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BakuHckui MocynapctBeHHbI YHUBepceuTeT, baky, AsepbarimpkaH

AHann3 AMHaAMMKM nNnaTtexHoro 6anaHca
A3epbanpxaHa ¢ MCNoOSib30BaHUEM MoAenu

KOppeKuumn ondok

Ileav uccaedosanus. Ananrus usmeHeHull OUHAMUKU U CIPYKMYDbl
naamexcHoeo 6aranca 04 paspadomku npegeHmueHvIX aHMUKpU-
BUCHBIX Mep A6ASemcsi 00HOU U3 GANCHBIX U CAONCHEUWUX 3a0ay
DecyaupoBanUsi IKOHOMUKU HA 20cyoapcmeeHHom yposre. Pacmyuwee
YUCAO HAYYHBIX PAOOM, NOCAUCHHBIX MOOCAUPOBAHUIO OUHAMU-
KU, U3YHEHUIO 83AUMOCEA3U NAAMENCHO20 0ANAHCa ¢ PA3AUYHbIMU
9HOOEHHbIMU U IK302eHHBIMU (DAKMOPAMU, CE8UOCEeAbCIBYem 0
BAXNCHOCMU U pacmylyem UHmepece K d3moi meme.

Mamepuaast u memodot. Hcxoonvle epemerHvle padvl A645H0MCs
Hecmayuonapuoimu. Ilpu nepexode K 6pemeHHbIM POAM ¢ Pa3HO-
CMAMU 8 IMUX PAOAX COXPAHACMCA UHPOPMAYUS, COOMBEMCMEY -
owas moavKo KpamkoCPOUHbIM UMeHeHusM. A ecs ocmanvhas
UHMOPMAYUS, OXEAMBIBAIOWAS 00N20CPOUHbLE USMEHeHUs OUHAMUK,
mepsemcsi npu nepexode Kk pasHocmam. Boswukwias cumyayus
mpebyem npasuabHo20 n00xXoda K npoueccy Mooeaupo8anus paccma-
mpueaemvix pemeHHbIX p0dos. [lepuod Habarodenus uccredoganus
oxeamoieaem 20006vie dannvle ¢ 1995 no 2023 200. Jaa pewenus
nocmaegaenHol 3a0a4u U XapaKkmepHo2o ONUCAHUs OUHAMUKU Pa3-
BUMUS NAAMENCHO20 Oaranca 6 pabome gnepevle NPoGedeH IKOHO-
Muueckull aHaau3 OUHAMUKU NAAMeJICHO20 0AAAHCA N0 OMOeabHbIM
e2o cmamoam, ¢ 2012 no 2021 200, 6 wacmuocmu 3a 2020-2021
200b1. [locaedyroujue waeu no pacuupeHHOMy SKOHOMEMPU4ecKomy
AHANU3Y BPEMEHHbIX D008 Oblau NOCEsUeHbl OnpedeleHulo cma-
yuoHapHocmu, nepexooy K pasHoCHAM U HOCHPOEHUI) 6EKIMOPHbIX

Mmodeneti koppekyuu ouwubok. Ilpu evinosnenuu KOuHmMeepayuoOHHO20
mecma 0blA0 BbIA6AEHO e20 COUemanue ¢ Mmecmom Ha CMayuoHap-
Hocmy. Bblau 6binoaHeHsl U RPOAHAAUUPOBAHBL 6ce He0OX00UMble
mecmul. [loayveHvl u NPOAHAAUZUPOBAHBI KPUMUYECKUE 3HAYEHUs
0451 IMUX CIMAMUCTUK.

Pezyasmameot. B dannoii cmamve paspabamovieaemcs 6eKmopHas
MOoO0enb KoppeKyuu owubok, Komopas no3eoasem nposooums aHaiu3
u modeauposarue 6osee 08YX 8PEMEHHbIX CHAMUCMUYECKUX PS008
6 YKA3aHHOM 6pemMeHHOM nepuode. Bexmopnas modenv koppexuyuu
ouuUbOK 02paHu4Ueaem OUHAMUKY SHO02EHHbIX (paKmopoe u Hanpas-
A€M UX Ha KOUHMeSPayUoHHYI0 céa3b. B cmamve paccmampueaemcs
63AUMOCE53b  MeNCOY MEKYWUM CHemoM NAAMeNCHO20 0aranca
A3zepbaiioncana u muposvimu yenamu Ha Hegpmo mapox West Texas
Intermediate u Brent.

Saxarouenue. C nomouipio NOCMpoeHHol 6eKMOPHOU Modeau Koppek-
YUY OUUOOK MOICHO U3MEPUMb OMKAOHEHUs OM PABHO8ECUs U CKO-
pocmp eeo soccmanosnerus. OueHb MeoaeHHOe 60CCAHOBAeHUe Nocae
CpbI8a OM WIOKOBBIX PeaKuuii U3MeHeHUs MUpPO8bIX UeH Ha Hepmb
no3eoasem cdeaams 6bi600 0 HAAUHUU YCMOUHMUBOU, 00A20CDOUHO,
DABHOBECHOU B3AUMOCE53U MENCOY UYHACMbIMU BPEMEHHBIMU PIOAMUL.

Karouesvie caosa: SKOHOMempuveckKoe Moaeﬂupoeaﬂue; naamediCcHbll

banamc; yeHvl Ha Hegmb; CMAYUOHAPHOCHb, KOUHME2PAYUs; MOOeab
Koppekyuu ouuoox.
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Analysis of the Dynamics of Azerbaijan’s
Balance of Payments Using Error Correction

Model

Purpose of the study. Analysis of changes in the dynamics and
structure of the balance of payments to develop preventive anti-crisis
measures is one of the important and most difficult tasks of regulating
the economy at the state level. The growing number of scientific papers
devoted to modeling dynamics, studying the relationship of the balance
of payments with various endogenous and exogenous factors indicates
the importance and growing interest in this topic.

Materials and methods. The original time series are non-
stationary. When moving to time series with differences, information
corresponding only to short-term changes is stored in these series. And
all other information covering long-term changes in dynamics is lost
when moving to differences. The situation that has arisen requires
a correct approach to the process of modeling the time series under
consideration. The observation period of the study covers annual
data from 1995 to 2023. To solve the problem and to provide a
characteristic description of the dynamics of the development of the
balance of payments, the paper first carried out an economic analysis
of the dynamics of the balance of payments for its individual articles,
from 2012 to 2021, in particular for 2020-2021. Subsequent steps
for advanced econometric analysis of time series were devoted to

the determination of stationarity, the transition to differences, and
the construction of vector error correction models. When performing
the cointegration ftest, its combination with the stationarity test was
revealed. All necessary tests were performed and analyzed. Critical
values for these statistics were obtained and analyzed.

Results. This article develops a vector error correction model that
allows the analysis and modeling of more than two - time statistical
series in a specified time period. VECM limits the dynamics of
endogenous factors and directs them to a cointegration relationship.
The paper examines the relationship between the current account of
the balance of payments of Azerbaijan and world prices for West
Texas Intermediate and Brent oil.

Conclusion. Using the constructed VECM, it is possible to measure
deviations from equilibrium and the rate of its restoration. The very
slow recovery after the disruption from the shock reactions of changes
in world oil prices allows us to conclude that there is a stable, long-
term, equilibrium relationship between the time series under study.

Keywords: econometric modeling;, payment balance; oil prices;
Sstationarity; cointegration; error correction model.
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Introduction. Statistical analy-
sis of the dynamics of the current
account and the factors influenc-
ing them is explained by the po-
sition Azerbaijan occupies as an
exporter and importer of energy
carriers and the impact of this
phenomenon on the economy
and, accordingly, on the welfare
of the country.

Under the influence of insta-
bility in international financial
relations, the Central Bank of
Azerbaijan decided to devalue
the Azerbaijani manat, which was
devalued twice in February and
December 2015, and this impact
on the key macroeconomic in-
dicators of the country required
a revision of the principles of
the infrastructure, the economic
strategy of the state, systemic risk
management skills and manage-
ment principles of the relevant
competent authorities.

The fall in energy prices can
lead not only to a violation of the
macroeconomic stability achieved
in the country but also to a com-
plex increase and aggravation of
problems in Azerbaijan’s rela-
tions with other countries, which
can slow down and even stop the
country’s economic growth.

Review of literature. In for-
eign and domestic scientific liter-
ature, researchers have presented
a sufficient number of works that
are devoted to problems related
to balance of payments. In these
works, researchers analyze prob-
lems in identifying the instability
of balances of payments, prob-
lems in achieving stability and
constant dynamics of develop-
ment of balances of payments
with a positive balance [1—7]. The
balance of payments is a dynamic
economic system that is sensitive
to all socio-economic processes,
both within the country and out-
side [8—10]. Many problems still
remain unresolved and require an
ongoing, well-founded scientific
approach.

In the post-Soviet countries,
balance of payments problems
can be explained by the variabil-
ity of the regime of devaluation

expectations. These expecta-
tions, having their own specific-
ity, make work in this area im-
portant, as well as research of an
economic and statistical nature.
The processes of transformation
of the national economies of the
post-Soviet space, their regional
characteristics, integration pro-
cesses between countries, be-
tween macro indicators within
the country, as well as between
the main macroeconomic indica-
tors and endogenous factors, such
as world energy prices, are spe-
cific characteristics of research in
this direction [11—15].

