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Ileav uccaedosanus. Llenvio 0dannoeo uccredoéanus a6asemces aHaIU3
npumenumocmu s¢pghekma J-xkpueoi u ycaosue Mapwanira—Jlepuepa
6 9KOHOMUKe A3epbatioycana, a makaice OUeHKA 6AUSHUS USMEHeHUT
00MeHH020 Kypca Ha mopeosbiil bararc. Hccaedosanue HanpasieHo
Ha 8blAGAEHUe YYECMEUMENbHOCMU IKCNOPMA U UMNOPMA K obecye-
HEHUI HAUUOHANLHOU 8ANHOMbL U ONpedeneHUe Mo20, CNOCOOCmEYem
AU 0e6anNb6aUUsA YAYHUIEHUID MOPe068020 0aNaHCA KAK 6 SKOHOMUKe
6 UeaoM, MaK u 8 He@pMAHOM ceKmope.

Mamepuaavt u memoowt. Hccaedosanue ocnoeano Ha 20008bx OaH-
HbIX 3a nepuod 1997—2024 ze. u keapmanvbHbix OAHHBIX NO HEPMAHO-
my cekmopy 3a 2005—2024 ce. B kauecmee oguyuanvrsix cmamu-
CIMUMeCKUX UCIMOYHUKO8 UChO0Ab308aHbl Oannble Tocydapcmeentoeo
Komumema cmamucmuku u Llenmpanvnoeo 6anka Asepoaiioncana.
B pa6ome npumenensl Koauuecmeentvie u SKOHOMemMpuUecKue mMemo-
Obl, 6KAKUAS MHONCECTBEHHDIT PeePeCCUOHHbI AHAAU3, MEeCMUpPo-
6aHUe CMAUUOHAPHOCMU ¢ Ucnoab3oeanuem mecma uxu—Pyanepa,
6eKMOPHOe ABMOpeePecCUOHHOe MOOeAUPOBaHUe, 6eKMOPHAs MOOenb
Koppekyuu owuook, aHaiu3 KOUHmMeepayuu, GYHKYuU UmMnyascHoeo
omKauka u mecmupoganue npudunHocmu. OueHka napamempos
npoeoounace memooom HauMeHbUWUX K8aopamos. Jlantblii Memooo-
J02utecKull n00X00 no36045em aHaAU3UPOBAMb KaK KPAMKOCPOUHYIO
OUHAMUKY, Mak u 00420CPOUHbIE PABHOBECHbIE 83AUMOCEA3U MENCOY
MAKPOIKOHOMUUECKUMU NePEeMEHHbIMU.

Pezyavmamot. Dmnupuueckue pesyrbmamsl NOKA3bI8AIOM, YMO
yeaosue Mapwanna—Jlepnepa He 6vinoaHaemcs 04A IKOHOMUKU
Azepbaiioxcana 6 yeaom, NOCKOAbKY CyMMA 31acMU4HOCmell cnpoca
Ha 3KCHOPM U UMNOPM 0CMaémces Hudce eQunuybl. B pezyavmame
0eganbeayusa HAUUOHANLHOU 6ANIOMbL He NPUEOOUM K YAyHuie-

HUI0 Mope0o2o bairanca, u Kaaccuueckui sghgpexm J-kpueoii Ha
aepeeupoganHom yposHe He Habatodaemcsa. OOHAKO 6 HehmaAHOM
cexkmope evisgnena unas kapmuna. OOHapydcena ycmouuueas
00420CPOHHAA 63AUMOCEA3L MedcOy IKCHOPMOM Hedmu, 6aN08bIM
GHYMPEHHUM NPOOYKIMOM HeymAHO020 CeKmopa, UeHamu Ha Hegmbp u
00MeHHbIM KYpcoM. AHanu3 nodmeepicoaem Haauvue Kounmepayuu
u 08ycmopoHHell NPUYUHHO-CAeOCMBEHHOU CEA3U Mecdy ISMmumu
nepemenuvimu. B dannom cexmope ycaosue Mapwannra—Jlepuepa
8bINOAHsIEMCA, a4 Ppekm J-Kpugoi uacmu4Ho nposeasiemcs 60
BpeMeHU, 4mo ceudemeabcmeyem 0 NOA0NHCUMENbHOM GAUAHUU
0e6anvéauuy Ha yayduienue mopeogoco 6aiaHca 8 00420CPOUHOU
nepcnekmuee.

3axarouenue. [lonyuenHvie pe3yabmamol NOKA3bI6AOM, YMO 3¢P-
pexmuenocms 0e6arveayuu 8 YAyuuleHuu mopeogoco Ganranca
A3sepbaiioncana 3asucum om cmpyKmypsl SKOHOMUKU. B mo eépems
Kak HeHegymaAHOU ceKxmop 0eMOHCMpUpyem HU3KyIo 4yecmeumens-
HOCMb K U3MEHeHUAM 00MEHHO20 Kypca, He(hmaHoU cekmop uepaem
OOMUHUPYIOULYIO PONb 8 NPOUECCAX GHEUHEIKOHOMUHECKOL adanma-
yuu. B ceasu ¢ smum kawueebimu HAnpaeAeHUAMY 3KOHOMUHECKOU
noaumuku seasa10mesa ousepcupuKayus HeHepmaHo2o0 dKcnopma,
yeeauuerue npou3eo0cmeeHH020 NOMEHYUANA U CHUNICCHUE 3A6UCU-
MOCmU Om UMNOPMA, YMO NO360AUM HOBbICUMb dPPEKMUBHOCHb
BANOMHOU NOAUMUKU U 00eChedumb 00120CPOUHYIO IKOHOMUHECKYIO
YCMOUMU80Cb.

Karwueevte caosa: Azepoaiioxcan, sgpgpexm J-kpueoii, ycirosue

Mapwanna-Jlepuepa, obmennsiii Kypc, mopeossiil barauc, Heghms-
HOII ceKmop, 3KCnopm, UMnOpM, SKOHOMUHECKAsA OUBepCUPUKauys.

Elvin Alirzayev', Sara Huseynova?

