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Overview
The increase in global CO2 emissions in recent decades is linked to the fast growing of the emerging economies notably China. In 2008, China becomes the world’s largest emitter of CO2 emissions by overtaking the United States and China’s CO2 emissions account for about one third (28%) of global CO2 emissions (IEA, 2015). Besides the rapid economic growth, China’s exports have been regarded as a crucial contributor to China’s CO2 emissions as more energy being consumed to meet increasing exports (Weber et al., 2008; Yungfeng and Laike, 2010) since joining the WTO. In 2014, China surpassed the US to become the world’s largest merchandise trader with foreign trade amounted to 43003 billion US dollars according to World Trade Organisation (WTO). As the world’s largest exporter, China exports worth US$2.119 trillion across the globe in 2016. This accounts for about 13.1% of the global exports estimated at US$16.236 trillion in 2015. These figures demonstrate that China has substantially benefited from its vast trade surplus. However, the benefits associated with China’s trade surplus are at the expense of the environment. Therefore, given the connection between capital-energy substitution (a means of energy reduction) and the environment, thus, an assessment of energy substitution of trade would help in understanding the extent of factor substitution that is induced by trade. This paper extends the literature of factor substitution by examining the implications of increased China’s export (since joining the WTO) on factor substitution by estimating ten different types of elasticities. Further, the estimated factor substitution is applied to investigate the driving forces of China’s carbon intensity before and after gaining access to the WTO.

Methods 
To analyse the elasticities of substitution and complementarity among factors, we estimate a number of specifications of the translog cost function with iterated seemingly unrelated regression (iSUR) for the Chinese sectors. Our empirical analysis is based on annual balanced panel data for two different time periods. The first time period is 1995 – 2001, which is before the China accession to the WTO and the second time period is 2002 – 2009, which covers China accession to the WTO. Alongside with other competing forces, the estimated factor substitution is further applied to investigate the driving forces of China’s carbon intensity before and after gaining access to the WTO with a GMM estimator.

Results 
First, our results show some disparities mainly in terms of the magnitude of the elasticities of substitution and complementarity for the pre-and post-China’s accession to the WTO, but in general we find a relatively strong substitution possibility between factors for the post- accession to the WTO.
Second, we find energy and non-energy factors as substitutes while holding output constant, but complements if output is free to adjust to changes in factor prices. 
Third, our results indicate that energy intensity is the major contributor to China’s carbon intensity, which is in conformity with body of evidences. In contrast, technological progress and capital-energy substitution are inversely related to carbon intensity, though, their impacts are relatively weak. On the other hand, labour-material substitution displays a relative strong negative relationship with carbon intensity with an estimated elasticity –0.90 for the period 1995 – 2001.
Conclusions
In summary, despite some variations in the magnitude of the elasticities while holding output constant, the substitutability between energy and non-energy inputs is strong across the sample periods. However, energy and non-energy inputs are complements while output is free to adjust in response to changes to factor prices. Energy intensity serves as a major contributor to carbon intensity; however, factor substitution and technical progress reduce carbon intensity. These findings reinforce that China’s reduction in carbon emissions is largely associated with reduction in energy consumption, technological progress and to some extent energy-saving methods in form of factor substitution. With respect to further work, we hope future study could focus on the implications on China’s accession to WTO on inter-fuel substitution rather than the approach adopted here.  
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