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BakuHckui M'ocynapctBeHHbI YHuBepceuTeT, baky, AsepbarmkaH

AHanu3 BNUAHUA MUNPOBLIX UEeH

Ha HedpTb Ha BBI1

(Ha npumepe AsepbanaxaHckon Pecnyonukn)

Lleaw uccaedosanusn. B cmamve ananuzupyemcs eausHue Mupo8bix
yeH Ha He(hmb (6HewHue u eHympeHHue pakmopot) Ha BBII cmpanbi,
DACCMAMPUBAOMcs KOAOAHUS MUPOBLIX UeH HA Hehmb, UX 6AUsHUe
Ha HAYUOHANBHYIO IKOHOMUKY A3epbaiiodcana u unmezpupyemocnms
IMUX MAKPOIKOHOMUHECKUX NOKA3amenel.

Mamepuaavt u memoodsi. Hzyuenue OuHamuku @QyHKYUOHUPOBAHUS
BPEMEHHbBIX P08 HA OCHOBE UCXOOHBIX OGHHIX BbIABUAO UX HECMA-
YUOHADHOCMb, YMO He NO036045em NOCMPOUMb «Ka4ecmeeHHyI0»
npocHocmuyeckyro mooens. s docmuoicenus yenei Uccae0o6aHus
U «nogvlilenus Kavecmea» Gopmupyemon modeiu, KOmMopas uc-
noav3yemcs 0as pacema HPOCHO3HbIX OUEHOK, Obliu NpogedeHbl
coomeemcmeyloujiie SIKOHOMempuecKue npoyedypbl U Ucciedo8ana
UHmMe2pUPYyemMoChb PEMeHHbIX pdog. B wacmuocmu, ucnoavzyemes
Memod eekmopHou modeau koppekyuu owu6oxk — VECM. Tecm
OCHOBAH HA UCNOAb30BAHUU YPAGHEHUU KOUHMe2payuu mexncoy
nepemeHHbIMU, 20e 0AUHA 1a208 U OnpedeseHUs NPUYUHHOCIU NO
[ petindocepy pewaromes é pamkax smou modeau. Ilpu gpopmuposa-
Huu modeau VECM evidsunymeoie 6 pabome unome3svt NPOGEPIAUCDH
Ha 0CHOBEe UCNOAb308AHUS IKOHOMempudeckux mecmog. Omkauxu
UMRYALCHOU QYHKUUU HA He3A8UCUMble nepeMeHHble MOOeaU U3y4a-
AUCL MemOOOM epaghuuecKoeo npeocmasieHusi Ha 0CHO8e 3HA4eHULl
modeau u ee Hees30K.

Analysis of the Impact
Oil Prices On GDP
(on the Example of the

Purpose of the study. The article analyzes the impact of world oil
prices (external and internal factors) on the country’s GDP, considers
fluctuations in world oil prices, their impact on the national economy
of Azerbaijan and the integrability of these macroeconomic indexes.
Materials and methods. The study of the dynamics of the functioning
of time series based on the initial data revealed their non-stationarity,
which does not allow creating a “qualitative” predictive model. In
order to achieve the goals of the study and “improve the quality”
of the model being formed, which is used to calculate predictive
estimates, appropriate econometric procedures were carried out and
the integrability of time series was investigated. In particular, the
method of vector error correction model - VECM is used. The ftest is
based on the use of cointegration equations between variables, where
lag lengths and Granger causality definitions are solved within this
model. When forming the VECM model, the hypotheses put forward
in the work were tested using econometric tests. The responses of
the impulse function to the independent variables of the model were
studied by the method of graphical representation based on the values
of the model and its residuals.

Pezyavmamut. Onpedeneno, 4mo 00420CPOUHYIO PAGHOBECHYIO
€836 MeNCOY NepeMeHHbIMU MOJICHO CHUMAMb YCMOUUBOU, MAK
Kak nocae HapyuieHus 6 Kpamkocpounvle nepuodsl Om WoK08blX
peakyui ycmouuugocms eoccmanaearusaemcs. IlpumenenHuiil
Memod dekomnozuyuu oucnepcui oumuboK npoeHo3a 045 onpe-
deneHus 6AUAHUSL IK302EHHbIX NePEeMEeHHbIX Ha IHO02EHHYI0 nepe-
MEHHYI0 NOKA3aA, 4Mo HAUOOAbUWYIO HeONPeOeNeHHOCHb 8 NPOCHO3
oas BBII, mapok Azeri_light, Brent u West darom cobcmeéenmbie
UBMEHeHUsl @ meYeHUe Nepeo2o Mmpumecmpa paccmampugaemozo
nepuoda.

3axarouenue. Iloryuennvie pezyaomamoi Mocym 0bimy NOAE3HbIMU
0a5 evisienenus pearvhvix mendenyuu BBII Azepbaiidicana u
onpedeneHus e20 63auUMO03asUCUMOCHeEl ¢ OpyeUMU MAKPOIKOHO-
MUHeCKUMU NepeMeHHbIMU, 05 onpedeneHus e20 63auMo3asUcl -
Mmocmell ¢ gapuayuel yeH Ha SHePeOHOCUMeNU Ha 0CHO8e AHANU3A
QUHAMUKU PACCMAMPUBAEMbIX noKazamenel, 041 pazpabomku
peKomenoayuil u 00pazoeanus HAnpaeAeHuil NepcneKmueHo2o
pazeumus BBII.

Karoueesvte caosa: BBII Azepbaiioycana, mupossie yenvt Ha Hemp,
6eKMOPHAs M00eab KOPPeKyUuu OwudoK, peaKyuu UMRYAbCHbIX
GYHKUULL OMKAUKA, OCKOMROUUUY NEPEMEHHDIX.

Natavan S. Ayyubova

Baku State University, Baku, Azerbaijan

of Global

Azerbaijan Republic)

Results. It has been determined that the long-term equilibrium
relationship between variables can be considered stable, since after
short-term disturbances from shock reactions, stability is restored.
The applied method of decomposition of forecast error variances to
determine the influence of exogenous variables on the endogenous
variable showed that the greatest uncertainty in the forecast for GDP,
Azeri_light, Brent and West is given by their own changes during the
first trimester of the period under consideration.

Conclusion. The results obtained can be useful for identifying real
trends in Azerbaijan’s GDP and determining its interdependencies
with other macroeconomic variables, for determining its
interdependencies with variations in energy prices based on an
analysis of the dynamics of the indexes under consideration, for
developing recommendations and forming directions for the long-
term development of GDP.

Keywords: Azerbaijan GDP, world oil prices, error correction vector
model, reactions of impulse response functions, decompositions of
variables.
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Introduction

When improving the system
of state macroeconomic
regulation, the effectiveness of
the application of elements of
economic policy is important. It
is of great importance to identify
and study the relationships
between indicators of sectors of
the economy, between internal
and external indicators, quantify
these  relationships,  identify
patterns, develop trends that
characterize the dynamics of
development of different areas of
the economy and their application
in management.

Econometric models based
on mathematical and statistical
methods make it possible to
identify  relationships  between
the quantitative characteristics
of economic objects in order to
prepare mathematical conditions
for the forecast, to determine the
values of all parameters in the
model and ensure its adequacy
with the real behavior of the
parameter under study, to obtain
effective values of the model
parameters, to check the theoretical
and economic provisions and
conclusions based on empirical
information [1, 2, 3, 4].