The article [16] analyzes the
relationships between Russia’s
balance of payments. The author
uses data covering an 11-year
period and identifies the main
factors influencing the balance
of payments using econometric
“tools”. The authors of the ar-
ticle [17] consider and identify
the impact of extreme oil shocks
and changes in the dynamics of
oil price uncertainty. This is an
important point when modeling
processes that are affected by oil
prices. Output growth has been
found to respond symmetrical-
ly or asymmetrically to positive
and negative shocks during peri-
ods when oil price uncertainty is
lower or higher and more or less
stable before or after mid-1985.
The findings highlight the impor-
tance of accounting for emissions
and volatility in oil prices and
production growth, and the need
to better understand the response
of economic activity to oil shocks
in the face of oil price uncertain-
ty. A group of researchers in [18]
present the results of econometric
modeling of the Belarusian econ-
omy and describe the method of
constructing a macromodel used
for analysis and short-term fore-
casting of significant economic
indicators. The resulting ability
of the model to reflect the im-
pact of rising prices for imports
of natural energy resources on
macroeconomic indicators was
tested and scenario forecasts were
proposed. In this paper [19], the
most suitable model of the ex-

change rate dynamics was estab-
lished. The approximation and
standard deviation indices with
the Fourier series approach were
used. Dynamic forecasting of
exchange rates was made based
on harmonic oscillatory models
with linear trends. The study [20]
identifies economic indicators
that influence the state of im-
portant factors of economic rela-
tions, such as accounts receivable
and accounts payable. These fac-
tors are taken into account when
forecasting the calculations of
budget mechanisms. A methodol-
ogy for budgeting the occurrence
and repayment of receivables and
payables based on an approximat-
ed linear relationship is proposed.
The main task in the work [21]
is the formation of a unified sys-
tem for forecasting the balance
of payments of Kazakhstan. The
expected results will provide an
assessment of the sustainability of
the external economic processes
of the economy. The authors pre-
sented an analysis of internation-
al capital flows, as well as capital
flows in Kazakhstan, reviewed
the experience of forecasting the
financial account on a global
scale, and revealed a system for
forecasting the financial account
of the balance of payments. An
analysis [22] of the main trends
in the development of interna-
tional oil trade has been carried
out, the main determinants of the
world oil market at the present
stage of development have been
identified, the economic situa-
tion in the oil industry in Russia
has been analyzed, a comparative
analysis of financial and econom-
ic indicators has been carried out,
ways to increase gross income
and gross profitability. The au-
thors concluded that the Russian
oil industry depends on econom-
ic and political factors, which re-
quires periodic analysis of the ac-
tivities of subjects in this industry.

Analysis of the state of the
current account of the balance of
payments of azerbaijan and world
oil prices. Analyzing the data
proposed by the Central Bank of
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Azerbaijan, one can determine
the positive dynamics in the bal-
ance of payments, particularly
in the current account of oper-
ations. In the first half of 2021,
Azerbaijan’s balance of payments
showed a positive balance of $1.3
billion. However, for the same
period in 2020, there was a deficit
of $956.4 million. In the period
under review, the growth and in-
fluence of prices can explain this
on world commodity markets and
the expansion of non-commodity
exports [23].

The current account surplus
amounted to $1.9 billion, the
deficit in capital and financial
flows was $0.6 billion, and re-
serve assets increased by $1.3 bil-
lion. During this period, the av-
erage price of crude oil was $58
per barrel, and non-oil exports
increased by 20%. There is also a
positive trend in the foreign trade
balance, in the balance of servic-
es (the deficit has decreased) and
secondary income. The deficit in-
creased in the balance of primary
income (see Figure 1).

In the period under review,
there is a surplus in the cur-
rent account of the balance of
payments. The current account
surplus for the first half of 2021
amounted to $1.9 billion, or 8%
of GDP ($598.2 million for the
first half of 2020). The current
account surplus in the oil and gas
sector increased by 40.7% year-
on-year to $4.6 billion, while the
current account deficit in the
non-oil sector increased by 1.8%
to $2.7 billion.

And compared to the same
period, within current opera-
tions, 68% of the country’s total
revenue, or $14.6 billion, was re-
ceived from the oil and gas sec-
tor, and 32%, or $6.8 billion,
from the non-oil sector. During
the first half of 2018, 71.1% of
the country’s revenue was formed
from the export of goods, 18.8%
from the export of services, and
only 10.1% from the primary
and secondary income. At the
same time, 48.2% of payments to
non-residents were related to the
import of goods and 32.2% to ser-
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Puc. 1. Cocrosinie TeKymero cuera miaTe;kHoro dajnanca 3a 6 mecsues
2020 n 2021 ronos (npodumur, nepumur) (Mcrounnku nannpix: Mapxa —
areHTCTBO JIEJIOBbIX W (DMHAHCOBBIX HOBOCTei, 2022 r.) [23].

Hcemounuk: TlonrororieHo aBropoM B rporpamme Excel.

Fig. 1. State of the current account of the balance of payments for 6 months
of 2020 and 2021 (surplus, deficit) (Data sources: Marja is a business and
financial news agency, 2022) [23].

Source: Prepared by the author in the Excel program.

vices. The remaining 19.6% were
related to transfers to non-resi-
dents on primary and secondary
income [24].

According to the foreign trade
balance, the turnover for the first
half of 2021 amounted to 13.2
billion US dollars, a positive bal-
ance of 6.4 billion US dollars in
the oil and gas sector, closing the
deficit of 2.9 billion US dollars in
the non-oil sector, resulting in a
positive balance of 3.5 billion US
dollars was formed in the foreign
trade balance. During the peri-
od under review, Azerbaijan had
trade relations with 172 countries.
13.6% of foreign trade falls on the
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Commonwealth of Independent
States countries and 86.4% on
other far-abroad countries.

The total volume of servic-
es for the economic relations of
Azerbaijan with foreign countries
for six months of 2021 amounted
to 4.4 billion dollars. Of these, 2.9
billion dollars are services provid-
ed by non-residents to residents
of Azerbaijan, and 1.5 billion dol-
lars are services provided by resi-
dents of Azerbaijan to residents of
foreign countries. The deficit in
the balance of services decreased
by 2.1% to $1.3 billion. The bal-
ance of services in the oil and gas
sector (mainly construction and

W 2020 m 2021

557,8 459,5
|

2000 4 -227,6
-4000 -

! -2122,9

I T
-456,3 |
-1318,6

-2840,7

current account  foreign trade

balance

balance of

primary income
balance

secondary

services income balance

Puc. 2. CocTrosiHue TEKyHIEro cYeTa IJIATEKHOr0 DajiaHca Ha KOHell rona
2020 u 2021 (npodunut, nepunurt) (Mcrounuk aanneix: IleHTpanbHbIii 0aHK
A3sepoaiimkana, 2022 r.) [25].

Hcmounuk: TlonrorosieHo aBropoM B rporpamme Excel.

Fig. 2. State of the current account of the balance of payments at the end
of the year 2020 and 2021 (surplus, deficit) (Data source: Central Bank of
Azerbaijan, 2022) [25].

Source: Prepared by the author in the Excel program.
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Puc. 3. /luHaMHKa OCHOBHBIX MOKa3aTeJieil MIIATEXKHOIO 0ajlaHCca
Azep6aiimxkana B 2012—2020 rr. (no xeapranam) (muH. nosnapos CIITIA)
(Ucrounnku nannbix: IlenTpanbHblii 60ank Azepdaiimkana, 2022 r.) [25].

Hcemounuxk: TloarorosneHo aBropoM B nporpamme Excel.

Fig. 3. Dynamics of the main indicators of Azerbaijan’s balance of payments
in 2012-2020 (by quarters) (million US dollars) (Data sources: Central
Bank of Azerbaijan, 2022) [25].

Source: Prepared by the author in the Excel program.
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A3zepbaiimkana, neH Ha HedTh Mapok Brent m West Texas Intermediate B
1995-2023 rr. (Man. gosnapos CIIIA) [25 - 27]

Hcmounux: TloarorosaeHo aBropoMm B mporpamme Excel.

Fig. 4. Time series dynamics of Azerbaijan’s current account balance of
payments, Brent and West Texas Intermediate oil prices in 1995—-2023
(Million US Dollars) [25-27]

Source: Prepared by the author in the Excel program.

other business services) amount-
ed to 976.9 million US dollars (a
decrease of 20.1%). The balance
of services in the non-oil sector
amounted to 323.6 million dollars
(an increase of 3.1 times).

By the end of 2021, compared
to the same period in 2020, the
positive dynamics of the current
account of the balance of pay-
ments continued. As noted above,
the balance of revenues in 2021

was mainly affected by the price
recovery on world commodity
markets and a significant increase
in non-commodity exports. The
current account surplus amounted
to $8.3 billion, capital and financial
flows made a deficit of $5.1 billion,
and reserve assets increased by $3.1
billion. The average price of crude
oil during this period was $67 per
barrel, while non-oil exports in-
creased by 44% to $2.6 billion.

