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This paper aims to examine the asymmetric impact of oil price shocks on environmental degradation for a panel of six Gulf Cooperation Council (GCC) countries from 1996 to 2016. We use the dynamic seemingly unrelated regressions (DSUR) approach that considers cross-sectional dependency to reveal the interrelations between oil price shocks and carbon dioxide (CO2) emissions. The finding shows that the positive shocks of oil prices have a statistically significant negative effect on CO2 emissions, while negative shocks of oil prices did not affect CO2 emissions. More specifically, the positive oil price shocks have negatively influenced the CO2 emissions in Oman, Bahrain, Saudi Arabia, Qatar, and United Emirates Arab. In turn, the most negative effect is found in Qatar and Saudi Arabia. Meanwhile, the negative shocks of oil prices have statistically significant effects on the CO2 emission of Oman and Saudi Arabia. While for other countries, it does not have a significant impact. Also, the results support an environmental Kuznets curve in Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates; in contrast, the hypothesis was rejected in Bahrain and Oman. This study could help policymakers adopt renewable energy policies and use energy-saving technologies to sustain economic development and improve environmental quality.
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1 INTRODUCTION
Environmental degradation is well-known as a result of the dynamic interaction between social, institutional, technological, and economic, especially fluctuations in energy prices (Al-Mulali et al., 2016; Munir et al., 2019; Li et al., 2020; Malik et al., 2020). Environmental degradation is a worldwide issue in which carbon dioxide (CO2) emissions are a significant cause of global temperature increase (Usman et al., 2020; Anser et al., 2021). CO2 has been used consistently as an indication of environmental degradation, with implications for air pollution, global warming and is responsible for climate change (Abokyi et al., 2019; Bayoumi and Fernandez, 2019; Charfeddine and Kahia, 2019; Ehigiamusoe and Lean, 2019; Ehigiamusoe et al., 2020; Usman et al., 2020). CO2 is produced by burning solid fossil fuel waste, tree and wood products, and chemical reactions (Waqih et al., 2019). It is one of the most significant greenhouse gases that accounts for about 80% of global greenhouse gas emissions in the world (Li et al., 2020). This rise in CO2 levels has resulted in environmental degradation such as erratic precipitation, depletion of the ozone layer, and biodiversity loss (Agbanike et al., 2019; Ahmed et al., 2020; Ali et al., 2020; Ari and Sentürk, 2020). As a result, CO2 emissions have been included in this study as an indicator of the environmental degradation that may result from oil price shocks, especially in the Gulf Cooperation Council (GCC), which depends heavily on non-renewable sources such as oil (Haque, 2020).
Oil prices are viewed as a major contributor to increased economic growth and energy consumption at the expense of environmental quality in the literature (Agbanike et al., 2019; Murshed and Tanha, 2019; Ullah et al., 2020). Because of the challenges of environmental quality and climate change, oil price shocks continue to be a major source of concern for policymakers (Ullah et al., 2020). CO2 emissions (He and Richard, 2010; Hammoudeh et al., 2014), air pollution (Chen and Lin, 2015), environmental degradation (Saboori et al., 2016), promoting energy substitution (Ullah et al., 2020), and energy consumption are all likely to be affected by oil price shocks in the positive and negative parts (Agbanike et al., 2019).
Numerous studies concentrate on the relationship between oil price and macroeconomic indicators (Hammoudeh et al., 2014; Tan et al., 2014; Apergis and Payne, 2015; Hammoudeh et al., 2015). Oil price fluctuates from time to time, and sometimes this fluctuation comes with shocks. Oil price shocks are formally defined as a change in oil price relative to the price of oil that consumers and companies have expected. In other words, it unexpected component of the oil price (Kilian and Stock, 2015). Oil price shocks are the most effective tool for managing resource allocation, investment and risk management, reducing the use of fossil fuels, energy conservation, and CO2 emissions (Lean et al., 2015; Dong et al., 2017; Ullah et al., 2020).
Furthermore, positive and negative oil price shocks are likely to raise or decrease CO2 emissions (Hammoudeh et al., 2014; Chai et al., 2016; Shahbaz et al., 2017; Malik et al., 2020). Higher oil prices, for example, could lower CO2 emissions, according to the research (He and Richard, 2010; Zaghdoudi, 2017). Low oil prices may have resulted in greater usage of fossil fuels, which has exacerbated their negative effects on the environment by increasing CO2 emissions. (Wang and Li, 2016; Maji et al., 2017; Agbanike et al., 2019). Detrimental oil price shocks, according to Ullah et al. (2020), may have a negative impact on economic growth and maintain dirty environments in carbon emitters. Oil price shocks, in other words, may have asymmetric effects on CO2 emissions (Constantinos et al., 2019; Apergis and Gangopadhyay, 2020; Ullah et al., 2020). Oil price shocks are an important variable because changes in energy costs can have a significant impact on pollution and CO2 emissions (Al-Mulali et al., 2016; Ullah et al., 2020). As a result, while making environmental decisions to achieve sustainable development, a policy framework is essential. Understanding how oil price shocks affect CO2 emissions in the GCC is critical for long-term economic development (GCC).
The relationship between oil price shocks and CO2 emission has grabbed much attention from policymakers and researchers, where the focus is to reduce CO2 emissions without affecting economic growth. Also, the intention to move towards the positive and negative shocks of oil prices has become imperative for environmental quality. Meanwhile, governments, market participants, and policymakers pay close attention to how oil price shocks affect the environment by raising CO2 emissions (Murshed and Tanha, 2019; Ullah et al., 2020). On the other hand, to minimize the impact of positive and negative oil price shocks on environmental pollution or CO2 emissions (Apergis, and Gangopadhyay, 2020), the use of clean and renewable energy sources has been urged (Wang et al., 2019). As a result, looking at the links between oil prices and environmental deterioration (for example, CO2 emissions) can reveal significant behavioral biases in energy policy-making. Therefore, the symmetric effects of oil price shocks on CO2 emissions must be re-examined.