" Academy of State Customs Committee of the Republic of Azerbaijan, Baku, Azerbaijan

2Baku State University, Baku, Azerbaijan

Empirical Evidence of J-Curve Effect and
Marshall Lerner Condition: Case of Azerbaijan

Purpose of researsh. The purpose of this study is to analyze the
applicability of the J-curve effect and the Marshall—Lerner condition
in the economy of Azerbaijan and to evaluate the impact of exchange
rate changes on the trade balance. The research focuses on identifying
the responsiveness of exports and imports to currency depreciation
and determining whether devaluation contributes to the improvement
of the trade balance in both the overall economy and the oil sector.
Materials and methods. The study is based on annual data for the
period 1997—2024 and quarterly data for the oil sector covering
2005 to 2024. Official statistical sources include the State Statistical
Committee and the Central Bank of Azerbaijan. The research
applies quantitative and econometric methods, including multiple
regression analysis, stationarity testing using the Dickey—Fuller test,
vector autoregressive modeling, vector error correction modeling,
cointegration analysis, impulse response functions, and causality
testing. The estimation of parameters is conducted using the least
squares method. This methodological framework allows for the
analysis of both short-term dynamics and long-term equilibrium
relationships between macroeconomic variables.

Results. The empirical findings indicate that the Marshall—Lerner
condition is not satisfied for the overall economy of Azerbaijan, as the
sum of export and import demand elasticities remains below unity. As a

result, currency depreciation does not improve the trade balance and the
classical J-curve effect is not observed at the aggregate level. However,
in the oil sector, the results reveal a different pattern. A stable long-
term relationship exists between oil exports, oil gross domestic product,
oil prices, and the exchange rate. The analysis confirms the presence
of cointegration and bidirectional causality among these variables. In
this sector, the Marshall—Lerner condition is satisfied and the J-curve
effect is partially observed over time, indicating that exchange rate
depreciation contributes to improving the trade balance in the long run.
Conclusion. The results demonstrate that the effectiveness of
currency depreciation in improving the trade balance in Azerbaijan
depends on the structure of the economy. While the non-oil sector
shows weak responsiveness to exchange rate changes, the oil sector
plays a dominant role in external adjustment processes. Therefore,
strengthening non-oil export diversification, increasing production
capacity, and reducing import dependence are essential for enhancing
the overall effectiveness of exchange rate policy and ensuring long-
term economic stability.

Keywords: Azerbaijan, J-curve effect, Marshall—Lerner condition,
exchange rate, trade balance, oil sector, exports, imports, economic
diversification.
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Introduction

Trade among countries historically has been in-
fluenced by various factors. Besides, the dynam-
ics and structure of countries’ exports and imports
always received the attention of the relevant gov-
ernments, which regularly try to achieve beneficial
changes in indicators by stimulating development of
national exports.

The Marshall-Lerner condition states that the
sum of the price elasticities of demand for exports
and imports must exceed one for currency devalu-
ation to improve the trade balance in the long run.
If this condition is satisfied, the trade balance in
the long run will improve due to a depreciation in
the exchange rate: exports will be cheaper and im-
ports more expensive. With elasticities less than one,
however, a devaluation may worsen the trade bal-
ance initially.

The J-Curve Hypothesis develops the Marshall-
Lerner Condition by providing a more dynamic
explanation of how exchange rate changes impact
trade balances over time. Currency devaluation
worsens the trade balance initially and then
improves it, giving the curve a resemblance to the
letter J, hence the phenomenon of the J-Curve [2].
In the short term, the trade balance (net exports)
worsens because imports become expensive right
after devaluation and exports don’t rise immediately
as contracts are fixed, and production levels cannot
instantly increase. So, after this initial drop, exports
start to increase as foreign buyers realize the
products now have cheaper prices. Simultaneously,
imports decrease because foreign products are more
expensive for domestic consumers. Eventually
as exports rise and imports fall, the net exports
improve, moving upward on the graph which is
seen as J-curve by mid-term period. The J-Curve
explains this dynamic adjustment of trade balance
(net exports) after a currency devaluation.

Krugman and Obstfeld (2008) describe the
J-Curve phenomenon by arguing that following the
devaluation of a currency, the values of exports and
imports are still determined by past contracts based
on the old exchange rate, which causes the cost of
imports to rise in terms of domestic goods. Over
time, as prices and trade quantities adjust to the new
exchange rate, the trade balance would be improved
and even exceed the pre-depreciation level in a long
run [8].

J curve and the Marshall Lerner condition,
which are key concepts in international trade
and foreign exchange dynamics, tries to explain
the effects of exchange rate changes on the trade
balance, specifically when a country’s currency is
depreciated. Countries with less-diversified economy
and regulated exchange rate, including Azerbaijan,
could be drawn outlook about the general economy
through the results of application of the J curve
and the Marshall Lerner condition on exports.

Therefore, the Marshall-Lerner coefficient will
know what effects devaluation will have on exports
and graphically determine what effects it will have
through the J curve.

The research provides mathematical expressions
for the application of the J curve in the export of
Azerbaijan, as well as whether the Marshall-Lerner
guarantee is allowed for the economy of Azerbaijan,
creates a relationship between the J effect with this
coefficient, the use of the J curve and the Marshall-
Lerner contract in Azerbaijan, which have effects on
the product.

Due to the weak export diversification of
Azerbaijan’s economy, exports are still dependent
on oil prices. After the devaluation of 2015, what are
the effects of the J curve and the Marshall-Lerner
condition on exports, and if such a case happens
again, to what extent will the Azerbaijani economy
be resistant to it, i.e., are the possibilities of applying
the J curve and the Marshall-Lerner condition
currently being paid for the economy of Azerbaijan,
this the results in this direction will be found in the
research.

Literature Review

Recent studies on effects on the Balance of
Trade through the J curve and the Marshall-Lerner
condition reveal ambiguous findings especially for
oil exporting and developing countries.

Rose (1990, 1991) and Ostry and Rose (1992)
found that exchange rate devaluation does not
have a real effect on the trade balance. In contrast,
Marquez and McNeilli (1988) and Reinhart (1995)
found that devaluation improves the trade balance
[11,14,17,18,19].

Karagor and Gergeker (2012), analyzed the
cause-and-effect relationship between the real
exchange rate and foreign trade in Turkey and
found existence of such relationship but only in the
short-term period. Tokarick (2010) calculated the
elasticities of demand and exports required for a
high profit company. As a methodology, a standard
general equilibrium model from international trade
theory was used [7,22].