The current account of the
balance of payments consists of
4 elements: foreign trade, ser-
vices, the proportion of primary
income, and secondary income.
In the histogram in Figure 2, one
can consider the dynamics of the
current account of the balance
of payments, the foreign trade
balance, the balance of services,
and the balances of primary and
secondary income [25]. As can be
seen from Figure 2, the overall
dynamics of the development of
the central element of the bal-
ance of payments for six months
of 2020 and 2021 did not change
at the end of the year 2020 and
2021; that is, the trend contin-
ues. The data in Figure 3 cover a
more extended period from 2012
to 2020, with quarterly values of
the leading indicators of Azer-
baijan’s balance of payments and
provide a «clear picture» of the
state of the current account of
Azerbaijan’s proportion of reve-
nues for the period under review.

The oil prices shown in 4 have
been adjusted for inflation using
the general CPI. Prices were
applied in average annual format.
The combined graph serves
to implement a comparative

analysis and visualization of
patterns in time series. The
graph includes polygons that

describe the dynamics of the
current account of the balance
of payments of Azerbaijan and
characterize changes in prices
for West and Brent oil brands for
the period 1995-2023. Analyzing
the graphics in Figure 4 we can
conclude that there is a close,
similar relationship in dynamics
between the current account
of the balance of payments of
Azerbaijan and the prices for
West and Brent oil.

Empirical tests and results.
The study of time series of the
current account of the balance of
payments — BPCA, prices of oil
brands Brent — BR and West —
WT began with descriptive sta-
tistics. Observations covered the
period from 1995 to 2023, with
annual data. According to the test
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Hcmounuk: I'papuk coznaH aBTopom B mporpamme EViews.

Fig. 5. Histogram of the standard distribution of residuals for the BPCA, BR, WTI and MRES time series.

Source: The graph was created by the author in the EViews software

results, a normal distribution was
revealed in the row levels. The
Jarque — Bera criterion obtained
a value for the current account of
the balance of payments equal to
3.6, with a probability of 0.17, for
Brent oil prices of 1.92, with a
probability of 0.38, and for West
oil prices of 2.09, with a proba-
bility of 0.35, for resids 2.15, with
0,34. In all cases, the probabili-
ties exceed the significance level
of 0.05, which confirms the nor-
mality of the distribution. Note
that the resids reflect the values
of the model residuals. Studying
the residuals along with the main
factors of the model is important

in econometric analysis.
The test for the normal
distribution of levels of the

BPCA, BR and WTI series gave
the following results: JBgpca =
=3.60357, with prob.=0.165004 >
> 0.05, JBgg = 1.917902, with
prob. = 0.383295 > 0.05 and
JBwr; = 2.092701, with prob. =
=0.351217 > 0.05 and JB,qiqyas =
= 2.146793, with prob. =
=0.341845>0.05, which confirms

the normality of the distribution in
the series (see Fig. 5). Although,
the constructed histograms of
standard distributions of residuals
for the BPCA, BR, WTI and
MRES time series do not visually
confirm this. Deviations from
the trend are observed in several
areas of the BPCA, BR, WTI and
MRES series.

In a comprehensive
econometric analysis, multiple
regression models often resort
to methods that reveal the
direction and closeness of
relationships between the
resulting and explanatory factors
and between independent
factors. Close relationships
between independent factors
give rise to multicollinearity,
the consequences of which
are undesirable for a multiple
regression  model. In  the
presence of multicollinearity, the
regression coefficients change
significantly in the process of
adding or removing new factors to
the model to improve the quality
of the model, which serves for

a prospective assessment of the
object under study, or the F-stat.
shows the significance of the
determination coefficient. Still,
the regression coefficients do
not have a statistical sense. Also,
with an increase or decrease in
the sample size, the values of the
coefficients change significantly,
the standard errors increase,
the variances of the parameter
estimates increase, the t-statistics
of the coefficients decrease, etc.
As a result, the parameter values
and the model become unreliable
for analysis or forecasting. A
value close to zero of the matrix
determinant (XTX) may indicate
the presence of multicollinearity.
If the determinant of the inter-
factorial correlation matrix is
close to unity, then there is no
multicollinearity.

The values of the paired
coefficients in the correlation
matrix also provide information
in this direction. Consider paired
correlation coefficients between
factors in the correlation matrix for
the analyzed model (see Tablel).
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Tabauua 1/ Table 1

Koppenﬂunomlaﬂ MaTpuia mo MoJaeJan MHO2KECTBEHHOI perpeccumn
Correlation matrix according to the multiple regression model

BPCA BR WTI MRES
BPCA 1 0.8914444725059371 0.8958660295249612 0.4436866754316293
BR 0.8914444725059371 1 0.9916365179847354 -8.956025622713171e-17
WTI 0.8958660295249612 0.9916365179847354 1 -3.382653182947344e-15
MRES 0.4436866754316293 -8.956025622713171e-17 -3.382653182947344e-15 1

As can be seen from the
results in Table 1, most paired
correlation coefficients between
the factors of the model have
high values. The values fall within
the interval (0.7; 0.9). And this
indicates a close relationship
between them. The correlation
coefficient between BR and WTI
is very high, which characterizes
a close relationship between
them. This is also noticeable
in the dynamics of these series
in Figure 4. Multicollinearity
between the explanatory factors
distorts the results.

If there is a correlation
between the levels of series in an
autoregressive model, that is, in
the presence of autocorrelation,
the series may be subject to
periodic fluctuations. This
characterizes the insignificance
and ineffectiveness of forecasts
based on the autoregressive
model. Cyclical fluctuations may
not be random. Figure 6 shows
the autocorrelation and partial
autocorrelation functions of the

time series under consideration.
Analyzing the results present-
ed in Figure 6, we come to the
conclusion that AC for the series
BPCA under consideration de-
creases, and PAC has the highest
value of the first-order autocor-
relation coefficient. For other or-
ders there are no significant auto-
correlation coefficients. A similar
picture was revealed for the re-
maining time series. This means
that the original time series are
not stationary and represent a
first-order autoregressive model —
AR(1). Model can be represented
in the following generalized form:

ey

So, analysis of the dynamics
of the series under consideration
confirms their nonstationarity.
There is an increasing linear
trend.

The results of
regression analysis can also
be considered not entirely
satisfactory: R-squared 1; Adjusted
R-squared 1; F-stat. = 6.50E+28

yv=ctyte,

multiple

Autocorrelation

Partial Correlation
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0.682 0.682
0.390 -0.139
0.291 0.158
0.161 -0.150
5 -0.039 -0.180
6 -0.203 -0.151
7 -0.283 -0.085
8 -0.211 0.167
9 -0.175 -0.057
10 -0.096 0.173
11 -0.028 -0.089
12 -0.068 -0.205

14.921
19.998
22.932
23.867
23.924
25.535
28.802
30.712
32.088
32.524
32.563
32.805

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
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Puc. 6. ABTOKOppeJAIUsA M YACTHYHAS ABTOKOPPEJSAIUS TEKyIero cyera
IIATEXKHOTO 0ajaHCca BpeMEHHbIX PSIOB

Wcrounuk: I'paduk coznan aBTopoM B mporpamme EViews

Fig. 6. AC and PAC of BPCA of time series

Source: The graph was created by the author in the EViews software

(prob  0.0000); Durbin-Watson
stat. 0.931926; t-stat. for BR =
1.05E+13 (prob. 0.0000), for
WTI=4.06E+13  (prob.0.0000),
MRES = 1.96E+14 (prob.0.0000).
The Durbin-Watson stat value
demonstrates the presence of
positive autocorrelation.

The results obtained cannot be
read as completely satisfactory.
The original time series are
nonstationary, and  positive
autocorrelation is observed. And
positive regression results are
false.

The following equation is a
formal regression equation and is
insignificant according to some
criteria, that is, it does not satisfy
the adequacy conditions:

BPCA = 42.06684 * BR +
+ 184.6102 * WTI + MRES —
— 7501.923 )

Consideration of the results of
the above tests requires revision
and replacement of the original
data with differences of the first
or second order. In the work [28],
which was devoted to the study
of the relationship between the
current account of the balance of
payments of Azerbaijan and the
prices of Brent and West Texas
Intermediate oil, the stationarity
of the series by both the first and
second differences was revealed.
In such cases, it is not necessary
to conduct a study of the series by
the second differences. It is more
appropriate to use the series by
the first differences, demonstrat-
ing stationarity.

Augmented Dickey—Fuller
(ADF) test is an extended form of
the Dickey-Fuller test, based on
which the method of differences
is applied to series data. If there
is autocorrelation in time series,
this method can eliminate it and

Statistics and Economics 4 V. 22. Ne 5.
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check the series for stationarity.
The unit root ADF test calculates
the value for the t test, suggest-
ing critical values for the t test
with 1%, 5% and 10% probabili-
ties. Hypothesis H, defines a unit
root, and its alternative hypoth-
esis defines stationarity [29—31].
The Augmented Dickey — Fuller
test can be represented based on
the following equation:

W=ty (3)

where y, is the time series under
study at moment #; 1 — coefficient
determining the unit root; u, is
white noise, which is a random
process, a special case of station-
ary series.

If the condition A = 1 for the
coefficient is satisfied, then the
time series has a unit root, is not
stationary and is an integrated
time series of the first order I(1).
If 2 < 1, then the time series is
stationary and 1(0).

