.26602 -26.26602
Schwarz Criteria by Rank (rows) and Model (columns)
0 -24.84388 -24.84388 -25.30011 -25.30011 -25.00873
1 -24.88901 -24.99491 -25.42094 -25.45917* -25.25731
2 -24.46570 -24.77938 -25.05569 -24.98063 -24.87702
3 -23.62488 -24.23423 -24.20282 -24.29790 -24.27963
4 -22.66584 -23.26749 -23.30511 -23.33057 -23.42561
5 -21.53247 -22.18974 -22.18974 -22.29596 -22.29596
52 Cmamucmuxa u 3konomuxa 4 T. 22, Ne 2. 2025



Statistical and mathematical methods in economics

variables TRADE TURNOVER _RUS and LN _
EC POP _AZE at lag m = 1 (p. = 0.0506), m =
3 (p. = 0.0672), and m = 4 (p. = 0.0602) at the
10% significance level. A two-way relationship is
identified between LN_GDP_AZE PER_CAPITA
and LN_GDP_RUS PER_CAPITA at lag m = 2
(p. = 0.0138) at the 5% significance level, and at lag
m =2 (p. = 0.0766) at the 10% significance level. A
one-way relationship is observed between LN_EC
POP_RUS and LN_GDP_RUS _PER_CAPITA at
lag m =2 (p. = 0.0901) at the 10% significance level.
These findings underline the interactive dynamics
between the economic indicators of Azerbaijan and
Russia, with varying degrees of influence reflected
across different variables and time lags. A two-way
relationship has been identified between LN_EC
POP_AZE and LN_GDP_RUS PER_CAPITA at
lagm =1 (p. = 0.0414) and m = 2 (p. = 0.0422)
at the 5% significance level. A one-way relationship
is present between LN_GDP_AZE PER_CAPITA
and LN_EC POP_RUS atlag m =1 (p. = 0.0461),
m =2 (p. = 0.0214), m = 3 (p. = 0.0195), and
m =4 (p. = 0.0207) at the 5% significance level.
Additionally, a one-way relationship is observed
between LN_GDP_AZE PER_CAPITA and LN _
EC POP_AZE atlag m =2 (p. = 0.0026) and m =
3 (p. = 0.0400) at the 5% significance level, as well
as at lag m = 4 (p. = 0.0842) at the 10% significance
level.

The results of the Granger Causality test indicate
that economic indicators between Azerbaijan
and Russia are mutually influential, linked to
various fundamental factors. Specifically, the
relationships among trade turnover, economically
active population, and GDP significantly affect
the economic development and Ilabor markets
of both countries. The presence of two-way
relationships underscores economic integration and
interdependence.

The observed connection between the GDP in-
dicators of Azerbaijan and Russia demonstrates that
the macroeconomic conditions of these countries
influence each other. Simultaneously, the existing
relationships between employment levels and eco-
nomic growth confirm that domestic labor markets
and income levels move in synchronization with
overall economic development.The results of the
Johansen cointegration test are presented in Table 5.

Based on the results of the Johansen cointegration
test, the trade turnover between Azerbaijan and
Russia is in a long-term equilibrium. That is, although
short-term fluctuations are observed, trade turnover
remains stable in the long term and is restored under
the influence of economic indicators. The equations
of the VECM (Vector Error Correction Model) are
expressed as follows:

D(TRADE_TURNOVER_RUS) = -0.328227654 *
(TRADE _TURNOVER_RUS(-1) - 0.0341215073 *
LN_GDP_RUS_PER CAPITA(-1) - 0.0268817609 *

LN_GDP_AZE_PER_CAPITA(-1) + 0.364368879 * LN_EC._
POP_RUS(-1) - 0.0559787631 * LN_EC_POP_AZE(-1)
+0.00186915815 * @TREND(92) - 5.14186076)

- 0.255427278 * D(TRADE_TURNOVER_RUS(-1)) +
0.0207044592 * D(LN_GDP_RUS_PER_CAPITA(-1)) -
0.00398607882 * D(LN_GDP_AZE_PER_CAPITA(-1))
+0.0425252169 * D(LN_EC_POP_RUS(-1))
+0.024897510 * D(LN_EC_POP_AZE(-1)) +
0.00051307307 - 0.00099416405 * DUMMY_V_1 +

0.00787045454 * DUMMY_V. 2, (3)