Aliyev, Gasimov and Adigozelov (2014) analyzed
Azerbaijan’s trade operations with 37 countries in
the export sector and 29 countries in the import
sector for the period 2001—2012. The results indicate
that increased demand in export markets can
significantly boost the country’s exports. However,
a noticeable appreciation of the manat (local
currency), reflected in increases in the real bilateral
and effective exchange rates, acts as a constraint
on exports and has a limited restrictive effect on
imports. For capital goods exports, growth is strongly
positively influenced by both rising foreign demand
and exchange rate appreciation. Import indicators,
both in total and by product category, are elastic
to domestic demand, meaning that increasing
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domestic demand leads to higher imports. Jamilov
(2011) investigated the general and non-oil trade
balance between Azerbaijan and European countries
and found that although the sharp real exchange
rate has a negative effect on the trade balance in
the short term, it has a positive effect on the trade
balance due to the growth of exports in the long
term [1,5].

Parray et al. (2023) examined BRICS countries
(Brazil, Russia, India, China, and South Africa) in
the period of 2000-2020 and found no evidence of
the J-curve phenomenon. They tested both nominal
and real effective exchange rates, where depreciation
had insignificant effects on improving the trade
balance, which contradicts the J-curve hypothesis.
Study highlighted that currency appreciations are
more impactful in worsening trade balances, whereas
depreciations do not yield the expected improvement.
This study suggests that to achieve a favorable trade
balance countries should improve both the price
and quality of their exports and strengthen domestic
production capabilities to reduce reliance on foreign
products. A partial J-Curve has been observed for
Russia due to its exports on non-oil products (e.g.,
metals, agriculture) respond more effectively to
currency devaluation. Since these countries have
export-led structure with Russia more focused on
oil products, diversifying export baskets could be
critical for long-term trade balance stability and
resilience against exchange rate fluctuations [16].

Miles (1979) examining 14 countries between
1956 and 1972, argued that devaluations didn’t
improve the trade balance due to several factors.
He suggested that the Marshall-Lerner condition
might not be satisfied, meaning trade volumes were
inelastic to price changes caused by devaluation.
Besides, structural and institutional rigidities, such
as reliance on essential imports and limited export
diversification, and cost-push inflation from higher
imported material prices due to devaluation. The
short-term J-curve effect, where trade balances
worsen before improving, may also have skewed
results. Finally, the use of aggregated annual data
likely masked country-specific nuances and time-
specific impacts, resulting in the conclusion that
devaluations do not effectively enhance trade
balances [12].

Kulkarni (1996) found that Egypt (1988-94 years)
and Ghana (1993-89 years) exhibit the J-Curve
effect, where the trade balance initially deteriorates
following a currency devaluation before improving
over time [9].

Global demand for oil tends to be relatively
inelastic in the short term; consumers and industries
cannot quickly reduce oil consumption despite price
changes. Consequently, a devaluation that makes oil
exports cheaper may not significantly boost export
volumes immediately. immediate rise in import
costs can worsen the trade balance shortly after
devaluation. Many oil-exporting countries peg their

currencies to the US dollar, the primary currency
for oil transactions. Devaluing a currency pegged
to the dollar can have complex effects, potentially
impacting oil revenues and economic stability.

Mahmood et al (2017) examining the impact of
exchange rates and oil prices for 1970-2015 years on
Saudi oil exports found that world income positively
influences Saudi oil exports, while the exchange
rate’s effect was insignificant in a linear analysis.
They also found that appreciation of riyal worsened
the trade balance but a devaluation improved trade
balance in short run but not in long run. Their
finding suggests maintaining fixed pegged exchange
rate for longer time rather than devaluating [10].

Yousefi and Wirjanto (2003) examined the effects
of changes in the exchange rate of the US dollar
on the trade balances of Iran, Venezuela and Saudi
Arabia as main oil-exporting countries. The study
found that changes in the US dollar exchange rate
affect their trade balances. The study also indicated
that while these three countries raise the price of
their primary export (crude oil) in response to a
depreciation of the dollar, Saudi Arabia’s long-run
pricing strategy in securing a larger market share
stands in contrast to that of the two other OPEC
members. The sum of the estimated long-run price
elasticities of demand for imports and exports is
found to exceed unity for Iran and Venezuela, but
less than unity for Saudi Arabia [24].

Due to inelastic nature of oil demand, the
immediate increase in import costs, and the
complexities of currency pegs contribute to this
unique pattern. Therefore, in oil-exporting countries,
the J-Curve effect may be less pronounced or follow
a different trajectory compared to more diversified
economies.

As known, crude oil is typically traded in US
dollars in international markets and when a country
devalues its currency, its export revenues in US
dollars remain unchanged unless it increases export
volumes, which is unlikely in the short run in oil
export case. However, converting those US dollar
revenues into local currency it takes pressure from
local currency value. Besides, as many oil-exporting
countries heavily rely on imports for consumer
goods, machinery, and technology this will lead to
rise in import bills, worsening the trade balance in
the short term.

Studies have shown that Nigeria’s trade balance
does not exhibit a clear J-Curve after devaluation
due to the dominance of crude oil exports and
a high dependence on imports. Johnson and
Onakoya (2018) investigated the J-curve effect
from 1981 to 2016 in Nigeria and found no clear
evidence of the J-curve phenomenon as they link
such result with the country’s heavy reliance on
oil exports and the lack of export diversification.
Bawa et al. (2018) employed the ARDL bounds
testing approach to examine the J-Curve effect for
1994-2018 time period in Nigeria concluded that
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J-curve phenomenon does not hold in Nigeria
for that time period. Ogbonna and Ichoku (2022)
analyzed the impact of oil prices and exchange rate
fluctuations on Nigeria’s trade balance. The study
found evidence of the J-Curve effect in Nigeria’s
trade with the United Kingdom, where devaluation
initially led to a deterioration of the trade balance,
followed by improvement. However, this effect was
not consistently observed in trade with other major
partners, indicating that the J-Curve phenomenon
in Nigeria may be partner-specific [3,6,13].