The issue of forecasting
important economic indicators is
very relevant in the management
and state regulation of the
economy. Forecast estimates of
the main indicators of the state
of the economy, such as GDP
dynamics, price index, current
account balance of payments,
crisis prediction, etc. may vary.
The structure, structure of
various economic indicators in
solving an identical problem may
dictate specific requirements,
an individual approach to each
of them, which requires a
preliminary detailed study and
analysis of phenomena.

Relevance
In econometric studies,
the modeling of economic

indicators with the study of the
reactions of indicators to various

shocks has become widespread.
That is, forecasting is not only
quantitative, but also qualitative.
In other words, the researcher can
simply indicate the quantitative
change in the indicator under
study, and can also indicate on
what other indicators this change
may depend and how. Preparation
of models for forecasting is a
statistical analysis of data, analysis
of dependencies and relationships
between factors.

To predict changes in the
future of the studied economic
objects, such as rising or falling
prices, changes in the exchange
rate, GDP growth, economic
crises, etc. specialists  in
economic phenomena prefer to
rely on experience, knowledge
in the relevant field and on

intuition. In such situations,
the relationship of economic
indicators may be incorrectly

assessed, or some of them may be
missed, which can have a strong
enough impact on the analyzed
situation. But, they do not take
into account the advantages
of  mathematical  modeling,
where all the relationships of
variables can be evaluated both
quantitatively and qualitatively.
Such econometric models, with
a clear economic interpretation
of specialists, make it possible to
predict a better and more reliable
forecast. Moreover, the simplicity
and clarity of the explanations of
the mechanisms and the obtained
results of the models increases the
corresponding audience.

Dynamic  models include
relationships of variables over
time. In statistical models, in
particular, series values are
used, which are variables in
dynamic models. Such models
apply mechanisms, variational
calculations,  difference  and
differential equations, describe
the nature and strength of mutual
influences in the economy,
which determine the algorithm of
economic processes.

Vector autoregressive models

and vector error correction
models, the wuse of which
has become very popular in

econometric studies due to
their wide possibilities, allow
representation in a structural
form, allow solving analytical
problems, the solution of which
was impossible or created
difficulties in the implementation
of regression modeling.

Work analysis

algorithm  of
macroeconomic indicators
associated with economic
crises, cycles, with a change in
economic trends and with an
unstable economy associated not
only with internal but also with
external phenomena make the
analysis, study of non-stationary
time series and the construction
of econometric models based
on them especially relevant and
important.

The mathematical model of an
economic indicator in the form of
a system of equations, logical and
interrelated relationships, graphs
is its homomorphic display, in a
conditional way. Analysis, study
of these models substantiate and
develop more effective solutions
to the issues under study.

The work of Polbin A.V. [5]
is devoted to the econometric
assessment of the impact of
changes in the conditions of
trading operations, world oil
prices, fixed capital accumulation,
household consumption  in
Russia, using the method of
constructing a vector model of
error correction with exogenous
variables. The results of the
author’s research demonstrate
that permanent the change in
oil prices generated a «domed»
response in the dynamics of the
level of production. The author
concludes that the impact of the
increase in oil prices on GDP
growth rates is positive in the
short term and negative in the
medium term. Analysis of the
sensitivity of national economies
to changes in world oil prices has
always been an interesting and
researched issue[6] considers in
his work the problem of modeling
the dynamics of oil prices. The

A complex
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author, substantiating the need
to distinguish two periods, offers
aggregated models. These models
reflect the conditions in the
oil market and in the national
economy for the selected periods.
The paper assesses the impact
of possible monetary policy
priorities on the dynamics of
macroeconomic indicators and
oil prices. Also, the importance
of supplementing the analysis
with a study of the impact of high
oil prices on the most sensitive
to rising fuel prices, intensive
industries and industries s
substantiated. Zulfigarov F. and
Neuenkirch M. in [7] analyze
oil price shocks in a six-variable
model, where most variables are
presented in the form of the first
logarithmic difference, determines
the significance of shocks in
oil prices for the variances of
the considered variables. Using
variance  decomposition, the
author predicts the variation of
variables when a shock is applied
to the oil price variable and to
each of the other macro variables
included in the system. Rautava
in work [8] analyzes the impact
of world oil prices and the real
exchange rate on the Russian
economy and fiscal policy using
the VAR methodology and
cointegration = methods.  The
results show that in the long run,
a 10% increase or decrease in
world oil prices is associated with
an increase or decrease in Russian
GDP by 2.2%. The influence of
external economic conditions
on the dynamics of the Russian
economy is considered in most
econometric models developed
by Russian scientists. In the
article[9], the author, analyzing
the relationship of economic
indicators in  the  Russian
economy with the volatility of
world oil prices, evaluates and
proposes a system of simultaneous
econometric  equations,  with
the help of which he puts
forward and tests a number of
hypotheses about the sensitivity
of macroeconomic stability to
fluctuations in external factors.
By studying the relationship

between macroeconomic
parameters and world oil prices,
researchers in [10] identify factors
that have a long-term positive
relationship with oil prices, using
mathematical approaches such as
vectorial autoregression, Granger,
Dickey-Fuller. It was revealed
that a 1% increase in GDP leads
to a strengthening of the ruble by
1.47%, that the price of oil and
GDP has the greatest impact on
the ruble exchange rate in the
short term according to Granger,
and actions are formulated to
improve the effectiveness of macro
indicators. Ybrayev Z. analyzes
[11] the exposure of Kazakhstan’s
long-term economic growth to
macroeconomic constraints.
Balance-of-payments-
constrained growth models predict
that a country’s growth rate can
be approximated by the ratio of
export growth rate to the income
elasticity of demand for imports.
The Johansen  cointegration
method was used to evaluate
trading parameters. A vector
error correction model is used to
analyze short-term adjustments
in income elasticity. The results
show that average growth rates
project long-term  economic
growth in Kazakhstan at about
2%, and current economic growth
is limited by aggregate demand. A
study [12] examines the direction
of the causal relationship between
the balance of trade and oil price
shocks in the context of Pakistan
over the period 1975-2010.
The result shows that there is a
significant negative relationship
between oil prices, exchange rate
and trade balance in Pakistan i.e.
oil prices and exchange rate cause
trade imbalance in Pakistan. Also,
there is a positive relationship
between the output gap and the
trade balance, which indicates
inefficient allocation and use of
resources in production. The
Granger causality result indicates
that there is a bidirectional
causal relationship between oil
prices and the exchange rate in
Pakistan. In work Pilnik N.P.
and Shaikhutdinova M.F. [13]
formulates a model that allows