Oil prices can drop dramatically in a matter of days, causing damage to any production or financing plans that rely on oil earnings in countries that rely on oil revenues. As a result, economic activities and growth may be affected. According to the Environmental Kuznets Curve (EKC) theory, economic expansion has a significant impact on pollution levels (Kuznets, 1955). As a result, the two most essential engines of economic activity are the price of oil and pricing margins. Oil waste, on the other hand, is a consequence of consumption and is an important pollutant in the environment. As a result, understanding how oil price shocks influence the environment is critical.
Policymakers and scholars have focused their attention on the relationship between oil price shocks and carbon emissions, intending to reduce CO2 without affecting economic growth (Maji et al., 2017; Agbanike et al., 2019; Ullah et al., 2020). Oil price shocks and their impact on CO2 emissions are a fascinating topic that needs to be investigated, particularly in light of the two extreme situations seen in the last decade, namely the peak in oil prices in 2008 and the ongoing drop in crude oil prices since 2014. (Constantinos et al., 2019). This study focuses on GCC-6 countries of Oman, Kuwait, Bahrain, UAE, Bahrain, Saudi Arabia, and Qatar as it is at the forefront of this problem. GCC-6 countries account for approximately 30% of the total crude oil reserves of the world (Haque, 2020) but provide about 33% of global primary energy consumption (IEA 2019). This implies that changes in oil prices will have significant effects on the environment.
For example, the Kingdom of Saudi Arabia is the ninth-largest CO2 emitter in the Arab Gulf region, with 601,046 tonnes produced annually at a rate of 5.2 per cent (World Bank, 2016). Kuwait has some of the highest CO2 emissions in the world (International Energy Agency, 2005), with CO2 emissions per capita reaching 23.91 metric tonnes in 2018. (World Data Atlas, 2018). With CO2 emissions of 218, 788, 684 tonnes in 2015 and an annual change of +4.43 per cent, the UAE ranks among the world’s greatest per capita emissions from fossil fuel burning (Global Benchmarks, 2016). Such variations in CO2 emissions are one of the most difficult dangers to the environment in the GCC region, which is causing environmental damage. Therefore, we consider these countries as an appropriate sample based on their significant share of CO2 emissions.
Oil-exporting countries, such as the GCC, rely largely on revenue from oil exports. As a result, the low price of oil has an impact on many elements of life in these countries, particularly economic activities and investment plans. Given oil price fluctuations have an impact on output, it is logical to expect them to have an impact on real GDP (Bergmann, 2019; Naseer et al., 2016). Venezuela is an outstanding example of the significance of negative oil price shocks to countries that rely on oil exports as their principal source of revenue over the previous 5 years. Oil price shocks also have an impact on environmental pollution, as oil production and consumption activities are among the most significant polluters in the environment (Bruvoll and Medin, 2003). Furthermore, it is widely acknowledged that rising oil costs may compel countries to lower their energy consumption (Al-Mulali et al., 2016; Agbanike et al., 2019; Haque, 2020). As a result of the rise in energy prices, less energy will be consumed, resulting in lower CO2 emissions (Al-Mulali et al., 2016; Li et al., 2020; Malik et al., 2020).
In the context of GCC-6 countries, this study poses the following research questions based on the previous discussion: Is it true that the EKC hypothesis holds in GCC? Is there a link between oil price shocks and environmental degradation? Do negative and positive oil price shocks affect CO2 emissions? Aside from the theoretical foundation for the EKC, the hypothesis intuitively assumes a direct and explicit relationship between production and CO2 emission. Apart from a few recent attempts, Boufateh (2019), noticed the absence of the oil price element as a common feature of all publications on the EKC theory. The author suggested that adding more variables to the EKC hypothesis should be justified in such a way that the new variables reflect shock transmission pathways from production to CO2 emissions, or at the very least proxies which are designed to take the place of these variables to guarantee that there is no endogeneity issue.
As a result, the aim is to test the EKC hypothesis and to study the implications of asymmetric oil price shocks on the verification of this hypothesis and on per capita CO2 emission in the GCC. To begin, we used oil prices shocks (both negative and positive) to examine their impact on GCC carbon emissions, which is a novel contribution. However, the literature on the oil price shocks (both positive and negative shocks) and CO2 emissions in GCC is limited. Within the existing GCC literature, support for the EKC hypothesis is still disputed in the case of Pakistan (Al-Mulali et al., 2016; Haque, 2020). Second, we have extended earlier research such as Al-Mulali and Ozturk (2016) and Haque (2020) by excluding energy consumption from our model to avoid biassing our findings, resulting in a more definitive EKC hypothesis and negative and positive oil price shocks as determinants of CO2 emission in GCC.
Thirdly, this study selects 6 GCC countries, based on data availability, to investigate a gap in the empirical literature about the influence of oil price shocks (both positive and negative shocks) on CO2 emissions in the GCC region using data from 1996 to 2016. Lastly, we have used a dynamic seemingly unrelated regression (DSUR) technique which assumes the long-term cross-sectional dependency (Pesaran, 2007) across the sample countries to examine the relationship between the variable of the study to assess how positive and negative price shocks impact CO2 emission in the case of GCC. Shortly, this model has the advantage of being able to the knowledge of researchers’ and academicians’ expertise eager to employ panel data analysis and to overcome the contemporaneous correlation in the data. Also, we have been argued that linear ARDL and DOLS estimates methodology to explore the symmetric long-run relationship between the oil price shocks on CO2 emissions.
Our empirical results confirm positive shocks of oil prices have a statistically significant negative effect on CO2 emissions. Furthermore, they also confirm the presence of the EKC hypothesis in the selected GCC countries. Therefore, the findings of this study will make it possible for policymakers to better assimilate the predictive power of oil prices shocks (both negative and positive) price on CO2 emissions in GCC. As a result, the GCC countries will be able to devise strategies to mitigate the effects of rising and falling oil prices on CO2 emissions. The association between price shocks and CO2 emissions will be used by governments to develop a risk management approach for dealing with energy price volatility. It would also make it easier to develop environmental policies and programs that address oil price volatility and a greater emphasis on clean economic growth, which might be more effective for environmental sustainability, government budget protection, and achieving stability. It would also help politicians establish suitable energy price policies and pay close attention to its leveraging effects, which would help GCC countries decrease environmental challenges and promote energy conservation in the long term.