Ozsahin (2017) examined Turkey’s trade relations
with 20 countries that account for 70% of its total
imports and 60% of its total exports. The study
found that, for 10 of these 20 countries, the bilateral
real exchange rate had a statistically significant
negative effect on the bilateral trade balance. This
negative relationship indicates that between 1995
and 2015, a depreciation of the Turkish Lira against
the currencies of its trade partners improved the
trade balance with those countries, confirming the
J-curve effect for these cases [15].

Sukar (1998) examined the short-term and
long-term relationships between the real effective
exchange rate and exports in the US economy.
He found cointegration relationships between
the variables with statistically significant results,
showing that export elasticity with respect to foreign
demand is positive, while it is negative with respect
to the real effective exchange rate. However, the
relationship between the real effective exchange rate
and export levels is not statistically significant in the
short term. Wu (2020), in a study on US—China
trade, found that although there was no short-term
J-curve effect, a devaluation of the Chinese yuan
had a long-term positive impact on the trade balance
with the United States. At the same time, the effect
of US GDP on the trade balance with China was
stronger than that of China’s GDP. Based on these
findings, the author recommends maintaining stable
China—US relations and exchange rate stability
to ensure a favorable long-term trade balance and
economic growth [21,23].

Methodology

This study utilizes quarterly data from January
2005 to September 2024 to estimate the internal
demand elasticity of imported goods and the
external demand elasticity of exports in the Republic
of Azerbaijan, while assessing the Marshall-Lerner
condition and illustrating the J-curve effect on
exports.

Although the J-curve hypothesis provides a
dynamic description of how the trade balance
responds to exchange rate depreciation, identifying
its pattern alone is insufficient for rigorous empirical
validation. A multiple regression model is necessary
to quantify the magnitude and statistical significance
of exchange rate effects while controlling for other

macroeconomic determinants. Moreover, the
Marshall—Lerner condition requires the estimation
of export and import demand elasticities, which can
only be obtained through econometric modeling.
By applying a multiple regression framework, the
analysis moves beyond descriptive observation
and enables formal hypothesis testing, elasticity
measurement, and distinction between short-run
and long-run dynamics, thereby providing a more
robust basis for policy conclusions.

A multivariate linear regression model was
initially estimated to explore the relationships
among the variables, and its statistical significance
was evaluated through standard tests. Stationarity of
the time series was assessed using the Augmented
Dickey-Fuller (ADF) test. To analyze dynamic
interactions and the effects of shocks, a Vector
Autoregressive (VAR) model was estimated,
with impulse response functions and variance
decomposition employed to interpret the propagation
of shocks over time. Upon confirming stationarity
at the same order and determining the optimal lag
length, cointegration analysis was conducted to
identify long-run equilibrium relationships among
the variables. Following contemporary econometric
practice, a Vector Error Correction Model (VECM)
was applied to capture both short-term dynamics
and long-term relationships for cointegrated
series, while Granger causality tests were used to
determine directional causality among stationary
variables. Notably, differencing of stationary series
in a VECM eliminates long-run information;
therefore, cointegration testing was performed prior
to differencing to preserve long-term dynamics.

This methodological framework enables a robust
assessment of both short-run adjustments and long-
term equilibrium relationships in Azerbaijan’s import
and export demand, providing rigorous insights for
policy and economic analysis.

Empirical Results and Discussion
of the Findings

The main purpose of Multiple regression analyses
is consist of relationship of economic indicators and
examine its effect. The study used 27 annual years
data which was obtained from the State Customs
Committee and the Central Bank of Azerbaijan
[20]. Instrumental analyses of research were used by
Eviews 12 software program. The general formulation
of the export function is shown as below:

InExport, = By + B InGDP, + prln EXchangerate, + “t (1)

Where, In Export, is export of Azerbaijan republic,
InGDP, is Gross Domestic Product of Azerbaijan
Republic, InEXchangerate, is exchange rate dollar
to manat, 7 is time index, B/s coefficients to be
estimated and ‘¢ is error term.

And

Inlmport, = B, + BInGDP, + pInExchangerate, + “t (2)
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Puc. 1. Onucannsa JMHAMHYECKHX JAHHBIX
Fig. 1. Dynamic data descriptions

Where, In/mport, is import of Azerbaijan republic,
InGDP, is Gross Domestic Product of Azerbaijan
republic, InEXchangerate, is exchange rate dollar to
manat,t is time index, f,’s coefficients to be estimated
and “f is error term. The research uses annual data
from 1997 to 2023. Dynamic descriptions of the
given data from [3] are shown in Figure 1.

The empirical part started with the creation of
a multiple regression model. Multiple regression
model coefficients estimated by the Least Squares
Method and implemented in Eviews 12 software
program.

LNEXPORT = 1.57737967997*LN_GDP +
+0.103920308411*LN_EXCHANGRATE +
+ 3.80052031358¢-05*LN_RESIDUALS —

— 18.0634238916 )

LNIMPORT = 1.05772883877*LN_GDP +
+ 0.0647259440072*LN_EXCHANGRATE —
— 6.03395498029¢-06*LN_RESIDUALS —
— 9.6473406933 @)

The Marshall-Lerner condition is expressed as
the sum of the internal demand elasticity of imported
goods (e,) and the external demand elasticity of
exported goods (e,) equal to or greater than 1.
According to the Marshall Lerner condition, the
following conditions must be met for devaluation

to have a positive effect on the country’s economy,
mainly on exports:
ex +em>1 (&)

According to the model we evaluated, the
condition 0.10+0.06 > 1 is not satisfied, which means
that devaluation reduces foreign exchange reserves
and has a negative effect on the country’s economy.
Revenues from the increased volume of export goods
due to the depreciation of export goods are less than
the increase in the price of imported goods, which
has a negative effect on the trade balance.

If the Marshall-Lerner condition is not satisfied,
the J effect on exports has a weak effect, that is,
when there is a devaluation, exports are expected
to decrease first, and then to have a rapid increase.

When we look at the period of Azerbaijan’s
devaluation, it seems that there was a decrease in
exports, but the growth was very small, and the full
formation of the J curve did not take place. When
the Marshall-Lerner ratio is less than 1, exports and
balance of payments have strong effects on the J
curve. This means that the increase in the price of
domestic goods was more than the increase in the
price of export goods.