you to explore and predict foreign
economic activity using and
applying balance of payments
indicators. The developed model
makes it possible to accurately
characterize the dynamics of the
balance of payments indicators
in the format of econometric
and balance ratios and presented
in three scenarios of the state
of the balance of payments
and can be used for short-term
forecasting, which takes into
account different combinations
of external economic conditions,
prices on world markets, etc. The
work [14] studies the modeling
of the dynamics of the balance
of payments of Azerbaijan based
on changes in the exchange
rate, export-import operations,
general and foreign investments
in Azerbaijan. On the basis
of statistical methods and an
analytical approach to the analysis
of the problem, an econometric
model has been developed in
the form of a multiple regression
equation, which takes into
account the influence of the main
factors on the country’s balance
of payments. Also, to check
the adequacy of the model and
the significance of explanatory
factors, the corresponding
econometric tests with
accompanying comparisons were
carried out. Using the model, the
authors interpret the dynamics
of the development of the main
macro-indicator of the country’s
foreign trade. The article [15]
conducts an econometric analysis
of the dynamic processes of
Azerbaijan’s balance of payments,
discusses the formation of an
econometric trend suitable
for  forecasting. Stationarity
verification is important for
econometric models, which is
given sufficient space in this
paper. Hypotheses about the
absence  of  autocorrelation,
heteroscedasticity in residuals,
etc. are also tested. In [16], to
create a cointegration ratio that
can be used to measure the
impact of Azerbaijan’s GDP
on the current account balance
of payments in the long run
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and then to create a model for
correcting errors and predicting
economic development. Pre-
econometric analysis of the
time series of macroeconomic
indicators taken into account
for the presence of stationary
was performed. According to the
results of the Johansen test, linear
and quadratic trends with similar
results indicate the presence
of cointegration relation and
carried out Trace and Maximum
Eigenvalue tests. In this work,
both test statistics show the
presence of one cointegration
relation. As a result, an alternative
hypothesis about the existence
of one vector of cointegration
and from two trends with similar
results, a linear one was chosen
trend. The results of this study
provide an opportunity to identify
actual trends development of the
current account of the balance
of payments and determine its
interdependence with GDP. In
[17], the impact of oil shocks and
the change in the dynamics of oil
price uncertainty associated with
economic and political events
are determined. In contrast to
previous studies, the results of this
study show that the sharp increase
in oil price uncertainty over recent
decades has a detrimental effect
on output growth and that output
growth responds symmetrically
or asymmetrically to positive and
negative shocks over the period.

Analysis of the state of time
series by model parameters

The most important exogenous
factor of the Azerbaijani economy
is oil prices, which is justified
by the structure of the national
economy and the country’s
export potential. Changes in
world oil prices inevitably affect
the volume of GDP, investment
in the country, the real exchange
rate, the level of average income
and life of the population, and
so on. Despite the steadily
strengthening exchange rate of
the national currency due to
regulated measures at the state
level, the increase in world
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Fig. 1. Production of crude oil in Azerbaijan from 2000 to 2020 [18]
Puc. 1. lo0b14a cuipoii HedTH B A3epoOaiizkane ¢ 2000 no 2020 rr. [18]
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. 2. Azeri Light oil price dynamics from 2000 to 2022 [19]

Puc. 2. Jlunamuka uen na Hedgrsb Azeri Light ¢ 2000 no 2022 rr. [19]

oil prices, which increase the
financial flow to the country and
are closely related to the prices of
other energy carriers, the growth
or decrease in world oil prices
strongly affects the dynamics of
economic processes in the country
of traders. oil products. This fact
makes the close dependence of
the Azerbaijani economy on the
export of oil products an acute
problem affecting the country’s
macroeconomic stability.

Having reached a record
high of 1072 barrels per day
per thousand in June 2009 and
a record low of 168 barrels per
day per thousand in February
1997, Azerbaijan’s crude oil
production as of April 2022 was
690 barrels per day per thousand.
Fig. 1 presents data on crude oil
production in Azerbaijan (2000-
2020).

Azerbaijan’s exports for the
first quarter of 2022 increased
by 2.1 times, which amounted to
8.1 billion dollars, and imports

by 16.8%, which amounted to
2.7 billion dollars. Oil and gas
exports increased 2.2 times and
amounted to 7.4 billion dollars.
The average market price for
Azeri light oil reached $86.5 in
the first quarter of 2022, and by
the third quarter it rose by $3.5
to $128.80. In March 2022, this
mark reached its all-time high
this year at $136 per barrel. The
dynamics of prices for Azeri light
oil can be seen in Fig. 2.

Fig. 3 shows the dynamics
of Brent and West Texas
Intermediate oil prices from 1996
to 2020.

Analysis of Fig. 2 and Fig. 3
allows us to trace similar price
dynamics for the three brands
Azeri Light, Brent and West
Texas Intermediate. According to
the State Statistics Committee,
Azerbaijan’s GDP in 2021
increased by 5.6% compared to
the previous period, and by 6.2%
in the first half of 2022. The
growth of the oil and gas sector

Statistics and Economics 4 V. 20. Ne 2. 2023
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Fig. 3. Brent and West Texas intermediate oil prices dynamics (1996-2020) [20,21]

Puc. 3. /lunaMuka NpoMe;KyTOYHBIX 1leH Ha HeTh Mapok Brent u West Texas (1996-2020 rr.) [20,21]

amounted to 1.8% and 0.2%,
respectively. In 2021, the nominal
volume of Azerbaijan’s GDP
amounted to 92 billion 857.7
million manats. For 6 months,
the same indicator amounted to
63 billion 364.4 million manats.
In the first half of 2022, 75.7%
of the production volume fell on
the mining industry, 20.4% on
the processing industry, 3.4% on
the production and distribution
of electricity, 0.5% on the water
supply and waste processing.
Investments in fixed assets for
the 1st half of 2022 amounted
to 6.3 billion manats, which
is an increase of 0.7% over 6
months of 2021, in the structure
of which the volume of foreign
investments amounted to 1.606

billion manats, and the volume
of domestic investments 4.693
billion manats[22].

To visually analyze the
relationship between GDP and
oil prices, we use a graphical
method. Fig. 4 shows a combined
graph of Azerbaijan’s GDP
and Azeri Light, Brent, West
Texas Intermediate oil prices.
The figure clearly shows similar
dynamics of all four parameters,
which confirms the close and
strong impact of oil prices on the
economic growth of Azerbaijan.

The main results of the study

First of all, it should be noted
the main advantage of vector
error correction models, which
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Fig. 4. Combined graph of Azerbaijan’s GDP and Azeri Light, Brent, West Texas
Intermediate oil prices (2000-2020) [23]

Puc. 4. KomOunuposannsblii rpa¢ux BBII AzepOaiigxana 1 IpoMe:KyTOYHBIX LleH
Ha He(pTb Mapok Azeri Light, Brent, West Texas (2000-2020 rr.) [23]

allow expanding the applicability
of regression models, also to
non-stationary time series. The
assumption that model variables
are interdependent can form
several equations when tested.
These equations can be reduced
to one after testing the degree of
exogeneity of the variables.

To find the rank of
cointegration of the vector model
for Azerbaijan’s GDP and world
oil prices, a preliminary analysis
of time series by parameters
should be carried out. Statistical
data for conducting econometric
tests were taken from the official
website of the State Statistics
Committee of Azerbaijan [24],
from the website of the Central
Bank of Azerbaijan [25], from
open international information
Internet sources [26].

To  conduct tests that
determine cointegration relations,
it is necessary to make sure that
the series under study are first-
order integrated series. According
to the results of the regression
analysis, where GDP was taken
as dependent variables, and Azeri
Light, Brent, West as independent
variables, the formal model looks
like this:

GDP = 354.02267Azeri_
light + 540.268Brent-
105.9412West-6701.798 (1)

R? was found to be 82%,
F-statistic 27.1(Probability
0.000001), Akaike info criterion
21.55, Schwarz criterion 21.75,
Durbin-Watson  statistic  0.78,
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t-criterion  for  Azeri  Light
2.442708(Probability 0.0258),
for Brent 3.318517 (Probability
0.0041) and for West -0.927554
(Probability 0.3666). Among the
results there are positive indicators
for modeling. The coefficient
of determination explains the
choice of factors for the model
by 82%, leaving 18% for random
components, which is assessed as
satisfactory. The Fisher criterion
is 27.75 with a high probability,
the Student criteria for Azeri
Light and Brent are also obtained
with high probabilities. But, the
statistics of Durbin Watson are
very unsatisfactory and indicate
the presence of a positive
autocorrelation. By the number
of observations n; = 21 and by
the number of degrees of freedom
n, = 3, respectively, the lower
and upper limits of the critical
points, with 95% probability, are
d; = 1.026 and 4,=1.669. Since
the criterion is DW = 0.78 and
is located to the left of these
points, this explains the positive
autocorrelation in the regression
model and the non-stationarity of
the model.

