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Abstract

The study attempts to analyse cointegrating relationship between carbon emissions, energy
consumption, income and trade openness in case of Saudi Arabia using the time series data for
the period 1971-2011. For this purpose, it uses the ARDL cointegrating technique to find out
the long run relationships among the variables. The bounds test results indicate that there exist
long- run relationships between the variables. The study also used threshold cointegrating test
in order to test the environmental Kuznet’s curve hypothesis in the presence of regime shift.
This study confirms existence of cointegrating relationship in case of single structural break,
but for two structural break there is no cointegration among the variables. The Environmental
Kuznet’s curve hypothesis does not hold in Saudi Arabia. The study does not find long run
coefficients statistically significant except for trade openness.

Keywords: Carbon emissions, Energy consumption, Threshold cointegration, Environmental
Kuznet’s curve

1. Introduction

The Environmental Kuznets curve (EKC) hypothesis that aims to establish the relationship
between environmental pollution and economic growth plays central role in the formulation of
efficient energy policy. According to EKC hypothesis, at the initial phase of economic growth
and development an economy witnesses a positive relationship between economic growth and
environmental pollution and after reaching some threshold level of economic growth,
environmental pollution begins to decline. Under this assumption, the EKC hypothesis is
considered as an inverted U-shaped curve, exhibiting the relationship between environmental
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degradation and economic growth of an economy. In the literature, studies have shown that
EKC hypothesis is determined by scale, composition and technique effects (Kanjilal & Ghosh,
2013). In the scale effect, it is assumed that higher environmental degradation is strongly
linked with higher economic activity; this appears to be highly relevant in the initial phases of
economic growth and development in an economy. As the economy expands, industries
gradually start adopting cleaner technologies, reducing the share of pollution intensive
products in the production process. The latter is known as ‘composition’ effect whereas the
former is regarded as ‘technique’ effect. A close survey of existing studies on EKC reveals that
a large number of studies have been undertaken to validate the existence of EKC in cases of
developed as well as emerging economies. Unfortunately, a limited attention has been paid to
investigate the existence of EKC hypothesis in case of Gulf Cooperation Council (GCC)
countries. The possible explanation could be because of unavailability of large sample data and
less priority given by researchers due to the limited contribution of these economies in the
global carbon emission. But in recent year, owing to continuous monitoring of carbon emission
across countries by United Nations Framework Convention on Climate Change (UNFCC), the
issue of climate change has become a global issue and has garnered the considerable attention
of regulators and researchers to undertake necessary measures to reduce the carbon related
emissions from the existing level. Considering these issues into account, the present study
attempts to test the EKC hypothesis in the context of possible regime shifts in cointegrating
relationship between CO, emission, energy consumption, economic growth and trade openness
for Saudi Arabia. The sample period of the study is 1971-2011. This may be a significant
contribution to the existing literature in case of Saudi Arabia as there is no study as per my
knowledge that has examined such relationship in cointegration framework by taking into
account the possible endogenous structural break in the data. The present study promises to add
value to the existing literature.

The present study is motivated to study the extent to which economic growth is linked with
environmental degradation in case of Saudi Arabia. As per the reports of US Energy
Information Administration (EIA, 2008), Saudi Arabia has been ranked 11th among the major
carbon emitting countries in the world. At the same time, it is also the second largest (after Iran)
in terms of carbon emission in the Middle East region. According to recent data on CO,
emission, among all Middle East nations, the percentage share of Saudi Arabia in 2011, is more
than 26% (see EIA, 2011). With respect to year on year growth rates, in 2011, the growth rate of
carbon emission has been around 9.5% higher than the last three years. One of the reasons of
such a high growth in carbon emission could be because of strong surge in economic activities
supplemented by high energy demand and heavy exploration of hydrocarbons in order to meet
the sudden rise in global demand. In recent year, Saudi Arabian economy has witnessed strong
boom in real estate and manufacturing activities, as there is strong emphasis of reducing the oil
dependence in coming years to a sustainable level. The major sources of carbon emission are
oil related sectors, electricity generation, the solid waste management, and the agricultural
sectors (see Rahman, 2012). Even though Saudi Arabia is the world's largest producer of crude
oil, not surprisingly, the hydrocarbons are one of the major sources of fossil-fuel CO,
emissions (Boden et al., 2011). These figures are really surprising especially at the time when
environmental degradation is a hotly debated issue. These figures also clearly reveal that Saudi
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economy faces the challenge of balancing act between economic growth and environmental
degradation like other major economies in the GCC region and across the world. In order to
sustain the high economic growth, Saudi’s economy must emphasize on reducing the
environmental degradation from the existing level. In this regard, the technological innovation
and design and implementation of environmental policy can play pivotal role in shaping up the
fragile nature of the environmental degradation. In the literature, studies have shown that the
successful implementation of environmental regulations is strongly linked with the pattern of
economic growth and development and is the basis of environmental Kuznet’s curve (EKC)
hypothesis which has garnered considerable attention of empirical research in the past decades
(see Stern, 2004). The recent studies have also added the new dimension of research by way of
applying the recently developed time-series and panel data econometric models. In this respect,
the present study will add value to the existing literature by providing a new dimension
(application of endogenous structural break models) of EKC research in case of Saudi Arabia.
The study appears to be promising from the perspective of environmental policy because it has
added new avenues in the area of sustainable environmental policy research that may also be a
basis for other GCC countries.