According to the J-curve in Figure 2, between
2015 and 2016, trade should have gone negative,
then increased to positive, but there was a certain
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Hcmoynuk: aBTopcKasi paboTa Ha OCHOBE JAaHHBIX [3]
Source: Author’s work based on data [3]

decrease in exports, it could not decrease to negative,
and at the same time, the growth in 2016-2017 was
very weak. Thus, it is concluded that the J effect is
not visible in Azerbaijan’s foreign trade.

Furthermore, the existence of the J-curve
effect was examined, and an empirical study was
conducted to identify it in macroeconomic statistics
for Azerbaijan. Based on quarterly data for the period
from January 2005 to September 2024. Multiple
regression model was estimated to study export
of oil sector responses to GDP of oil, currency
devaluation and oil price in the short and long run
relation. To test the hypothesis of the presence of a
J-curve effect for the trade balance of Azerbaijan,
we use econometric analysis and assessment of the
short-term and long-term impact of changes in the
macroeconomic indicators using an autoregressive
distributed lag model. For certain analysis between
the export of oil sector and GDP of oil sector
the exchange rate and oil price uses the following
model:

Export of oil sector = p, + p,GDP of oil sector +
+ B, Exschangerate + B;0il price + “t (6)

Multiple regression model (6) coefficients
estimated by the Least Squares Method and
implemented in Eviews software program.

EXPORT_OF OIL sector =
= 2.65813039779¢-050IL_GDP _Q —
— 0.00013DOL_MAN +
+ 0.014397197515501L_PRICE +
+ 6.371319RESIDUAL + 7.2150491285  (7)

(7) multiply regression model g, exchange
rate coefficient is a negative value, it means that
depreciation of the real exchange rate would lead
to an improvement in the trade balance. Be that
as it may, in the opinion J-curve hypothesis, real
exchange rate depreciation primarily worsens the
trade balance, since devaluation initially reduces
the demand for that country’s exports and increases
its demand for imports. But over time, export and

import volumes will adjust to price changes and
the trade balance will improve. Hence, the real
exchange rate (7) is negative. In particular, if the
J-curve hypothesis is confirmed, B, will become
positive in the short term and negative in the long-
term relations.

For certain analysis between the import of oil
sector and GDP of oil sector, the exchange rate and
oil price uses the following model:

Import of oil sector = B, + B,GDP of oil sector +
+ p,Exschangerate + 5 0il price + °t )

Multiple regression model (8) coefficients
estimated by the Least Squares Method and
implemented in Eviews software program.

IMPORT_OF_OIL_AND_GAS =
= 5.72243524276e-05*OIL_GDP_Q +
+ 8.70796DOL_MAN —
— 0.00820071182506*OIL_PRICE —
— 4.22608934522¢-05*RESIDUAL +
+ 6.07091557063 )

According to the model we evaluated, the
condition (5), — 0.00013 + 8.70796 > 1 is satisfied,
according to Marshall-Lerner condition, devaluation
of the real exchange rate will lead to an improvement
trade balance if the sum of the elasticities of demand
for exports and imports is greater than one. It is
important to note that in the short run the Marshall-
Lerner condition does not fulfill, since the elasticity
of demand is quite small. Differences between
elasticities of demand for imports and exports in
the short and long term explain the essence of the
“J-effect”, which is discussed below.

The J effect is explained as follows: Dynamical
data Based on quarterly data for the period from
January 2005 to September 2024 in in Azerbaijan,
where accumulated over the last 10 years spending
reserves were at a fairly fast pace for one year
(2014). As holding fixed regime became expensive,
Government had to devaluate its currency twice in
2015 overall 98% and adopted managed floating
exchange rate regime. The initial weakening effect
of currency increases domestic prices for imported
goods, which in turn increases the cost of imports.
However, the cost, and therefore the volume of
exports increase considering the time lag required
to adapt new prices and conclusion of contracts.
Thus, with a constant volume of imports, their value
increases, and the value of exports increases at a
slower rate.

In other words, in the short term, the trade
balance deteriorates. It should be noted that this
effect involves a high level elasticity of export supply
and low short-term elasticity of demand for import.
Over time, rising import costs will reduce imports
volumes, while the volume and value of exports will
increase. Thus, when initially observed reduction in
the trade balance in the long term there will be a
recovery in the future.
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Tabauua 1/ Table 1

OnucareibHasA CTATHCTHKA
Descriptive statistics

EXPORTOFOIL OIL _GDP DOL MAN OIL_PRICE RESIDUAL
Mean 8.483466 7554.341 233.7602 76.41579 -2.161937
Median 8.511980 6776.200 1.559400 74.73941 -79.02070
Maximum 9.367041 18827.60 1.700000 122.2186 2356.580
Minimum 6.907755 870.6000 0.784400 33.37716 -1617.390
Std. Dev. 0.477434 3932.738 1013.156 23.46211 630.4038
Skewness -0.673968 0.990853 4.099186 0.302798 0.491456
Kurtosis 3.365217 4.032826 17.80333 1.997784 5.341046
Jarque-Bera 6.419783 16.43821 942.5746 4.513480 21.22010
Probability 0.040361 0.000269 0.000000 0.104691 0.000025
Sum 670.1938 596792.9 18467.06 6036.847 -170.7930
Sum Sq. Dev. 17.77958 1.21E+09 80065868 42936.70 30997896
Observations 79 79 79 79 79
Tabauya 2 / Table 2
Koppeasmuonnas maTpuma
Correlation matrix

EXPORTOFOIL OIL _GDP DOL_MAN OIL PRICE

EXPORTOFOILSECTOR 1.000000 0.937426 -0.745095 0.791152

OIL _GDP 0.937426 1.000000 -0.715522 0.799218

DOL MAN -0.745095 -0.715522 1.000000 -0.710085

OIL_PRICE 0.791152 0.799218 -0.710085 1.000000

Even though the existence of the J-effect is
economically and mathematically justified, there
are some hypotheses that complement this effect.
It is possible to consistently adapt import prices
to changes in the exchange rate, which minimizes
the initial negative effect of the J-curve . Thus,
the existence of the J-curve depends on a number
of assumptions: weak response volume of imports
on changes in import prices in the short term,
rapid change in import prices under the influence

Export of oil sector
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8,000 |

6,000 -|

4,000 -

2,000 |

2023R1
2023R4
2024R3 1

Puc. 3. /lunamMuyeckue AaHHbIe HA OCHOBE KBAPTAJIbHBIX
JIAHHBIX 32 mepuox ¢ auBapa 2005 roma mo ceHTaoph
2024 roga

Fig. 3. Dynamical data based on quarterly data for the
period from January 2005 to September 2024

of exchange rate dynamics and time lag between
changes in export volumes and exchange rates.