The ADF test carried out for
the original series and for series
with first differences with input
parameters constant, maximum

Tabauua 2 / Table 2

PesyabTathl TecTa JIuku-Dyiiepa
Results of the Dickey-Fuller test

Variables |  BPCA | BR |  wr |  MRES
According to original rows

1% -3,69 -3,69 -3,69 -3,69
5% -2,97 -2,97 -2,97 -2,97
10% -2,63 -2,63 -2,63 -2,63

t — stat. -2,23 -1,74 -1,83 -2,97
Prob. 0,201 0,402 0,3588 0,0498

By rows with first differences

1% -3,70 -3,70 -3,70 -3,70
5% -2,98 -2,98 -2,98 -2,98
10% -2,63 -2,63 -2,63 -2,63

t — stat. -4,94 -4,8 -5,34 -5,008
Prob. 0,0005 0,0007 0,0002 0,0004

lag = 5, lag length = 0 gave the
following results (see table 2).
The t-test values at the 1%,
5% and 10% critical values
produced unsatisfactory results,
with significance levels exceeding
0.05 for the original series. this
confirms the nonstationarity of
all time series with the original
data. The same cannot be said
about series with first differences.
Quite high t-tests with high

probabilities. So, the results of
the ADF test showed that all time
series with first-order difference
operators are stationary.

Now let’s build a correlogram
for time series based on first
differences. The results are
presented in Figure 7.

Figure 7 demonstrates the
absence of autocorrelation at all
levels according to the AC and
the PAC. This is justified by the

Autocorrelation  Partial Correlation AC

PAC

Q-Stat  Prob

Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

! | | | 1-0.111 -0.111 0.3802 0.538 I | | | 1 0.015 0.015 0.0072 0.932
| ! ! ! 2 -0.266 -0.282 2.6646 0.264 [ I I 2 -0.328 -0.329 3.4872 0.175
. ! ! ! 3 0.078 0.010 2.8679 0412 I I I I 3 0.028 0.045 3.5136 0.319
! ! ! ! 4 0.102 0.043 3.2329 0.520 I I I | 4 -0.022 -0.148 3.5304 0.473
! ! ! ! 5 -0.066 -0.024 3.3934 0.640 [ | [ 5 0.042 0.082 3.5935 0.609
! I ! ! 6 -0.124 -0.108 3.9761 0.680 g I [ 6 0.064 -0.000 3.7484 0.711
[ | | | 7 -0.244 -0.338 6.3479 0.500 N | [ 7 -0.161 -0.134 4.7895 0.686
I I I ! 8 0.044 -0.129 6.4311 0.599 I | I | 8 -0.011 0.023 4.7945 0.779
I I I ! 9 -0.117 -0.335 7.0406 0.633 i | ! 9 -0.253 -0.418 7.6263 0.572
! ! I ! 10 0.023 -0.075 7.0662 0.719 ! I | ! 10 -0.005 0.082 7.6276 0.665
[ I | [ 11 0.186 0.102 8.7671 0.643 . | ! 11 0.236 -0.060 10.386 0.496
! I | ! 12 -0.028 -0.014 8.8088 0.719 N ! ! 12 -0.166 -0.174 11.836 0.459
Autocorrelation  Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob
0o 1 -0.087 -0.087 0.2354 0.628 [ I ! 1-0.169 -0.169 0.8938 0.344
[ 2 -0.269 -0.279 25705 0.277 rg o I ! 2 -0.068 -0.100 1.0439 0.593
[ 3 0.058 0.004 2.6841 0.443 ! ! ! ! 3 -0.037 -0.069 1.0889 0.780
| [ 4 0.030 -0.042 2.7150 0.607 [ | ! 4 -0.067 -0.097 1.2445 0.871
[ [ 5 0.038 0.059 2.7668 0.736 [ | ! 5-0.135 -0.185 1.9077 0.862
[ I 6 0.038 0.050 2.8217 0.831 L | ! 6 -0.153 -0.258 2.8030 0.833
[ 7 -0.241 -0.224 5.1378 0.643 g I ! 7 -0.062 -0.236 2.9560 0.889
[ 8 0.083 0.066 54252 0.711 | I I ! 8 0.036 -0.160 3.0111 0.934
[ | 9 -0.201 -0.367 7.2130 0.615 ! ! ! ! 9 -0.015 -0.211 3.0205 0.963
[ | 10 -0.042 -0.030 7.2938 0.697 ! ! I ! 10 0.096 -0.136 3.4513 0.969
@ 11 0.175 0.000 8.8006 0.640 ! ! ! ! 11 0.056 -0.159 3.6083 0.980
[ 12 -0.184 -0.215 10.570 0.566 L : ! ! 12 0.135 -0.047 4.5666 0.971

Puc. 7. ABTOKOppe Ly M YACTHYHAS ABTOKOPPEJIsALMs NEePBbIX PA3HOCTEH BPEMEHHBIX PSAOB TEKYWIEro cyera
miatéxnoro 6ananca mapok BR, WTI, MRES.

HUcmounuk: I'padpuk cozgaH aBTopoMm B mporpamme EViews

Fig. 7. AC and PAC of the first differences of time series BPCA, BR, WTI, MRES.
Source: The graph was created by the author in the EViews software
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—— CUSUM

_____ 5% Significance

Pucynok 8. TecT KOHTPOJIbHO# KapThl KyMYJISTHBHBIX CYMM ISl IPOBEPKH
CTA0MIBHOCTH MAPAMETPOB MOIEJIH.

Ucrounuk: I'pacdmk co3man aBropoM B nporpamme EViews

Figure 8. CUSUM test to check the stability of model parameters.

Source: The graph was created by the author in the EViews software

probability shares for all series
that received values greater than
prob. = 0.05. The results allow
us to accept the hypothesis of
stationarity in the residuals of
autoregressive  first  difference
models for the time series.

Based on the results of the
CUSUM test, which serves to
test the stability of the model
parameters, the null hypothesis
about the stability of the
parameters is accepted and the
alternative  hypothesis  about
the instability of the model
parameters is rejected. At the 0.05
significance level, the residuals of
the recursive estimates are within
the confidence interval for both
the CUSUM procedures (see Fig.
8). This confirms the high quality
and stability of the parameters in
the developed model for analyzing
the dynamics and forecasting the
balance of payments.

To test the cause-and-effect
relationship between variables, the
Granger Test is performed. When
the test is applied, the values are
respected with a delay. Increasing
the indicators slows down the size
of the series limitation, and their
maximum volume depends on the
length of the time series. To imple-
ment the test, quarterly data was
used that covered the period from
2000 to 2021, the number of stud-

ies was 88, the values lagged from 2
to 11. From the test results, values
were selected that confirmed two-
way cause-and-effect relationships.
Fy = 2.24732(prob. = 0.0246);
Fyi = 2.21965 (prob.=0.0265)
is the result confirming the pres-
ence of a two-way causal relation-
ship between BPCA and BR, with
lags = 9. Fg, = 2.24375(prob. =
0.0249); Fy, = 2.03296(prob. =
0.0427) is the result confirming the
presence of a two-way causal rela-
tionship between BPCA and WT,
with lags = 11.

The  following technique
makes it possible to determine
the presence of cointegration in a
multiple model with several time
series. If there are many series,
then there will be a number of
cointegration equations. A crite-
rion is proposed for selecting and
evaluating the best cointegration
equation. Within the framework
of the Johansen test, the H, hy-
pothesis is tested, confirming the
maximum r of cointegration vec-
tors and alternative hypotheses
that there are more than 1 and
more than 2, etc. If the value of
the calculated tests turns out to
be significant, then H, is rejected.
The found maximum value for r
is the cointegration rank.

For single equations, the es-
sence of the test for integration

can be explained by the defini-
tion of equality. This equality in-
dicates the presence of unit roots
in the autoregression [32, 33].
So, cointegration testing is math-
ematically expressed as a vector
autoregressive model:

Y = Z:’Zlciyt—l +Dx1 T&;

&=, Vi s (4)
C.

. this is a
cointegration vectors.

As a vector model, it looks
like this:

Ay, =2y, + Zj:]PjAyt—j +
+Dx, +¢€, , (5)

In the vector error correction
model, hypothesis testing starts
from rank 0 to rank (n — 1). If the
hypothesis is accepted for rank 0,
then such rank is considered zero
and all variables have integration
1(1), that is, no cointegration. And
thus, the testing of hypotheses
continues until » = n. If the
conditions are met, an alternative
hypothesis is accepted about the
stationarity of the original series,
where the variables have an order
of integration 1(0).