2. Review of Literature

There is huge wealth of literature available on examining the nexus between carbon emission,
energy consumption and economic growth. For the ease of better exposition, these studies
can be divided into three different streams based on the objectives and outcomes. The first
stream focusses upon exploring the relationship between energy consumption and economic
growth. The central issue has been whether economic growth augments energy consumption
or energy consumption itself drives economic growth via the indirect channels of aggregated
effective demand, technological progress and overall energy efficiency. In this regard, (Kraft,
1978) in their study exhibited the causal relationship between energy consumption and
economic growth. Later work also reported the similar empirical inference, some of which
include (Akarca & Long 1980), Yu and Hwang (1984), Yu and Choi (1985), Erol and Yu
(1987), Abosedra and Baghestani (1989), Bentzen, Engsted (1993). As highlighted by Stern
(1993) these studies suffer from specification biases due to small sample size and omission of
relevant variables. Recent literature on examining the nexus between energy consumption
and economic growth under multivariate framework are Stern (2000), Soytas and Sari (2003,
2006, 2009), Ghali and El-Sakka (2004), Altinay and Karagol (2004), Oh. and Lee (2004)
Wolde-Rufael (2005), Akinlo (2008); Narayan and Smyth (2005),Apergis and Payne (2009)
among others. In this regard, Brown and Yucel (2002) provide a detailed survey of the theory
and evidence on the macroeconomic impact of energy prices. Huang et al. (2008) provide a
comprehensive literature survey on the empirical findings from energy-economic growth
causality results. A close re-appraisal of existing literature reveals that the role of energy
consumption in economic growth have reported mixed results across sample countries and
periods.

Second thread of research focuses on the relationship between economic growth and
environmental degradation, where the researchers have investigated the existence of EKC
hypothesis covering developed and emerging economies. In this line of research, the first
seminal study was proposed by Grossman and Krueger (1991) followed by a series of studies
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viz., Shafik, (1994), Heil and Selden (1999), Friedl and Getzner (2003), Dinda and Coondoo
(2006), Managi and Jena (2008), Coondoo and Dinda (2008), Romero-Avila (2008),
Akbostanci et al. (2009), among others. With regard to EKC literature, Stern (2004) and
Dinda (2004) provided a comprehensive literature review. However, despite such a large
volume of literature, the results are still inconclusive and provide further scope of
re-examination.

\ M ac rot h i n k Journal of Social Science Studies

Finally a third stream of research has emerged, which combines the first and second streams
by investigating the dynamic relationship between carbon emissions, energy consumption
and economic growth. Some of the important studies in this field include Soytas et al. (2007),
Ang (2008), Soytas and Sari (2009a, 2009b), Zhang and Cheng (2009), Halicioglu (2009),
Jalil and Mahmud (2009), Ghosh (2010).

Studies concerning Saudi Arabia, researchers have paid very limited attention on
investigating the existence of EKC for Saudi Arabian economy. To the best of our knowledge,
there is only one study that attempted to investigate the existence of EKC in case of Saudi
Arabia. Mansur and Mello (2011)in their study examine the relatinship between carbon
emission and GDP per capita for Saudi Arabia. The sample period of this study was
1975-2003. The main objective of this study was to confirm whether EKC hypothesis is
applicable in case of Saudi Arabian economy. They applied Long Run Structural Modelling
(LRSM) technique. The findings of this study suggested the long-run relationship between
carbon emission and economic growth and exhibtied the existence of N-shape EKC. In the
light of the review of the above mentioned streams of existing studies and literature on Saudi
Arabia, the present study is expected to add value to the existing literature in following
manner:

1) In the context of Saudi Arabian economy, this is the first study that highlights the role of
structural breaks in the EKC analysis. This is mainly because with the help of structural break,
it is easier to capture impact of economic crises, technological shocks, external shocks or
policy changes on the existence of EKC hypothesis.

