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Abstract: This study analyzes the relationship between energy consumption and economic performance for China using 32 years of annual-frequency data. The urbanization and industrialization are used as control variables because of their role in mediating the relationship between energy utilization and economic output. Empirical results indicate unidirectional Granger causality from economic performance to natural gas consumption in the short run and long run is consistent with conservation hypothesis and unidirectional Granger causality from liquefied petroleum consumption to economic performance in the short run is consistent with growth hypothesis. The nexus between electricity consumption and economic performance, and the nexus between gas consumption and economic performance are consistent with neutrality hypothesis.
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1. Introduction
There are many studies which examine nexus between energy consumption and economic growth but not many which examine the nexus among energy consumption, urbanization, industrialization, and economic growth in China. So, the objective of the paper is to examine the relationship among these variables. So, in this paper, we focus on the Granger causality nexus between the energy consumption, urbanization, industrialization, and economic growth in China from 1983 to 2014. And the dataset from China can provide us a time series data sample and the data are all historic and realistic.
In terms of the literature development, Johnson and Meuller (1973) examined how the metropolitan growth affected the size and structure of consumption. Tang and Croix (1993) used province-level cross-section data to explore the relationship between energy consumption and economic activity in China. Their key finding is that the income elasticity of energy consumption is approximately 1. When a province exports energy or has significant amounts of heavy industry, its energy consumption is higher. However, energy consumption is lower in coastal provinces than inland provinces, but the income elasticity is higher in the rapidly developing coastal provinces.
The literature has identified four possible hypotheses on the possible existence and nature of the nexus between energy consumption and economic performance. The first hypothesis is the conservation hypothesis that means unidirectional causality running from economic growth to energy consumption. On the contrary, the growth hypothesis postulates that there is unidirectional Granger causality running from energy consumption to economic growth. The third is the feedback hypothesis, where a bidirectional causality that energy consumption and economic growth are mutually influenced. The fourth view is the neutrality hypothesis of no direct causal links between energy consumption and economic performance.
Table 1 demonstrates the summary of recent literature review for these four hypotheses on the nexus between energy consumption and economic growth.

Table 1  Summary of Recent Literature Review for Energy Consumption and Economic Growth
	Study
	Methodology
	Period
	Country
	Confirmed hypothesis

	Balcilar, Ozdemir, and Arslanturk (2010)
	bootstrap granger non-causality
	1960-2006
	G-7 countries
	neutrality

	Fuinhas and Marques (2012)
	ARDL bounds test
	1965-2009
	Portugal, Italy, Greece, Spain and Turkey
	feedback

	Tugcu, Ozturk, and Aslan (2012)
	ARDL methodology and causality analysis
	1980-2009
	G7 countries
	growth, feedback, and neutrality

	Dergiades, Martinopoulos, and Tsoulfidis (2013)
	Granger causality test and A non-linear causality testing
	1960-2008
	Greece
	growth

	Bloch, Rafiq, and Salim (2015)
	autoregressive distributed lag and vector error correction modeling
	1977-2013 and 1965-2011
	china
	feedback

	Odhiambo (2009)
	autoregressive distributed lag bounds testing approach and Granger causality
	1971-2006
	Tanzania
	growth

	Zhang (2011)
	Granger causality
	1970-2008
	Russia
	feedback

	Wang et al. (2011)
	autoregressive distributed lag bounds testing approach and Granger causality
	1972-2006
	china
	feedback

	Yildirim and Aslan (2012)
	the bootstrap-corrected causality test
	1964-2009
	OECD countries
	growth, feedback, and neutrality

	Herrerias, Joyeux, and Girardin (2013)
	panel cointegration techniques
	1999-2009
	Chinese regions
	conservation

	Ertuğrul Yildirim, Saraç, and Aslan (2012)
	Toda–Yamamoto procedure and bootstrap-corrected causality test
	1949-2010
	USA
	neutrality

	Ocal and Aslan (2013)
	ARDL approach and the Toda–Yamamoto causality tests
	1990-2010
	Turkey
	growth and neutrality

	Lin and Moubarak (2014)
	Autoregressive Distributed Lag approach to cointegration and Johansen cointegration
	1977–2011
	china
	feedback

	Qazi and Riaz (2008)
	bounds-testing approach to cointegration and the Granger causality test
	1971-2007
	Pakistan
	feedback and conservation

	Kwakwa (2012)
	Johansen test and granger causality test
	1971-2007
	Ghana
	conservation

	Muftaudeen and Omojolaibi (2014)
	Granger causality test
	1980-2011
	Nigeria
	feedback

	Jakovac (2013)
	Granger causality test
	1952-2010
	Croatia
	feedback

	Dhungel (2014)
	Johansen cointegration test and  Error Correction Model
	1974-2011
	Nepal
	conservation

	Shahbaz, Khan, and Tahir (2013)
	ARDL bounds testing approach and Granger causality
	1971-2011
	china
	growth

	Yuan et al. (2008)
	Johansen cointegration and Granger causality
	1963-2005
	china
	growth and conversation