The remainder section of this paper is structured as follows. Section 2 introduces the literature review of the research. Section 3 provides an overview of the GCC countries’ economies. Section 4 explains the data sources and methodology; Section 5 presents the results, Section 6 displays a discussion, and Section 7 gives the conclusion and policy implications.
2 LITERATURE REVIEW
A vast literature examines the effects of oil price shocks on different environmental degradation variables for oil-exporting and importing countries. For example, Cashin et al. (2014) argued that oil price shocks, directly and indirectly, affect the environment and ecology of oil-exporting and importing countries. The direct impact is a change in oil production and consumption, and the indirect effect is the shift of shocks through international trade. Wang and Li (2016) found that an increase (decrease) in oil prices reduces (increases) carbon intensity. Using the panel cointegration methodology (panel FMOLS and DOLS), Zaghdoudi (2017) discovered that oil prices have a statistically significant effect on CO2 emission in the OECD countries. Constantinos et al. (2019) examined the relationship between crude oil prices and the volume of carbon emissions. The findings revealed that a rise or decrease in crude oil prices causes an asymmetric decline. This result is only applicable in the long term, as inelastic demand for crude oil may not translate to a reduction in carbon emissions in the short term.
In the short run, asymmetric effects are confirmed, running only from carbon emissions to crude oil prices. Boufateh (2019) realized that oil price shocks affect CO2 emissions differently in China and the United States by applying the nonlinear ARDL approach. The results showed that positive and negative changes in crude oil prices have an impact on CO2 emissions. Li et al. (2020) uncovered symmetric impacts of energy prices on CO2 emissions in China. After controlling for other economic and energy market parameters as well as regional correlations of these variables, the results demonstrate that energy pricing has a considerable negative impact on China’s CO2 emissions. Likewise, the influence of low and high oil prices on CO2 emissions in China was studied by Bilgili et al. (2020). This study confirmed previous findings that oil prices have a negative impact on CO2 emissions from 1960 to 2014. Ullah et al. (2020) found that the positive and negative changes in oil prices affect carbon emissions differently in the top ten carbon emitters countries in the short and long run. In a recent study, Umar et al. (2020) revealed that a 1% increase in energy price leads to a 0.02% decrease in carbon emission in 13 African nations.
Some studies examine the effects of oil price shocks on CO2 emissions in oil-exporting countries. For example, He and Richard (2010) retrieved that oil prices have negative effects on CO2 emissions in Canada. Payne (2012) indicated a significant long-term negative impact of oil prices on carbon dioxide emissions in the United States. Hammoudeh et al. (2014) found that positive oil price shocks have a negative impact on CO2 emissions. Saboori et al. (2016) found evidence of the favorable effects of high oil prices on the environment in the context of OPEC countries. To put it another way, an increase in oil prices in exporting countries will drive their citizens to seek higher environmental quality. Maji et al. (2017) noticed that lower oil prices can increase carbon emissions and reduce environmental quality in Malaysia. Nwani (2017) showed that higher crude oil prices create economic conditions that generate more energy consumption and CO2 emissions in Ecuador. Agbanike et al. (2019) discovered that rising crude oil prices increase energy consumption, government consumption expenditure, and energy consumption all result in CO2 emissions, which have a detrimental impact on economic growth in Venezuela’s oil-rich economy.
As for oil-importing countries, some studies examine the effects of oil price shocks on CO2 emissions in oil-importing countries. Balaguer and Cantavella (2015) found that oil prices have negative effects on CO2 emissions in Spain. Using the ARDL model, Abumunshar et al. (2020) investigated the causal relationship between oil price and Turkey’s carbon emissions. The ARDL long-run coefficients revealed that oil prices had a long-term negative impact on CO2 emissions in Turkey. In addition, the findings show that nonrenewable energy, such as oil, natural gas, and coal, increased CO2 emissions. Jiao et al. (2021), reveal higher oil prices and income inequality helped reduce carbon emissions in India using the NARDL technique in the long run from 1980 to 2018. Among the other important determinants of CO2 emissions, Murshed (2020) discovered that higher crude oil prices reduce CO2 emissions. A rise in the real price of crude oil reduces 0.16–0.44%, on average, ceteris paribus. This could be attributed to higher oil costs lowering demand and the usage of crude oil, resulting in lower CO2 emissions across selected South Asian economies: Bangladesh, Pakistan, India, Nepal, Sri Lanka, and the Maldives. Similarly, Murshed (2021) discovered that while liquefied petroleum gas (LPG) is a fossil fuel, it is a cleaner fuel than typically consumed fossil fuels like crude oil and coal, which helps to cut CO2 emissions in South Asian countries. Apergis and Gangopadhyay (2020) attained that long-term relationships between pollution, energy use, and oil prices have been characterized by nonlinear and asymmetric linkages to indicate hidden co-complementarity. Malik et al. (2020) observed that an oil price increase will increase CO2 emissions in the short run while reducing emissions in the long run in Pakistan. Li et al. (2020) found symmetric impacts of energy prices on CO2 emissions in China.
Contrary to the expectations, some empirical studies showed that an enhancement (decline) in oil price has a positive (negative) impact on CO2 emissions. Mensah et al. (2019) analyzed the effect of fossil fuel energy use, economic growth, and CO2 emissions. They found the unidirectional causality from oil price to CO2 emissions. Chaudhry et al. (2020) located that a decrease in oil price significantly affects environmental degradation in Pakistan. Lin and Jia (2019) obtained that higher energy price leads to a higher reduction of CO2 emissions. Zhang et al. (2019) demonstrated that energy price contributes to a decrease in CO2 emissions in China. Wang et al. (2019) revealed that removing oil price distortion will reduce CO2 emissions of China’s transport sector by 599 million tons in the studying period. Gbatu et al. (2019) investigated the short-and-long-run associations between CO2 emissions and Liberia’s key macroeconomic variables. According to ARDL and DOLS estimates, the results show a significant positive impact of oil price on CO2 emissions in the long run. Mahmood et al. (2020) indicated a positive asymmetric impact of oil income share on CO2 emissions in Saudi Arabia.
