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Overview

This paper investigates the cointegration and Granger causal relationship between economic growth and total energy consumption as well as disaggregate energy such as coal, coke, crude oil, petroleum products, natural gas and electricity in China for a period of 1995-2014. Different from limited existing provincial studies on China, we use a multivariate framework that considers human capital on top of physical capital in the neoclassical production function and advanced panel econometric methodologies that allows for cross-sectional dependence. Our results suggest that human capital exerts 2-3 times the effect of physical capital on the economy and energy also plays a significant role. Furthermore, the rich bootstrap panel Granger causality test results for both the panel and individual provinces province substantial insights and suggest that it is important to examine the causal effects of both the total energy use and various disaggregate energy consumption before local governments make specific energy and economic policies.
Methods

This paper takes into consideration the cross-sectional dependence and uses the advanced panel econometric techniques which account for the interdependence across cross-sectional units. Specifically, the cross-sectionally augmented IPS (CIPS) test proposed by Pesaran (2007) is used to check the stationarity of the data. Westerlund (2007)’s error-correction based test is bootstrapped to examine the presence of cointegrating relationship relaxing the assumption of cross-sectional independence. Furthermore, we adopt the continuously-updated fully-modified OLS approach (Bai et al., 2009) which is valid under the cross-sectional dependence rather than the panel heterogeneous FMOLS (Pedroni, 2001) and DOLS to estimate the coefficients of the long-run relationship. None of the existing studies on China have employed these toolkits to avoid lack of test power and biasness of estimates when there are strong interdependences across regions. The presence and direction of the causality between variables are also examined using a panel bootstrap method that allows for heterogeneity and cross-sectional dependence.
As to the analytical framework, we incorporate the input of human capital to the energy-augmented neoclassical production function. Human capital is a crucial input to economic growth (Aghion and Howitt, 2009). However, it is rarely considered in the energy-growth nexus literature mainly due to lack of data (Fang and Chang, 2016). For the provincial level, the data availability, particularly that for the human capital measure, is very often a problem. The Chinese human capital database established by the China Center for Human Capital and Labor Market Research of Central University of Finance and Economics makes this research feasible. It includes national and provincial human capital stock in both the nominal and real terms for years starting from 1985 to 2014. The uniqueness of the data makes our paper the first of its kind.
Results
Results from Cup-FM estimates suggest that: (1) Human capital is the first order contributor to economic growth in China. In the total energy consumption model specification, GDP per capita is found to increase by 0.2% when the per capita human capital is increased by 1%, while a 1% increase in per capita investment only leads to an increase of 0.1% in GDP. Overall, human capital exerts about 2-3 times the effect of investment to the economic growth, depending on which energy variable is accounted for in the production function. (2) Both the aggregate energy and individual disaggregate energy sources, are proved to be a significant input to the production function, which justifies the role of energy to economic growth. Though the impact is relatively small compared to physical and human capital, a 1% increase in total energy consumption is estimated to significantly grow GDP by 0.05%. Across disaggregate energy sources, there are heterogeneous impacts on economic growth varying from 0.006 of natural gas to 0.114 of electricity.
Table 1: Cup-FM estimation

	Test
	Energy
	Coal
	Crude oil
	Petroleum product
	Natural gas
	Electricity

	lnInv
	0.099***
	0.110***
	0.206***
	0.108***
	0.102***
	0.065***

	
	(8.969)
	(10.129)
	(3.836)
	(9.521)
	(9.109)
	(6.409)

	lnHC
	0.203***
	0.263***
	0.625***
	0.309***
	0.272***
	-0.155***

	
	(16.047)
	(25.648)
	(8.064)
	(23.187)
	(28.149)
	(-5.286)

	lnE
	0.051***
	0.027***
	0.047***
	0.037***
	0.006***
	0.114***

	
	(3.697)
	(2.575)
	(3.069)
	(3.687)
	(2.709)
	(8.091)


Note: The column shows the Cup-FM estimates for lnInv, lnHC and lnE, where E refers to one of the total energy consumption and five disaggregate energy (coal, crude oil, petroleum products, natural gas and electricity) as indicated in the first row. In parenthesis are t-statistics. *** denotes the significance level of 1%. 
Findings of the causal relationship between total energy consumption and economic growth across provinces should be examined together with findings on the disaggregate energy use so as to identify the specific energy source to which conservation policies can be targeted. For example, Shanxi and Hebei are two top coal consumption provinces. Because total energy consumption is found to Granger cause GDP in these two provinces, energy conservation policies seem to be not appropriate. However, if we look at the disaggregate energy-growth nexus for Shanxi and Hebei, energy conservation policies can be suggested to many energy sources but coke use. It is recommended that Shanxi and Hebei increase coke consumption to a larger extent than the reduction of other energy uses. In this way, energy and environmental concerns in the two provinces can be addressed without deteriorating the economy. Jiangsu and Inner Mongolia, the other two major coal consumers, however, should have different energy policies. Even though the energy conservation hypothesis is supported for Jiangsu and Inner Mongolia, policies to reduce coal consumption are not desirable; because a bi-directional Granger causal relationship is observed between coal consumption and GDP for Jiangsu and Inner Mongolia. This illustrates the importance to examine not only the total energy-growth nexus, but also the causal relationship between disaggregate energy and GDP for individual provinces.
Conclusions
We find strong evidence of cross-sectional dependence in the provincial panel, and confirm the presence of cointegration relationship between GDP, investment, human capital and various energy variables even after taking into consideration interdependence across provinces. Using a continuously updated fully modified estimation proposed by Bai et al. (2009), we find that human capital is a crucial factor input which exerts about 2-3 times effects investment has on GDP; energy, both total energy consumption and various disaggregate energy such as coal, crude oil, petroleum products, natural gas and electricity, plays a significant role in economic development in China as well. Therefore, both human capital and energy are indispensable in stimulating economic growth.

Using recently developed bootstrap panel Granger causality test which is appropriate within the cross-sectional dependence framework, we find Granger causal relationships running from coke to economic growth, running from GDP to crude oil, petroleum products and electricity, and bi-directional relationship between GDP and coal, natural gas and total energy consumption in the whole China. For individual provinces, causal relationships vary significantly. This has important policy implications to especially local governments in the sense that while following the macro- and strategic policies from the central government, local governments should take initiatives and evaluate their unique economic stage and energy status as well as the causal relationship between the two before taking micro- and specific measures.