	Pao and Fu (2013)
	cointegration test and Granger causality
	1980-2010
	Brazil
	growth, feedback and conversation

	Zhao and Wang (2015)
	Granger causality
	1980-2012
	china
	feedback

	Kasperowicz (2014)
	panel least squares method
	2000-2012
	12 European countries
	growth


Obviously, previous empirical studies above have come under scrutiny in distinct literatures, the literatures remain disjointed. The literature on the nexus between energy consumption and economic growth does not consider the effect of industrialization and urbanization. The studies on energy consumption and economic performance just refer to their relationship but not the indirect influence to energy consumption. Although some empirical researches have calculated the empirically the links between energy consumption and GDP, and the nexus between energy consumption and urbanization, they do not examine the causality among GDP, energy consumption, industrialization and urbanization in the same regression function. The exciting literature has not investigated the interaction relationship among energy consumption, industrialization and urbanization and national economic performance. This study begins by explicitly linking our three literatures while providing insights into the interaction relationship among those four variables.
He, Fullerton, and Walke (2017) analyze the relationship between electricity consumption per capita and metropolitan economic growth for Guangzhou, China using 64 years of annual-frequency data.  The capital stock is used as a control variable because of its role in mediating the relationship between electricity utilization and economic output. Empirical results indicate unidirectional Granger causality from electricity consumption per capita to metropolitan economic performance in the short run. Meanwhile, He and Gao (2017) estimate the relationship among urbanization, industrialization, gross electricity consumption and metropolitan economic growth with annual data from 1950 to 2013 for Guangzhou in China. Based on Granger Causality Test in VECM, there is Granger causality from gross electricity consumption to GDP for long run and GDP Granger causes gross electricity consumption in short run, while there is bidirectional Granger causality between urbanization to gross electricity consumption and unidirectional Granger causality from industrialization to gross electricity consumption in short run. Additionally, He and Gao (2017b) further build a theoretic model to estimates the relationship between gas consumption and metropolitan economic performance with annual data from 1978 to 2013 for Guangzhou in China. Based on Granger Causality Test with VECM, empirical results show that there is Granger causality from GD P to gas consumption for long run in Guangzhou
The rest of the paper is organized as follows. Section two describes the data and introduces the econometric models. Section three carries out the econometric analysis and then summarizes empirical results. Section four provides the conclusions.
[bookmark: _Toc323036905][bookmark: _Toc323037183][bookmark: _Toc323040923][bookmark: _Toc440295525][bookmark: _Toc440914563]2. Data and Methodology
[bookmark: _Toc440295527][bookmark: _Toc440914564]2.1 Data Source and Descriptive Statistics
Annual frequency data from 1983 to 2014 are used for the empirical analysis. The China statistical yearbooks from 1999-2016 are the source for the all data in the empirical analysis (ZSD, 2016).
[bookmark: _Toc323036919][bookmark: _Toc323037197][bookmark: _Toc323040945]Table 2 lists all variables and their definitions used in the empirical analysis.
Table 2 lists summary statistics for every variable included in the sample. As shown by the information contained in Table 2, the sample data exhibit good variability.
2.2 Neo-Classical Production Model
To investigate the relationship among energy consumption, urbanization and economic growth and includes the additional variables ECh (energy consumption per capita h = PG, PE, PNG, PLPG), we can list the fundamental equation as below:
PGDPt =                               (1)
Table 2  Mnemonic and Variable Definition
	Variable
	Mnemonic
	Definition
	Unit

	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Industrialization index 
	IR
	ir = (0.5*the proportion of non-agricultural output +0.5*the proportion of non-agricultural employment)*100%
	%

	Per capita fixed asset investment 
	PFI
	pfi = (the fixed asset investment of town/urban population)*100%
	%

	Economic Performance
	PGDP
	Gross domestic product/ total population
	Yuan/person

	urbanization
	UR
	ur = (nonagricultural population/total population)*100%
	%

	gas consumption Per capita
	PG
	Gross gas consumption/total population
	Stere/person

	electricity consumption per capita
	PE
	Gross electricity consumption/total population
	KWh/person

	natural gas consumption Per capita
	PNG
	natural gas consumption/total population
	stere/person

	Liquefied petroleum gas consumption per capita
	PLPG
	natural gas consumption/total population
	kg/person