Using the Historical
Decomposition  using  Cholesky
weights procedure in the Eviews
package, decomposition was
carried out for time series and,
based on the results, in all
cases a trend was found that
characterizes the series as non-
stationary. Graphs were built for
each variable separately and in
combined form and are presented
in Fig. 5 and 6.

To study the stationarity,
dynamics, nature of time series,
it is also important to analyze the
residuals of these series. In Fig. 7,
for each time series, with the help
of VAR Structural Residuals using
Cholesky Factors, graphs were
constructed showing the structure
of the residuals for the variables
under study.

As can be seen from
the  graphical analysis of
decompositions and the structure
of the residuals of the original
time series covering the period
from 2000 to 2020, the GDP,

Decomposition of GDP

30,000

Decomposition of Brent crude oil

20,000

10,000 4

110,000 |

120,000

2002 2004 2006 2008 2010 2012 2014 2016 2018 202

Total stochastic
—— GDP
Brent crude oil

WestTexas Intermediate
Azeri light

Decomposition of West Texas Intermediate

002 2004 2006 2008 2010 2012 2014 2016 2018 202

I Total stochastic
— GDP
Brent crude oil

WestTexas Intermediate
Azerilight

Decomposition of Azeri light

002 2004 2006 2008 2010 2012 2014 2016 2018 202

[ Total stochastic
GDP
Brent crude oil

WestTexas Intermediate
Azerilight

002 2004 2006 2008 2010 2012 2014 2016 2018 202

[ Total stochastic
GDP
Brent crude oil

WestTexas Intermediate
Azeri light

Fig. 6. Historical decomposition using Cholesky weights for variables in combined
form

Puc. 6. UcTopuueckasi 1eKOMIIO3UIUSI ¢ HCII0JIb30BAHHEM BecOB XO0/1€1KOI0 1JIs1
nepeMeHHbIX B KOMOMHUPOBAHHOM (popme

GDP Structural Residuals
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Fig. 7. Structural VAR Residuals Using Cholesky Factors

Puc. 7. CTpykTypa 0cTaTKoB 10 ()aKTOPAM € MCIOJIb30BAHNEM PA3JIOKEHHS 10
XoJrenkomy

Azeri Light, Brent, West series
are non-stationary, which
requires consideration of data
from a different aspect, since in
this situation according to the
initial data, the construction
of an adequate model suitable

for forecasting is impossible.
Based on the first or second
data difference for variables,
time series can be revised and
reexamined for stationarity [27],
which is an advantage of the
Augmented Dickey-Fuller test. In
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some cases, this procedure allows
you to get the desired results and
continue the study.

The Dickey-Fuller test and
similar procedures KPS, Phillips-
Perron,  Breusch-Godfrey serial
correlation LM-test, Ljung-Box
and Augmented Dickey-Fuller are
used in autoregressive modeling
to determine stationarity in series.
The Augmented Dickey-Fuller test
is an extended form of the Dickey-
Fuller test. With this test, applying
the method of differences on
series data, you can remove the
existing autocorrelation from
time series and test them for
stationarity. The extended Dickey-
Fuller unit root test computes a
value for the t-test with a p level
of significance, and also offers
critical values for the t-test with
1%, 5%, and 10% probabilities.
These results help to conclude
that the series is stationary. The
null hypothesis determines the
unit root, and stationarity is
determined by the alternative

Fuller test for a unit root, the
stationarity of the first difference
for the variables was tested.

The regression analysis for
the multiple model for GDP with
four independent parameters gave
very positive results as follows. R?
was 98%, F-statistic 6.38E + 14
(Probability  0.000024), Akaike
info  criterion -9.3, Schwarz
criterion -9.04, DW statistic
1.88, t criterion for Azeri Light
12435701(Probability  0.00566),
for Brent 16894399(Probability
0.0038), for West -4722128.
(Probability 0.000002) and for
Mresid 20990517 (Probability
0.00003). The Fcriterionis6.38E +
+ 14 with the probability
0.000024, which is more than the
critical values at all significance
levels: F.,. > 2.25(0.1); F.,. >
> 2.87(0.05); F.,. > 4.43(0.01).
Durbin Watson’s statistics are

very satisfactory and indicate
no autocorrelation. According
to the input parameters n; = 21
and n, = 4, with 95% probability,
the lower and upper limits of
the critical values for DW are
d; = 0.927 and d,= 1.812. Since
the criterion is DW= 1.883 and is
located to the right and approaches
the mark 2, which confirms the
absence of autocorrelation in the
regression model.

Akaike and Schwarz information
criteria allow you to select the
best results. The lowest values of
these criteria help researchers in
choosing the best model:

AIC = 2k — 2In(l);
BIC = -2In(l) + kIn(n), (3)
where k is the number of
independent factors; / is the log-

likelihood estimate; n — sample
size.

Table 1 (Tabauua 1)

Results of the augmented Dickey-Fuller test

Pe3yabratsl pacumpennoro tecra JIuku-Dysepa

hypothesis. The estimate of
the coefficient & = 1 means the Variables |crit.value 1% | crit.value.5% | crit.value10% | t statistic | Probability
presence of a unit root in the According to original rows
time series, which characterizes | GDP -3.831511  [-3.029970  [-2.655194  [-1.798420 | 0.3698
the non_s‘[ationarity of the series Azeri_Light -3.831511 -3.029970 -2.655194 -2.296535 | 0.1828
[28] Mathematically’ the Dickey_ Brent -3.808546 -3.020686 -2.650413 -1.679454 | 0.4258
Fuller test can be represented as West -3.808546 -3.020686 -2.650413 -1.679454 1 0.4258
follows: Mresid 23831511 |-3.029970  |-2.655194  |-2.571647 |0.1158
By rows with second differences
V=t vy @ [Gor -3.886751  |-3.052169  |-2.666593  |-4.436996 [0.0034

where y, — is the time series |Azeri_Light |-4.004425  |-3.098896  |-2.690439  |-4.032918 |0.0095
under study at moment ¢, § — Brent -4.004425 -3.098896 -2.690439 -4.151370 | 0.0077
is the coefficient determining | West -3.857386 | -3.040391 -2.660551 -8.843333 | 0.0000
the unit root; v, is white noise, Mresid -4.004425 -3.098896 -2.690439 -5.460860 | 0.0008
which is a random process, a
special case of stationary series. Table 2 (Tabauya 2)
This is a random sequence Results of descriptive statistics of variables
for the values yy, ..., y,, if they Pe3yibTaThl ONMMCATELHON CTATHCTHKH NMEPEMEHHBIX
are independent of each other
and the conditions E(,V;) =0, GDP Azeri_Light Brent West Mresid
D(yz) = const are satisfied. The Mean 38154.56 52.46227 63.46000 75.53143 -0.000529
unit root test determines whether Median 42693.00 52.18517 61.51000 64.78000 756.0769
the stochastic component of the Maximum 75234.70 103.9699 111.6300 124.2300 16908.11
equation consists of a unit root Minimum 5272.800 7.319492 24.45000 31.86000 -20587.48
[29]. Std. Dev. 23615.69 25.98500 28.84630 29.76424 9814.413