In terms of the GCC countries, most studies focus on examining the relationship between oil prices and the real GDP and energy consumption (see, for example, Nusair, 2016; Nasir et al., 2019; Haque, 2020). Only a few studies examine the relationship between oil price shocks and CO2 emissions in the GCC countries or are limited to individual country studies. For example, Alshehry and Belloumi (2015) explored oil prices on GDP growth and CO2 for Saudi Arabia. They find out that an upward trend in oil prices increases oil usage and deteriorates the environment by emitting more carbon emissions. However, focusing on single countries did not consider the shocks in oil prices (positive and negative). The results of this study are expected to encourage further studies on the potential relationship between oil price shocks and CO2 emissions in all GCC countries.
In the recent research, Haque (2020) examined the nexus among changes in GDP per capita, crude oil price shocks, carbon emissions, trade, and population in GCC countries from 1985–to 2014. The author found that oil price shocks negatively affect energy consumption, while the higher the energy consumption would increase CO2 emissions. Mohammed et al. (2022) argued that oil is a major source of income and exports in the GCC countries, but it is pollution-oriented and accelerates CO2 emissions in production and consumption activities. Aljadani et al. (2021) discovered that whereas oil price strengthens the link between economic growth and environmental quality at the level, quadratic, and cubic levels, oil rent weakens it. Furthermore, in the context of a COVID-19 outbreak, the long-term incidences of positive shocks to oil prices are not similar to the negative shock to CO2 emissions, implying the existence of asymmetric consequences on CO2 emissions in long-term forms. According to this study, an oil price shock could be beneficial to the Saudi economy’s macroeconomic guidance in 2019–2020. Therefore, a study on the relationship between oil price shocks and CO2 emissions lacks in GCC from the reviewed literature. This study will contribute to the existing literature in this area by studying the impact of oil price shocks and CO2 emissions.
3 OVERVIEW OF THE GCC COUNTRIES’ ECONOMY
The GCC countries rely on economic and financial sources of income. This is because the oil sector accounts for a substantial portion of the government revenues in the GCC economy, and an increase in the oil sector has both direct and indirect effects on pollution emissions. The oil industry exports a lot of pollution as a direct result of its operations. The oil sector helps the economy of the GCC members flourish through exerting indirect influence. As a result of the booming oil sector, GCC governments can spend more on their economies, increasing pollution emissions as a result of the expansionary fiscal policy (Mahmood et al., 2022).
The oil production in these countries is highly interrelated to economic activity, fiscal revenue, export earnings, and foreign exchange (The Economic Outlook and Policy Challenges in the GCC Countries 2017). Hydrocarbon and governmental activities heavily funded by oil revenues account for the majority of total GDP in most GCC countries, which are the oil-exporting countries and rentier state countries. Furthermore, non-governmental sectors (non-oil sectors) often depend on oil. The primary sources of manufacturing value-added in GCC oil exporters include refinery, chemical, and other mining/extractive industries. Most of these activities derive from the oil industry. Concerning the fiscal revenue in the GCC, oil is the primary source of government revenue in most GCC countries. In 2014, the share of oil revenue in total revenue ranged from 24 per cent in Bahrein to 90 per cent in Kuwait, with 77 per cent as the average.
Similarly, regarding exports in all GCC except the UAE, oil is the main export product because it accounts for above 80 per cent of total exports in half of GCC, and above 60 per cent in all of them except the UAE (IMF annual report, 2016). Apart from economic issues in the GCC countries, environmental problems appear to be one of the urgent issues in GCC. Based on the Environmental Performance Index (EPI) index, all six countries occupy the centre. This situation became worse with significant revenues from the high oil price in the last 10 years after toppling Saddam Hussein’s regime in Iraq.
According to the Annual meeting of Arab ministries of finance held in April 2016, the report explains the relationship between oil price and economic growth. It also describes the six countries as countries that heavily depend on oil prices. In these countries, fiscal revenue, economic activity, export earnings, and foreign exchange rely on oil production.
In 2010, while crude oil’s share of the world’s fossil fuel consumption was 38%, the share of coal was 35%, and the share of natural gas was 27% of the total fossil fuel consumption. Thus, crude oil is the most significant demanded fossil fuel globally, and its fluctuations and determinant factors are among the most encouraging topics for energy researchers and economists. One important question arrive here: Do the oil price shocks impact environmental degradation in the short or long term in GCC countries? In addition, if the impact is exciting, is it asymmetric or symmetric or linear or nonlinear, what is its effect on the quality of the environment in the GCC.
4 MODEL, DATA DESCRIPTION, AND METHODOLOGY
4.1 Model Specification
To investigate the effect of oil price shocks on environmental degradation, we specify the following empirical model (Abumunshar et al. (2020); Husaini et al., 2021):
[image: image]
where CO2 is CO2 emissions of country i in year t, GDPP and [image: image] are real GDP per capita and its square. EU is energy consumption per capita, oilP is oil prices and [image: image] is error terms. All variables are transformed to the natural logarithm because it allows us to interpret the results as elasticity.
According to EKC, we expect [image: image] and [image: image]. The total effect of economic growth on CO2 emission is [image: image]. One of the main factors in producing CO2 is energy use. Hence, we expect a positive relationship between EU and CO2 i.e. [image: image].
