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Overview

The six Gulf Cooperation Council (GCC) oil-producing countries emit six times as high as the World’s average emissions pre capita and are considered among the highest emitters worldwide. In addition, most Gulf States have experienced steady increases in emissions intensity since the 1970s. The alarming environmental concerns render reducing carbon emissions a high policy priority, in light of the global environmental obligations. Reducing emissions intensity is a product of two important policy elements: the energy mix and energy efficiency. The adoption of particular energy policies, however, should be guided by their effectiveness in mitigating carbon emissions in the long-run. Some GCC states have started pursuing policies to promote energy efficiency and renewable energies that sometimes entail huge capital investments such as Masdar City in the UAE. Nevertheless, this reorientation has not yet resulted in the development of coherent strategies and policies that are guided by a clear set of priorities.
Using data for the period 1971-2010, the purpose of this paper is to study the long-run determinants of carbon emissions growth in the GCC. In particular, the paper aims to answer three questions: (i) what are the main long and short run determinants of emissions in the GCC countries? (ii) Which has a better long-run emission reduction potential: energy efficiency improvement or shifting energy consumption towards non-fossil sources? (iii) What is the impact of diversification policy on emissions growth? Answering these questions provides important policy guidance into the different options to mitigating greenhouse gases in the GCC countries.
Most previous studies on the determinants of emissions have used an index or a structural “decomposition approach” in which the exact emissions growth is decomposed into a number of factors that contributed to it.  Applications of decomposition models to developing countries have been growing since the 1990s (among others see, Sherestha and Timilsina, 1996; Ang et al, 1998, Zhang et al., 2009). Despite their relative simplicity and practical use, unlike the econometrics approach which this study belongs to, these models do not quantify the marginal effects or distinguish between the long-run and the short-run dynamics of emission growth which can be of great value to policymakers. 
We use recent panel cointegration tests and techniques. Particularly, we employ the Common Correlated Effects (CCE) technique and the Pooled Mean-Group estimator (PMG).The choice of the appropriate econometric technique is dictated by a number of factors: (1) robustness to the endogeneity of some determinants (for example, the simultaneity between income growth and CO2 emissions), (2) the heterogeneity and interdependence among the GCC countries, (3) the utilization of the panel dimension while exploring the dynamic nature of the individual time series of the panel. We shed more light on the methodology in the following section. 
Methods

We consider a multivariate model of carbon emissions; where CO2= f (S, y, I, M, E). Or emission intensity (CO2/GDP) is being determined by:  (i) the structure of the economy S (manufacturing share in GDP); (ii) economic activity y (real GDP per capita); (iii) Institutions (index for regulatory quality) (iv) the energy mix M (fossil fuel/total energy consumption); (iv) energy intensity E (energy consumption/GDP).

We first test for panel unit roots using a number of tests. In particular, we employ Maddala and Wu (1999) and Im, Pesaran and Shin’s (2003) tests. But, to account for the problem of cross-sectional dependence  we use the cross-sectional augmented version of Im, Pesaran and Shin’s test (CIPS), developed by Pesaran’s (2007). We next test for panel cointegration. Four cointegtaion relations are tested in a stepwise-fashion by adding one variable after the other to the vector. Two tests are used. The first test is proposed by Westerlund and Edgerton (2007). This test accommodates correlation both within and between the individual cross-sectional units. In addition, this bootstrap test has the appealing advantage of providing a joint null hypothesis that all countries in the panel are cointegrated. The second test is the four panel cointegration tests developed by Westerlund (2007). These tests account for the possible cross-sectional dependence among all panel units and allow for a large degree of heterogeneity. Two of these tests are group mean tests in which all error correction coefficients are free to vary across groups. The remaining two are pooled panel tests, in which the error correction coefficient does not vary across groups.  If the null of cointegration cannot be rejected this implies that at least one country in the panel is cointegrated. 
The final step is to estimate a panel error-correction model. We use two estimation methods. First, we use a Pooled Mean-Group estimator (PMG) that was developed by Pesaran and Smith (1995) and Pesaran et al. (1999). This estimator allows for heterogeneity in the short run dynamics while assuming common long run relationship across the panel’s countries; utilizing both the individual group and the panel dimensions. In addition, this technique assumes cross-section error independence among the panel countries. Second, since a cointegration relationship exists for all countries, we allow for heterogeneity also in the long run. We apply a two-step estimation employing the Common Correlated Effects (CCE) technique developed by Pesaran (2006). We first obtain the long run elasticities for each country from (1), and then estimate an error correction model in (2) to estimate the speed of adjustment back to equilibrium for each GCC country and the short run responses. 
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Results
The preliminary results indicate that, for all countries in the panel, there is a long-run cointegration relation among emissions’s intensity, GDP per capita, energy intensity, and fossil fuel in total energy use. Higher CO2 intensity is associated with higher living standards, less energy efficiency, and higher share of fossil fuels in the energy mix. Adjusting back to equilibrium is as twice faster in Oman and Bahrain than in Saudi, UAE, Kuwait, and Qatar. In all countries, however, emissions intensity seems to respond more positively to the increases in the share of fossil fuel than to increases in energy intensity. That is apparent from the higher long run elasticities in the former than the latter. In addition, diversification (share of manufacturing) did not seem to have a long-run significant effect on emissions except in Oman and Saudi Arabia, in which more diversification implies higher emissions intensity.         

Conclusions

The paper is still work-in-progress, but from the general results we can emphasize that changing the energy mix in the UAE and opening new prospects in renewable energy will have a strong emissions reduction effect in the long run. Increasing energy efficiency, on the other hand, has both a short and (smaller) long run positive effect on reducing emissions intensity. The need for using clean technologies and energy in the manufacturing sector is more important for emission reduction in countries such as Oman and Saudi Arabia.  
References

Ang, B. , Zhang, F., Choi, K. 1998, Factorizing changes in energy and environmental indicators through decomposition. Energy 23: 489-495.   

El Anshasy, A. and Hatemi-J A. work-in-progress, Electricity Intensity, Economic Diversification, and Greenhouse gas Emissions: Asymmetric Causality Evidence from the GCC Region.
Im, K., Pesaran, M. and Shin, Y. 2003. Testing for unit roots in heterogeneous panels, Journal of Econometrics, 115, 53-74.

Qader, M. 2009. Electricity Consumption and GHG Emissions in GCC Countries. Energies 2: 1201-1213.

Reiche, D. 2010. Energy Policies of the Gulf Cooporation Council (GCC) Countries-possibilities and limitations of ecological modernization in rentier states. Energy Policy 38: 2395-2403. 

Pesaran, M. and Smith, R. 1995. Estimating long-run relationships from dynamic heterogeneous panels. Journal of Econometrics, 68, 79-113.

Pesaran, M., Shin Y., and Smith, R. 1999. Pooled mean group estimation of dynamic heterogeneous panels,  Journal of the American Statistical Association, 94 (446): 621-634.

Pesaran, M. 2006. Estimation and inference in large heterogeneous panels with multifactor error structure, Econometrica, 74, 967-1012.

Sherestha, R. and Timilsina, G. 1996. Factors affecting CO2 intensity of power sector in Asia: a Divisia decomposition analysis. Energy Economics 18: 283-293. 

Westerlund, J. 2007. Testing for error correction in panel data, Oxford Bulletin of Economics and Statistics, 69, 709–748.

 Zhang, M. Mu. H, Ning, Y., and Song, Y. 2009. Decomposition of Energy-related CO2 emission over 1991-2006 in China. Ecological Economics 68. 2122-21.
_1421330072.unknown

_1421330037.unknown

