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Abstract: Oil price has played a prominent role in oil exporter economies and may also affect energy
depletion in oil-dependent countries. Considering asymmetry, the relationship between oil price (OP)
and energy depletion has been investigated in the Gulf Cooperation Council (GCC) region from 1970
to 2017. We find asymmetrical positive effects of OP on the energy depletion in the panel of the GCC
region. To avoid aggregation biasness in the panel estimates, we also conduct a time-series analysis
on each GCC country. We find a positive impact of increasing OP on the energy depletion in six GCC
countries, and this effect is found to be elastic in the case of all countries except for Kuwait. Positive
effects of decreasing OP on the depletion are also found in all the GCC countries, and these effects are
found to be elastic or unit elastic in the case of all countries except Saudi Arabia. Asymmetry in the
relationship of oil price and energy depletion is established for Bahrain, Kuwait, and Saudi Arabia in
terms of the different magnitude of effects.

Keywords: oil price; energy depletion; asymmetry; elasticity analysis

1. Introduction

Oil is a primary need of the global economy as a significant energy source for households, industries,
and transportation segments. Oil supports macroeconomic performance of oil-dependent countries.
Further, oil price (OP) movements affect both oil importer and exporter economies, as increasing
oil prices negatively affect the income of the importers by raising the cost of production, and could
support the income of oil exporters as well. Mainly, OP changes directly affect the oil-exporting
economies because any movement in oil price could have a major effect on the income of oil exporter
countries. The literature has corroborated the positive impact of OP on the income and production of
the oil-exporting countries and the negative impact on the oil-importing countries [1–10]. In addition,
Saari et al. [11] discussed that rising OP would have an adverse effect on the income distribution of the
oil-importing economy.

Moreover, Bodenstein [12] claimed that increasing OP would transfer the wealth from oil importer
to exporter economies. Increasing OP could appreciate the currencies of oil exporters. To stabilize
the foreign value of currency, traders from oil-importing countries would keep some reserves in the
oil exporter countries. In this way, OP may also affect the external balance of exporter and importer
countries. A vast literature has probed the impact of OP on the trade and external balance of exporter
and importer countries [12–22]. Moreover, the effect of OP has also been investigated on employment
and unemployment issues [23–28].

The relationship between OP and stock markets is also well explored in the literature [29–43].
Like the growth effect, the increasing OP is beneficial for oil exporter economies and may positively
affect the stock market, and vice versa. Conversely, increasing oil price can have negative impacts on an
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oil importer economy by negatively affecting the stock market [29]. Oil price would affect price levels
of countries as it is a major part of the cost of production. Inflation may also be affected due to a change
in income, which is affected by OP. Hence, the literature explored the impact of OP on the interest rate
and inflation [44–47]. Moreover, OP may affect the energy use and pollution of the countries. Some
literature has examined the role of OP on the energy demand and pollution variables [48–59].

The impact of OP on energy depletion is a very relevant phenomenon as increasing OP may
increase oil rents and would become a reason for over-extraction and depletion of this natural resource.
Limited literature investigated the OP and natural resource depletion relationship [60–64]. Othman and
Jafari [60] probed the role of OP on oil reserve depletion in Malaysia. They found that, during rising
world oil prices (2001–2005), the oil reserves declined sharply. Ellison and Scott [61] argued that the oil
market was captured by few suppliers who could develop a depletion plan based on the sensitivity of
OP and supply, and changing perception in this regard would change the depletion plan. Guseo et
al. [62] discussed the impact of OP on the world oil depletion rate. They found that oil depletion was
found high in the 1970 oil shocks, after the Second World War, and in 2007. Campbell [63] claimed
that about half of the oil reserve was in five Middle-Eastern countries, and oil shocks motivated these
economies to raise the share of their oil supply, which were responsible for increasing depletion rate.
Curtis [64] argued that the oil peak in the world resulted in peak globalization in the world. The climate
mitigation policies were adopted very late, which led to oil depletion.