2) Besides this, the incorporation of structural break in empirical analysis may also provide
insight about the possible reason of long-run disequilibrium between the underlying
variables.

3) In addition, the analysis of structural break often provide strong argument against the
conventional cointegration assumption that the cointegrating relationship remain same during
the period under consideration.

4) With the use of recent data, the study attempts to capture the impact of recent policy
measures with regard to carbon related emission.

5) In recent years, climate change has become dominant policy issue with global appeal. In
this light, it is imperative for every economy to undertake research related with carbon
emission and its impact on economic growth. So that pragmatic policy measures could be
annocuned. Since Saudi’s economy is also one of the largest emitter of carbon gas, hence, this
study will be a guiding tool from policy persepctive.
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6) With the incorporation of Saudi’s export and import, the study tries to exhibit the impact
of trade openness and oil export on carbon emission as oil sector is considered to be the
largest emittor of CO,in the country

3. Objectives of the Study
The major objectives of this study is:

1) To examine the long-term relationship between CO, emission, energy consumption,
economic activity and traded openness for Saudi Arabian economy;

2) To re-visit the cointegrating relationship by employing cointegration test with endogenous
structural break. This is mainly to validate the EKC hypothesis in the presence of possible
endogenous structural break in the existing long run relationship of sample variables.

3) To confirm whether EKC hypothesis is applicable for Saudi Arabia.

4) To study the identified structural breaks from policy perspective.

5) To study the policy implications of EKC hypothesis in case of Saudi Arabia.
4. Data and Research Methodology

4.1 Data

In this study, CO, emissions (metric tons per capita), Energy use (kg of oil equivalent per capita),
GDP per capita (constant 2005 USS$), Exports and Imports as % of GDP are retrieved from World
Development Indicators (WDI).The sample period of this study is 1971-2011. In case of other
observations, the study has retrieved the data from the websites of Saudi Arabian Monetary
Authority (SAMA) and EIA.

4.2 Empirical Methodology

At first stage of empirical analysis, the study has applied the tests of unit root to confirm whether
the sample data are stationary or not. For this purpose, three different variants of unit root tests
viz., Augmented Dickey and Fuller (1979), Phillips and Perron (1988) and Dicky and Fuller —
Generalized Least Square (DF-GLS unit root tests developed by Elliot et al. (1996) has been
applied. Generalized Least Square (DF-GLS unit root tests is an efficient and modified version of
conventional ADF test that is based on the detrended variable. Apart from these the study has
also used unit root test with breakpoint by Perron (1989). Based on the inference obtained from
these tests, the study has inferred that the variables are nonstationary at levels but stationary at
first difference. After the test of stationarity, the study uses Auto-Regressive Distributed Lag
(ARDL) model to test the cointegration among the variables. It may here be noted that unlike
Johansen’s cointegration, the test of stationarity in case of Autoregressive Distributed Lagged
(ARDL) model is not a pre-requisite criterion due to the presence of lower and upper bounds. In
other words this model is used even with a mix order of integration.

4.2.1 The Model

Following Halicioglu (2009) and Kanjilal and Ghosh (2013), the study specifies the following
linear logarithmic quadratic functional form for long run relationship among carbon emission,
energy consumption, economic activity and trade openness for the country.

CO,=¢,+aY +a,Y’ + ,EN, + 2, TO, + ¢,
t=12,...n

(1)
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Where CO,, Y,, Y?, EN,and TO,denote the per capita carbon emission, per capita GDP,

square of per capita GDP, per capita energy use and trade openness, respectively, after
logarithmic transformation.

e If the EKC hypothesis is true, the expected sign of ¢, is positive and ¢, is negative. The

statistical significance of ¢, implies that a monotonically increasing relationship between per
capita carbon emission and income.

e The sign of per capita energy use ¢, is expected to be positive as higher energy consumption
leads to higher carbon emission.

e The expected sign of ¢, may either be mixed because it is strongly linked with the stages of

growth and development and environmental aspects of production process of an economy (see
Grossman and Krueger, 1991).

e  The expected sign of trade openness is also dependent upon the nature of economy. For an
import dependent country, the sign of trade openness may either be negative and vice-versa.