Thus, theories and a variety of empirical studies
offer many a set of economic indicators that may
become potential determinants factors for exchange
rate dynamics. However, selection and testing of
innovativeness such factors need to be carried out
in each specific country in present time. The use
of econometric methods in the study allows us to
perform several tasks at once: provide descriptive
statistics of the data used, make a macroeconomic
forecast, quantify the dynamics of variables and
analyze current policies in different sectors of the
economy.

Descriptive statistics table 1 show us presenting
statistical variables in an informative way.

It is essential that one report the most appropriate
descriptive statistics using a systematic approach
to reduce the likelihood of presenting misleading
results. Since the results of statistical analysis are
fundamental in influencing the future of economic
indicators, the appropriate use of descriptive
statistics allows regulation of economic indicators
and providers to more effectively weigh the impact
of economic environment.

Let us pay attention to the correlation coefficients
between Export of oil sector and GDP of oil sector,
exchange rate factors and oil price presented by the
correlation matrix in Table 2.

A qualitative assessment of the closeness of the
relationship between factors is revealed using the
Cheddock scale. Based on this scale, if the value
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of an element of this matrix is between 0.5 and 0.7,
then the closeness of the relationship between the
corresponding factors is considered noticeable, and
if the value of the element is in the interval (0.7,
0.9), then the closeness of the relationship between
the corresponding steam is accepted as high.

The regression model (7) determination
coefficient has a higher value of 89%. To check
the significance of the constructed model (7) , the
observed and critical values of the Fisher criterion
were calculated. These values are respectively at the
5% significance level and degrees of freedom. Since
Fstatistic = 156,42 > F = 2,18 table and P-value less
than 0.05, the model (7) are considered significant.

Autocorrelation is tested using the Durbin-
Watson. According to the d-statistic results table for
results 79, number of explanatory variables 3 and
significance level 0.05 dj,, = 1.42 and d,, = 1,57
which parse the segments [0,4] in five regions, d, e eq
= 0.76 < dj,, = 1.42 < d,, = 1,57 for regression
model (7). The observed value falls into the positive
autocorrelation using the Durbin-Watson criterion.

Stability diagnostic of parameters of multiply
regression model (7) is defined by the CUSUM
Square test. CUSUM test result is shown in Figure 4.

1.2

1.0
0.8 |
0.6
0.4

024"

0.0

1 —
10 15 20 25 30 35 40 45 50 55 60 65 70 75

‘ —— CUSUM of Squares

Figure 4. Result of CUSUM of Squares test

Pucynok 4. Pe3yabTaThl TecTa KyMyJISTHBHOH CyMMbI
KBa/IPaTOB

5% Significance l

The main line of Figure 4 doesn’t intersect with
border line. It means that parameters of multiple
regression model (7) are stable.

We were analyzed the heteroskedasticity of the
errors of the regression model (7). Heteroskedascity,

as it is known, is based on Gauss-Markov hypoth-
esis and classical least squares. One of the main as-
sumptions of the method is that the error term has
a constant variance for all observations. The value
of the %) 35(5) = 5.563807 < nR? and corresponding
P-value is greater than 0.05, the null hypothesis that
the random term is homoscedastic is not rejected.

To reveal the cointegration relationship between
time series first of all, it is necessary to examine at
which level the series are stationary. If the series
become stationary at the same level, then they can
be included in the cointegration analysis. If one of
the series does not become stationary at the same
level as the others, that series is not included in the
analysis. If the probability value of the series is not
found significant at the determined level as a result
of the unit root tests at the level, the series are re-
analyzed by taking their differences (1st difference).
Here, the series whose probability values are found
significant are accepted as having a unit root and
are included in the analysis. The stationarity of
the time series was checked using the augmented
Dickey-Fuller test. The test results showed that the
original series and their first differences theme not
stationary, but the second order difference operators
are stationary. The test results are shown in Table 3.

The verification of causal relationships between
factors for lagged values m = 1,2,3,4 was carried
out by the Granger test. The Granger Causality test
except for two directions confirmed the presence
of a two-way cause-and-effect relationship, which
indicates the existence of a third variable, which is
the real cause of the change in the two variables
under consideration. Only for lag m = 1 between
AEXPORTOFOIL and AGDPOIL and for lag m = 3
between AGDPOIL and APRICEOFOIL opposite
cause-and-effect relationships are found, where A
denotes the difference operator of the corresponding
variable.

To fully inform the research, an analysis of the
response of impulse functions is necessary. These
functions represent the median estimate with a
90% confidence interval of the endogenous variable
per positive shock of one standard deviation of the
exogenous variable and indicate the time to return
to the equilibrium path. Confidence intervals were
obtained by bootstrapping with 100 replications,
as described in [3]. Test results over 10-year time
horizons are described in Figure 5.

Tabauya 3 / Table 3

Result of Dickey-Fuller test
Pe3syabraTel Tecta JIuku-Pynnepa

Time series Statistical criteria | Critical value 1% | Critical value 5% | Critical value 10% | Prob.
First difference trend, intercept

Export of oil sector -7.213218 -4.081666 -3.469235 -3.161518 0.0000

Exchange rate -7.723540 -4.416345 -3.622033 -3.248592 0.0000

GDP of oil sector -7.698086 -4.081666 -3.469235 -3.161518 0.0000

Oil price -6.755613 -4.083355 -3.470032 -3.161982 0.0000
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Fig. 5. Responses of impulse response functions

The IRF results indicate a system dominated by
strong self-responses and short-lived cross-variable
effects. Oil exports drive oil GDP and prices in the
short run, while domestic demand largely reacts
only to its own shocks. Overall, the model suggests
that short-term dynamics are primarily driven by
immediate, transitory shocks rather than persistent
interactions among the variables. The results suggest
a short-term J-curve effect, where oil exports
temporarily boost GDP and prices before returning
to equilibrium.