In the particular case of the Gulf Cooperation Council (GCC) region, an extensive literature has
studied the OP and stock market relationships [29–37]. Further, the literature has examined the impact
of OP on the income of GCC countries [1], on employment [24], external balance [13], pollution [52],
military expenditure [65], personal consumption [66], foreign direct investment [67], government
spending [68], fiscal policy [69], the exchange rate [70], remittance outflows [71], and oil demand and
energy consumption [72]. No single study investigated the impact of OP on the energy depletion in
GCC countries. The literature has substantiated an asymmetrical impact of OP on macroeconomic
performance [2–5]. Hence, OP can also have an asymmetric effect on energy depletion as well. Using
Shin et al. [73], this present research investigates the asymmetrical impact of OP on the energy depletion
in six GCC countries utilizing a maximum available period of 1970–2017.

2. Methods

We isolate the impact of OP on the energy depletion in the model of the GCC region. Some literature
has corroborated the asymmetric effect of OP on different macroeconomic indicators [2–5,15–17,20,29].
Hence, we are taking into account the possible asymmetric relationship between OP and energy
depletion in the following way:

EDit = f (OPPit, OPNit) (1)

EDit is the natural log of energy depletion, which is defined as the value of energy resources divided
by reserve lifetime [74]. OPit is the natural log of Organization of the Petroleum Exporting Countries
(OPEC) Basket oil price US $ per barrel. The OPPt and OPNt are the partial sum of positive and
negative changes in OPt, respectively. The OPPt and OPNt are calculated using Shin et al.’s [73]
methodology. i indicates the six GCC countries and t is the maximum available annual time period of
1970–2017. Data on energy depletion are sourced from the World Bank [74] and oil price is sourced
from the Government of Saudi Arabia [75]. Equation (1) is targeted to estimate as a panel of six GCC
countries altogether to determine the overall impact of OP on energy depletion of the GCC region.
Further, Equation (1) is regressed separately for each country to determine the individual impact of OP
on the energy depletion of each country separately. Following Shin et al. [73], the time series OPt is
converted into OPPt and OPNt as follows:

OPPt =
t∑

i=1

∆OP+
i =

t∑
i=1

max(∆OPi, 0) (2)
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OPNt =
t∑

i=1

∆OP−i =
t∑

i=1

min(∆OPi, 0) (3)

The OPPt and OPNt are the partial sum of positive and negative changes in OPt. After defining
the variables, we apply the Dickey–Fuller generalized least square (DF-GLS) of Elliott et al. [76] to test
the unit root problem in the following way:

∆Xd
t = α0 + α1Xd

t−1 +

p+1∑
i=1

α2i∆Xd
t−i+ψt (4)

Equation (4) follows the de-trending procedure (Xd
t ) with a null hypothesis (H0) of the

non-stationary. After that, we apply the autoregressive distributed lag (ARDL) of Pesaran et al. [77] on
Equation (1):

∆EDt = β0 + β1EDt−1 + β2OPPt−1 + β3OPNt−1 +
∑n1

j=1 γ1 j∆EDt− j

+
∑n2

j=0 γ2 j∆OPPt− j +
∑n3

j=0 γ3 j∆OPNt− j + ξ1t
(5)

∆EDt = λ0 + λ1ECTt−1 +
∑n1

j=1 γ1 j∆EDt− j +
∑n2

j=0 γ2 j∆OPPt− j

+
∑n3

j=0 γ3 j∆OPNt− j + ξ2t
(6)

The H0, β1 = β2 = β3 = 0, can be tested on Equation (5), and its rejection can corroborate
the cointegration. The negative λ1 from Equation (6) can corroborate the short-run relationship.
Then, long-run impacts from Equation (5) and short-run effects from Equation (6) can be estimated.
After time series’ analyses, we test the impact of OP on the energy depletion of the whole panel of the
GCC region. At first, we test the Fisher-Augmented Dickey and Fuller (ADF) test based on Dickey and
Fuller [78] and the Fisher-Phillips and Perron (PP) test based on Phillips and Perron [79] to verify the
stationarity in the panel series. ADF and PP equations are as follows:

∆Xt = λ1 + π1Xt−1 +

p∑
i=2

ϑi∆Xt−i+1+v1t (7)

∆Xt = λ2 + π2Xt−1 + β′Dt + v2t (8)

P = −2
N∑

i=1

loge(πi) (9)