Table 1. Descriptive statistics

Cco2 Y Y EN TO
Mean 2.644436 9.582885 91.87898 8.143262  4.341453
Median 2.6406 9.493536 90.12723 8.37412 4.324448
Maximum  2.943261 9.99888 99.97759 8.794829  4.792641
Minimum 2.283502 9.348854 87.40106 6.886964  4.033784
Std. Dev. 0.161146 0.220178 4.259087 0.544373  0.164685
Skewness -0.26876 0.815774 0.832758 -1.21843  0.278749
Kurtosis 2.516925 2.170083 2.193893 3.120179  2.735558

4.2.2 Cointegration Methodology

Like conventional tests of cointegration such as Engle and Granger (1987) and Johansen and
Juselius (1990) which have been used widely in empirical research to examine the long-term
relationship of variables under consideration in a bivariate or multivariate framework and having
several advantages, one of the drawbacks of conventional cointegration is that it assumes strict
non-stationarity of an economic variable, failing which the model is not recommended to
estimate. In order to overcome this methodological drawback, ARDL bounds tests approach for
cointegration (Pesaran et al., 2001) is becoming increasingly popular in empirical research due to
its several methodological advantage. First, it can be employed regardless of whether the
underlying variable is I (0) or I (1). Second, there is advantage of simultaneous estimation of long
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and short-run parameters in a model. Third, the small sample properties of ARDL are superior to
that of multivariate cointegration (Narayan, 2004).

One of the major drawbacks of conventional cointegration tests is the assumption that the
cointegrating relationship is not time-varying even in the case of large sample series. Besides this,
the cointegration results may be suspected when the sample period under analysis may have
witnessed major events (e.g., a global economic crisis such as sovereign debt defaults, currency
devaluation, domestic policy upheavals, regulatory shocks, etc.), which are likely to create
structural breaks in a particular series. Since conventional cointegration tests are not applicable
to exhibit the long-run relationship especially when structural breaks are present in sampled
series. Hence, it is always recommended to estimate the Gregory and Hansen (henceforth, GH,
1996) and Hatemi-J (Henceforth, 2008) cointegration test to estimate the variables. This is
mainly because these tests are able to identify the presence of structural breaks in a long time
series that may change the cointegrating relationship. In other words, the long run relationship is
likely to witness one or two regime shifts in the sample period. In that case, conventional
cointegration tests, as stated above, may suffer from specification bias and provide misleading
results. In this light, this study uses the ARDL bounds test cointegration methodology followed
by GH and HJ threshold cointegration tests to examine EKC hypothesis for Saudi Arabia.

4.2.2.1 ARDL Model Specification

An ARDL model is a general dynamic specification, which uses the lags of the dependent
variable and the lagged and contemporaneous values of the independent variables, through
which the short-run effects can be directly estimated, and the long-run equilibrium
relationship can be indirectly estimated, removing problems associated with omitted variables
and autocorrelation. ARDL technique involves estimating unrestricted error correction model.
An ARDL representation of Eq. (1) is given as follows:

ACO, = oy + Y BACO, _ +> LAY, +D BAY2 +) BAEN,+> BATO, +
i=1 i=1 i=1 i=1 i=1
VCOy  + V.Y + VY2 +V,EN,  + Y TO, 4+ & .. (2)

F-test is used to find out whether a cointegrating relationship exists among the estimated
variables. The null hypothesis of no cointegration among the variables in Equation (2) is

Hy:yy=v,=vs=V,=ys=0againstH,: ), 2y, 2V, # ¥, # Vs

which is denoted as F,, (CO,|Y,Y ?,EN,TO). Two sets of critical F-values have been

provided by Pesaran and Shin (1998) and Pesaran et al. (2001) for large samples, Narayan
(2005) for sample size ranging from 30 to 80 and Turner (2006) for response surface analysis,
where one set assumes that all variables in ARDL model are I (1) and another assumes that all
variables are I (0) in nature. If the calculated F-statistics is greater than the band, a conclusive
decision can be taken without prerequisite of whether the underlying variables are 1(0) or /(1).
If the computed F-statics falls within the critical band, inference remains inconclusive.
Further, once the orders of the lags in the ARDL model have been appropriately selected, one
can estimate the cointegration relationship using a simple Ordinary Least Square (OLS)
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method.
4.2.2.2 Threshold Cointegration Approach