To investigate the nonlinear effects of oil price shocks, we follow Shin et al. (2014), Badeeb and Lean (2018), Badeeb et al. (2021) and Husaini and Lean (2021) to decompose the oil price to positive [image: image] and negative [image: image] components as defined below:
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Two variables [image: image] and [image: image] are defined in a cumulative form, and as can be seen, each positive and negative component has a permanent impact on the underlying variable. We incorporate the positive and negative components of oil price to investigate the nonlinear effects of oil price on CO2 emission as the following regression model:
[image: image]
4.2 Data Description
We compile the dependent and explanatory variables dataset for the six GCC countries, i.e., Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates, over 1996 to 2016. We collect the annual data on CO2 emissions (metric tons per capita), and energy consumption per capita (million Btu per Person) from World Development Indicators (2020). We get the data of real GDP per capita from Pen World Table (PWT) version 9.1 and West Texas Intermediate (WTI) (US $ per bb) from the United States Energy Information Administration.
In Figure 1, we display the bilateral relationship between explanatory variables and CO2 emission, all of which are in logs form. In panel A, we present the bilateral relationship between real GDP per capita and CO2 emission per capita and show the estimated line in red colour. The estimated line is [image: image] by pooled least squares estimator. As can be seen, the nonlinear effects of real income on CO2 emissions are not rejected, and thus, the environmental Kuznets hypothesis among GCC countries is not rejected.
[image: Figure 1]FIGURE 1 | bilateral correlation between explanatory variables and LCO2.
In panels B and C, we present the bilateral relationship between CO2 emission and energy use and CO2 emission and oil prices. We can see that increasing energy use and oil prices will increase the CO2 emission in the GCC countries. In panels D and E, the bilateral relations between CO2 emission and positive components of oil prices and negative components are presented. Thus, there is a positive link between CO2 emission and positive shocks in oil prices and a negative linkage between CO2 emission and negative shocks in oil prices.
We present the descriptive statistics in Table 1. The results of the Jarque-Bera test indicate all variables except positive components of oil prices are distributed non-normally at the 5% significant level. In panel B, we present the bilateral correlation matrix. There is a positive linkage between CO2 emission and all explanatory variables except negative shocks in oil prices. Except for the coefficient of [image: image], the signs of correlation between other variables are in line with our expectations.
TABLE 1 | Descriptive statistics.
[image: Table 1]4.3 Methodology
We apply the second generation of panel data estimators to estimate the regression models 1) and (4). Hence, we follow a four-step estimation strategy. In the first step, we test the null hypothesis of cross-sectional dependence. In the second step, the stochastic properties of variables are tested using the second generation of the panel unit root test, namely Pesaran (2007) panel unit root test. In the third step, existing long-run relationships between variables in Eqs 1, 4 are tested using Westerlund (2007) panel cointegration test, which allows for cross-sectional dependence. Finally, in step four, the long-run relationship among variables in the Eqs 1, 4 are estimated using two first-generation panel data estimators, namely FMOLS and DOLS and the second-panel data dynamic SUR estimator.
Four tests were examined to determine the dependency of cross-sectional panel data variables. These include Breusch and Pagan (1980)’s LM test, Baltagi et al. (2012)’s bias-corrected scaled LM test (BC-LM test), Pesaran (2004)’s scaled LM test (S-LM test), and Pesaran (2004)’s CD test (CD test) as following:
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where N, T, and [image: image] are the number of members, the period of the panel, and the estimated pair-wise correlation between members of panel data of each variable in Eqs 1, 4. The null hypothesis of the mentioned tests is no cross-section dependence and except LM test, which is distributed asymptotically as [image: image] distribution, the other three tests are asymptotically standard normal. We have to apply the second generation of panel data estimators to estimate the regression models (1) and (4) by rejecting the null hypothesis of no cross-sectional dependence.
We apply the Pesaran (2007)’s cross-sectional augmented Dickey-Fuller (CADF) unit root test to examine the stochastic properties of variables in Eqs 1, 4. Suppose the results of unit root tests indicate that all variables are integrated of order 1 (i.e., I(1)). In that case, the long-run relationship among variables should be tested using second generation of panel co-integration tests. In this paper, we test the null hypothesis of no cointegration using the second generation of the tests, namely Westerlund (2007)’s panel co-integration test which is robust to cross-sectional dependence.
Westerlund (2007) developed the following error correction model to test the null hypothesis of no cointegration:
[image: image]
where y and x are dependent and explanatory variables, respectively. [image: image] is the speed of equilibrium reverting after an unpredicted shock and [image: image] is the deterministic term. Westerlund (2007) considers three cases, (1) [image: image], which is related to the model without deterministic term, (2) [image: image], which is related to the model with intercept, and (3) [image: image], which is related to model with intercept and linear trend. To test the null hypothesis of no cointegration, Westerlund (2007) developed four test statistics under the alternative hypothesis, including [image: image]. The alternative hypothesis of two tests [image: image] (which are called panel statistics) is [image: image] for all members of the panel and the alternative hypothesis of two tests [image: image] (which are called mean group statistics) is [image: image] for at least one member of the panel. Westerlund (2007) offers the bootstrapped p-values for all four test statistics, which are robust in the presence of common factors in the time series.
By rejecting the null hypothesis of no cointegration, the long-run relationship among variables in Eqs 1, 4 is estimated by second-generation estimators of panel data, which can control for cross-sectional dependence. In this paper, we estimate the long-run relationship between CO2 emission and explanatory variables in Eqs 1, 4 using DSUR estimator, which was developed by Mark et al. (2005) by taking into account the cross-sectional dependence.
Consider a two-variable regression model with [image: image] as the dependent variable and [image: image] as an explanatory variable, where [image: image] and [image: image] and [image: image] are I(1) and cointegrated. To estimate the regression model using DSUR approach, we specified the following system regression model with N (i = 1,2,…,N) equations and applied the DSUR method to estimate it:
[image: image]
where y and x are dependent and explanatory variables, h is a number of lag(s) and lead(s) of dependent and explanatory variables. The lag(s) and lead(s) terms are included in the system regression models to control the endogeneity error terms. Mark et al. (2005) developed a two-step procedure to estimate the system Eq. 10. In the first step, the [image: image] is regressed on lags and leads terms i.e. [image: image] and [image: image] using OLS estimator to the error terms’ endogeneity. In the second step, to allow for cross-sectional dependence among the residuals, the SUR method is run on the OLS residuals of the first step. The covariance matrix of estimated residuals is used as a weight to capture the cross-sectional dependence.