Equations (7) and (8) show the ADF and PP specification, respectively, which can be applied
on the individual time series of each GCC country. Then, estimated probability values from each
GCC country’s Equations (7) and (8) can be put in Equation (9) to combine the p-value, with H0:
Non-stationary series, as per the methodology of Maddala and Wu [80]. After the panel unit root,
we apply the Kao [81] panel cointegration as follows:

zit = ϕ1i + ϕ2wit + u1it (10)

∆ûit = ρûit−1 + u2it (11)

We apply the fixed effect model as per Equation (10), and then the stationarity of the residual from
Equation (10) can be tested in Equation (11). The stationarity of the residual can be considered for a
cointegration in the panel model of Equation (10). Then, the Fisher–Johansen methodology of Maddala
and Wu [80] based on Johansen [82] can be applied to verify the panel cointegration, as follows:
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λtrace(r) = −T
n∑

i=r+1

ln(1− λ̂i) (12)

λmaximum(r, r + 1) = −T ln(1− λ̂r+1) (13)

− 2
N∑

i=1

loge(πi) (14)

The probability values from Trace and Maximum–Eigen tests can be estimated for each GCC
country using Equations (12) and (13), respectively, and the combined probability can be estimated
using Equation (14) for the GCC panel. Afterward, the Pedroni [83] panel cointegration can also
be applied to verify the cointegration from the previous two techniques discussed above, in the
following way:

T2N
√

NZv̂N,T =
T2N

√
N∑N

i=1
∑T

t=1 ê2
it−1/L̂2

11i

(15)

T2
√

NZ_
ρ̂N,T−1

=
T2
√

N[
∑N

i=1
∑T

t=1 1/L̂2
11i(êit−1∆êit − λ̂i]∑N

i=1
∑T

t=1 ê2
it−1/L̂2

11i

(16)

ZtN,T =
(
∑N

i=1
∑T

t=1 1/L̂2
11i(êit−1∆êit − λ̂i)√

σ̃2
N,T
∑N

i=1
∑T

t=1 ê2
it−1/L̂2

11i

(17)

Z∗tN,T−1 =

∑N
i=1
∑T

t=1 1/L̂2
11iê
∗

it−1∆ê∗it)√
S̃2

N,T
∑N

i=1
∑T

t=1 ê2
it−1/L̂2

11i

(18)

TZ̃_
ρ̂N,T−1

/
√

N =
T
∑N

i=1 (êit−1∆êit − λ̂i)
√

N
∑N

i=1
∑T

t=1 ê2
it−1

(19)

Z̃tN,T−1/
√

N =

∑N
i=1 (êit−1∆êit − λ̂i)
√

Nσ̂2
i
∑N

i=1
∑T

t=1 ê2
it−1

(20)

Z̃∗tN,T−1/
√

N =

∑N
i=1 êit−1∆êit

√
NŜ∗2i

∑N
i=1
∑T

t=1 ê∗2it−1

(21)

After cointegration tests, we proceeded to calculate the impact of OP on the energy depletion.
At first, we utilized the methodology of Pesaran [84] as follows:

∆EDit = θ0 + θ1EDit−1 + θ2OPPit−1 + θ3OPNit−1 +
∑n1−1

j=1 ρ1 j∆EDit− j

+
∑n2−1

j=0 ρ2 j∆OPPit− j +
∑n3−1

j=0 ρ3 j∆OPNit− j + ξit
(22)

Equation (22) is the pooled mean group (PMG) estimation. The impact of OP on energy depletion
can be estimated from normalized coefficients θ. Afterward, we apply the fully modified ordinary
least squares (FMOLS) of Pedroni [85], as follows:

zit = νi + τwit + eit (23)

τ̂FMOLS =

∑N
i=1 [
∑T

t=1 (wit −wt)ẑ+it + T∆̂+
eµ]∑N

i=1
∑T

t=1 (wit −w)′
(24)
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The heterogeneous Equation (23) can be regressed. Then, the coefficients can be modified using
Equation (24). The long-run effects from PMG and FMOLS can be verified from the dynamic ordinary
least squares (DOLS) of Kao and Chiang [86], in the following way:

zit = $i + σwit +

j=+1∑
j=−1

∆wi,t+ j + ζit (25)

σ̂DOLS =
N∑

i=t

(
T∑

t=1

zitz′it)

−1′

(
T∑

i=1

zitẑ+it ) (26)

Equation (25) can be estimated, introducing lead and lag variables of independent variables,
and Equation (26) can be used to modify the long-run effects.