GH and HJ have considered ‘Level Shift (C)’, ‘Level Shift with Trend (C/T)’ and ‘Regime
Shift (C/S)’ models to test possible structural breaks in cointegration tests. This study
considers Regime Shift model both for GH and HJ cointegration tests. GH test has taken one
break point whereas HJ has incorporated two break points. The regime shift model
representation of Eq.(1)for GH and HJ tests which incorporate structural breaks on both
intercept and slope are defined as:

GH Test:

2 2
COZ = ¢0 +alD1t +a01)/t +allD1tY; +a02Yt +a12D1tY; +

3
o,EN, +a D, EN, +,T0, + «,,D,, TO, + €, ®)

HJ Test:
C02 = ¢O + alDlt + a2D2t + aOIYt + allDlth + a21D2th + aOZYtz + a12D1thz + aZZDZtYZ +
o,EN, +a,,D, EN, +a,,D, EN, + 10, + ,,D, 10, + a,,D, TO, +¢,........... (4)

o, is the differential intercept over the common intercept ¢, with single structural break for

Equation (3) but differential intercept over the common intercept for the first sub-sample of

structural break for Equation (4). «, is the intercept differential over the common intercept
o, for the second sub-sample of structural break for Equation (4). ¢, is the coefficients for
ith independent variable i = 1,2,3,4. ¢, is the differential slope coefficient over the base slope
coefficient over the base slope coefficient ¢, with single structural break for Equation (3)
but for Equation (4) differential slope coefficient over the base slope coefficient ¢, is for the
first sub-sample of structural break i =1,2,3,4; «,,is the differential slope coefficient over the
base slope coefficient ¢, for the second sub-sample of structural break for Equation

(4). D,,is the dummy variable for the endogenous structural break at time t = 1, 2,....., n for
Equation (3), but for Equation (4), dummy variable to represent the first endogenous break.

D

,, is the dummy variable representing the second endogenous structural break at t = 1,

2,....., n for Equation (4).
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D, =0; ift<[nT]

1t
=1; if t > [nT.]
D, =0; ift <[nT.]
=1; ift>[nT;]

are the dummy variables with the known parameters T. and T. belonging to the 0, 1

meaning the relative timing of regime change point or structural break points which are not
known a priori. The standard methods of testing the null hypothesis of no cointegration in the
context of Equation (3) and Equation (4), when there are no dummies for structural breaks are
residual based approach of Engle and Granger(1987). GH has shown that residual based tests

namely Augmented Dicky- Fuller (ADF) and Z,, Z. test proposed by Perron (1989) applied

to regression errors to test the null hypothesis of no cointegration leads to misspecification of
cointegration if the structural breaks are unknown. GH has however used an advanced
nonlinear cointegration test with a structural break which is considered as multivariate
extension of univariate ZA unit root test. Gregory-Hansen (1996) proposed a residual based
cointegration test (GH-test) that takes into account regime shifts either in the intercept or the

entire vector of coefficients. They proposed biased —corrected modified ADF*, Z,* and Z.*

for testing cointegration of the above variables.

ADF* = inf ADF (1) %)
M ET
Zt* =inf Z_t(7) (6)
M ET
Z a*=1infZ o(1) (7
(neT

The null hypothesis of no cointegration is tested first by running regression of Egs. (3) and (4)

for each possible structural break 7ze 7 =(0.15,0.85) in the case of GH test and

7,€ 1, =(0.15,0.70) and 7, € 7, = (0.15+7,,0.85) for HJ test. Then applying (5)-(7) for

regression errors of each possible structural break. The smallest value of (5)-(7) is chosen to
compare against the critical values of one —break point and two —break point test developed
by GH and HJ, respectively, to accept and reject the null hypothesis of no cointegration.
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5. Empirical Results and Discussions

In order to analyse the stochastic properties of the series under study, unit roots test have
been performed. Augmented Dicky Fuller Tests, Phillip-Perron test and DF GLS Test have
been applied. Table 2 shows the results of these tests. The results reveal that all series are
non-stationary at levels but are stationary at first difference. The results of Zivot-Andrews
unit roots have also been performed (see Table 3). ZA test identified three breaks dates of
1995, 1982 and 1998 in model C. Model C shows the intercepts and trend both in the series.