The results of the Engle-
Granger and Johansen test for
cointegration of time series with a
lag interval from 1 to 2 showed that
the best values according to the
Akaike and Schwartz information
criteria were determined to be
3429106 and  35.84984*(see
Table 3). Trace and Maximum
Eigenvalue tests were carried out
with first differences of time series
variables and lag intervals from 1
to 2, where the null and alternative
hypotheses were tested. Tests were
tested at a significance level of
0.05. According to these tests,
when testing hypotheses in cases
where the calculated values of
statistics exceeded critical values,
alternative hypotheses about the
presence of one linear and two
quadratic cointegration equations
with a trend were accepted (see
Table 4). The test results indicate
the long-term relationship and
the authenticity of the correlation
between the time series of
variables.

matrix of
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Tabauua 3 / Table 3

PeSyJ'll:TaTl:l TeCTa BHrna-l‘peﬁmepa )| ﬁoxaﬂceﬂa HA KOUHTErpanu BPEMECHHBIX PSAJ10B
Results of the Engle-Granger and Johansen test for time series cointegration

Information Criteria
There are no There are no Presence of a Presence of a de- Presence of a
Trend | deterministic trends in | deterministic trends in | deterministic linear | terministic linear trend | deterministic quadratic
the data the data trend in the data in the data trend in the data
No Intercept Intercept Intercept Intercept Intercept
No trend No trend No trend Trend Trend
Test 1 0 1 0 1
1 0 0 1 1
Log Likelihood by Rank (rows) and Model (columns)
0 -411.7211 -411.7211 -411.2010 -411.2010 -409.8651
1 -401.2079 -401.2039 -400.9455 -396.2383 -396.0555
2 -398.2806 -397.8337 -397.6131 -392.8128 -392.6389
3 -398.2692 -395.6398 -395.6398 -390.3537 -390.3537
Akaike criteria by rank and model
0 33.05547 33.05547 33.24623 33.24623 33.37424
1 32.70830 32.78492 32.91888 32.63372* 32.77350
2 32.94466 33.06413 33.12408 32.90868 32.97223
3 33.40532 33.43383 33.43383 33.25797 33.25797
Schwartz criteria by rank and model
0 33.92646 33.92646 34.26238 34.26238 34.53556
1 33.86962* 33.99462 34.22537 33.98859 34.22515
2 34.39631 34.61256 34.72090 34.60227 34.71421
3 35.14730 35.32098 35.32098 35.29028 35.29028

Since the calculated values
exceed the critical values, the
null hypothesis Hy:r = 0 about
the absence of cointegrating vec-
tors is rejected and the alterna-
tive hypothesis H,:r > 0 about
the presence of one vector ac-
cording to the Trace criterion is
accepted (26.90372 > 24.27596;
prob. = 0.0228) and by the maxi-
mum eigenvalue test (21.02627 >
> 17.79730; prob. = 0.0158) for
the case of no trend and no inter-
section. The null hypothesis about
the existence of one vector is ac-
cepted, since in this case the cal-
culated values are less than criti-
cal for the Trace test (5.877456 <
< 12.32090; prob. = 0.4511) and
for the Maximum Eigenvalue test
(5.854674 < 11.22480; prob. =
0.3665). When testing hypothe-
ses, significance levels below 0.05
are taken into account, which
allows decisions to be made (see
Table 4).

For a quadratic trend the sit-
uation is similar. The null hy-
pothesis about the absence of
cointegration vectors is rejected,
the alternative one is accepted
about the presence of quadrat-

ic trend vectors according to the
Trace and Maximum Eigenvalue
tests (39.02284 > 35.01090; prob.
= (0.0176; 27.61917 > 24.25202;
prob. = 0.0173). It is accepted
that Hy:r = 1 indicates the pres-
ence of one quadratic trend vector
according to the Trace and Max-
imum Eigenvalue tests (11.40367
< 18.39771; prob. = 0.3554;
6.833133 < 17.14769; prob. =
0.7310). The alternative hypothe-
sis H,:r > 1, which confirms the
presence of more than one cointe-
gration vectors, is rejected.

The results of the Granger test
for two-way causal relationships
between variables allow us to
construct a cointegration equation
and vector error correction model
for the studied series BPCA, BR,
WTI. Using the results of the
Engle-Granger, Johansen, Trace
Maximum and Eigenvalue tests,
we could choose two options for
constructing models: with and
without a deterministic trend in
the data (Table 3 and Table 4).
A deterministic quadratic trend in
the data was chosen.

Tabauya 4 / Table 4

PesyibTaThl TECTA HA MAKCHMMYM CJiela H COOCTBEHHDBIX 3HAYEHHMI (MHTEPBAJ
3a7epKKu oT 1 10 2, nepBble Pa3HOCTH)

Trace Maximum and Eigenvalue test results (lag interval from 1 to 2, first

differences)
Hypothesis /ﬁlternatiye Trace Crit.5% Prob. Maximum Crit. 5% | Prob.
ypothesis Eigenvalue]
no trend no intersept
Hyr=0*| Hyer >0 | 26.90372| 24.27596| 0.0228 | 21.02627| 17.79730| 0.0158
Hyr=1 | Hyr > 1| 5.877456| 12.32090| 0.4511 | 5.854674| 11.22480| 0.3665
Hyr=2 | Hygr >2 1 0.022782| 4.129906| 0.9017 | 0.022782| 4.129906| 0.9017
quadratic deterministic trend
Hy:r=0*| Hyer >0 | 39.02284| 35.01090| 0.0176 | 27.61917| 24.25202| 0.0173
Hyr=1*| Hyr > 1| 11.40367| 18.39771| 0.3554 | 6.833133| 17.14769| 0.7310
Hyr=2 | Hyer >2 | 4570536 3.841466| 0.0325 | 4.570536| 3.841466| 0.0325
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Thus, the VECM was
constructed with the following
specifications of the deterministic
trend: quadratic trend in the
data with first-order differences,
Intercept and Trend; linear trend
in VAR, the number of lags is 1-2.
The cointegration relationship (6)
and the VEC model (7), (8), (9)
are presented below.

BPCA(-1) = -1438.686BR(-1) +
+ 1332.13WTI(-1) +
+ 344.3805@TREND(1) —
— 1215.014 (©6)

A(BPCA) = 0.429569(BPCA(-1) —
— 1438.686BR(-1) +
+ 1332.130WTI(-1) +
344.3885@TREND(1) —
— 1215.014) —
— 0.52498A(BPCA(-1)) —
— 1.095624A(BPCA(-2)) +
+ 550.0173A(BR(-1)) +
+ 239.3219A(BR(-2)) —
— 509.1630A((WTI(-1)) +
+ 159.3341A(WTI(-2)) +
+ 248.3869 +
+ 3267125@TREND(1) (7)

A(BR) = 0.002306(BPCA(-1) —
— 1438.686ABR(-1) +
+ 1332.130WTI(-1) +
+ 344.3885@TREND(1) —
— 1215.014) —
— 0.00097A(BPCA(-1)) —
— 0.005452A(BPCA(-2)) +
+ 3.2445A(BR(-1)) +
+2.201300A(BR(-2)) —
— 3.423312A(WTI(-1)) —
— 1.726768A(WTI(-2)) +
+ 3.076096 +
+ 0.027652@TREND(1) (8)

A(WTI) = 0.001595(BPCA(-1) —
— 1438.686ABR(-1) +
+ 1332.130WTI(-1) +
+ 344.3885@TREND(1) —
— 1215.014) —
— 0.000293A(BPCA(-1)) —
— 0.00468A(BPCA(-2)) +
+ 2.483572A(BR(-1)) +
+ 1.975283A(BR(-2)) —
— 2.800675A(WTI(-1)) —
— 1.505538A(WTI(-2)) +
+ 3.400712 —
— 0.025050@TREND(1) (9)

The VEC model (7), (8), (9)
with a quadratic trend in the
first-order differenced data, with
Intercept and Trend, with a linear

trend in VAR and with lags of
1-2 cannot be considered reliable.
Since the coefficient in the error
correction model for BPCA is
positive. This creates problems
for the long-run equilibrium
relationship between the variables.

Considering  the current
situation, the study was continued
to obtain an effective VECM.
Lags with a number of lags of 2-2
were used in the formation of the
model. An effective result was
obtained for three tests. The option
with a quadratic trend in the data
with first-order differences, with
Intercept and Trend, with a linear
trend in VAR, with a number
of lags of 2-2 was selected. The

cointegration relationship (10)
and the VEC model (11), (12),
(13) were constructed.

BPCA(-1) = -368.6261BR(-1) +
+ 257.4524WTI(-1) —
— 68.80278@TREND(1) +
+ 2843.146 (10)

A(BPCA) = -0.494192(BPCA(-1) —
— 368.6261BR(-1) +
+ 257.4524WTI(-1) —
— 68.80278@TREND(1) +
+ 2843.146) +
+ 0.493162A(BPCA(-2)) —
— 56.81141A(BR(-2)) —
— 160.9999A(WTI(-2)) +
+ 1736.942 —
— 72.33535@TREND(1) (11)

Tabauya 5 / Table 5

3HaYeHns1 OTKJIMKA fby}lKlll/lﬁ HUMITYJIbCHOI'0 OTKJIMKA NMEPEeMEHHbIX
OtBeThl TEKylero cuera IIATEKHOrO Oajanca

Response values of impulse response functions of variables Responses BPCA

Periods BPCA BR WT
1 6353.949 0.000000 0.000000
2 5679.541 -48.37274 117.9162
3 1987.681 241.3305 843.4566
4 4642.943 -521.4458 1405.738
5 7776.777 -616.8837 1216.715
6 6297.330 -158.0370 819.3697
7 3578.800 161.4309 656.7991
8 4159.383 -24.77987 714.4713
9 5619.335 -209.4476 764.9523
10 5287.876 -153.0836 843.2350

Responses BR

Periods BPCA BR WT
1 15.19348 9.309039 0.000000
2 17.21756 5.371575 -0.656346
3 -0.487407 9.252754 2.508565
4 13.66947 3.671204 6.936185
5 27.13823 3.112381 7.481646
6 26.29380 4.272357 6.390863
7 14.70347 6.176081 4.785495
8 13.52981 6.327378 4.214790
9 17.63514 5.660524 4.089323
10 17.22386 5.678370 4.604947