Table 3  Descriptive Statistics
	
	Mean
	Maximum
	Minimum
	Std. Dev.
	Skewness
	Kurtosis
	Observation

	IR
	66.32094
	80.72
	50.17
	8.603282
	-0.046626
	1.942966
	32

	PG
	7.31875
	14.1
	1.3
	4.212687
	-0.120862
	1.652438
	32

	PE
	169.9325
	526
	13.42
	158.6432
	0.976087
	2.635527
	32

	PNG
	6.218438
	25.11
	0.14
	7.531586
	1.371311
	3.490193
	32

	PLPG
	6.51875
	15.9
	0.6
	4.63517
	0.193879
	1.741313
	32

	PFI
	2725.453
	10980.2
	389.856
	3019.367
	1.499222
	4.016182
	32

	PGDP
	2690.538
	7746.2
	522.6
	2163.826
	1.055114
	2.884917
	32

	UR
	36.03656
	54.77
	21.62
	10.42298
	0.362644
	1.751154
	32



Where PGDP (economic performance) is the per real GDP, EC (energy consumption) is assumed to replace by the four different types of energy consumption including gas consumption per capita (PG), electricity consumption per capita (PE), natural gas consumption per capita (PNG), liquefied petroleum gas consumption per capita (PLPG), and the other variables are described at the Table 2. The subscript t is the time term, so that this model can also test the short-run dynamical behavior because the analysis above would suggest that the past changes in UR, PFI, IR and EC could contain useful information for predicting the future change of PGDP.
We use a logarithmic form to adjust the variable, so the equation can be written in the following form:
, h = PG, PE, PNG, PLPG        (2)
The error term, ut, is assumed to be independent and identically distributed with a zero mean and a constant variance. If we take first difference into account, the variables in natural logarithms can be interpreted in growth rate, and the coefficient j; j = 1, 2, 3, 4 can be interpreted as elasticity estimates.
2.3 Econometric Methodology
2.3.1 Unit Root
The empirical analysis test for existence of a long-run relationship among the variables (estimation of equation (2)), while the vector error correction model could capture the short-run dynamics of the variable. So our target is to test whether these variables have a long run relationship as well as the Grander Causality. Then the process can be conducted by three steps
(1) ADF unit root test
Unit root tests are commonly used to test the stationary property of the time series data, and Augmented Dickey–Fuller (ADF) unit root test is widely used in related literatures (F. Engle & Granger, 1987). The null hypothesis of ADF implies a presence of a unit root. And it is similar in principle uses the following regression.
                        (3)
                    (4)
[bookmark: OLE_LINK20]The regression tests the unit root in variable X, where  is the lagged differences to accommodate serial correlation in the errors, i; i is the parameter to be estimated. The alternate hypothesis in equation (3) implies a mean-stationary process and that in equation (4) implies a trend-stationary process. So we firstly adopt Augmented Dickey–Fuller (ADF) unit root test to investigate the stationary and the order of the integration of the variables.
(2) unit root test with structural break
When there are any structural breaks in the data, the ADF test does not perform well. So the Zivot-Andrews (ZA) unit root test (Zivot & Andrews, 1992) and the Perron’s modified ADF test (Perron & Perron, 1989) are the best choice for us to test the unit root with one structural break.
We further estimate the following equation for the Zivot-Andrews (ZA) unit root test:
[bookmark: OLE_LINK23][bookmark: OLE_LINK28]Model (5): 
Model (6): 
Model (7): 
The break point of equations (5), (6) and (7) is estimated endogenously. We use minimizing BIC to select the number of lags(k). The “hats” only emphasizes the fact that the break location is endogenously estimated one. The break date is selected as the date corresponding to the minimum ADF t-statistic . 
Also, there is another method (the Perron test) for us to use. The perron test uses the following three regression equations:
Model (8): 
Model (9): 
Model (10): 
Where
 ,   
The null hypothesis is the data is non-stationary. In this test the alternative is taken as trend-stationary with a break at time TB. The asymptotic distributions of are different and so the statistic for testing the hypothesis are different for the three models (8), (9), and (10).
2.3.2 Cointegration Test
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]In the second step, we perform the Johansen cointegration test (Johansen, 1991) and ARDL approach to cointegration (Pesaran, Shin, & Smith, 2001) if the series are confirmed to be integrated of the same order. The existence of cointegration illustrates that there are more than one long-run equilibrium relationship among the variables, and thereby, Grander Causality can be used among them in at least one-way causality.
Johansen multivariate cointegration test takes the following form:
                              (11)
Where Yt represents a 5*1 vector of the variables economic performance, urbanization, industrialization index, fixed asset investment and energy consumption;  is a 5*1 vector of constant terms; the parameters  and  stand for 5*5 matrix of coefficients; t is also a 5*1 vector of white noise error terms. Based on the maximum likelihood estimation and trace-statistics (λtrace), we can test the null hypothesis of no cointegration against an alternative hypothesis of cointegration (r > 0).
The next stage is to apply the ARDL model based on the standard log linear functional specification with an unrestricted error correction mechanism (UECM). And this model is written by:

[bookmark: OLE_LINK40][bookmark: OLE_LINK41]The possible presence of a cointegration is examined based the joint F-statistics. The null hypothesis of no cointegration () is tested against the no cointegration (). If the calculated F-statistics fall below the lower critical bound, I(0), the null hypothesis cannot be rejected; in contrary, If the calculated F-statistics exceed the upper critical bound, I(1), the null hypothesis can be rejected in favor of the alternative hypothesis and thus the series are considered to be cointegrated.
2.3.3 Causality Analysis
In the last step, though confirming that the variables are I(1) and cointegrated, we do not reveal the causality directions among these variables. Given this purpose, we use the Granger causality in the VECM framework as fellow:





In this model, where is the first different operator; , ,   and  are the coefficient parameter; is the error term which is the white noise; m, n, p, q are the optimal lag length captured by the Akaike’s information criteria (AIC),  is the lagged error correction mechanism from the long-run relationship, and the coefficient parameter  is the speed of adjustment to the long-run equilibrium. In addition, the variable LEC is replaced by LPG, LPE, LPLPG, and LPNG, sequentially.
[bookmark: _Toc440295538][bookmark: _Toc440726462][bookmark: _Toc323036922][bookmark: _Toc323037200][bookmark: _Toc323040946]3. Empirical Results
[bookmark: _Toc440295539][bookmark: _Toc440726463]3.1 Unit Root Tests
[bookmark: _Toc440295540][bookmark: _Toc440726464]3.1.1 ADF Test
ADF test is applied to detect the possible presence of unit roots in LPGDP, LEC, LPFI, LIR, and LUR. The null hypothesis of unit root can be rejected in favor of the alternative hypothesis of no unit root when the absolute value of ADF-test statistic is greater than the absolute value of critical value. Table 4 represents that no variable is stationary in their levels since the absolute values of test statistics for each variable are smaller than 5% critical values. On the other hand, LPGDP, LEC, LPFI, LIR, and LUR are stationary process in their first differences because the absolute values of test statistics for each variable are greater than 5% critical values.

Table 4  ADF Unit Root Test Results
	levels
	first differences

	variables
	ADF-test statistics
	5% critical values
	prob.
	variables
	ADF-test statistics
	5% critical values
	prob.

	LIR
	-2.26
	-2.98
	0.18
	ΔLIR
	-3.46**
	-2.99
	0.01

	LPFI
	0.99
	-2.98
	0.99
	ΔLPFI
	-3.08**
	-2.99
	0.03

	LPGDP
	0.28
	-2.98
	0.98
	ΔLPGDP
	-3.00**
	-2.99
	0.04

	LUR
	-0.42
	-2.98
	0.91
	ΔLUR
	-3.57**
	-2.99
	0.01

	LPG
	-1.80
	-2.98
	0.38
	ΔLPG
	-4.93***
	-2.99
	0.00

	LPE
	-2.75
	-2.98
	0.07
	ΔLPE
	-4.11***
	-2.99
	0.00

	LPNG
	-2.11
	-2.98
	0.24
	ΔLPNG
	-9.04***
	-2.99
	0.00

	LPLPG
	-2.24
	-2.98
	0.19
	ΔLPLPG
	-4.30***
	-2.99
	0.00


[bookmark: _Toc440295552][bookmark: _Toc440726465]Note: ***indicates significance at 1% level, **indicates significance at 5% level, *indicates significance at 10% level.


3.1.2 Perron’s Modified ADF Test with Exogenous Breakpoint
Table 5 reports that all variables are integrated of I(1) and thus stationary in first difference, comparing the absolute values of test statistics for each variable with the 5% critical values.

Table 5  Perron’s Modified ADF Unit Root Test Results
	levels
	first differences

	variables
	za-test statistics
	lag length
	break date
	5% critical values
	variables
	za-test statistics
	lag length
	break date
	5% critical values

	LIR
	-3.25
	0
	2003
	-4.44
	ΔLIR
	-5.58***
	4
	1999
	-4.44

	LPFI
	-1.35
	6
	2004
	4.44
	ΔLPFI
	-5.39***
	5
	2004
	-4.44

	LPGDP
	-2.38
	7
	2005
	-4.44
	ΔLPGDP
	-5.35***
	6
	2005
	-4.44

	LPG
	-1.54
	0
	2013
	-4.44
	ΔLPG
	-6.23***
	0
	2008
	-4.44

	LPE
	-4.5
	0
	2002
	-4.44
	ΔLPE
	-5.11***
	0
	1995
	-4.44

	LPNG
	-2.95
	0
	1997
	-4.44
	ΔLPNG
	-8.90***
	0
	1999
	-4.44

	LPLPG
	-4.28
	6
	1995
	-4.86
	ΔLPLPG
	-5.79***
	0
	1996
	-4.86

	LUR
	-4.21
	5
	2005
	-4.86
	ΔLUR
	-9.93***
	0
	1995
	-4.86


[bookmark: _Toc440295564][bookmark: _Toc440726466]Note: ***indicates significance at 1% level;**indicates significance at 5% level; *indicates significance at 10% level.