5 EMPIRICAL RESULTS
In Table 2, we offer the test statistics of the Breusch and Pagan (1980)’s LM test, Baltagi et al. (2012)’s bias-corrected scaled LM test (BC-LM test), Pesaran (2004)’s scaled LM test (S-LM test), and Pesaran (2004)’s CD test (CD test). As seen, the test statistics indicate the null hypothesis of no cross-sectional dependence is rejected at a 1% significant level except CD tests for [image: image].
TABLE 2 | Results of cross-sectional dependence tests.
[image: Table 2]Pesaran (2007)’s CADF panel unit root test is applied to test the null hypothesis of an existing unit root in the data generating process of the variables. In contrast, three variables [image: image], [image: image], and [image: image] are time series variables. Thus, we apply the conventional ADF unit root test to test the null hypothesis of an existing unit root in the data generating process of the variables. We test the null hypothesis of unit root for two models; model with intercept and model with intercept and linear trend. Each model is considered for two cases; level and first difference of variables. The results of unit root tests are prepared in Table 3.
TABLE 3 | The results of CADF and ADF unit root tests.
[image: Table 3]The results of the CADF unit root test indicate three variables [image: image], [image: image], and [image: image] are stationary when only an intercept is included in the unit root test and when a linear trend is included in the unit root test, the null hypothesis of unit root is not rejected. In contrast, when the null hypothesis of unit root is tested for the first differenced variables, in both models with constant and constant and linear trends, the null hypothesis of unit root is rejected at 1% significant level. The CADF unit root test results for EU indicate that the variable is I(1) for the model with intercept.
The results of the univariate ADF unit root test in panel B indicate that all three variables oilP, oilP_pos, and oilP_neg are I(1) according to both models with only intercept and intercept and linear trend. With a little condescension, we conclude that all panel data variables and time series variables in the study are I(1). Thus, in the next step, we test the existing long-run relationship between variables in Eqs 1, 4 using Westerlund (2007)’ panel cointegration test.
The results of the null hypothesis test for the lack of cointegration between the variables in Eqs 1, 4 using the Westerlund (2007) co-integration panel test in panels A and B are presented in Table 4 respectively. We offer the test statistics and related robust p-values, which are computed using bootstrapping process, for all four test statistics, including [image: image], [image: image], [image: image], and [image: image]. All tests indicate the null hypothesis of no cointegration among variables in Eqs 1, 4 are rejected at 1% statistically significant level. Next, we apply two first panel data estimators including panel dynamic OLS (panel DOLS) and panel fully modified OLS (panel FMOLS) and second-generation panel data estimator of panel DSUR to estimate the long-run relationship among variables in the Eqs 1, 4.
TABLE 4 | The results of Westerlund (2007) panel cointegration test.
[image: Table 4]We present the estimation results of Eq. 1 by panel DOLS and FMOLS in panels A and B of Table 5, respectively. The results of the panel DOLS estimator indicate 1) oil price has a statistically significant negative effect (at 5%) on CO2 emission in the GCC countries. A 10 per cent increase in the oil price will decrease CO2 emissions by about 0.06%. 2) The coefficients of [image: image] and [image: image] are 0.467 and −0.022, respectively and both of them are statistically significant at 1%. According to the results, the environmental Kuznets curve hypothesis is not rejected in the GCC countries. 3) The coefficient of EU is positive and statistically significant at 1%. The result indicates that if energy use increases 10%, the CO2 emission will decrease by 8.8%.
TABLE 5 | Estimation results of Eq. 1 by panel DOLS and panel FMOLS.
[image: Table 5]The results of the panel FMOLS estimator indicate 1) oil price has a statistically significant negative effect (at 5%) on CO2 emission in the GCC countries. A 10 per cent increase in the oil price will decrease CO2 emission by about 0.87% (greater than estimated by the panel DOLS estimator). 2) The coefficients of [image: image] and [image: image] are statistically insignificant at conventional cut-off points. In contrast with panel DOLS estimator results, according to panel FMOLS estimator results, the GCC countries’ environmental Kuznets curve does not exist. 3) The coefficient of EU is positive and statistically significant at 1%. The result indicates that if energy use increases 10%, the CO2 emission will decrease by 7.45%.
We present Eq. 4 estimation results by panel DOLS and panel FMOLS in panels A and B in Table 6. The estimated coefficient of positive oil price component by panel DOLS and panel FMOLS is negative, statistically significant at 5%. The results indicate that positive shocks to oil prices will decrease the CO2 emission in the GCC countries. In contrast, the estimated coefficient of the negative oil price component by panel DOLS and FMOLS estimators is statistically insignificant. Thus, only positive shocks to oil prices have a statistically significant effect on CO2 emission and help reduce air pollution. In contrast, negative shocks have neutral effects on CO2 emission.
TABLE 6 | Estimation results of Eq. 1 by panel DOLS and panel FMOLS.
[image: Table 6]One of the main shortcomings of panel DOLS and panel FMOLS estimators is that they cannot overcome the problem related to cross-section dependence. Hence in the final step, we re-estimate the Eqs 1, 4 using panel DSUR. The results are prepared in Table 7.
TABLE 7 | Estimation results of Eqs 1, 4 by panel DSUR estimator.