3. Results and Discussions

Figure 1 shows the trends of the natural log of oil price and energy depletion of six GCC countries.
The energy depletion is found highest in Saudi Arabia and lowest in Bahrain. The energy depletion of
UAE, Kuwait, Qatar, and Oman is close to each other during 2005–2017. In 1991, a very sharp decline
in energy depletion in Kuwait is observed, which recalled the event of Iraq–Kuwait tension. Iraqi
military fired on about 700 oil wells in Kuwait, which was responsible for the low oil production and
depletion in 1991. The sharp rises in oil price during 1970–1974 coincide with the sharp rises in energy
depletion in all GCC countries. On the other hand, the sharp declines in oil price are also matched
with the sharp declines in oil depletion during the 1985–1986, 2009, and 2014–2016 oil price crises.
In the oil price crisis of 2009, the oil depletion declines of Saudi Arabia, UAE, and Kuwait are found
significantly greater than those of the other GCC countries. It shows the impact of OPEC agreements
on the oil production cuts of the OPEC members’ GCC countries. On the other hand, the proportional
oil depletion declines are found approximately equal in all GCC countries during the 1985–1986 and
2014–2016 oil price crises. Overall, increasing and decreasing oil price movements coincide with
increasing and decreasing energy depletion in most of the years during 1970–2017. In the sample
period of 48 years, co-movements of oil price and energy depletion are found in the same direction for
43 years in Saudi Arabia, 45 years in UAE, 40 years in Bahrain, 38 years in Kuwait, 41 years in Oman,
and 43 years in Qatar. The co-movements of oil price and energy depletion also show a flexible reserve
capacity of oil production in all GCC countries.
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Table 1 shows the DF-GLS test to verify the order of integration. The OPPt and OPNt variables are
the same for all the GCC countries; thus, it is tested once. However, the energy depletion variable is
different for each GCC country, so it is tested separately for each country. The results show that all
series are nonstationary at the level and stationary at the first difference.

Table 1. Dickey–Fuller generalized least square (DF-GLS) test.

Country Variable
Level First Difference

C C&T C C&T

OPPt 1.5881 −2.2943 −5.9912 *** −6.1374 ***
OPNt 1.6424 −2.1039 −6.4121 *** −6.9314 ***

Bahrain EDt −0.4921 −2.0082 −6.0819 *** −6.5073 ***
Kuwait EDt −1.9041 −2.1113 −6.8547 *** −7.0361 ***
Oman EDt −0.2908 −1.9754 −6.4624 *** −6.7418 ***
Qatar EDt −0.4078 −2.0516 −5.1997 *** −5.9810 ***

Saudi Arabia EDt −0.6621 −1.9924 −4.5343 *** −5.6171 ***
UAE EDt −0.6283 −1.9883 −4.8613 *** −6.4529 ***

Note: *** shows stationarity at the 1% level of significance.

Table 2 shows the bound test’s F-values estimated from the individual country’s model using
Equation (5). To verify cointegration, we use the efficient critical F-values from Kripfganz and
Schneider [87]. The estimated F-values show the cointegration in the models of Bahrain, Kuwait,
and Qatar at the 10% level of significance and in the models of Saudi Arabia and UAE at 1%. The
bound could not corroborate the cointegration in Oman’s model, which is alternately verified through
the negative parameter of ECTt−1 [77], reported in Table 3. Hence, we may claim cointegration in all
the estimated models of GCC countries. The p-values from diagnostic tests are more than 0.1. Hence,
models are econometrically reliable.

Table 2. Bound test.

Country Bound Test Heteroscedasticity Serial Correlation Normality Functional Form

Bahrain 3.5339 * 0.5566
(0.7619)

0.9614
(0.3917)

0.3574
(0.8451)

1.7438
(0.2057)

Kuwait 3.6219 * 1.1107
(0.3642)

1.3317
(0.2755)

2.1654
(0.3248)

2.2774
(0.1663)

Oman 1.5682 1.8654
(0.1216)

0.1236
(0.8840)

4.0008
(0.1353)

2.7680
(0.1040)

Qatar 3.7085 * 0.7481
(0.5922)

0.4999
(0.6104)

4.2883
(0.1171)

1.1245
(0.2541)

Saudi Arabia 5.2384 *** 1.2559
(0.3000)

0.5551
(0.5787)

4.2142
(0.1245)

0.7480
(0.3925)

UAE 5.0102 *** 0.9346
(0.4688)

0.1144
(0.8922)

3.2487
(0.2514)

2.5912
(0.1153)

Note: * and *** show the cointegration at the 10% and 1% level of significance, respectively. Critical F-values: At 1%,
4.0934–4.9199; at 5%, 3.0836–3.8155; at 10%, 2.6175–3.2969.