3.1.3 Zivot and Andrews’s Test by Break Data Endogenously
The results of Zivot-Andrews are detailed in Table 6 which shows that non-stationary process is found in all series at level with intercept and trend but variables are found to be stationary at first difference. This confirms that all variables except for LPNG are integrated at I(1).
3.2 Cointegration Tests
According to the unit root test results, integration of the variables is of the same order, we continued to test whether these variables are cointegrated over the sample period. 
[bookmark: _Toc440295577][bookmark: _Toc440726468]3.2.1 Johansen Cointergration Test
Table 7 shows the results of the Johansen test. Because the trace statistic of none cointegrating equation and at most one cointegrating equation are greater than the 5% critical values, respectively, the test rejects the hypothesis of no cointegration, and indicates that there are more than two cointegrating equations at the 5% significance level, i.e., there is a long-run relationship among LPGDP, LPFI, LIR, LUR and LPG, LPE, LPNG, except for LPLPG.
Table 6  Zivot-Andrews’s Structural Break Trended Unit Root Test Results
	variables
	za-test statistics
	lag length
	break date
	5% critical values

	LUR
	-3.302
	1
	1998
	-4.8

	LPE
	-2.6
	0
	1998
	-4.8

	LPNG
	-3.863
	2
	1993
	-4.8

	LPLPG
	-2.658
	0
	1993
	-4.8

	LPFI
	-3.666
	1
	1994
	-4.8

	LPG
	-1.228
	0
	1989
	-4.8

	LPGDP
	-4.957**
	1
	2006
	-4.8

	LIR
	-5.832**
	1
	1991
	-4.8

	ΔLPG
	-7.506***
	0
	1988
	-4.8

	ΔLUR
	-9.922***
	0
	1995
	-4.8

	ΔLPE
	-7.412***
	0
	2002
	-4.8

	ΔLPFI
	-4.604**
	2
	2002
	-4.8

	ΔLPLPG
	-5.764***
	0
	1996
	-4.8

	ΔLPNG
	-4.315
	1
	1989
	-4.8

	Δ2LPNG
	-10.08***
	2
	1992
	-4.8


[bookmark: _Toc440295576][bookmark: _Toc440726467]Note: ***indicates significance at 1% level;**indicates significance at 5% level; *indicates significance at 10% level.
Table 7  Johansen Cointegration Test Results
	[bookmark: _Toc440295578]panel A: LPGDP LUR LIR LPFI LPLPG

	Eigeivalue
	trace stat
	5% critical value
	max eigen stat.
	5% critical value
	Hypothesized number of cointegrating equation

	0.857986
	102.768
	69.81889
	58.55482
	33.87687
	None *

	0.552509
	44.21317
	47.85613
	24.12297
	27.58434
	At most 1

	panel B: LPGDP LUR LIR LPFI  LPG

	Eigeivalue
	trace stat
	5% critical value
	max eigen stat.
	5% critical value
	Hypothesized number of cointegrating equation

	0.855707
	130.0288
	69.81889
	58.07723
	33.87687
	None *

	0.676241
	71.95156
	47.85613
	33.83266
	27.58434
	At most 1 *

	0.478305
	38.1189
	29.79707
	19.52016
	21.13162
	At most 2 *

	0.411476
	18.59874
	15.49471
	15.90414
	14.2646
	At most 3 *

	0.085904
	2.694599
	3.841466
	2.694599
	3.841466
	At most 4

	panel C: LPGDP LUR LIR LPFI LPE

	Eigeivalue
	trace stat
	5% critical value
	max eigen stat.
	5% critical value
	Hypothesized number of cointegrating equation

	0.818805
	122.921
	69.81889
	51.24543
	33.87687
	None *

	0.631493
	71.67559
	47.85613
	29.9489
	27.58434
	At most 1 *

	0.519763
	41.72668
	29.79707
	22.00424
	21.13162
	At most 2 *

	0.421395
	19.72244
	15.49471
	16.41408
	14.2646
	At most 3 *

	0.104415
	3.30836
	3.841466
	3.30836
	3.841466
	At most 4

	panel D: LPGDP LUR LIR LPFI LPNG

	Eigeivalue
	trace stat
	5% critical value
	max eigen stat.
	5% critical value
	Hypothesized number of cointegrating equation

	0.799667
	122.96
	69.81889
	48.2332
	33.87687
	None *

	0.673006
	74.7268
	47.85613
	33.53443
	27.58434
	At most 1 *

	0.547005
	41.19237
	29.79707
	23.75622
	21.13162
	At most 2 *

	0.420549
	17.43615
	15.49471
	16.37022
	14.2646
	At most 3 *

	0.034907
	1.065927
	3.841466
	1.065927
	3.841466
	At most 4


[bookmark: _Toc440726469]Note: ***indicates significance at 1% level;**indicates significance at 5% level; *indicates significance at 10% level.

3.2.2 ARDL Bounds Test Approach to Cointegration
Armed with information about stationarity, we apply the ARDL bounds testing approach to cointegration. The results of the bound test are given in Table 8. From these results, it is clear that there is a long run relationship among the variables when LPG, LPE and LPNG are the dependent variable, because their F-statistic are higher than the upper-bound critical value at the 5% level. However, when LPLPG is the dependent variable, the null hypothesis of no cointegration is accepted.
3.3 Granger Causality Analysis: Based on VECM in the Long Run and Short Run
After we find the existence of cointegration among the variables, the further step is to estimate the short and long run estimates of LPGDP, LPFI, LIR, LUR and LEC. Table 9 reports the short and long run coefficientson (1) LPGDP, LPFI, LIR, LUR, LPLPG; (2) LPGDP, LPFI, LIR, LUR, LPG; (3) LPGDP, LPFI, LIR, LUR, LPE; and (4) LPGDP, LPFI, LIR, LUR, LPNG.