For an extended analysis Skewness -0.068729 0.163608 0.347257 0.451374 -0.146638
of the residuals of the model Kurtosis 1.812306 2.611764 1.966200 1.782927 2.298478
a parameter was added as ar; Jarque-Bera 1.250823 0.225572 1.357204 2.009194 0.505876
independent factor representing Probability 0.535041 0.893342 0.507326 0.366192 0.776516
the residuals and a regression Sum 801245.8 1101.708 1332.660 1586.160 -0.011100
analysis was performed‘ At the Sum Sq. Dev. 1.12E+10 13504.41 16642.18 17718.20 1.93E+09
next step, using the Dickey- Observations 21 21 21 21 21
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The Akaike and Schwartz
criteria do not always select the
same model. Criteria values can
be the same or different. This is
due to certain specific criteria.
For the model under study, the
Akaike and Schwartz criteria
almost coincide and have the
smallest  values, respectively,
-9.049 and -9.041.

The regression model takes
the following form:

GDP =354.0227Azeri_light +
+ 540.268Brent — 105.9412West +
+ Mresid-6701.798 4)

Table 1 shows the results of
the extended Dickey-Fuller test
for rows with original data and for
rows with second data differences.

By changing the parameters,
a Dickey-Fuller test was carried
out with 2nd order differences,
without a trend, with a constant,
using the Schwartz criterion, with
a maximum number of lags of 4,
and results were obtained that
accept the alternative hypothesis
of stationarity for time series for
all factors in the model, on all
levels of significance.

To build a quality model, it is
important that the independent
variables in the model, i.e., the
regressors, have a fairly wide range
of change. The range of variation
can be measured on the basis of
the coefficient of variation, which
is defined as the proportion of
the ratio of standard deviations of
parameters to their mathematical
expectations.

The results of the descriptive
statistics in Table 2 were used
to analyze the variability of
the model variables. All results
obtained must be at least 10%
to ensure variability, otherwise,
if this condition is not met for
any variable, then it is more
appropriate to remove the variable
from the model or replace it with
another variable.

There is no need to replace
or delete variables, since the
required condition is met and
the coefficients of variation
for all variables have received
values of more than 10% (see
Table 3).

Table 3 (Tabauua 3)

Variation coefficients for variables (%)
Koaddunmentsr Bapuanun nepeMeHHbix (%)

X; GDP Azeri_Light Brent West Mpresid
s 61.9 49.5 45.4 39.4 18.5
7
Series: GDP
6 Sample 2000 2020
Observations 21
5|
Mean 38154.56
4 Median 42693.00
Maximum 75234.70
3 Minimum 5272.800
Std. Dev. 23615.69
5 | Skewness -0.068729
Kurtosis 1.812306
1
Jarque-Bera  1.250823
o Probability 0.535041

0 10000 20000 30000 40000 50000

60000

70000

80000

Fig. 8. Histogram of the standard distribution of residuals for the GDP time series

Puc. 8. I'ucTorpaMmma cTaHAAPTHOIO pacnpeejeHlsl 0CTATKOB 1151 BpeMeHHOro
psina BBIT

Correlation matrix
Koppensuuonnas maTpuna

Table 4 (Tabauua 4)

GDP AZERI BRENT WEST MRESID
LIGHT

GDP 1 0.83402437667324 | 0.86490338310344 |0.51209909750483 | 0.41558867083991
AZERI 0.8340243766732 l 0.767529430116969 [0.46458612090521 | -5.85995208256¢-09
LIGHT

BRENT 0.86490338310344 |0.767529430116969 | (.70408479187499| 3.5498988979¢-08
WEST 0.51209909750483 [0.46458612090521 | 0.704084791879944 1 2.49011693338¢-08
MRESID 0.41558867083991 |-5.85995208584e-09 |3.549898892879-08 | 2.4901169338¢-08 1

The Jarque-Bera test tests
observational errors for normality
by checking third and fourth
order central moments against
the central moment of a normal
distribution. This test examines
the null hypothesis about the
normality of the distribution,
against the alternative hypothesis
that does not accept the normality
of the distribution of observational
erTors.

For GDP, the Jarque-Bera
test obtained the following
value: JBgpp = 1.250823, with
prob. = 0.535041 > 0.05, which
confirms the normality of the
distribution. The test results
are presented in Table 3 and
Figure 8. The null hypothesis of
normal distribution is accepted.
The histogram in Fig. 8 of the
standard residual distributions for
the GDP time series confirms the
test results. At one level, there
is a deviation from the general

trend with a normal distribution,
which is confirmed by the values
for the skewness and Kkurtosis

coefficients: Ky ,, = -0.068;
K., = 1.812306. There is a very

slight deviation of the coefficients
from the values for the normal
distribution: Ky, = 0; K, = 3,
which does not interfere with the
decision on the normality of the
distribution for the observational
errors of the GDP time series.
Estimates of the tightness and
direction of relationships between
the parameters are presented
in Table 4, in the form of a
correlation matrix. Correlation
coefficients  between  factors
falling within the interval (0.7;
0.9) are estimated as strong and
not random. If these values fall
within the interval (0.5; 0.7), then
the relationship is of medium
tightness, that is, noticeable. In
other cases, the relationship is
assessed as weak and random. The
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correlation between the resultant
factor GDP and the independent
factors Azeri light and Brent is
considered to be close and direct.
The connection between GDP
and West is also not weak and
quite noticeable.

Structural residuals play an
important role in a broad analysis
of VAR, where their calculations
are required, including impulse
estimation, decomposition of the
forecast variance.

To check the stability of the
parameters included in the model
over the entire sample, you can
use the Cusum test, which, by
calculating the accumulated
sums of recursive residuals and
the accumulated sums of squares
over the residuals, builds graphs
for wvariables. If the recursive
estimates of the residuals for the
model parameters go beyond
the critical boundaries of the
95% confidence intervals, this
indicates their instability. If the
blue line does not intersect with
the red ones on the graphs,
then the model parameters are
stable and the null hypothesis
is accepted. Otherwise, the H,
hypothesis  about  parameter
instability is accepted.

The graphs shown in Fig. 9
show recursive and standardized
estimates of residuals as a result of
the CUSUM test. The analysis of
the diagram in Fig. 9 confirms the
null hypothesis about the stability
of the model parameters, since
the corresponding conditions are
met. In other words, the recursive
estimates of the residuals do
not fall outside the confidence
interval with 95% probability.
So, recursive and standardized
estimates of residuals for the
residuals of the model indicate
the stability, stability of the
developed model.