Responses WTI

Periods BPCA BR WT
1 15.29735 9.268103 1.869359
2 16.10241 4.761774 0.605674
3 0.099894 9.766527 2.646872
4 12.46727 4.441343 5.845548
5 21.12688 4.673826 6.250250
6 21.35343 5.026913 5.879994
7 13.04420 6.402203 4.811609
8 12.91919 6.487100 4.415177
9 15.55136 6.099825 4.137926
10 14.64100 6.261503 4.416202
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A(BR) = -0.000509(BPCA(-1) —
— 368.6261BR(-1) +
+ 257.4524WTI(-1) —
— 68.80278@TREND(1) +
+ 2843.146) +
+ 0.001435A(BPCA(-2)) +
+ 0.443833A(BR(-2)) —
— 1.222149A(WTI(-2)) +
+8.063234 —
— 0.302212@TREND(1)  (12)

A(WTI) = -0.000944(BPCA(-1) —
— 368.6261BR(-1) +
+ 257.4524WTI(-1) —
— 68.80278@TREND(1) +
+ 2843.146) +
+ 0.001228A(BPCA(-2)) +
+ 0.611658A(BR(-2)) —
— 1.181820A(WTI(-2)) +

+ 3.400712 —
— 0.025050@TREND(1) (13)
The VEC models (11),

(12), (13) express the long-run
relationship between the time
series of the wvariables under
study in equilibrium form.
These models can also measure
deviations from equilibrium and
the rate at which it is very slowly
restored, providing a long-run
relationship.

The impulse response function
makes it possible to trace the
influence of surprises, some
external shocks on the prospective
value of variables over a certain
period of time. Using this function,
we characterize the process of
returning an endogenous variable
to equilibrium after a single
shock to an exogenous variable.
After constructing and evaluating
the VECM, tabulated values of
the impulse response function
were obtained. Table values
are obtained for a 10 year time
period. The values in the Table 5
demonstrate the responses of the
impulse functions of the variables
to structural shocks that cover 2
years of the 10 year period. Then
there is a gradual, slow transition
to a stable period.

The forecast error variance
decomposition method provides
information about the relative
importance of random deviations
in endogenous variables [34].
It separates fluctuations in the
endogenous variable into its
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Pucynok 9. JIekoMno3unus OTKJIOHEHHIA
Hcmounuk: I'papuk cozgaH aBTopoMm B mporpamme EViews

Figure 9. Decompositions of variances
Source: The graph was created by the author in the EViews software

effect components in the model.
The results of the forecast error
variance decomposition method
are presented in Figure 9.

To check the quality of the
VECM, tests were also carried
out that analyze the residuals of
these models. The number of
observations for next tests is 26,
lags are selected from 1 to 2. First

of all, VAR Residual Normality
Tests were carried out on the
normal distribution of residuals,
the results of which are presented
in Table 6. As can be seen from
the results, the asymmetry in
the distribution of residuals is
close to zero, minimal, that is,
insignificant. The kurtosis does
not reach a value of 3. Only

Tabauya 6 / Table 6

TecTbl HA HOPMAJIBLHOCTb OCTATKOB B MOJEJISIX BEKTOPHOW ABTOPErpeccun
VAR Residual Normality Tests

Component Asymmetry Chi-square d.f. Probability
1 0.365470 0.578797 1 0.4468
2 -0.082824 0.029726 1 0.8631
3 -0.319045 0.441088 1 0.5066
Joint 1.049611 3 0.7892
Component Excess Chi-square d.f. Probability
1 3.404978 0.177674 1 0.6734
2 2.245362 0.616934 1 0.4322
3 2.627796 0.150081 1 0.6985
Joint 0.944689 3 0.8146
Component Jarque-Bera d.f. Probability
1 0.756471 2 0.6851
2 0.646660 2 0.7237
3 0.591169 2 0.7441
Joint 1.994301 6 0.9202
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for the first component there is
a slight excess of value 3. That
is, there is no peak distribution.
For both characteristics, the
distribution can be considered
normal. The Jarque-Bera test
for the alternative hypothesis
also confirms the normality of
the distribution over the three
components. In all cases, the
probability values exceed the
0.05 significance level and the

hypothesis about the normal
distribution of model residuals is
confirmed.

VAR Residual Serial

Corellation LM tests analyzes
relationships in residuals.

LM test results on VAR
residual serial correlation, the null
hypothesis of which is no serial
correlation with lag delay. When
testing for all lags, the probability
is greater than 0.05, therefore,
the H, hypothesis is accepted and
there is no serial correlation when
lags 1, 2, 3 are delayed.

Using VAR Residual
Heteroskedasticity ~ Tests to
test for heteroscedasticity in
the residuals, the probability
of no heteroscedasticity is 7%.
This justifies the decision to
accept the H, and the absence

residuals. The following results
were obtained from the test:
Chi-square 116.6772; d.f. = 96;
prob. = 0.0743; for all dependent
variables prob. > 0.05. So,
according to the Gauss—Markov
conditions, the variance in the
residuals is constant, and the
mathematical  expectation is
«0», which confirms the normal
distribution.

The obtained test results confirm
the adequacy of the constructed
VECM (11), (12), (13).

Conclusions. The study
presents a vector error correction
model that allows the analysis and
modeling of three statistical series.
Error correction models (11),
(12) and (13) can be considered
adequate and statistically
significant. This conclusion is
drawn from the results of the
tests carried out and analyzed in
the work. Econometric tests were
carried out to check the normality
of  distribution, correlation
relationships, the presence of
autocorrelation, and regression
analysis. After taking the first
differences from the levels of the
original time series, which were
initially non-stationary, positive

the acceptance of the hypothesis
about the stationarity of the
studied time series BPCA, BR
and WTI. Also, additional tests
were carried out on cause-and-
effect relationships in the series,
on the presence of cointegration
relationships, on the stability of
parameters, on the presence of
heteroskedasticity of residuals,
estimates of impulse response
functions were obtained, and
the decomposition method was
applied, which made it possible to
construct and justify the adequacy
of VECM.

The constructed VEC model
can be useful in assessing the
quantitative  characteristics  of
the variables under study and the
relationships between them, in
forecasting the current account
of the balance of payments of
Azerbaijan in the short and long
term. VECM limits the dynamics
of endogenous variables in the
identified 2-year time period and
returns them to cointegration
relationships very slowly.

The result of the study shows
that the factors under consider-
ation are significant determinants
of the current account of the bal-
ance of payments of Azerbaijan in

of heteroscedasticity in the

NntepaTtypa

1. Aghevli B. B. The Balance of Payments and
Money Supply Under the Gold Standard Regime:
U.S. 1879-1914 [BaextpoH. pecypc|. The American
Economic Review. 1975. Ne 65(1). C. 40—58. Pe-
XKUM jpocTyna: http://www jstor.org/stable/1806395.

2. Alexander S. S. Effects of a Devaluation on
a Trade Balance [DaektpoH. pecypc|. IMF Staff
Papers. 1952. Ne 2(2). C. 263—278. Pexxum mocty-
na: https://econpapers.repec.org/RePEc:pal:imfstp:
v:2:y:1952:1:2:p:263-278.

3. Blecker R. A., & Ibarra C. A. Trade
liberalization and the balance of payments
constraint with intermediate imports: The case of
Mexico revisited. Structural Change and Economic
Dynamics. 2013. Ne 25. C. 33—47. DOI: 10.1016/j.
strueco.2013.02.001/.

4. Eita J. H., & Gaomab M. H. Macroeconomic
Determinants of Balance of Payments in Namibia //
International Journal of Business and Management.
2012. Ne 7(3). DOI: 10.5539/ijbm.v7n3p173.

5. Ozdamar G. Factors Affecting Current Account
Balance of Turkey: A Survey with The Cointegrating

results were obtained, allowing

the long term.

Regression Analysis // Journal of Business,
Economics and Finance. 2015. Ne 4(4). C. 633—
658. DOI: 10.17261/Pressacademia.2015414533.

6. Abdul Hadi Sultani & Faisal U. The Impact
of Macroeconomic Indicators on the Balance of
Payments: Empirical Evidence from Afghanistan //
Annals of Financial Economics. 2023. T. 18. No 02.
DOI: 10.1142/52010495222500324.

7. Céspedes L., Chang R. Velasco A. Balance
Sheets, Exchange Rate Regimes, and Credible
Monetary Policy [DnektpoH. pecypc]. Harvard
University and NBER. 2001. Pexum poctymna:
http://citeseerx.ist.psu.edu/viewdoc/download?doi
=10.1.1.203.1042&rep=rep1 &type=pdf.

8. IMonoun A.B. OueHka BAUSIHUS 1LIOKOB He-
(GTIHBIX 1IEH Ha POCCHICKYI0O DKOHOMWKY B BEK-
TOPHOI Mojenu Koppekuuu omunbok // Bormpo-
cbl 3koHomuku. 2017. Ne 10. C. 27-49. DOI:
10.32609/0042-8736-2017-10-27-49.