Table 3 shows that increasing OP has a positive impact on energy depletion in all GCC countries
in the long run. Moreover, elasticity is greater than one in the case of all countries except Kuwait. This
means that 1% increasing oil price depletes energy more than 1%. Hence, energy depletion is found
to be more sensitive to the increasing OP. The decreasing OP also has a positive effect on the energy
depletion in all the GCC countries. This means that decreasing OP helps to reduce the energy depletion
in the GCC countries. Moreover, this effect is found to be elastic for Bahrain, Kuwait, and UAE, and
elasticity is near-unity for Oman and Qatar. This elasticity in the Saudi Arabia model is found to
be the least among other GCC countries. This may be due to the reason that the Saudi oil exports’
dependency is highest compared to other GCC countries.



Energies 2020, 13, 3058 7 of 13

Table 3. Long- and short-run effects.

Variable Bahrain Kuwait Oman Qatar Saudi Arabia UAE

Long run

OPPt
1.0991

(0.0000)
0.1570

(0.0809)
1.0295

(0.0000)
1.1943

(0.0000)
1.3520

(0.0000)
1.3173

(0.0000)

OPNt
0.7842

(0.0000)
1.8206

(0.0000)
0.9209

(0.0000)
0.9635

(0.0000)
0.6800

(0.0163)
1.0676

(0.0000)

Intercept 17.0646
(0.0000)

20.2305
(0.0000)

18.8757
(0.0000)

19.1931
(0.0000)

22.1977
(0.0000)

20.0115
(0.0000)

Short-run

∆OPPt
0.9062

(0.0000)
0.4104

(0.0599)
1.0222

(0.0000)
0.6893

(0.0302)
0.1898

(0.7616)
0.6857

(0.0085)

∆OPNt
0.6985

(0.0003)
−0.2698
(0.2984)

0.6797
(0.0652)

0.1361
(0.8103)

−0.4759
(0.6647)

0.4216
(0.2805)

∆OPNt−1
0.2718

(0.0083) - - - 0.5267
(0.0082) -

ECTt−1
−0.3368
(0.0003)

−0.3825
(0.0000)

−0.2051
(0.0934)

−0.2187
(0.0156)

−0.1939
(0.0656)

−0.2476
(0.0077)

In Qatar’s model, the estimated oil price elasticity of energy depletion indicates the fact that
Qatar’s energy export is dominated by liquefied natural gas (LNG) sales. A significant portion of LNG
is used to sell with the long-term contracts, which makes the supply and demand less responsive to
the global oil price. Additionally, LNG is hard to store, which prevents Qatar’s supply to respond to
the oil price. Natural gas and oil markets conceivably have different elasticity, so the country’s energy
mix reflects the estimated elasticity. The estimated effect of increasing oil price is found to be elastic on
the energy depletion in all GCC countries except Kuwait. The estimated elasticity is found greater in
OPEC member GCC countries except Kuwait compared to non-member countries. The elastic effect of
increasing oil price may be claimed due to the reason that increasing oil price supports the overall
macroeconomic performance of oil-dependent GCC economies. Therefore, these countries are expected
to increase the oil production to enjoy more oil rents in the oil price rises’ periods. It also shows a great
oil production reserve capacity of these countries, which enable them to increase the oil production in
response to oil price rises. However, a low elasticity in the case of Kuwait shows the low capacity of
this country to increase the production in response of increasing oil price.

