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Overview
We examine the city-level causal relationship and conintegrating relationships between growth, electricity consumption and education expenditure during 2003-2012. Applying the Continuously-updated Fully Modified OLS panel estimation, we find that for China as a whole education expenditure and electricity consumption have similar positive impacts on local economic growth, which are slightly larger than that of electricity consumption. A 1%  rise in either physical and human capital investment boosts economic growth by 0.07% and the income elasticity of electricity consumption is 0.06. Comparatively, electricly consumption plays a dominant role to boost economic growth in the Center; human capital contributes most to growth in the East; and growth in the West benefits most from physical capital investments. The results also suggest that electricity conservation policies could be taken in cities located in the middle and western area of China. A uni-directioanl causal relationship runs from electricity consumption to education expenditure in some cities in the East and the Center while the feedback hypothesis is confirmed in some wester Chinese cites. 
Methods
There are two generations of panel unit root tests. To decide which panel unit root tests is appropriate, we first carry out the cross-sectional dependence tests using the semi-parametric test proposed by Frees (1995) and the parametric test developed by Pesaran (2004). These tests are selected because of its validity for large N and small T samples (N=269 and T=10). Results show that there is a strong evidence on the presence of cross-sectional dependence no matter we examine the whole China or sub-samples by regions. Therefore, we proceed with the second generation panel unit root tests which accounts for the cross-sectional dependence (Phillips and Sul, 2003; Bai and Ng, 2004; Moon and Perron, 2004; Smith et al., 2004; Pesaran, 2007). In this paper, we apply Pesaran (2007)’s panel unit root test and find that all the variables are confirmed to be integrated of order one.

It would be ideal to use the panel cointegration test which is able to account for the cross-sectional dependence such as Westerlun (2007)’s bootstrap method. However, due to the short time span, we employ the standard Pedroni’s panel cointegration test (Pedroni, 1999, 2004) instead. Since four of the seven statistics support the rejection of the no cointegration hypothesis, we conclude that in the sample of China and regional sub-samples, the cointegration exists amongst the four variables.

To estimate the coefficients in the cointegration relationship, we employ the continuously-updated and fully-modified estimator (Cup-FM) developed by Bai et al. (2009). It estimates the slope parameters and the unobservable common trends jointly using an iterated procedure and is proven to be [image: image2.png]JynT



 consistent. This method allows for endogeneity and cross-sectional dependence, so it is more suitable than other approaches such as FMOLS (Pedroni, 2000) for this paper. 

Table 1 reports the Cup-FM estimates for the four samples. From the overall China’s perspective, the impacts of the three variables-fixed investment, education expenditure and electricity consumption on the economic growth are similar. However, looking at the different regions, it is observed that human capital investment is the biggest economic growth driver in the east China, while in the central and western China, what matters most are electricity and physical capital respectively. This suggest the importance and need of distinctions in the economic development policies across regions.  

We then use the heterogeneous panel Granger non-causality test proposed by Dumitrescu and Hurlin (2012). The test statistic is easy to implement as it is based on the average of standard Wald statistic of Granger non-causality tests for individual time series. The null hypothesis of the test is no causal relationship for any units of the panel, and the alternative is that some of the units have a causal link and some other units do not have a causal link among the variables examined. This hypothesis is less strong than that in Holtz-Eakin et al. (1988). This simple test statistic has several advantages. First, it is proved to have good properties even in the small sample, which is the case in this paper where there are only 10 years’ observations. Second, it allows heterogeneity of the regression model across individual units and does not require any panel estimation. Third, a block bootstrap procedure is proposed to account for cross-section dependence which is commonly seen in the panel macro data.  Table 2 shows the test statistics and associated p-values using the Dumitrescu and Hurlin (2012) panel Granger non-causality test method for the two pairs (economic growth, electricity consumption) and (electricity consumption, education expenditure) that we are most interested in. The full sample of Chinese cities as well as the sub-samples by regions are examined separately. The results in Table 2 show that the hypothesis of non-Granger causal relationship running from economic growth to electricity consumption in all the Chinese cities can be rejected in all the four samples, suggesting the existence of causal link from economic growth to electricity in some cities across the three regions. However, there seems to be no causal relationship going from electricity to GDP in any of the middle and western Chinese cities; while in the eastern China there is some evidence of electricity Granger causing GDP at the significance level of 10%. Looking at the Granger non-causality test results for the pair of electricity and education expenditure variables, we find a uni-directional causal relationship running from electricity to education expenditure in some cities in the East and Middle China and a bi-directional causal link in some western Chinese cities. 
Results
Table 1: Panel estimation results Cup-FM

	Test
	China
	
	East China
	
	Middle China
	
	West China
	

	
	Coefficient
	t-statistics
	Coefficient
	t-statistics
	Coefficient
	t-statistics
	Coefficient
	t-statistics

	Investment
	0.077***
	13.012
	0.038***
	4.168
	0.054***
	5.543
	0.131***
	12.979

	Education 
	0.071***
	14.260
	0.146***
	17.000
	0.028***
	3.125
	0.076***
	10.586

	Electricity 
	0.055***
	11.975
	0.082***
	8.527
	0.089***
	10.913
	0.011
	1.703


Note: *** denotes the significance level of 1%.
Table 2: Panel Granger non-causality test results
	Test
	China
	
	East China
	
	Middle China
	
	West China
	

	
	Test statistic
	p-value
	Test statistic
	p-value
	Test statistic
	p-value
	Test statistic
	p-value

	Electricity->GDP
	1.158
	0.247
	1.734
	0.083
	-0.623
	0.533
	0.929
	0.353

	GDP->Electricity
	6.717
	0.000
	2.328
	0.020
	6.089
	0.000
	3.157
	0.002

	Electricity->Education
	5.350
	0.000
	5.417
	0.000
	1.441
	0.150
	2.292
	0.022

	Education->Electricity
	5.791
	0.000
	0.434
	0.664
	5.663
	0.000
	4.103
	0.000


Conclusions
Our study differs from the electricity-growth nexus studies in three distinct aspects. First, we focus the growth-energy nexus exclusively on China, accounting for commonly observed cross-sectional dependence and potential heterogeneity of causal relations using the prefecture-level panel data. Second, a multivariate framework that accounts for both the physical and human capital is applied. Third, we apply the continuously updated fully-modified estimator (Bai et al., 2009) to investigate the magnitude and elasticity of the covariates with respect to the economic growth. Moreover, we extend the analysis from the whole sample to the different groups of cities classified by three macro regions (the east, the west and the center). By so doing, we contribute to answer whether decoupling or coupling is homogeneous across regions. National policies and decentralized local targets can be reexamined to leave environmental space for economic growth in cities or regions where the needs are obvious.