9. MenbuukoB P. M. Baugaue nnHaMuKU 1ieH
Ha HedTh Ha MaKpOIKOHOMMYECKHE ITOKa3aTeJIN
poccuiickoil skoHomuku // TlpukinanHasi 3KOHO-
meTtpuka. 2010. Ne 1(17). 10. Muxaitnos A.lO.,

Statistics and Economics 4 V. 22. Ne 5. 2025

15



Hal(MOHaJleble cuema u MaKpoIKoOHomMu4ecKas cmamucmuxka

bypakoB JI.B., Qunenko B.IO. Bzaumocssizb 1ieH
Ha He(Th M MaKpOSKOHOMMUYECKMX ITOKa3aTesieii B
Poccunt // ®unanch: Teopust m mpakTtuka. 2019.
Ne 23(2). C. 105—116. DOI: 10.26794/2587-5671-
2019-23-2-105-116.

11. OpymxeB O.K., AiitoooBa H.C. DOmmnu-
puyecKrii aHanm3 (GaKTOpOB BIWSHHMS Ha ILIa-
TeXHBbI OajnaHCc B AsepOaitmxaHe // Actual
Problems in Economics. 2016. Ne 181. C. 400—
411. https://www.proquest.com/scholarly-journals/
empirical-analysis-factors-affecting-balance/
docview/1812274952/se-2.

12. Aitto6oBa H.C. DKoHOMETpUYECKUI1 aHAIU3
W MOJICIMpPOBaHWE NMHAMUKHU TIJIATeXXKHOTO OajaH-
ca B Asep0OaiimkaHe // CtaTucTuka U1 DKOHOMUKA.
2022. Ne 19(2). C. 14-22. DOI: 10.21686,/2500-
3925-2022-2-14-22.

13. Aitto6oBa H.C. OO0 m3amepeHnr KOMHTETpa-
IIMOHHBIX COOTHOIIEHWI MEXIy IToKa3aTeIsIMu
BPEMEHHBIX PSIIOB TEKYIIero cyeTa IUIaTeKHO-
ro 6amaHca u BBII (Ha nmpumepe AszepOaiimxaH-
ckoit Pecniyonuku) // Bonpocsl ctatuctuku. 2022,
Ne 29(5). C. 35—-45. DOI: 10.34023/2313-6383-
2022-29-5-35-45.

14. Aitro6oBa H.C. AHanu3 BIUSIHUSI MUPOBBIX
1eH Ha HedTh Ha BBIT (Ha npuMepe AzepOaiinkaH-
ckoil pecnyosnuku) // Cratuctuka U DKOHOMMKA.
2023. No 20(2). C. 22—41. DOI: 10.21686/2500-
3925-2023-2-21-40.

15. Aitto6oBa H.C. BektopHasi Mmonesib KOppek-
Ui OIMOOK IS OLIEHKW BIWSHUS MUPOBBIX LIEH
HedTu Ha BBIT Azep6aiinxaHckoit Pecniyoiauku //
«M3Bectust Cankr-IlerepOyprckoro I'ocynapcTBeH-
HOro DKOHOMMWYECKOIro YHuBepcuTeTa», Ilepmo-
JUYecKuii HaydyHblii XypHaj, Cankt-IletepOypr.
2023. Ne 1(139). C. 25-31.

16. BapanoB A.O. OreHka (HakTOpoOB, OIpese-
JISIIOIIMX IMHAMUKY TIaTexkHoro OanaHca Poccuu
[DnexTpoH. pecypc] // Mup 3KOHOMUKU U yNpaB-
qneHust. 2011. Ne 11(4). C. 5-23. Pexum nocryna:
https://woeam.elpub.ru/jour/article/view/564.

17. Charles A., Chua C.L., Darné O. et al. On
the pernicious effects of oil price uncertainty on US
real economic activities. 2020. C. 2689—2715. DOI:
10.1007/s00181-019-01801-6.

18. Kpasuos M.K., bypasiko H.M., TI'acriana-
peu O.W. u np. DKkoHOMETprUYECKass MaKpOMOJIEIb
JUTST aHaJT3a M TIPOTHO3WPOBAHUS BaXKHEWIINX T10-
Kaszaresell 6ejgopycckoii akoHoMuku // Tlpukian-
Hast 9koHoMmeTpuka. 2008. Ne 2. C. 21—43.

19. Orudzhev E., Mammadova L. Prediction of
EUR/AZN exchange rate dynamics on the basis of
spectral characteristics // Journal of International
Studies. 2020. No 13(2). C. 242-258. DOI:
10.14254/2071—-8330.2020/13—2/17.

20. Kaprnioa T.I1., Kaprnosa B.B. IlpuHuurms
MOCTPOCHUSI W TIPOTHO3HBIE BO3MOXKHOCTH pac-
YeTHO-TUIaTekHOTo Oaymadca // ®OuHaAHCH: Te-
opus u mpaktuka. 2015. Ne 1. C. 37-53. DOI:
10.26794/2587-5671-2015-0-1-37-53.

21. Ospanov N., Almagambetova M. et al.
Analysis of the capital account flows by the
economy sectors // Working Papers. National Bank
of Kazakhstan. 2021. No 6.

22. Yanmaena JI.A., Yunaesa T.U., borormnoJb-
ckuii A.C. AHanu3 (QUHAHCOBO-3KOHOMMWYECKUX
ToKazaTelieif, XapaKTepU3YIOIIUX JesITeIHbHOCTh
opraHuzauuii HegrerazoBoit orpacau // CTaTucTu-
Ka n DxoHomuka. 2020. Ne 17(1). C. 69-78. DOI:
10.21686/2500-3925-2020-1-69-78.

23. The balance of payments of Azerbaijan
was announced [DiekTpoH. pecypc| // Marja is a
business and financial news agency. Pexum nocrty-
ma: https://marja.az/76138/azerbaycanin-tediyye-
balansi-aciglandi.

24. What is happening in Azerbaijan’s balance
of payments? // Banker news agency [Diek-
TpoH. pecypc]. Pexum pocrtyna: https://banker.
az/az%C9%99rbaycanin-t%C9%99diyy%C9%99-
balansinda-n%C9%99-bas-verir/.

25. Macroeconomic statistics // Central Bank
of Azerbaijan [DmexTpoH. pecypc]. Pexxum mocty-
ma: https://www.cbar.az/page-41/macroeconomic-
indicators.

26. Average annual West Texas Intermediate
(WTI) crude oil price from 1976 to 2024 //
Empowering people with data [DaekTpoH. pe-
cypc]. Pexum moctyma: https://www.statista.com/
statistics/266659/west-texas-intermediate-oil-
prices/.

27. Average annual Brent crude oil price from
1976 to 2024 // Empowering people with data.
[DnekTpoH. pecypc]. Pexxum poctyna:https://www.
statista.com/statistics/262860/uk-brent-crude-oil-
price-changes-since-1976/.

28. Aiiro6oBa H.C. AHanu3 KOMHTErpallMOHHBIX
CBsI3EM MeXIy IUIaTeXHbIM OasaHcoM A3sepOaiil-
’)KaHa ¥ MUPOBBIMM IieHaMHM Ha HedTh // OUHaAH-
chI: Teopus m mpakTuka. 2025. Ne 29(1). C. 68—79.
DOI: 10.26794/2587-5671-2025-29-1-68-79.

29. Konrtoposuu I'.I". Jlekuuu: AHanu3 BpeMeH-
HBIX psiioB [DaekTpoH. pecypc| // DkoHomuUue-
ckuii xxypHas Breiciieit mkonsl akoHomuku, HUY
BIII®. 2003. T. 7. Ne 1. C. 79—103. Pexxum nocty-
ma: https://ej.hse.ru/en/2003-7-1/26547295.html.

30. Dickey D.A., Fuller W.A. Distribution of
Estimators for Autoregressive Time Series with a
Unit Root // Journal of the American Statistical
Association. 1979. No 74. C. 427—431. DOI:
10.2307/2286348.

31. Beck N., Katz J. N. What to do (and not to
do) with Time-Series Cross Section Data // The
American Political Science Review. 1995. No 89(3).
C. 634—647. DOI: 10.2307/2082979.

32. Johansen S. Statistical Analysis of
Cointegration Vector // Journal of Economic
Dynamics and Control. 1988. Ne 12. C. 231-254.
DOI: 10.1016/0165-1889(88)90041-3.

33. Banerjee Anindya, Dolado Juan J.,
Galbraith John W., & Hendry David. Co-

16

Cmamucmuxka u ykonomurxa 4 T.22. Ne 5. 2025



National accounts and macroeconomic statistics

Integration,  Error  Correction, and the
Econometric Analysis of Non-Stationary Data //
The Economic Journal. 1993. Ne 106(439). DOI:
10.1093/0198288107.003.0001.

References

1. Aghevli B. B. The Balance of Payments and
Money Supply Under the Gold Standard Regime:
U.S. 1879-1914 [Internet]. The American Economic
Review. 1975; 65(1): 40—58. Available from: http://
www.jstor.org/stable/1806395.

2. Alexander S. S. Effects of a Devaluation
on a Trade Balance [Internet]. IMF Staff Papers.
1952; 2(2): 263-278. Available from: https://
econpapers.repec.org/RePEc:pal:imfstp:v:2:y:1952:i
:2:p:263-278.

3.BleckerR. A., & Ibarra C. A. Trade liberalization
and the balance of payments constraint with
intermediate imports: The case of Mexico revisited.
Structural Change and Economic Dynamics. 2013;
25: 33—47. DOI: 10.1016/j.strueco.2013.02.001/.

4. Eita J. H., & Gaomab M. H. Macroeconomic
Determinants of Balance of Payments in Namibia.
International Journal of Business and Management.
2012: 7(3). DOI: 10.5539/ijbm.v7n3p173.