The results of checking the corresponding tests
are shown in Figure 6:

The variance decomposition analysis reveals that
oil exports and prices are the dominant sources
of variation within Azerbaijan’s oil economy. Oil
exports are largely self-determined, while oil GDP
is mainly influenced by export and price shocks.
Domestic oil demand demonstrates autonomous
behavior, showing minimal response to external
factors. In contrast, oil prices are significantly

affected by both export performance and domestic
demand, indicating strong market interdependence.
These findings confirm that export fluctuations play
a leading role in shaping the long-run and short-
run dynamics of Azerbaijan’s oil sector. The Eviews
program also provides the normalized cointegrating
coefficients of the cointegrating equations obtained
within the scope of the Johansen Cointegration
Test. Result of Trace test and Max Eigen test is
shown Table 4 and Table 3.

The results of the Johansen cointegration tests
presented in Tables 4 and 5 confirm the presence
of long-run equilibrium relationships among the
variables. According to the Trace test (Table 4), the
null hypothesis of no cointegration is rejected up
to the case of “at most 2” cointegrating equations,
while it cannot be rejected at “at most 3.” Similarly,
the Max-Eigenvalue test (Table 5) yields consistent
results, rejecting the null hypothesis up to “at most
2” cointegrating vectors but not beyond that level.
Both tests, therefore, indicate the existence of three
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Variance Decomposition of DEXPORTOFOIL
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Figure 6. Variance of decomposition

Tabauya 4 / Table 4

Result of Trace test
Pe3yabTaT TecTa TpacCHpPOBKH

Hypothesis Eigenvalue Trace Statistic Critical Value 0.1 Prob
None * 0.665523 73.40656 39.75526 0.0046
At most 1 0.422853 29.31246 33.34234 0.0127
At most 2 0.279767 17.219978 20.66637 0.0221
At most 3 0.176737 13.678989 17.678979 0.0434
Tabauya 5 / Table 5
Pe3yabTaT TecTa MAaKCMMAJBHOTO COOCTBEHHOTO 3HAYEHHS
Result for Max Eigen test
Hypothesis Eigenvalue Max Eigen Statistic Critical Value 0.1 Prob.
None * 0.625875 73.73739 37.48696 0.0000
At most 1 0.322558 29.20740 30.83396 0.0172
At most 2 0.241497 20.73062 23.97534 0.0318
At most 3 0.157650 12.86702 16.55386 0.0437
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cointegrating relationships among the examined
variables at the 10% significance level.

This finding implies that the variables share a
stable long-term relationship and tend to move
together over time despite short-run fluctuations.
Consequently, the presence of cointegration justifies
the application of a Vector Error Correction Model
(VECM) to capture both the short-term dynamics
and the long-term equilibrium adjustments within
the system.

The completed procedure of the Eviews 12 found
the following error correction equation for first-
order differences results of Azerbaijan’s export of
oil:

D(DEXPORTOFOIL) =
— 1.18940881759*( DEXPORTOFOIL(-1) —
— 8.00590333892¢-05*DGDPOIL(-1) +
+ 0.000146572679003* DOLMAN(-1) —
— 0.00885372952442*DPRICEOFOIL(-1) +
+ 0.0107752646733 ) —

— 0.0798792521181*D(DEXPORTOFOIL(-1)) +
+ 0.18380823088*D(DEXPORTOFOIL(-2)) —
— 7.07233198711e-05*D(DGDPOIL(-1)) —

— 2.75247522223e-05*D(DGDPOIL(-2)) +
+ 0.000151958865998*D(DOLMAN(-1)) +
+ 5.87657179623e-05*D(DOLMAN(-2)) +
+ 0.0029312184958*D(DPRICEOFOIL(-1)) —
— 0.00519617753817*D(DPRICEOFOIL(-2)) +

+ 0.000203928914505 )

The result of Granger test showed us between
the stationary time series has inverse relationship.
EViews 12 instrumental procedures obtain the error
correction models for the remaining variables:

D(DGDPOIL) =
= 1494.57646026*( DEXPORTOFOIL(-1) —
— 8.00590333892¢-05*DGDPOIL(-1) +
+ 0.000146572679003*DOLMAN(-1) —

— 0.00885372952442*DPRICEOFOIL(-1) +
+0.0107752646733 ) —

— 460.028571364*D(DEXPORTOFOIL(-1)) +
+ 818.922928588*D(DEXPORTOFOIL(-2)) —
— 0.728231360208*D(DGDPOIL(-1)) —

— 0.286674765139*D(DGDPOIL(-2)) +
+0.0856779170305*D(DOLMAN(-1)) —

— 0.182489806949*D(DOLMAN(-2)) +
+ 35.2392139231*D(DPRICEOFOIL(-1)) —
— 3.79104605453*D(DPRICEOFOIL(-2)) +
+ 1.63023163376

D(DOLMAN) =
= -5446.64794339*(DEXPORTOFOIL(-1) —
— 8.00590333892¢-05*DGDPOIL(-1) +
+ 0.000146572679003* DOLMAN(-1) —

— 0.00885372952442*DPRICEOFOIL(-1) +
+0.0107752646733 ) +
+ 3879.12839446*D(DEXPORTOFOIL(-1)) +
+ 2192.3058848 1*D(DEXPORTOFOIL(-2)) —
— 0.380025914498*D(DGDPOIL(-1)) —

— 0.169051549345*D(DGDPOIL(-2)) —

— 0.119964140714*D(DOLMAN(-1)) —
— 0.0461544085452*D(DOLMAN(-2)) —
— 25.3147784794*D(DPRICEOFOIL(-1)) —
— 21.412299543*D(DPRICEOFOIL(-2)) +

+ 27.7845497825 (10)

D(DPRICEOFOIL) =
= 18.1253359743*( DEXPORTOFOIL(-1) —
— 8.00590333892¢-05*DGDPOIL(-1) +
+ 0.000146572679003*DOLMAN(-1) —
— 0.00885372952442*DPRICEOFOIL(-1) +
+0.0107752646733 ) —

— 23.1884526819*D(DEXPORTOFOIL(-1)) +
+ 7.21965611485*D(DEXPORTOFOIL(-2)) —
— 8.66253803313¢-05*D(DGDPOIL(-1)) —
— 8.86229677746e-06*D(DGDPOIL(-2)) —
— 0.00138976777778*D(DOLMAN(-1)) —
— 0.0017073767227*D(DOLMAN(-2)) +
+ 0.083084063697 1*D(DPRICEOFOIL(-1)) —
— 0.464659435464*D(DPRICEOFOIL(-2)) —
— 0.10728956806