Table 8  Bounds Test Results
	[bookmark: OLE_LINK19]Bound test
	Diagnostic tests

	estimated model
	lag length
	F-statistic
	5% I(0) Bound critical value
	5% I(1) Bound critical value
	normality test
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]ARCH test
	Breusch-Godfrey Serial Correlation LM Test
	Ramsey RESET Test

	PART A
	
	
	
	
	
	
	
	

	f(LPGDP/LUR,LPFI,LPLPG,LIR)
	(2, 4, 4, 3, 4)
	6.617***
	2.86
	4.01
	0.4014
	0.1486
	0.0001
	0.8867

	f(LUR /LPGDP,LPFI,LPLPG,LIR)
	(3, 4, 4, 4, 4)
	1.580
	2.86
	4.01
	0.9017
	0.0607
	0.0000
	0.2020

	f(LPFI/LPGDP,LUR,LPLPG,LIR)
	(3, 4, 4, 0, 3)
	24.063***
	2.86
	4.01
	0.3521
	0.9423
	0.0006
	0.5358

	f(LPLPG/LPGDP,LUR,LPFI,LIR)
	(4, 3, 4, 4, 3)
	3.431
	2.86
	4.01
	0.7196
	0.8612
	0.0000
	0.6966

	f(LIR/LPGD ,LUR,LPFI,LPLPG)
	(1, 3, 1, 3, 4)
	9.032***
	2.86
	4.01
	0.8377
	0.4869
	0.0007
	0.3102

	PART B
	
	
	
	
	
	
	
	

	f(LPGDP/LUR,LPFI,LPG,LIR)
	(4, 2, 4, 4, 4)
	3.338
	2.86
	4.01
	0.0276
	0.5454
	0.0000
	0.7259

	f( LUR/LPGDP,LPFI,LPG,LIR)
	(4, 4, 4, 2, 2)
	27.465***
	2.86
	4.01
	0.6669
	0.2666
	0.0375
	0.0554

	f(LPFI/LPGDP,LUR,LPG,LIR)
	(4, 4, 4, 4, 4)
	23.094****
	2.86
	4.01
	0.7248
	0.0086
	0.0000
	0.7105

	f(LPG/LPGDP,LUR,LPFI,LIR)
	(4, 4, 4, 4, 4)
	15.212***
	2.86
	4.01
	0.9597
	0.0002
	0.0000
	0.1666

	f(LIR/LPG,LUR,LPFI,LPLPG)
	(4, 4, 3, 4, 4)
	4.952**
	2.86
	4.01
	0.8768
	0.6364
	0.0000
	0.2777

	PART C
	
	
	
	
	
	
	
	

	f(LPGDP/LUR,LPFI,LPE,LIR)
	(3, 4, 4, 4, 4)
	3.391
	2.86
	4.01
	0.0000
	0.1511
	0.0000
	0.4080

	f( LUR/LPGDP,LPFI,LPE,LIR)
	(3, 2, 3, 4, 4)
	4.277**
	2.86
	4.01
	0.6131
	0.9160
	0.0000
	0.0664

	f(LPFI/LPGDP,LUR,LPE,LIR)
	(4, 2, 4, 3, 4)
	30.236**
	2.86
	4.01
	0.8056
	0.4964
	0.0000
	0.1164

	f(LPE/LPGDP,LUR,LPFI,LIR)
	(1, 3, 0, 4, 0)
	4.543**
	2.86
	4.01
	0.9928
	0.0106
	0.0037
	0.1120

	f(LIR/LPG,LUR,LPFI,LPE)
	(3, 0, 3, 4, 1)
	5.045**
	2.86
	4.01
	0.4634
	0.5786
	0.0033
	0.2534

	PART D
	
	
	
	
	
	
	
	