The estimated elasticity of decreasing oil price is found to be less than that of increasing oil price in
all GCC countries except Kuwait. Moreover, the elasticity of decreasing oil price is found to be more in
the OPEC member GCC countries, except Saudi Arabia, than that of non-member countries. It shows
the effect of OPEC production cuts’ agreements among the OPEC member GCC countries in the periods
of oil price declines. A low elasticity of oil price decline in Saudi Arabia realizes its heavy dependence
on the oil production to sustain the macroeconomic performance of economy. For example, more than
40% of Saudi income and more than 90% of government revenues depend on the oil revenues. Hence,
decreasing oil price is a big challenge for the sustainability of the domestic economy. Consequently,
heavy oil production cuts in the times of oil price crises are not expected in Saudi Arabia. On the other
hand, Saudi Arabia needs to cut the oil production as per OPEC agreements to increase the oil price in
the times of oil price declines. Here, perception of a high elasticity is expected in the oil price decline
periods. Contrarily, in the 2008 production dispute, poor OPEC countries were asked to cut the oil
production in 2008 to increase the oil price but Saudi Arabia walked out on this session. Moreover,
in the recent prolonged oil price crisis, it was very hard for the Saudi economy to make larger cuts in
oil production to protect the economy from the budget and external account deficits.

After discussions of the elasticity of the effects, we apply the Wald test to test the H0 of symmetry.
The estimated chi-square (p-value) is 4.8754 (0.0272), 103.0008 (0.0000), and 3.3028 (0.0768) for Bahrain,
Kuwait, and Saudi Arabia, respectively, and H0 is rejected. Hence, the increasing and decreasing OP
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have an asymmetrical impact on the depletion in Bahrain, Kuwait, and Saudi Arabia. The signs of
the coefficient are the same in these countries, but the magnitude of effects is different. The impact of
the increasing OP is more than the impact of decreasing OP in Bahrain and Saudi Arabia. However,
the coefficient of decreasing OP is more than the coefficient of increasing OP in Kuwait. The estimated
chi-square (p-value) is 1.1055 (0.2992), 0.6407 (0.4234), and 0.8798 (0.3483) for Oman, Qatar, and UAE,
respectively, and the symmetry is proven for these countries.

In the short-run analyses, negative coefficients of ECTt−1 corroborated the short-run relationships
in the models of all investigated countries. The increasing OP has a positive effect on energy depletion
in all the GCC countries except Saudi Arabia. Moreover, the price elasticity estimate is found to be
unity for Oman and less than one for the rest of the countries. The decreasing OP has a positive effect
on energy depletion in Bahrain and Oman and has insignificant effects on the rest of countries. The
asymmetric relationship of OP and energy depletion is claimed in all countries except Bahrain and
Oman due to the insignificance of any one of the effects. We apply the Wald test, and the estimated
chi-square (p-value) is 2.6572 (0.1111) and 7.7008 (0.0055) for Bahrain and Oman, respectively. Hence,
the relationship between OP and energy depletion is established to be symmetric in the case of Bahrain
and asymmetric in the case of Oman.

After the time series analyses, we carry out the panel analyses to test the overall impact of OP on
the energy depletion in the GCC region. At first, we conduct panel unit root analyses using Fisher-ADF
and Fisher-PP tests, and the results are reported in Table 4. Both tests confirm that all variables are
stationary at the first difference, and we may move to cointegration analyses.

Table 4. Panel unit root tests.

Test Variable
Level First Difference

C C&T None C C&T None

Fisher-ADF
EDit −1.8103 −0.3832 0.8270 −10.9912 *** −10.0893 *** −13.3883 ***

OPPit −0.1280 −1.9416 0.1362 −10.6775 *** −9.6579 *** −9.7320 ***
OPPit 0.0774 −0.9179 0.5489 −11.7288 *** −11.0525 *** −12.1800 ***

Fisher-PP
EDit −1.3201 −0.9754 0.4630 −11.3396 *** −14.4436 *** −16.2614 ***

OPPit −0.3592 −1.8327 0.0282 −10.6120 *** −9.5697 *** −9.6100 ***
OPPit 0.2933 −0.8541 0.7549 −11.7283 *** −11.0563 *** −12.3660 ***

Note: *** shows stationarity at 1% level of significance.

The Pedroni test, in Table 5, proves the existence of strong cointegration with three
within-dimension and three between-dimension statistics. The Kao test also shows the stationary
residual series; hence, cointegration is proved. Lastly, the Fisher–Johansen test shows the one and one
cointegration vector in each Trace and Max–Eigen tests. Hence, the cointegration is confirmed through
all the tests in the relationship between OP and energy depletion in the GCC region.