To analyze the autoregressive
model of the endogenous
variable, the inverse roots of
the characteristic equation of
the polynomial from the shift
operator are calculated, which
serves to check the stationarity
of the AR model. Using the Roots
of Characteristic Polynomial test,

—— CUSUM ----- 5% Significance

00 02 04 06 08 10 12 14 16 18 20

—— Standardized Residuals

Fig. 9. Recursive and standardized residual estimates

Puc. 9. PekypcuBHbI€e H CTAHIAPTH3UPOBAHHBIE OLEHKH 0CTATKOB

Table 5 (Tabauya 5)

The result of the test for the roots of the characteristic polynomial
Pe3syabTaT NpoBepKH KOPHEH XapaKkTepHCTHYECKOIo MOJHHOMA

Root Modulus
0.645249 - 0.141177i 0.660513
0.645249 + 0.141177i 0.660513

0.5

0.0

-0.5 4

15 :

T
15 10 05

T
0.0 05 1.0 15

Fig. 10. Plotting unit roots for GDP
Puc. 10. ITocTpoenue exnHUYHBIX KopHei 1is1 BBIT

inverse AR roots for GDP were
calculated to check the state of
stability.

The values of the roots in table
5 do not exceed one. Figure 10
shows a unit circle, which can
also be used to determine the
state of stability and stationarity
of the series. It can be seen that
no root lies outside the unit circle.
This means that the VAR for GDP
satisfies the stability condition
and the considered process is
assumed to be stationary.

For linear regression, it
is important to check the
Ramsey test, which determines
the significance of non-linear
combinations of independent
variables in the model, which
serves to explain the dependent
variable. Using this test, you
can determine the presence of
variables that are not included

in the model, the correlation
between explanatory variables
and the random component,
the incorrect functional form of
the dependencies between the
resultant and explanatory factors,
etc. These phenomena Iead
to a shift in the mathematical
expectation of the residuals of the
model.

According to the test, the
null hypothesis is accepted if
the F-statistic value is less than
the critical value and the model
specifications are accepted as
correct. If this condition is not
met, then the functional form of
the model is incorrect according
to the alternative hypothesis. The
results of the Ramsey test are
shown in Table 6. With input
parameters k; = 4, k, = 21 (in
the table of critical values for
F-statistic for k, = 22 was used)

Statistics and Economics 4 V. 20. Ne 2. 2023
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with  probabilities 0.1; 0.05;
0.01 were defined critical values
for  F-statistic,  respectively,
2.22; 2.82; 4.31 and compared
with the calculated value for
F-statistic. Since the condition
F... = 0.002273 < F,; on all
probabilities, then the hypothesis
about the acceptability of the
functional form of the model is
accepted as correct.

The White test is a procedure
for testing the random error
heteroscedasticity of a linear
regression model that does not
impose large restrictions on the
structure of heteroscedasticity.
The null hypothesis assumes
that the errors of the model are
homoscedastic, under which the
Gauss-Markov  conditions are
satisfied. The overall significance
ofthe auxiliary equation is checked
using the y* test. If nR> > 4%,
where y — is the significance level;
k — degree of freedom, then the
homoscedasticity hypothesis is
rejected. The number of degrees
of freedom k£ is equal to the
number of explanatory variables
of the auxiliary equation.

The results of the White test
are shown in Table 7, where
prob. F(14,6) = 0.4384 > 0.05. At
n = 21 Obs*R?> — coefficient of
determination is equal to 15.45691
and it is less than the value
1334(14) = 17.12. The required
condition for H, is satisfied. The
corresponding p-value is greater
than the significance level of
0.05 (0.34 > 0.05), i.e. the null
hypothesis that the random term
is homoscedastic may not be
rejected. This means that the
hypothesis of heteroscedasticity
is rejected, and according to
the White test, we conclude that
there is no heteroscedasticity in
the residuals.

Autocorrelations of residuals
is the relationship between them,
as a result of which their values
are either overestimated or
underestimated, which negatively
affects the quality of the model.
The Breusch-Godfrey  serial
correlation LM-test is used to
test serial correlation in random
errors of linear models and is

Table 6 (Tabauua 6)

Results of the Ramsey test
Pe3syabraTel Tecta Pamcu

Value df Probability
t-statistic 0.047672 15 0.9626
F-statistic 0.002273 (1, 15) 0.9626
Likelihood ratio 0.003181 1 0.9550

Table 7 (Tabauya 7)

White’s test results
Pe3syabTaThl TecTa Yaiita

F-statistic 1.195072

Prob. F(14,6) 0.4384

Obs *R-squared 15.45691

Prob. Chi-Square(14) 0.3477

based on the LM-statistic, which
is equal to nR’ Here n is the
volume of observations, R’ is
the coefficient of determination
of the model. If the value of
the LM statistics exceeds the
critical value of the distribution
sz then the autocorrelation is
considered significant and the
null hypothesis is rejected. If the
opposite condition is met, then
the autocorrelation is considered

insignificant.

The results of the
Breusch-Godfrey LM test for
autocorrelation are shown in
Table 8. At n = 21, the nR? -
determination  coefficient is

0.005004 and it is less than the
critical value y}g9(2) = 0.02.
p-value exceeds the significance
level of 0.05 (0.9975 > 0.05), i.e.
the hypothesis of the significance
of autocorrelation is rejected. The
serial correlation for the residuals
is not significant.

As a result of the Engle Granger
test and the Johansen test, it was
determined that the variables
are cointegrated and that there
are 1 cointegrating equations at
the level of 0.05, for all types
of trends. Thus, it is possible to
present the relations under study
in the form of VECM (vector
error correction model), which
expresses a long-term equilibrium
relationship between variables

[30]. At this stage of the study,
in order to avoid the formation
of a singular data matrix with a
zero determinant, the MRESID
variable was removed from the
independent  variables.  Error
correction equations for second-
order differences for the series
GDP, Azeri light, Brent, West
based on quarterly initial data
were compiled to enable the

implementation of the VEC
Estimates test.
The results of the Engle

Granger and Johansen test for
the cointegration of time series
with a lag interval from 1 to
3 showed that the best values
according to the Akaike and
Schwartz  information criteria
were -9.451096* and -9.56012%*.
Trace and Maximum Eigenvalue
tests were carried out with the
first differences of the time series
variables, where the null and
alternative hypotheses were tested
(see Table 9). For both tests,
when testing hypotheses, in cases
where the calculated values of
the statistics exceeded the critical
values, alternative hypotheses
were accepted about the presence
of one cointegration equation at a
significance level of 0.05. So, one
cointegration relation with a 95%
probability has been obtained.
The results obtained indicate a
long-term relationship and the

Table § (Tabauua 8)

Results of the Broesch-Godfrey LM test
Pe3yiabTatel LM-Tecta Bpoitma-Tondpu

F-statistic

0.001668

Prob. F(2,14)

0.9983

Obs *R-squared

0.005004

Prob. Chi-Square(2)

0.9975
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Table 9 (Tabauua 9)

Trace and Maximum Eigenvalue test results for linear deterministic trend

Pe3yJIl>TaTBI TECTA TPACCHPOBKH U MAKCHUMAJIBHOIO COOCTBEHHOr0 3HAYEHUS
IS JIAHEHHOrO JCTCPMHUHHUPOBAHHOTO TPEHOAA

Hypothesis | Alternative hypothesis | Trace Statistic | Critical Value 5% | Probability

Hy: r=0* Hy:r>0 567.1163 3.841466 0.0000

Hypothesis | Alternative hypothesis Max-FEigen Critical Value 5% | Probability
Statistic

Hy: r=0* Hy:r>0 567.1163 3.841466 0.0000

* means rejection of the hypothesis at the 0.05 level.

* 03HavaeT OTKJIOHeHUe runote3bl Ha yposHe 0,05.

authenticity of the correlation
between the time series of
variables.

When conducting the Granger
test of causation, the results
showed that there are both direct
and inverse relationships between
variables. This makes it possible to
construct error correction models
both for the dependent variable
and for all other variables [19].