Table 2. Unit root tests

ADF Test PP Test DF GLS Test

(Intercept and Trend) (Intercept and Trend) (Intercept and Trend)

Level First -diff Level First -diff Level First -diff
CO2 -3.08387 -6.132453***  -3.0839  -6.33883*** -2.75723 -6.0811%**
Y -0.98416 -5.507032%**  -1.7958  -3.548821*%* -2.19239 -3.2056%*
Y2  -1.00858 -5.648971***  -1.8145  -3.540837** -2.18421 -3.2143%*
EN  -2.78131 -3.255526* -1.5415  -5.032135***  -2.17563 -3.816%**
TO  -2.64046 -8.845933***  .2.6839  -9.082058***  -2.64021 -8.7139%**

Note: *** ** * sionificant at 1%, 5% & 10% repectively.

Table 4 reports the calculation of F-statistics by bound testing procedure based on the
selected ARDL models. The optimal order of lag length selected by the model is based on
Akaike (AIC) information criteria. The bound test indicates the presence of cointegration
when CO2 is dependent wvariable. This is because the result shows that

Foo (CO, Y, Y ?,EN,TO) =5.361 is higher than the upper critical value of F-statistics at 1%

level of significance. Therefore we reject the null hypothesis of no cointegration in favour of
alternative hypothesis of long run relationship among the variables specified in Equation (1).
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Table 3. ZA unit root tests

Model A Model B Model C

t-Stat Break year t-Stat Break year t-Stat Break year
CO, -3.8915 1995 -3.8162 2000 -4.9427 1995
Y -4.6783 1982 -3.6227 1986 -4.6395 1982
Y2 47546 1982 -3.6853 1986 -4.732 1982
EN - --- -7.2734 1982 ---- ---
TO  -5.054 2004 -5.397 1999 -5.2901 1998

The result of Threshold cointegration test with regime shift are reported in Table 5. It shows
that the modified ADF and Z.* and Z.* test reject the null hypothesis of no cointegration at

5% level of significance for Gregory-Hansen test of single breakpoint but in case of two
break point of Hatemi-J (HJ) test, it does not confirm the results. The critical values for GH
and HJ tests are available in GH (1996) and HJ (2008). The Threshold cointegration test for
single break confirms the long run relationship between carbon emissions and rest of the
variables in the equation.

Table 4. ARDL cointegration bound testing approach for the model

ARDL Function Optimal lag length F- statistics Inference

F., (CO,|Y,Y? EN,TO) , :
2 4,44,3.4 5.361%** Cointegration

o Critical Bound F- Values
Significance level

Lower Upper
1% 3.29 4.37
5% 2.56 3.49
10% 2.2 3.09

Note: ***computed statistics falls above the upper bound value at 1% level of significance.
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Table 5. Threshold cointegration results with Regime Shift

F,(CO, |Y,Y?,EN,TO)

ADF* Zt* Zo*

GH test -11.03** -11.1%* -67.5

HJ test -5.71 -5.77 -37.47
(0.41, 0.48) (0.14,0.31) (0.14, 0.31)

** Significant at 5% level of significance. The critical values for GH and HJ tests are available
in GH (1996) and HJ (2008).

With the given existence of long-run relationship, the ARDL cointegration methodology is
used to estimate the parameters of Equation (1). The error correction coefficient is negative
(-1.23) as required and very significant and its magnitude is quite high indicating a fast return
to equilibrium in case of disequilibrium.

Table 6. Long run coefficients based on ARDL cointegration results

Variables Coefficients
Y -39.85 (-1.10)
Y2 2.03 (1.09)
EN 0.11 (1.32)
TO 1.20 (2.69)
Constant 191.38 (1.10)

Author calculation. Figures in brackets are t- Statistics.

The coefficients of the variables are not statistically significant except in case of trade openness.
The long run elasticity of CO, emissions, with respect to energy consumption is0.11 pointing that
for each 1% increase in per capita energy, per capita CO, emission rise by 0.11 percent. The
elasticity of CO, emissions with respect to trade openness in the long run is 1.2 indicating high
contribution in CO; during the estimation period. The statistically insignificance of square of per
capita real income with positive sign shows that Saudi economy does not support the EKC
hypothesis.

6. Conclusions

This paper has tried to analyse the relationship between CO2 emission, energy consumption,
income and trade openness for Saudi Arabia by using the model provided by Halicioglu, F. The
study used the ARDL bound test approach which confirms the existence of cointegration among
the variables. Further, the study also examines the cointegrating relationship for Saudi Arabia
using threshold cointegrating tests of Gregory- Hansen (1996) single structural break and two
structural break Regime Shift model of Hatemi-J (2008) with an observation to test the EKC
hypothesis. In case of ARDL model and single structural break model, there is presence of
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cointegration among the variables but in case of two —structural break Regime Shift, there is no
cointegration.
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