Table 6 shows the impact of OP on the energy depletion in the GCC panel. Both increasing and
decreasing OP have a positive impact on energy depletion. Then, we apply the Wald test on the
coefficients of OPPit and OPNit. The estimated chi-square (p-value) is 0.2142 (0.8917), 12.4757 (0.0004),
and 9.4115 (0.0022) in the estimations of PMG, FMOLS, and DOLS, respectively. Hence, the symmetry
is corroborated in the PMG estimates, and asymmetry is proved in the estimates of FMOLS and DOLS.
Mixed evidence of symmetry and asymmetry is found in the investigated relationship. First, this may
be due to aggregation biasness in the panel estimates. Further, we may conclude the asymmetry in the
panel results due to the reason that we find more evidence of asymmetry in the time series analyses
as well.
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Table 5. Panel cointegration tests.

Pedroni Cointegration Test

Within-Dimension

Test Statistic Prob. Statistic Prob.

Panel v-Statistic −0.2658 0.6048 −0.4862 0.6866
Panel rho-Statistic −1.7792 0.0376 −1.4017 0.0805
Panel PP-Statistic −2.0709 0.0192 −1.6597 0.0485

Panel ADF-Statistic −1.8150 0.0348 −1.8270 0.0338

Between-Dimension

Group rho-Statistic −0.1514 0.4398 - -
Group PP-Statistic −0.9534 0.1702 - -

Group ADF-Statistic −0.6862 0.2463 - −

Kao Cointegration Test

Test Statistic Prob. - -

ADF −5.0409 0.0000 - -

Fisher–Johansen Panel Cointegration Test

Hypothesized No. of CE(s) Trace Test Prob. Max-Eigen Test Prob.

None 27.13 0.0074 27.30 0.0070
At most 1 10.48 0.5743 12.71 0.3908
At most 2 2.094 0.9992 2.094 0.9992

Table 6. Long-run panel estimates.

Variable PMG FMOLS DOLS

OPPit
1.1364

(0.0000)
1.0341

(0.0000)
1.0457

(0.0000)

OPNit
1.1114

(0.0000)
0.8163

(0.0000)
0.8267

(0.0000)

4. Conclusions

OP may have a great role in the economies of oil exporters’ countries. Further, it may be responsible
for the depletion of energy resources in the world due to the over-extraction of energy to exploit the
oil rents. This present research explores the impact of OP on the energy depletion of GCC countries
from 1970 to 2017. We corroborate the cointegration in the time and panel data estimates. In the panel
estimates, increasing and decreasing OP have a positive effect on energy depletion. The asymmetry
is also corroborated with different magnitudes of impacts. The increasing OP has a greater energy
depletion effect than the decreasing OP. The panel estimates may carry the aggregation biasness. Hence,
we conduct time series analyses for each GCC country separately, to gain more insights into the results.

In the long-run time-series analyses, we discover that increasing OP has a positive impact on the
energy depletion in all the GCC countries, with an estimated elasticity more than one in the case of all
GCC countries except Kuwait. Therefore, 1% increasing oil price is found responsible for depleting
more than 1% energy resources. The decreasing OP also has a positive effect on the energy depletion of
all GCC countries with an elasticity more than unity or near to one in the case of all countries except
Saudi Arabia. This means that decreasing oil price helps in reducing energy depletion. Saudi Arabia
is a more oil-dependent economy compared to other GCC countries. Therefore, decreasing oil price
could reduce the energy depletion less than proportionately in Saudi Arabia. The impact of OP on the
energy depletion is found to be asymmetrical in terms of the different magnitude of effects in Bahrain,
Kuwait, and Saudi Arabia. Further, the impact of increasing OP is found to be more than the impact of
decreasing OP in Bahrain and Saudi Arabia. Moreover, symmetry is corroborated in Oman, Qatar,
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and UAE. Increasing OP has a positive impact on energy depletion in all the GCC countries except
Saudi Arabia in the short run and decreasing OP has positive effects on energy depletion in Bahrain and
Oman. Further, the short-run relationship asymmetry is found in all GCC countries except Bahrain.
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