Interpretation and discussion

The results of the error correction models confirm
a strong long-run equilibrium relationship among
Azerbaijan’s oil exports, oil GDP, domestic oil
demand, and oil prices. The negative and significant
adjustment coefficient in the oil export equation
(—1.189) demonstrates that deviations from long-
run equilibrium are rapidly corrected through
changes in export volumes. This implies that oil
exports serve as the key adjustment mechanism in
the system. Conversely, oil GDP and domestic oil
demand respond asymmetrically, indicating partial
and delayed adjustment, while oil prices exhibit
limited correction behavior due to external market
influences. Overall, the findings highlight that
fluctuations in oil exports are central to restoring
macroeconomic balance in Azerbaijan’s oil sector.

This study evaluates whether Azerbaijan satisfies
the Marshall-Lerner condition and exhibits the
J-curve effect following currency depreciation.
Using annual macroeconomic data for 1997—2024
and quarterly oil-sector data for 2005Q1—2024Q3,
the research applies multiple econometric techniques
including OLS, ADF unit root tests, VAR, VECM,
cointegration analysis, impulse responses, and
Granger causality tests.

The findings reveal that the Marshall-Lerner
condition does not hold for Azerbaijan when the full
economy is analyzed. Export and import demand
elasticities remain too low, causing depreciation to
worsen the trade balance rather than improve it. This
reflects the country’s limited export diversification,
dependence on imports, and slow short-run
response of domestic production to exchange rate
shifts. Consequently, the classical J-curve pattern
is not observed in aggregate trade indicators for
Azerbaijan.
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In contrast, results for the oil sector demonstrate
a strong long-run equilibrium relationship among oil
exports, oil GDP, oil prices, and the exchange rate.
The error-correction terms show rapid adjustment of
oil exports to deviations from long-run equilibrium,
supporting both the Marshall—Lerner condition and
a long-run J-curve—type improvement. Bidirectional
causality among the variables further confirms the
oil sector’s central role in restoring macroeconomic
balance. These outcomes are consistent with
theoretical expectations for oil-exporting economies,
where export revenues are highly sensitive to external
price movements and exchange rate adjustments.

Overall, the study concludes that devaluation
can only improve Azerbaijan’s trade balance within
the oil sector, while the broader economy remains
unresponsive. This highlights the urgent need to
diversify exports, strengthen non-oil production,
and enhance the elasticity of both exports and
imports to exchange rate movements.

Conclusion and Policy Implications

This study examined the applicability of the
Marshall—Lerner condition and the J-curve effect
for Azerbaijan using annual data for 1997—2024
and then considering quarterly oil-sector indicators
for 2005Q1-2024Q3. The empirical results show
that, when using the full-economy annual dataset,
neither the J-curve pattern nor the Marshall—Lerner
condition holds for Azerbaijan. The estimated
elasticities of export and import demand do not
satisfy the requirement that their sum exceeds one,
indicating that exchange-rate depreciation does not
improve the country’s trade balance in the short
run. This finding reflects structural characteristics
of the Azerbaijani economy, particularly low export
diversification, strong dependence on oil revenues,
and limited immediate responsiveness of domestic
production to currency shocks.

However, when the analysis focuses specifically
on the oil sector, the results differ. VAR, VECM,
and cointegration tests indicate the presence of stable
long-run relationships among oil exports, oil GDP,
oil prices, and the exchange rate. The significant
error-correction dynamics and bidirectional long-
term causality reveal that the Marshall—Lerner
condition is satisfied within the oil sector and that
the J-curve effect partially emerges over time. This
suggests that oil exports adjust strongly to exchange-
rate movements, while other macroeconomic
indicators—particularly import demand—adjust
more slowly. The dominance of oil revenues in
Azerbaijan’s external accounts means that the oil
sector effectively drives the country’s long-run
adjustment mechanism.

Overall, the mixed results underscore that the
effectiveness of currency depreciation in improving
Azerbaijan’s trade balance depends heavily on
sectoral structure. In the general economy,
depreciation fails to stimulate exports sufficiently to
offset higher import costs. In contrast, in the oil
sector—where price responsiveness is higher and
global demand is strong—exchange-rate changes do
translate into improved export performance in the
long run. These findings align with previous studies
in oil-exporting economies and highlight the need
for stronger non-oil export diversification, flexible
production capacity, and policy strategies that reduce
vulnerability to external shocks. Strengthening these
areas would increase the likelihood that exchange-
rate adjustments can have positive and predictable
effects on Azerbaijan’s trade balance in the future.

Based on the empirical findings, several policy
conclusions emerge for Azerbaijan:

o Strengthen Non-Qil Export Diversification

Since the Marshall-Lerner condition fails for
the overall economy, Azerbaijan must enhance the
responsiveness of non-oil exports. Policies should
include targeted subsidies and tax credits for non-
oil export industries, export promotion programs,
support for SMEs and industrial upgrading, and
expansion of logistics infrastructure to reduce trade
costs.

o Improve Elasticity of Export Supply

For depreciation to stimulate exports, domestic
producers must be able to increase supply quickly.
This requires greater investment in manufacturing
and agriculture, improvements in productivity and
technology adoption, reducing regulatory barriers to
scaling production.

e Reduce Import Dependence

High imports with low elasticity weaken the
J-curve effect. Policy options include import
substitution for essential goods, local production
of intermediate inputs, incentives for domestic
manufacturing of consumer goods.

e Strengthen Exchange Rate Management

The managed floating regime adopted after 2015
requires careful monitoring of external shocks,
coordination between monetary and fiscal policy,
and transparent communication by the central bank
to stabilize expectations.

o Reinforce Qil Revenue Management

Azerbaijan’s oil sector satisfies the Marshall—Le-
rner condition, meaning exchange-rate depreciation
effectively improves oil-sector exports. To maximize
this benefit, sovereign wealth fund policies should
prioritize stabilization, exchange-rate adjustments
should consider oil market volatility, and fiscal buf-
fers should be strengthened during high-price peri-
ods.
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