	f(LPGDP/LUR,LPFI,LPNG,LIR)
	(4, 4, 4, 3, 4)
	7.262***
	2.86
	4.01
	0.8602
	0.4063
	0.0003
	0.0214

	f(LUR/LPGDP,LPFI,LPNG,LIR)
	(4, 4, 3, 4, 4)
	4.600
	2.86
	4.01
	0.7804
	0.4166
	0.0002
	0.0485

	f(LPFI/LPGDP,LUR,LPNG,LIR)
	(3, 4, 4, 4, 4)
	22.056***
	2.86
	4.01
	0.6757
	0.7700
	0.0023
	0.4880

	f(LPNG/LPGDP,LUR,LPFI,LIR)
	(4, 4, 4, 3, 4)
	7.468***
	2.86
	4.01
	0.5031
	0.3870
	0.0003
	0.0131

	f(LIR/LPNG,LUR,LPFI,LPLPG)
	(4, 4, 4, 4, 4)
	0.940
	2.86
	4.01
	0.7166
	0.0193
	0.0000
	0.1245


[bookmark: _Toc440295585][bookmark: _Toc440726472]Note: ***indicates significance at 1% level;**indicates significance at 5% level; *indicates significance at 10% level.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For panel A, considering the short run, there is unidirectional Granger Causality from LPLPG to LPGDP since the coefficient of LPLPG Granger causing LPGDP is 5.542043at 10% level of significance but the coefficient of LPGDP Granger causing LPLPG is 3.16432, which is non-significant statistically. However, we have no evidence to confirm there exits long run Granger Causality from LPLPG to LPGDP because the coefficient of ECT(-1) is -0.0136, which is non-significant statistically. There is also no evidence to confirm there exits long run Granger Causality from LPGDP to LPLPG because the coefficient of ECT(-1) is -0.341948, which is non-significant statistically. So, PLPG→PGDP in short run is consistent with growth hypothesis.



Table 9  VECMG Ranger Causality Analysis
	panel A: LPGDP LUR LIR LPFI LPLPG

	dependent variable
	short-run causality
	long-run causality

	
	ΔLPGDP
	ΔLIR
	ΔLUR
	ΔLPFI
	ΔLPLPG
	ECT(-1)

	ΔDLPDP
	-
	2.606755
	9.086756**
	0.277811
	5.542043*
	-0.0136

	
	-
	(0.2716)
	(0.0106)
	(0.8703)
	(0.0626)
	(0.1039)

	ΔLIR
	3.013777
	-
	5.018558*
	6.623645**
	3.425568
	-0.543006**

	
	(0.2216)
	-
	(0.0813)
	(0.0364)
	(0.1804)
	(0.0478)

	ΔLUR
	0.996066
	0.327657
	-
	1.356717
	0.254252
	-0.00439

	
	(0.6077)
	(0.8489)
	-
	(0.5074)
	(0.8806)
	(0.7127)

	ΔLPFI
	0.191652
	1.718708
	0.19604
	-
	1.820715
	-0.378871

	
	(0.9086)
	(0.4234)
	(0.9066)
	-
	(0.4024)
	(0.3109)

	ΔLPLPG
	3.16432
	0.555989
	10.38872***
	1.301608
	-
	-0.341948

	
	(0.2055)
	(0.7573)
	(0.0055)
	(0.5216)
	-
	(0.2771)

	panel B: LPGDP LUR LIR LPFI LPG

	dependent variable
	short-run causality
	long-run causality

	
	ΔLPGDP
	ΔLIR
	ΔLUR
	ΔLPFI
	ΔLPG
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]ECT(-1)

	ΔLPGDP
	-
	0.205881
	2.452442
	2.629368
	1.308836
	-0.209657

	
	-
	(0.9022)
	(0.2934)
	(0.2686)
	(0.5197)
	(0.1077)

	ΔLIR
	4.181699
	-
	6.63325**
	11.37241***
	3.710483
	-0.008985

	
	(0.1236)
	-
	(0.0363)
	(0.0034)
	(0.1564)
	(0.0604)

	ΔLUR
	0.768784
	1.284711
	-
	11.35789***
	20.96932***
	-0.018575**

	
	(0.6809)
	(0.5261)
	-
	(0.0034)
	(0.0000)
	(0.014)

	ΔLPFI
	0.245905
	0.932253
	0.060829
	-
	3.53558
	-0.34682

	
	(0.8843)
	(0.6274)
	(0.97)
	-
	(0.1707)
	(0.3976)

	ΔLPG
	0.250868
	10.75552***
	8.125201**
	0.487335
	-
	-0.251723

	
	(0.8821)
	(0.0046)
	（0.0172）
	（0.7837）
	-
	（0.3096）

	panel C: LPGDP LUR LIR LPFI LPE

	dependent variable
	short-run causality
	long-run causality

	
	ΔLPGDP
	ΔLIR
	ΔLUR
	ΔLPFI
	ΔLPE
	ECT(-1)

	ΔLPGDP
	-
	0.627185
	4.573933
	1.789827
	0.068617
	-0.024788

	
	-
	(0.7308)
	(0.1016)
	(0.4086)
	(0.9663)
	(0.1744)

	ΔLIR
	1.609489
	-
	1.884412
	5.54524*
	0.162959
	-0.075015

	
	(0.4472)
	-
	(0.3898)
	(0.0625)
	(0.9218)
	(0.7314)

	ΔLUR
	0.387388
	0.38359
	-
	2.616584
	0.551709
	-0.043741

	
	(0.8239)
	(0.8255)
	-
	(0.2703)
	(0.7589)
	(0.3863)