A(AGDP)=0.026(AGDP(-1)
-30279.16AAzeri_light(-1)
+33113.55ABrent(-1)-
277.54AWest(-1)+30603.56)-
0.605A(AGDP(-1))-
0.299375A(AGDP(2))+368.32A
(AAzeri_light(-1))+22.8A
(AAzeri_light(-2))-
350.48 A(A(Brent(-1))
+33.07A(ABrent(-2))
+56.18A(AWest(-1))-33.17A
(AWest(-2)+267.83 %)

A(AAzeri
light) = 0.00018(AGDP(-1)
-30279.16AAzeri_light(-1)

3.37A(ABrent(-1))

+3.24A(ABrent(-
2))+0.054A(AWest(-1))+
0.76A(AWest(-2))+0.76  (7)

A(AWest)=0.00022(AGDP(-1)
-30279.16AAzeri_
light(-1)+33113.55
ABrent(-1)-2771.54
AWest(-1)+30603.56)-
0.0014A(AGDP(-1))-
0.00083A(AGDP(-2))
+3.9A(AAzeri_light(-1))
-2.75A(AAzeri_light(-2))
-3.8A(ABrent(-1))
+2.78A(ABrent(-2))
+0.15A(AWest(-1))-0.23
A(AWest(-2))+0.8 (8)

The presented vector model
of error correction makes it
possible to analyze and predict

the dynamics of the Azerbaijani
economy within the framework of
world oil prices.

VAR Residual Normality Tests
(test about the normal distribution
of residuals) checks whether the
distribution is normal. The null
hypothesis for the test indicates
a normal distribution of the
residuals. The test results are
presented in Table 10.

From the results in Table
10 it can be seen that in the
distribution of residuals, the
asymmetry for all components is
close to zero, which means that
the observed asymmetry of the
residuals is insignificant, minimal.
The kurtosis slightly exceeds the
value of 3, that is, the peaked
distribution is also insignificant.
For both characteristics, the
distribution can be considered
normal. According to the Jarque-
Bera test, the distribution is
also  normal. JB=36.09779,
with prob.= 0.5327>0.05, which
indicates the normal distribution
of the residuals. The hypothesis
of a normal distribution of model
residuals was accepted.

The impulse response
functions characterize the time of
return of the endogenous variable
to the equilibrium trajectory
under a single shock of the

Table 10 (Tabauya 10)

Table 10. Results of the test about the normal distribution of residuals

Ta6mmma 10. Pe3yabTaThl TECTa HA HOPMAJIbHOE pacnpeneieHne OCTATKOB

+33113.55ABrent(-1)- Com - —
)ponent Skewness Chi-sq degree of freedom probability
2771.54AWest(-1)+30603.56)- 1 0.006312 0.000571 I 0.9809
0.00102A(AGDP(-1))- 2 -0.131035 0.246105 1 0.6198
0'00068A(A,G[,)P(2))+3‘26A 3 0.102521 0.150651 1 0.6979
(AAzeri_light(-1))- 4 -0.607311 5286520 1 0.0815
3.3622A(AAzeri_light(-2)) Joint 5.683846 4 0.2240
+-33 3324 18 13 AA(AAB]? rentt(-zl ) 4 Component Kurtosis Chi-sq degree of freedom probability
0034A ((AWretrz (1')))) 1 3.898909 2.895466 1 0.0888
: esti-1))- 2 5.405499 20.73470 1 0.0855
0.147913A(AWest (-2))+0.77 (6) 3 3.671168 1614169 1 0.2039
4 4201117 5.169611 1 0.0730
A(ABrent)=0.00017(AGDP(-1) Joint 30.41394 4 0.3401
-30279. 16AAzer1_11ght(- D Component Jarque-Bera degree of freedom probability
+33113.55ABrent(-1)-2771.54 ] 3 896037 5 02350
AWest(-1)+30603.56)- : 26 98080 5 0‘3355
0.001019A(AGDP(-1)) 3 | 7.64821 5 0.4138
-0.00072A(AGDP(-2)) 4 1045613 2 0.0547
+3.55A(AAzeri_light(-1)) . 6. :
-3.25A(AAzeri_light(-2))- Joint 36.09779 8 0.5327
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exogenous variable. The response
responses of the impulse function
characterize the median estimate
with a 90% confidence interval
of the endogenous variable to
the standard deviation of the
exogenous variable. As a result
of the evaluation of the VECM
model, we obtained the functions
of impulse responses to structural
shocks. So, the graphs of the
responses of the considered series
built on EViews 10 for a 10-
year time period are shown in
Figure 11. As can be seen from
the graphs of the response of
impulse functions of variables to
structural shocks, they cover the
first 3 years of a 10-year period,
with a further gradual transition
to a stable period. Also, Figure
12 shows graphs for the reactions
of variables to innovations, and
Figure 13 shows the reactions
of impulse response functions
of variables individually. These
charts show similar responses
of impulse functions except for
the responses of Brent impulse
functions to shocks from GDP,
Azeri_light, West, which cover a
longer period of 4-5 years in a
10-year period. An analysis of the
tabulated values of the response
of impulse functions of variables
to structural shocks presented
in Table 11 confirms the above
conclusions.

To determine the
of exogenous
the endogenous variable,
the econometric method of
decomposition of forecast error
variances was also applied.
This method determines the
contribution of the change in the
considered variable to its variance
of forecast errors and the variance
of other variables. The test was
carried out for the next 10 years.
The results of the verification of
the relevant tests are shown in
Table 12.

The results in Table 12 show
that in the annual GDP forecast,
the largest errors are in the
GDP, Azeri light, Brent and West
shocks, respectively, at 86% in
the second year, 20.3% in the
tenth year, 9.8% in the ninth

influence
variables on

20,000

16,000 T
12,000
8,000

4,000 4

4,000

-8,000

Ominux Brent

1‘2‘3‘4‘5‘6‘7'5‘9‘10
Omunux West Texas Intermediate

Fig. 11. Reactions of impulse response functions

Puc. 11. Peakuuu ¢pyHKUMI MMIYJIbCHOTO OTKJINKA

Response of GDP to Innovations

Response of AZERI_LIGHT to Innovations

GDP
BRENT

AZERI_LIGHT
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Response of BRENT to Innovations
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|

Response of WEST to Innovations
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GDP
BRENT

AZERI_LIGHT
WEST

Fig. 12. Responses of variables to innovation

Pucy. 12. Peakuust nepeMeHHbIX HA HHHOBAaLIMH

year and 11.08% for the tenth
year; for Azeri light these values
are in the respective order 22.3%
for the first year, 79.9% for the
second year, 15.13% for the ninth
year, 8.99% for the tenth year; for
Brent, respectively, 22.1% for the
first year, 79.7% for the second
year, 15.4% for the ninth year
and 8.86% for the tenth year; for
West, respectively, 25.7% for the
first year, 74.6% for the second
year, 19.27% for the eighth year
and 7.15% for the first year. The
results of the analysis show that
the greatest uncertainty in the
forecast for GDP, Azeri light,
Brent and West is given by their

own changes during the first
trimester of the period under
review.

