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Overview

The effect of trade liberalisation on environmental conditions has yielded a great deal of debate in the current energy economics literature. Although research on the relationship between energy consumption, emissions and economic growth is not new in South Africa, no study specifically addresses the role that South Africa’s foreign trade plays in this context. This paper undertakes to investigate the interplay between these variables employing recent South African trade and energy data and modern econometric techniques. The main finding of interest in this paper is that a negative unidirectional relationship exists between trade liberalisation and CO2 emissions in South Africa. The paper outlines both policy recommendations and ideas for future research, specifically regarding the factors that account for the relationship between increased trade and environmental degradation in South Africa.
The economic literature on the subject of economic growth, energy consumption and environmental pollution is well established. Empirically, two dominant research streams have emerged over the last few decades. The first area of research which focuses on pollutant emissions and income is closely related to testing the validity of the so-called environmental Kuznets curve (EKC) hypothesis. This hypothesis was first tested by Grossman and Krueger (1991). The second area of research focuses on the energy consumption and output growth relationship. This link has been examined extensively in the literature since the seminal work of Kraft and Kraft (1978) but with conflicting results. The direction of causality may therefore not be determined a priori. A far more recent and emerging line of literature initiated by the work of Ang (2007) and Soytas et al. (2007) analyses both sets of relationships in the same framework. This approach facilitates the examination of the dynamic links between economic growth, energy consumption and environmental pollutants together. The research presented here adopts the same approach as Halicioglu (2009) and extends this multivariate framework by including the additional impact of foreign trade into the relationship in the South Africa context. The Heckscher-Ohlin trade theory suggests that, under free trade, developing countries such as South Africa would specialise in the production of goods that are intensive in the factors that they are endowed with in relative abundance such as labour and natural resources. Developed countries on the other hand would specialise in human capital and manufactured capital intensive activities. Foreign trade entails the movement of goods produced in one country for consumption or further processing in another. This results in the generation of pollution in the production of these goods which is related to their consumption in another country. The research undertaken in the case of South Africa argues that there are strong dynamic inter-relationships between output, energy consumption, environmental pollutants and foreign trade, which should be investigated in the same multivariate framework thus filling a sizeable gap in the literature. 

Methods

From the empirical literature in energy economics, it is plausible to form the long-run relationship between CO2 emissions, energy consumption, economic growth and foreign trade in a linear logarithmic quadratic form, with a view to testing the validity of the EKC hypothesis as follows: ct = (0+(1et+(2yt+(3y2t+(4ft+(t where ct is CO2 emissions per capita, et is commercial energy use per capita, yt is per capita real income, y2t is square of per capita real income, ft is openness ratio which is used as a proxy for foreign trade, and et is the regression error term.

Following theory, the expected signs are as follows:  (1 to be positive because a higher level of energy consumption should result in greater economic activity and stimulate CO2 emissions. Under the EKC hypothesis, the sign of (2 is expected to be positive where as a negative sign is expected for (3. If one finds that (3 is statistically insignificant, it indicates a monotonic increase in the relationship between per capita CO2 emissions and per capita income. The expected sign of (4 is either positive or negative depending on the level of income and stage of economic development of a country. For a rich country, it is expected to be negative since as countries become more developed; technological improvements allow them to produce less energy and pollution intensive goods and begin to import these from other countries with less- restrictive environmental protection laws. For a relatively poor country like South Africa this sign is expected to be positive as they tend to have less advanced production technologies and hence dirty industries with a heavy share of pollutants.

The dynamic inter-relationships amongst the four variables are analysed using the autoregressive distributive lag (ARDL) approach to co-integration technique of Pesaran et al. (2001) while the testing for causality is conducted using a modified version of the Granger causality test proposed by Toda & Yamamoto (1995) which is valid regardless of whether a series is I(0), I(1) or I(2), not co-integrated or co-integrated of any arbitrary order. 

Results

Our results support the existence of a long-run co-integrating relationship among the series under consideration. According to the error correction model (ECM) we find that previous CO2 emissions and the income variables are insignificant factors in explaining current changes in CO2 ​emissions. Contemporaneous energy usage is significant and positive as theory predicts. Interestingly the trade openness variable is also significant but negative. This suggests that an increase in SA’s openness to trade will in fact serve to decrease CO2 emissions. Thus in this respect SA behaves as a developed nation contrary to the predictions of the PHH. The error correction term is statistically significant and of the expected negative sign. The ECM indicates that following a deviation from the long-run trend 86% of that deviation will be corrected within a year.  Granger causality tests indicate that causality runs in both directions between carbon emissions & energy consumption (contrary to findings by Menyah & Wolde-Rufael (2010). These results of ours are however consistent with the results from the long-run ECM, confirming the importance of energy consumption as a major determinant of carbon emissions in South Africa. It is also found that there exists unidirectional causality running from carbon emissions to income without feedback (confirming results of Menyah & Wolde-Rufael (2010) in this regard); and unidirectional causality running from carbon emissions to foreign trade without feedback. In both these cases, the sum of the lagged coefficients of carbon emissions is positive suggesting that higher carbon emissions promote both SA income and foreign trade.

Conclusions
The long-run relationship in which carbon emissions is the dependent variable is used to test the short-run and long-run elasticities of carbon emissions with respect to explanatory variables. The long-run elasticity of carbon emissions with respect to energy consumption is computed as 0.95.  The impact of foreign trade on carbon emissions seems to be noticeable at -0.18.  South Africa’s industries are found to be highly capital and energy intensive and given the country’s dependence on coal as its major energy source, surprisingly the pollutant emissions outcome is diminished in the presence of foreign trade . The expansion of renewable, cleaner energy sources might further help reinforce the positive environmental impact, namely that of reduced CO2 emissions of increased trade liberalisation found in this study. 
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