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Overview

Coal is the principal primary energy source in China and it is given a strategic role in the economic growth of the country. According to the official numbers from the National Bureau of Statistics, in 2008, coal accounted for 68% of the total energy consumed and 77% of the total energy produced in China. The relationship between coal consumption and economic growth is an important issue regardless of the direction of causality. First, as coal is an input to the production processes, the consumption of coal may influence economic growth. As noted by some other authors (e.g. Apergis and Payne, 2010), if causality flows this way, then attempts to curb GHG emissions through energy conservation may be harmful to economic growth. On the other hand, based on the theory of demand, causality can be expected to run from economic growth to coal consumption through the income effect. In this case the estimated relationship (together with GDP forecasts) may be useful for the projection of future coal consumption. If the causal relationship is bi-directional and positive, then energy conservation policies may retard economic growth and the consumption of coal may reduce further. 
Regarding the causal relationship between coal consumption and GDP in China, Li et al. (2008) and Wolde-Rufael (2010) all find Granger causality from GDP to coal consumption but not in the other direction. Yuan et al. (2008) also find uni-directional short-run causality from GDP to coal consumption but causality is bi-directional in the long-run. There is also an extensive literature on the relationship between coal consumption and GDP in countries other than China, including Yang (2000), Sari and Soytas (2004), Lee and Chang (2005), Yoo (2006), Hu and Lin (2008), and Apergis and Payne (2010). The conclusions from these studies are mixed. With the exception of Apergis and Payne (2010), all of the above studies regarding the GDP-coal consumption relationship relied on the use of time-series methods. The aim of this paper is to investigate the relationship between coal consumption and GDP in China with the use of provincial-level panel data. This approach has the potential ability to uncover extra information about the relationship, which is normally being “aggregated away” with the use of national-level time-series data.
Methods

The empirical strategy employed in this paper can be divided into three main steps. First, I establish the panel unit root and cointegration characteristics of the data. To test for the unit root property of the panel, I employ the Levin, Lin and Chu (2002) and Im, Pesaran and Shin (2003). The Pedroni (1999, 2004) panel cointegration tests are performed to test for panel cointegration. Second, short-run and long-run causality between coal consumption and GDP in the panel are examined through the Arellano and Bond (1991) and the Pooled Mean Group Estimator (Pesaran et al., 1999), respectively. Finally, steps one and two are repeated for various groups within the panel. 
The real GDP data employed in the analysis are obtained from the CEIC China database. The coal consumption data (in million tonnes of coal equivalent) are from the National Bureau of Statistics (2010) and complemented with figures from various provincial statistics yearbooks. The data are all annual and cover the period 1985 to 2008. Due to data unavailability or incompleteness for some provinces, only 23 provinces are included in this study.  
Results

The results show evidence of panel unit root and cointegration in the full panel as well as all subgroups within the panel. Causality appears to be bi-directional in the full panel, the Coastal region, and the Central region. However, the speed of adjustment of the GDP equation is much slower than that of the coal consumption equation. For the Western region, causality runs from GDP to coal consumption but not in the opposite direction. This difference in the result may be explained by the difference in the economic structure between the Western region and the Coastal and Central regions.The long-run relationship between the two variables is estimated to be positive for all three regions. The joint Hausman tests do not reject long-run homogeneity in any of the regional equations, lending support to our regional grouping based on the Seventh Five-year Plan of China.

Conclusions

China is a vast country with quite distinct regional characteristics. Given the differences between the Western region and the Coastal and Central regions in terms of economic development, industry structure and coal consumption pattern, it is normal for the causal relationships to differ across these regions. In particular, since coal is the principal primary energy source for the manufacturing and industrial sectors, higher coal consumption implies more activities in these sectors and these activities will ultimately lead to higher GDP. This positive relationship is confirmed by the significant long-run PMG estimated coefficients. The coal intensive manufacturing and industrial sectors are most developed in the Coastal and Central regions of China and it is natural that we find causality from coal consumption to GDP in these regions only. 
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