Conclusions

According to the results
of the study devoted to the
construction of a vector model
for error correction, the following
conclusions can be drawn:

- The constructed model is quite
adequate, demonstrates stationarity
for time series for both endogenous
and exogenous variables, and can
be used to determine forecast
values of GDP both in the short
term and in the long term,;
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Table 11 (Tabauya 11)

Response values of impulse response functions of variables in individual order. Response of GDP
3HaveHus peakuuii pyHKuMiI MMITYJbCHOTO OTKJIMKA NMEPeMEHHbIX B MHAMBUAYAJIbHOM nopsanke. Peakuus BBII

Period GDP Azeri_light Brent West
1 1601.757 0.000000 0.000000 0.000000
2 1082.972 748.7850 215.8003 21.14351
3 1245.389 663.5198 374.7529 -263.0360
4 1135.223 751.0387 562.5039 -384.7947
5 1086.088 704.9781 585.3035 -477.8916
6 992.4868 682.4451 562.1951 -540.7227
7 919.0981 643.0173 506.0328 -583.8947
8 849.9804 612.4495 447.2353 -603.4631
9 793.6230 584.0202 393.2147 -605.5368
10 745.6509 560.4645 350.0791 -594.6483

Response of Azeri_light

Period GDP Azeri_light Brent West
1 4.688542 8.759332 0.000000 0.000000
2 4.555509 10.23990 1.141442 -1.261373
3 5.118996 9.282723 3.813678 -2.540903
4 4.852163 8.041928 5.179456 -2.830709
5 4.278502 6.636689 5.188674 -2.994585
6 3.599932 5.399687 4.560590 -3.142687
7 3.007089 4.367038 3.694193 -3.199349
8 2.530941 3.565660 2.838273 -3.130662
9 2.182655 2.962164 2.114631 -2.959465
10 1.940680 2.519814 1.568056 -2.723135

Response of Brent

Period GDP Azeri_light Brent West
1 4.692027 8.797974 0.507269 0.000000
2 4.508444 10.14590 1.409810 -1.157245
3 4.982358 9.165276 3.913333 -2.461722
4 4.701179 7.899264 5.174092 -2.782250
5 4.120872 6.497934 5.127036 -2.948699
6 3.450418 5.268465 4.470623 -3.089352
7 2.868926 4.248602 3.598068 -3.135857
8 2.406218 3.459594 2.748051 -3.058609
9 2.070230 2.867423 2.035928 -2.881784
10 1.838811 2.434322 1.501853 -2.643104

Response of West

Period GDP Azeri_light Brent West
1 4.861297 7.856381 0.257976 2.565969
2 4.162328 9.441776 1.590181 1.155655
3 4.661874 8.328819 4.240741 -0.715871
4 4.221017 7.100060 5.466879 -1.424341
5 3.558137 5.678466 5.244684 -1.896281
6 2.816507 4.471999 4.419610 -2.251627
7 2.209924 3.483271 3.408855 -2.441646
8 1.746843 2.742530 2.469097 -2.453650
9 1.431444 2.204033 1.710193 -2.332216
10 1.231158 1.826606 1.163504 -2.129252
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Table 12 (Tabauya 12)
Values of decompositions of variables in individual order. Variance Decomposition of GDP

3navenus JCKOMIO3UIIMHA TMEPEMEHHBIX B HHAUMBUAYAJbHOM NMOPSAIKE. I[ncnepcnomlaﬂ JCKOMITIO3UIUA BBII

Period St.error GDP Azeri_light Brent West
1 1601.757 100.0000 0.000000 0.000000 0.000000
2 2084.742 86.01760 12.90059 1.071518 0.010286
3 2558.716 80.79156 15.28842 2.856402 1.063612
4 2977.297 74.20981 17.65506 5.679189 2.455942
5 3333.442 69.81532 18.55670 7.613505 4.014478
6 3629.193 66.37891 19.19151 8.822866 5.606719
7 3876.372 63.80521 19.57369 9.437697 7.183401
8 4085.096 61.78091 19.87228 9.696498 8.650308
9 4263.827 60.17442 20.11729 9.751095 9.957191
10 4418.879 58.87301 20.33897 9.706430 11.08159

Variance Decomposition of Azeri_light

Period St.error GDP Azeri_light Brent West
1 9.935206 22.27009 77.72991 0.000000 0.000000
2 15.07350 18.80858 79.91773 0.573428 0.700259
3 18.98905 19.11877 74.25468 4.394823 2.231727
4 21.99181 19.12223 68.73362 8.823467 3.320687
5 24.12221 19.03969 64.69859 11.96055 4.301173
6 25.58657 18.90225 61.95852 13.80769 5.331549
7 26.58324 18.79103 60.09835 14.72290 6.387718
8 27.26986 18.71807 58.81974 15.07412 7.388073
9 27.75633 18.68606 57.91494 15.13078 8.268218
10 28.11412 18.68997 57.25354 15.05919 8.997294

Variance Decomposition of Brent

Period St.error GDP Azeri_light Brent West
1 9.983826 22.08650 77.65534 0.258157 0.000000
2 15.04224 18.71278 79.70322 0.992132 0.591870
3 18.88039 18.84176 74.15670 4.925827 2.075717
4 21.80552 18.77387 68.71869 9.323254 3.184188
5 23.86770 18.65085 64.76897 12.39615 4.184029
6 25.27567 18.49438 62.09879 14.18203 5.224799
7 26.22824 18.37187 60.29398 15.05251 6.281644
8 26.88096 18.29176 59.05780 15.37548 7.274954
9 27.34125 18.25439 58.18597 15.41664 8.143000
10 27.67838 18.25378 57.55069 15.33779 8.857741

Variance Decomposition of West

Period St.error GDP Azeri_light Brent West
1 9.591959 25.68559 67.08578 0.072334 7.156295
2 14.22470 20.24156 74.56181 1.282594 3.914035
3 17.66184 20.09685 70.60288 6.597124 2.703145
4 20.29985 19.53661 65.67834 12.24650 2.538549
5 22.09280 19.08812 62.05694 15.97498 2.879957
6 23.25137 18.70059 59.72587 18.03567 3.537872
7 23.98385 18.42480 58.24275 18.97098 4.361475
8 24.45230 18.23596 57.29049 19.27068 5.202864
9 24.76258 18.11597 56.65595 19.26774 5.960337
10 24.97850 18.04708 56.21548 19.15306 6.584385
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- The vector model of error

corrections  (5-8)  developed
during the study can be considered
statistically  significant.  This

justifies the positive results of a
large number of hypotheses and
graphical analysis tests;

- The constructed vector
model of error correction
makes it possible to quantify
the characteristics of the studied
indicators, the links between
them in the short and long
term, to evaluate the prospective
dynamics of the indicators;

- The long-term equilibrium
relationship between variables can

from shock reactions, stability is
restored. The constructed models
make it possible to measure both
deviations from the equilibrium
state and the rate of equilibrium
restoration. Analysis of graphs
and tabular values showed that
the reactions of impulse functions
of variables to structural shocks
cover the first 1-3 years of a 10-
year period, with a further gradual
transition to a stable period;

- The method of decomposition
of forecast error variances
was applied to determine the
influence of exogenous variables
on the endogenous variable. The

in the forecast for GDP, Azeri
light, Brent and West is given
by their own changes during the
first trimester of the period under
review;

-  The results obtained
can be useful for identifying

real trends in Azerbaijan’s
GDP and determining its
interdependencies with other

macroeconomic variables, for
determining its interdependen-
cies with variations in energy
prices based on an analysis of the
dynamics of the indicators under
consideration, for developing
recommendations and forming

be considered stable, since after

a violation in short-term periods that the
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