	ΔLPFI
	0.795978
	17.35102***
	0.401018
	-
	14.43925***
	-0.184468***

	
	(0.6717)
	(0.0002)
	(0.8183)
	-
	(0.0007)
	0.0000

	ΔLPE
	2.362413
	0.639977
	0.281339
	3.505977
	-
	0.151653

	
	(0.3069)
	(0.7262)
	(0.8688)
	(0.1733)
	-
	(0.2320)

	panel D: LPGDP LUR LIR LPFI LPNG

	dependent variable
	short-run causality
	long-run causality

	
	ΔLPGDP
	ΔLIR
	ΔLUR
	ΔLPFI
	ΔLPNG
	ECT(-1)

	ΔLPGDP
	-
	0.885906
	5.710313
	6.59551
	1.930116
	-0.020377

	
	-
	(0.6421)
	(0.0575)
	(0.037)
	(0.381)
	(0.6122)

	ΔLIR
	1.699684
	-
	3.280237
	7.530777**
	0.768894
	0.039011

	
	(0.4275)
	-
	(0.194)
	(0.0232)
	(0.6808)
	[bookmark: RANGE!H52](0.3923)

	ΔLUR
	3.642147
	1.398152
	-
	8.137531**
	3.831743
	0.031482*

	
	(0.1619)
	(0.497)
	-
	(0.0171)
	(0.1472)
	(0.073)

	ΔLPFI
	1.411134
	1.040048
	5.46483*
	-
	5.192553*
	-0.381171**

	
	(0.4938)
	(0.5945)
	(0.0651)
	-
	(0.0746)
	(0.0101)

	ΔLPNG
	9.890054***
	15.82028***
	7.24532**
	1.690448
	-
	-0.578722***

	
	(0.0071)
	(0.0004)
	(0.0267)
	(0.4295)
	-
	(0.0001)


Note:* Shows significance at 10% level, ** Shows significance at 5% level, *** Shows significance at 1% level. Values in parenthesis are p-values for Wald test based on Chi-square distribution. Values in square brackets are estimated coefficients of ECMt− 1.
[bookmark: _Toc440295592][bookmark: _Toc440726476]
For panel B, considering the short run, there is no Granger Causality from LPG to LPGDP since the coefficient of LPG Granger causing LPGDP is 1.308836 which is non-significant statistically and the coefficient of LPGDP Granger causing LPG is 0.250868, which is non-significant statistically. Additionally, we have no evidence to confirm there exits long run Granger Causality from LPG to LPGDP because the coefficient of ECT(-1) is -0.209657, which is non-significant statistically. There is also no evidence to confirm there exits long run Granger Causality from LPGDP to LPG because the coefficient of ECT(-1)is -0.251723, which is non-significant statistically. So, the nexus between PG and PGDP is consistent with neutrality hypothesis.
For panel C, considering the short run, there is no Granger Causality from LPE to LPGDP since the coefficient of LPE Granger causing LPGDP is 0.068617 which is non-significant statistically and the coefficient of LPGDP Granger causing LPE is 2.362413, which is non-significant statistically. Additionally, we have no evidence to confirm there exits long run Granger Causality from LPE to LPGDP because the coefficient of ECT(-1) is -0.024788, which is non-significant statistically. There is also no evidence to confirm there exits long run Granger Causality from LPGDP to LPE because the coefficient of ECT(-1) is 0.151653, which is non-significant statistically. So, the nexus between PE and PGDP is consistent with neutrality hypothesis (C. Zhang et al., 2017; Ge et al., 2017; Lin & Liu, 2016).
For panel D, considering the short run, there is no Granger Causality from LPNG to LPGDP since the coefficient of LPNG Granger causing LPGDP is 1.930116 which is non-significant statistically and the coefficient of LPGDP Granger causing LPNG is 9.890054, which is significant statistically at 1 percent level. Additionally, we have no evidence to confirm there exits long run Granger Causality from LPNG to LPGDP because the coefficient of ECT(-1) is -0.020377, which is non-significant statistically. There is also no evidence to confirm there exits long run Granger Causality from LPGDP to LPNG because the coefficient of ECT(-1)is -0.578722, which is significant statistically at 1 percent level. Hence, PGDP→PNG in short run and long run is consistent with conservation hypothesis but different from the empirical result of Bildirici and Bakirtas’sfinding (2014).
4. Conclusion
[bookmark: _Toc440295593][bookmark: _Toc440726477]To analyze the nexus between energy consumption and economic performance in China, we utilize Granger Causality Test in VECM. The empirical results show that among four different types of energy consumption per capita (electricity consumption per capita, gas consumption per capita, natural gas consumption per capita, liquefied petroleum consumption per capita),there is unidirectional Granger causality from economic performance to natural gas consumption in the short run and long run is consistent with conservation hypothesis and unidirectional Granger causality from liquefied petroleum consumption to economic performance in the short run is consistent with growth hypothesis. Additionally, the nexus between electricity consumption and economic performance is consistent with neutrality hypothesis. Furthermore, the nexus between gas consumption and economic performance is consistent with neutrality hypothesis.
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