D(LN_GDP_RUS_PER_CAPITA) = 417604912 *
(TRADE_TURNOVER_RUS(-1) - 0.0341215073 *
LN_GDP_RUS_PER_CAPITA(-1) - 0.0268817609 *
LN_GDP_AZE_PER_CAPITA(-1) + 0.364368879 * LN_EC._
POP_RUS(-1) - 0.0559787631 * LN_EC_POP_AZE(-1) +
0.00186915815 * @TREND(92) - 5.14186076)
- 1.76902533 * D(TRADE_TURNOVER_RUS(-1)) -
0.20551685 * D(LN_GDP_RUS_PER_CAPITA(-1)) +
0.39934752 * D(LN_GDP_AZE_PER_CAPITA(-1)) +
0.482382721 * D(LN_EC_POP_RUS(-1)) + 0.121314898
* D(LN_EC_POP_AZE(-1)) + 0.0101212310 +
0.0061725610 * DUMMY_V_1 - 0.0309078124 *
DUMMY_V.2, (4)

D(LN_GDP_AZE_PER_CAPITA) = 3.56749893 *
(TRADE_TURNOVER_RUS(-1) - 0.0341215073 *
LN_GDP_RUS_PER_CAPITA(-1) -.0.0268817609 *
LN_GDP_AZE_PER_CAPITA(-1) + 0.364368879 * LN_EC_
POP_RUS(-1) - 0.0559787631 * LN_EC_POP_AZE(-1)
+0.00186915815 * @TREND(92) - 5.14186076)

- 2.26095921 * D(TRADE_TURNOVER_RUS(-1)) +
0.00835271524 * D(LN_GDP_RUS_PER_CAPITA(-1))
+0.701033087 * D(LN_GDP_AZE_PER_CAPITA(-1)) +
0.103077939 * D(LN_EC_POP_RUS(-1)) - 0.204817742
* D(LN_EC_POP_AZE(-1)) + 0.0322046699 -
0.0213107989 * DUMMY_V_1 - 0.0280638689 *  (5)

D(LN_EC_POP_RUS) = -2.51975716 * (TRADE._
TURNOVER_RUS(-1) - 0.0341215073 * LN_
GDP_RUS_PER_CAPITA(-1) - 0.0268817609 *
LN_GDP_AZE_PER_CAPITA(-1) + 0.364368879 * LN_EC._
POP_RUS(-1) - 0.0559787631 * LN_EC_POP_AZE(-1)
+0.00186915815 * @TREND(92) - 5.14186076)
+0.801369895 * D(TRADE_TURNOVER_RUS(-1)) -
0.0758837629 * D(LN_GDP_RUS_PER_CAPITA(-1)) +
0.0362725123 * D(LN_GDP_AZE_PER_CAPITA(-1)) +
0.482195516 * D(LN_EC_POP_RUS(-1)) - 0.017351066
* D(LN_EC_POP_AZE(-1)) + 0.00133852345 -
0.00634530258 * DUMMY_V_1 + 0.0078839695 *

DUMMY_V.2, (6)

D(LN_EC_POP_AZE) = 0.367623263 * (TRADE.
TURNOVER_RUS(-1) - 0.0341215073 * LN_
GDP_RUS_PER_CAPITA(-1) - 0.0268817609 *
LN_GDP_AZE_PER_CAPITA(-1) + 0.364368879 * LN_EC._
POP_RUS(-1) - 0.0559787631 * LN_EC_POP_AZE(-1)
+0.00186915815 * @TREND(92) - 5.14186076)
+2.46846588 * D(TRADE.TURNOVER_RUS(-1)) -
0.181658487 * D(LN_GDP_RUS_PER_CAPITA(-1)) -
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0.0992721401 * D(LN_GDP_AZE_PER_CAPITA(-1)) +
0.161639478 * D(LN_EC_POP_RUS(-1)) - 0.591094572
* D(LN_EC_POP_AZE(-1)) + 0.0221081082 -
0.000842202657 * DUMMY_V_1-0.0174388162 *

DUMMY._V.2. (7)

In this case, the statistically significant long-term
cointegration dependency is as follows:

TRADE_TURNOVER_RUS(-1), = 0.0341215073245 *
LN_GDP_RUS_PER_CAPITA(-1), + 0.0268817609649
* LN_GDP_AZE_PER_CAPITA(-1), - 0.364368879822
* LN_EC_POP_RUS(-1), + 0.0559787631383 * LN_EC_

POP_AZE(-1),- 00186915815561 * TREND(92) +

2. The correction coefficients for the variable
LN_EC POP_AZE, with respect to the factors
LN _GDP_RUS PER CAPITA and LN _GDP_
AZE _PER_CAPITA, deviate from the range [-1,0],
and thus, a return to equilibrium is not ensured. In
the VECM model, the return of these variables to
equilibrium is not observed.

3. The variable LN_EC POP_RUS shows
unstable results. However, these findings indicate
that, despite short-term fluctuations, trade turnover
and economically active populations return to long-
term equilibrium.

To verify the reliability and accuracy of the
VECM model, several tests were conducted: The

5.14186076913. (8) Residual Serial Correlation LM Test checks for
autocorrelation in the model residuals. No issues
This reflects the long-term cointegration were detected, as the p-value (0.6376) is greater

relationship between the examined economic
indicators of the two countries and ensures
the tracking of their long-term mutual effects,
considering the impact of sanctions.