[image: Table 7]We present the estimation results of Eqs 1, 4 by panel DSUR estimator in panels A and B, respectively. Panel A1 reports the panel DSUR estimator and panel A2 reports a single country DSUR estimator of Eq. 1. The results of the panel DSUR estimator indicate 1) oil price has a statistically significant negative effect (at 1%) on CO2 emission in the GCC countries. Its coefficient equals −0.104 (greater than panel DOLS and FMOLS) and indicates a 10 per cent increase in the oil price will decrease CO2 emission by about 1.04%. 2) The coefficients of [image: image] and [image: image] are 2.401 and −0.101, respectively and both of them are statistically significant at 5%. According to the results, the environmental Kuznets curve exists in the GCC countries. 3) The coefficient of the EU is positive and statistically significant at 1%. The result indicates that if energy use increases 10%, the CO2 emission will decrease by 6.48%. Table 7
The results of a single DSUR estimator for each country indicate 1) except Kuwait. For other GCC countries, the oil prices negatively affect the CO2 emission, and the most negative effect is related to Saudi Arabia (equals -0.481). For Kuwait, the null hypothesis of the neutral effect of oil price on CO2 emission is not rejected at conventional cut-off points. 2) The sign and statistically significance of [image: image] and [image: image] indicate the environmental Kuznets curve hypothesis is not rejected in Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates contrast, the hypothesis is rejected in Bahrain and Oman. 3) The EU has a statistically positive significant effect in Kuwait, Qatar, and Saudi Arabia.
The estimation results of Eq. 4 by panel DSUR estimator in panel B1 indicate 1) positive shocks of oil price have a statistically significant negative effect (at 1%) on CO2 emission in the GCC countries. Ten points of positive shock of oil prices will decrease CO2 emission by about 1.98%. In contrast, the negative shocks of oil prices do not have statistically significant effects on CO2 emission. The results are in line with our previous results using panel FMOLS and panel DOLS estimators. 2) The sign and statistical significance of other explanatory variables are the same as our results for Eq. 1.
The results of a single DSUR estimator for each country indicate 1) except Kuwait. For other GCC countries, the positive shocks to oil prices have a statistically significant negative effect on the CO2 emission and the most negative effect on Qatar and Saudi Arabia. The negative shocks of oil prices have statistically significant effects on the CO2 emission of Oman and Saudi Arabia. 2) The sign and statistically significant of [image: image] and [image: image] indicate environmental Kuznets curve hypothesis is not rejected in Qatar and Saudi Arabia. 3) The EU has a statistically positive significant effect on Kuwait, Qatar, Saudi Arabia, and the United Arab Emirates.
For robustness checking, Brent crude oil price substitutes the WTI oil price in our estimations. We encounter that the results are consistent and robust with the main findings.
6 DISCUSSION
The primary goal of this study is to see how positive and negative oil price shocks affect environmental degradation. The findings suggest that the GCC countries under investigation are cross-sectionally dependent. According to long-run DSUR estimates, positive oil price shocks have a statistically significant negative influence on CO2 emissions. Our findings are in line with the previous work of Malik et al. (2020) for Pakistan, Shahbaz et al. (2017) for Australia, Umar et al. (2020) for African countries, Ullah et al. (2020) for the top ten carbon emitters, and Abumunshar et al. (2020) for Turkey. This result is in line with Bilgili et al. (2020) for United States and China, which also found that the increase in oil prices in the US is a negative effect on CO2 emissions. These findings support the findings of Haque (2020), who discovered that an increase in oil prices reduced energy consumption by 0.22 per cent while higher energy consumption increases CO2 emissions in the GCC. This result is also consistent with Malik et al. (2020), who found that in the long-run relationship between oil price and carbon emission, an increase in the oil price (positive shock in the partial sum of oil price) reduces carbon emission while a decrease in the oil price (negative shocks in the partial sum of oil price) increases carbon emission.
Oil price shocks, on the other hand, have had a negative impact on CO2 emissions in Oman, Bahrain, Saudi Arabia, Qatar, and the United Arab Emirates. Qatar has the largest detrimental impact, followed by Saudi Arabia. Oil price negative shocks have statistically significant effects on CO2 emissions in Oman and Saudi Arabia, but not in other nations. These findings confirm the work of Aljadani et al. (2021), who find that there is a long-term negative and significant association between oil rent (OILRENT) and CO2 emissions, and a rise of 1% in oil rent (OILRENT) will result in a 0.25 per cent reduction in environmental deterioration in Saudi Arabia. The outcome of this study is similar to (Wang and Li, 2016; Maji et al., 2017; Agbanike et al., 2019; Constantinos et al., 2019), which supports the significant negative impact of oil price on CO2 emissions. To be more precise, the energy prices exert a negative effect on CO2 emissions in line with some previous empirical literature (Li et al., 2020). The results are in line with results using panel FMOLS and panel DOLS estimators showing that oil price has a significant negative effect on CO2 emissions.
In the meanwhile, the EKC theory is not rejected in Kuwait, Oman, Qatar, Saudi Arabia, or the UAE; nevertheless, it is rejected in Bahrain and Oman. This means that an increase in oil prices will decrease the carbon emissions in the selected countries. However, this research found that both positive and negative oil price shocks have little effect on pollution. The Fully Modified OLS was used to achieve this outcome. The DSUR approach was also used to elucidate the influence of oil price shocks and other explanatory variables on CO2 emissions in GCC nations for the robustness assessment. The results of the long-run estimation show that positive oil price shocks have a negative but insignificant effect on pollution. This conclusion is consistent with Chang et al. (2009) and Sadorsky’s reasoning (2009a and 2009b). They found that the impact of oil prices on environmental deterioration is inversely proportional to the country’s economic development rate. They also pointed out that nations with greater economic growth transition to clean energy sources (renewable energy) faster than countries with lower economic growth to reduce pollution caused by oil price shocks.
The effect of negative oil price shocks on CO2 emissions in GCC nations, on the other hand, demonstrates that negative oil price shocks have statistically significant effects on CO2 emissions. This means that a decline in oil prices has a greater impact on pollution than an increase in oil prices. This is in line with Marques and Fuinhas’s (2011) findings, who argued that prices of fossil-based fuels are not significant tools for mitigating carbon emissions. Similar findings reported by Sun et al. (2019) reveal that energy price does not matter in predicting changes in CO2 emission in China. They suggested that oil prices are not suitable tools to encourage the consumption of renewable energy sources.