5. Ozdamar G. Factors Affecting Current Account
Balance of Turkey: A Survey with The Cointegrating
Regression Analysis. Journal of Business, Economics
and Finance. 2015; 4(4): 633—658. DOI: 10.17261/
Pressacademia.2015414533.

6. Abdul Hadi Sultani & Faisal U. The Impact
of Macroeconomic Indicators on the Balance of
Payments: Empirical Evidence from Afghanistan.
Annals of Financial Economics. 2023; 18: 02. DOI:
10.1142/S2010495222500324.

7. Céspedes L., Chang R. Velasco A. Balance
Sheets, Exchange Rate Regimes, and Credible
Monetary Policy [Internet]. Harvard University and
NBER. 2001. Available from: http://citeseerx.ist.
psu.edu/viewdoc/download?doi=10.1.1.203.1042&r
ep=repl&type=pdf.

8. Polbin A.V. Assessing the Impact of Oil Price
Shocks on the Russian Economy in a Vector Error
Correction Model. Voprosy ekonomiki = Voprosy
Ekonomiki. 2017; 10: 27-49. DOI: 10.32609/0042-
8736-2017-10-27-49. (In Russ.)

9. Mel'nikov R.M. The Impact of Oil Price
Dynamics on Macroeconomic Indicators of the
Russian Economy. Prikladnaya ekonometrika =
Applied Econometrics. 2010: 1(17). (In Russ.)

10.MikhaylovA.Yu., BurakovD.V., DidenkoV.Yu.
The Relationship Between Oil Prices and
Macroeconomic Indicators in Russia. Finansy:
teoriya i praktika = Finance: Theory and Practice.
2019; 23(2): 105-116. DOI: 10.26794/2587-5671-
2019-23-2-105-116. (In Russ.)

11. Orudzhev E.K., Ayyubova N.S. Empirical
analysis of factors affecting the balance of payments
in Azerbaijan. Actual Problems in Economics. 2016;

34. Ariza J., Montes-Rojas G. Decomposition
methods for analyzing inequality changes in Latin
America 2002—-2014. 2019. C. 2043-2078. DOI:
10.1007/s00181-018-1518-4.

181: 400-411. https://www.proquest.com/scholarly-
journals/empirical-analysis-factors-affecting-
balance/docview/1812274952 /se-2.

12. Ayyubova N.S. Econometric analysis and
modeling of the balance of payments dynamics
in Azerbaijan. Statistika i Ekonomika = Statistics
and Economics. 2022; 19(2): 14-22. DOLI:
10.21686/2500-3925-2022-2-14-22. (In Russ.)

13. Ayyubova N.S. On Measuring Cointegration
Relationships between Time Series Indicators of the
Current Account, Balance of Payments, and GDP
(on the Example of the Republic of Azerbaijan).
Voprosy statistiki = Bulletin of Statistics. 2022;
29(5): 35-45. DOI: 10.34023/2313-6383-2022-29-
5-35-45. (In Russ.)

14. Ayyubova N.S. Analysis of the impact of
world oil prices on GDP (using the Azerbaijan
Republic as an example). Statistika i Ekonomika
=Statistics and Economics. 2023; 20(2): 22-41.
DOI: 10.21686/2500-3925-2023-2-21-40. (In Russ.)

15. Ayyubova N.S. Vector Model of Error
Corrections for Assessing the Impact of World Oil
Prices on the GDP of the Republic of Azerbaijan.
«Izvestiya Sankt-Peterburgskogo Gosudarstvennogo
Ekonomicheskogo Universiteta», Periodicheskiy
nauchnyy zhurnal, Sankt-Peterburg = Bulletin of
the St. Petersburg State University of Economics,
Periodical Scientific Journal, St. Petersburg. 2023;
1(139): 25-31. (In Russ.)

16. Baranov A.O. Assessing Factors Determining
the Dynamics of Russia’s Balance of Payments
[Internet]. Mir ekonomiki i upravleniya = World
of Economics and Management. 2011; 11(4):
5-23. Available from: https://woeam.elpub.ru/jour/
article/view/564. (In Russ.)

17. Charles A., Chua C.L., Darné O. et al. On
the pernicious effects of oil price uncertainty on US
real economic activities. 2020. S. 2689—2715. DOI:
10.1007/s00181-019-01801-6.

18. Kravtsov M.K., Burdyko N.M., Gaspadarets O.1.
et al. Econometric Macromodel for Analysis and
Forecasting of the Most Important Indicators of the
Belarusian Economy. Prikladnaya ekonometrika =
Applied Econometrics. 2008; 2: 21-43. (In Russ.)

19. Orudzhev E., Mammadova L. Prediction
of EUR/AZN exchange rate dynamics on the
basis of spectral characteristics. Journal of
International Studies. 2020; 13(2): 242—258. DOI:
10.14254/2071—8330.2020/13—-2/17.

20. Karpova T.P., Karpova V.V. Principles of
construction and forecasting capabilities of the
balance of payments. Finansy: teoriya i praktika =
Finance: Theory and Practice. 2015; 1: 37-53. DOI:
10.26794/2587-5671-2015-0-1-37-53. (In Russ.)

Statistics and Economics 4 V. 22. Ne 5. 2025

17



Hal(MOHaJleble cuema u MaKpoIKoOHomMu4ecKas cmamucmuxka

21. Ospanov N., Almagambetova M. et al.
Analysis of the capital account flows by the
economy sectors. Working Papers. National Bank
of Kazakhstan. 2021: 6.

22.  Chaldayeva L.A., Chinayeva T.I.,
Bogopol’skiy A.S. Analysis of financial and economic
indicators characterizing the activities of organizations
in the oil and gas industry. Statistika i Ekonomika =
Statistics and Economics. 2020; 17(1): 69-78. DOI:
10.21686,/2500-3925-2020-1-69-78. (In Russ.)

23. The balance of payments of Azerbaijan was
announced [Internet]. Marja is a business and
financial news agency. Available from: https://marja.
az/76138/azerbaycanin-tediyye-balansi-aciglandi.

24. What is happening in Azerbaijan’s balance of
payments? Banker news agency [Internet]. Available
from: https://banker.az/az%C9%99rbaycanin-t%C9%
99diyy%C9%99-balansinda-n%C9%99-bas-verir/.

25. Macroeconomic statistics. Central Bank of
Azerbaijan [Internet]|. Available from: https://www.
cbar.az/page-41/macroeconomic-indicators.

26. Average annual West Texas Intermediate
(WTI) crude oil price from 1976 to 2024.
Empowering people with data [Internet]. Available
from:  https://www.statista.com/statistics/266659/
west-texas-intermediate-oil-prices/.

27. Average annual Brent crude oil price from
1976 to 2024. Empowering people with data.
[Internet]. Available from:https://www.statista.com/
statistics/262860/uk-brent-crude-oil-price-changes-
since-1976/.

28. Ayyubova N.S. Analysis of cointegration
relationships between the balance of payments of

CBepeHus 06 aBTOpE

Hamaean Coaman Aiiro6osa

K.3.1., douenm kaghedpvr Mamemamuueckoil
SKOHOMUKU

baxkunckuii Tocyoapcmeennniii Yuueepcumem,
baky, Azepbaiioncan

An. nouma: neyyubova@mail.ru

Azerbaijan and world oil prices. Finansy: teoriya
i praktika = Finance: Theory and Practice. 2025;
29(1): 68-79. DOI: 10.26794/2587-5671-2025-29-
1-68-79. (In Russ.)

29. Kontorovich G.G. Lectures: Time Series

Analysis [Internet]. Ekonomicheskiy zhurnal
Vysshey shkoly ekonomiki, NIU VSHE =
Economic Journal of the Higher School of

Economics, National Research University Higher
School of Economics. 2003; 7; 1: 79-103. Available
from: https://ej.hse.ru/en/2003-7-1/26547295.
html. (In Russ.)

30. Dickey D.A., Fuller W.A. Distribution of
Estimators for Autoregressive Time Series with a Unit
Root. Journal of the American Statistical Association.
1979; 74; 427-431. DOI: 10.2307/2286348.

31. Beck N., Katz J. N. What to do (and not
to do) with Time-Series Cross Section Data. The
American Political Science Review. 1995; 89(3):
634—647. DOI: 10.2307/2082979.

32. Johansen S. Statistical Analysis of
Cointegration Vector. Journal of Economic
Dynamics and Control. 1988; 12: 231-254. DOI:
10.1016/0165-1889(88)90041-3.

33. Banerjee Anindya, Dolado Juan J., Galbraith
John W., & Hendry David. Co-Integration, Error
Correction, and the Econometric Analysis of Non-
Stationary Data. The Economic Journal. 1993;
106(439). DOI: 10.1093/0198288107.003.0001.

34. Ariza J., Montes-Rojas G. Decomposition
methods for analyzing inequality changes in Latin
America 2002-2014. 2019: 2043-2078. DOI:
10.1007/s00181-018-1518-4.

Information about the author

Natavan S. Ayyubova

Cand. Sci. (Economics), Associate Professor of the
Department of Mathematical Economics,

Baku State Universitety,

Baku, Azerbaijan

E-mail: neyyubova@mail.ru

18

Cmamucmuxka u ykonomurxa 4 T.22. Ne 5. 2025