From the established models (3)-(7),
following specific results are derived:

1. The variable TRADE TURNOVER_RUS
returns to equilibrium approximately within 3 years
under the influence of shocks.

the

than 0.05. The Residual Heteroskedasticity Test
examined problems related to unequal variance,
and none were identified (p-value = 0.7729 >
0.05), confirming that the residuals have constant
variance. The Residual Normality Test assessed
the normal distribution of residuals. The Jarque-
Bera criterion yielded a value of 10.78623, with a
probability of 0.3744, confirming that the residuals
follow a normal distribution.

Ta6auya 6 / Table 6

Paccuurannbie HMITYJIbCHBIC XAPAKTECPUCTUKHA

The calculated impulse responses

Period TURL‘&,‘EE: RUS LEES_DC[;—SLTJ/E— LPNE_ISI_ %‘;—lﬁﬁ— LN_EC_POP_RUS | LN_EC_POP_AZE
1 0.002102 0.000000 0.000000 0.000000 0.000000
2 0.001527 -5.13E-06 -0.000126 -0.000310 0.000483
3 0.001878 1.54E-05 0.000599 -0.000314 -5.75E-05
4 0.001702 0.000109 0.000284 -0.000259 0.000372
5 0.001893 0.000250 0.000680 -0.000127 -8.97E-06
6 0.001713 0.000184 0.000468 -0.000174 0.000332
7 0.001868 0.000229 0.000781 -0.000173 3.44E-05
8 0.001752 0.000202 0.000598 -0.000193 0.000282
9 0.001867 0.000265 0.000801 -0.000149 6.19E-05
10 0.001769 0.000237 0.000653 -0.000163 0.000254
Tabauua 7 / Table 7
JleKkoMno3unus OTKJIOHEHHI OIIMOKH MPOTHO3a
Decomposition of forecast error variances
Period | SE. | URNOVER RUS| PER CAPITA | PER CAPITA |  RUS .~ | \N-EC_POP_AZE
1 0.002102 100.0000 0.000000 0.000000 0.000000 0.000000
2 0.002664 95.13775 0.000372 0.225030 1.352698 3.284152
3 0.003329 92.72463 0.002366 3.382594 1.757831 2.132581
4 0.003779 92.26151 0.085268 3.191445 1.835150 2.626631
5 0.004290 91.05463 0.405825 4.989952 1.511191 2.038398
6 0.004662 90.61373 0.499990 5.232644 1.419485 2.234149
7 0.005091 89.45171 0.620865 6.743561 1.305871 1.877997
8 0.005431 88.98480 0.684055 7.137209 1.273629 1.920308
9 0.005807 88.17675 0.807234 8.144813 1.180055 1.691150
10 0.006118 87.81310 0.876896 8.479957 1.133983 1.696065
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These results validate that the model is statistically
reliable and robust.

Impulse response analysis is used to evaluate
the impact of external shocks on the investigated
economic variables and how this effect evolves over
time. This method is employed to study the strength
of the influence between variables such as trade
turnover (TRADE_TURNOVER _RUS), GDP
(LN_GDP_RUS _PER_CAPITA, LN GDP_
AZE_PER _CAPITA) and the economically active
population (LN_EC_POP_RUS, LN_EC POP_
AZE), as well as how this influence evolves over
time.

According to the results of the test: The impulse
response of TRADE_TURNOVER_RUS to external
economic shocks is positive in the early years (1st-
3rd years), but this effect diminishes rapidly. The
response reaches its lowest level in the 2nd year,
partially stabilizing from the 3rd year onward. In
the medium term (4th-7th years), trade turnover
gradually returns to its previous equilibrium. The
calculated values are shown in Table 6.

Variance Decomposition is used to determine
which portion of the total variability of the analyzed
economic indicators can be explained by other
variables. This method is employed to study the
strength of the influence between variables such
as trade turnover (TRADE _TURNOVER_RUS),
GDP (LN_GDP_RUS PER CAPITA, LN_
GDP_AZE PER CAPITA), and the economically
active population (LN_EC POP_RUS, LN _EC
POP_AZE), as well as how this influence evolves
over time. The results are presented in Table 7.

According to the results, the variance decompo-
sition of the variable TRADE _TURNOVER_RUS
indicates that in the early years (Ist-3rd years),
100% of the variability in trade turnover is explained
by its internal factors. The impact of other variables
is minimal during this period, as trade turnover pri-
marily stems from its own dynamics. In the medi-
um term (4th-7th years), starting from the 4th year,
Russia’s and Azerbaijan’s GDP indicators begin to
influence trade turnover. From the 5th year onward,
Azerbaijan’s GDP (LN_GDP_AZE PER_CAPI-
TA) accounts for more than 5% of trade turnover’s
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