The short-run results of the current analysis revealed that both positive and negative oil price shocks have no statistically significant influence on pollution. In other words, the effect of total energy consumption is statistically significant and positive in all of the estimated models. This is consistent with prior research that found that energy usage has a favourable impact on carbon emissions in GCC countries (Salahuddin and Gow, 2014; Salahuddin et al., 2015; Al-mulali and Che Sab, 2018; Al-Saidi and Elagib, 2018).
Moreover, the statistically significant positive and negative coefficients of GDP and square of GDP, respectively, support the EKC hypothesis in the selected GCC countries. This finding is in line with the result of several studies such as Hamdi and Sbia (2013) for the panel of GCC; Jaunky (2011) for Bahrain, Oman, and UAE; Arouri et al. (2012) for Egypt, Lebanon, Bahrain, Saudi Arabia, and Oman; and Ozcan (2013) for UAE, Egypt, and Lebanon.
The GCC countries have observed the benefits of renewables as a cost-effective and reliable power source. This may be attributed to initiatives and favourable policies adopted by these countries and programs towards developing renewable energy sources in these countries. All GCC countries have also targeted that 10% of the power production come from renewable energy sources by 2020 and are rapidly moving towards realizing this target.
The key to renewable energy development in the GCC region is solar power, as it is the single most abundant renewable energy source available. The region’s topography gives it immense solar energy potential throughout the year. It benefits the space to develop large solar power plants—almost 85–90% of the money spent on renewable energy. For example, Saudi Arabia has announced plans to invest more than $ 100 billion to generate 41 gigawatts of electricity using solar power. Dubai has also unveiled plans to invest about $ 4 billion to generate 1 gigawatt of electricity using solar energy. The six Gulf countries have begun construction of solar power plants with investments of over $ 155 billion to create more than 84 gigawatts of power and are scheduled to be completed by 2017, Other examples of these policies include renewable energy initiatives, such as Saudi Arabia’s six greenfield economic cities (combined with efforts to elevate cities like Mecca to Smart City status). Lusail’s Smart and Sustainable City, Pearl-Qatar Island, and Energy City Qatar are three projects in Qatar. Two projects in the United Arab Emirates (Masdar City in Abu Dhabi and Smart City Dubai).
7 CONCLUSION AND POLICY IMPLICATIONS
Oil price shocks have become a major decisive factor in environmental degradation, thus calling policymakers and researchers to investigate its causes. In this study, we explored the short- and long-run effects of oil price shocks on the CO2 emissions for a panel of six GCC countries from 1996 to 2016. Although various studies have been conducted on this topic for countries in Western Europe, America, Asia, and Africa, the studies that have been undertaken on the GCC countries are very limited. Therefore, the present study’s findings can positively impact both the literature and future decisions of policymakers.
The long-run interactions between oil price shocks and CO2 emissions were investigated using the DSUR technique in our study. In the long run, the estimates revealed no significant relationship between negative oil price shocks and CO2 emissions. Nonetheless, a strong negative relationship was discovered between positive oil price shocks and CO2 emissions. Also, a single DSUR estimate shows that positive oil price shocks have had a negative impact on CO2 emissions in Oman, Bahrain, Saudi Arabia, Qatar, and the United Arab Emirates. At the same time, the findings revealed that Qatar had the largest detrimental impact, followed by Saudi Arabia.
Meanwhile, the negative shocks of oil prices have statistically significant effects on the CO2 emission of Oman and Saudi Arabia, and for other countries, it does not have a significant effect. Moreover, the results also support the existence of the EKC in Kuwait, Oman, Qatar, Saudi Arabia, and the UAE. In contrast, the hypothesis is rejected in Bahrain and Oman.
Positive oil price shocks have no significant effect on CO2 emissions, but negative shocks have a considerable impact on CO2 emissions in the GCC countries. This is understandable, given that the UAE liberalized energy pricing following the negative impact of oil prices in 2014, resulting in lower domestic consumption. Saudi Arabia and Kuwait, which have been reclaimed, have also increased domestic energy prices by roughly 50%, but they still retain support. Overall, such a reduction, combined with the start-up of solar power plants via the big projects outlined above, reduces dependency on fossil fuels for energy generation. However, there is a positive effect of economic growth on the CO2, on the level of the economic situation of the country, where the countries have positive GDP effect with CO2, but Oman and Bahrain have less economic growth compared with other four countries like Kuwait, Qatar, KSA, and UAE. These countries are on top of the largest energy reserve in the world—also, a significant positive effect between energy consumption and CO2 in GCC countries.
The data presented here concerning causal relationships between oil price shocks and CO2 emissions has policy implications for GCC countries. According to the findings, GCC governments may prioritize clean and green economic growth by maintaining oil prices as low as feasible, which would be more effective in terms of environmental sustainability. The environmental degradation problem in these countries cannot be solved systematically and solely by economic growth. The efforts should focus on non-oil sectors, focusing more on diversifying its energy mix, with a higher percentage of renewable (clean) energy production, adopting new policies regarding the development of efficient projects, and employing green finance tools to achieve sustainable economic growth. Economic policy which is supposed to be followed by GCC governments implies investment in renewable energy and smart energy, rather than fossil fuel energy to achieve their sustainable development goals and shed light on urgent global issues. These economies could invest primarily in low-carbon renewable energy resources and aim to outperform key acts where the green economy looks to be a top government goal. To achieve long-term economic development goals, policymakers must concentrate on new energy sources. To attain a digital economy, GCC countries must modify their economic growth patterns and promote economic diversification activities, as well as improve the efficiency of the energy sector. The government and policymakers should push for a more thorough reform of oil price shocks, paying special attention to the indirect risk of price shocks and their leveraging consequences. Furthermore, changes in oil prices and CO3 emissions result in GCC nations needing authorities and policymakers to approach diesel and gasoline policies independently.
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