
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Analysis

Energy consumption, carbon emissions, and economic growth in China

Xing-Ping Zhang ⁎, Xiao-Mei Cheng
School of Business & Administration, North China Electric Power University, Beijing, 102206, China

a b s t r a c ta r t i c l e i n f o

Article history:
Received 9 March 2009
Received in revised form 19 May 2009
Accepted 19 May 2009
Available online 12 June 2009

Keywords:
Carbon dioxide emission
Economic growth
Energy consumption
Granger causality
Generalized impulse response function

This paper investigates the existence and direction of Granger causality between economic growth, energy
consumption, and carbon emissions in China, applying a multivariate model of economic growth, energy use,
carbon emissions, capital and urban population. Empirical results for China over the period 1960–2007
suggest a unidirectional Granger causality running from GDP to energy consumption, and a unidirectional
Granger causality running from energy consumption to carbon emissions in the long run. Evidence shows
that neither carbon emissions nor energy consumption leads economic growth. Therefore, the government of
China can purse conservative energy policy and carbon emissions reduction policy in the long run without
impeding economic growth.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Global warming has been one of the most important environ-
mental problems of our ages. The ever increasing amount of carbon
dioxide (CO2), the dominant contributor to the greenhouse effect,
seems to be aggravating this problem. Academics and practitioner
alike have been debating about reducing greenhouse gas (GHG)
emissions to alleviate global warming.

There seems to be basically three research strands in literature on
the relationship between economic growth and environmental
pollutants. The first strand focuses on the environmental pollutants
and economic growth nexus. It is closely related to testing the validity
of the so-called environmental Kuznets curve (EKC) hypothesis, which
postulates an inverted U-shaped relationship between the level of
environmental degradation and income growth. That is to say,
environmental degradation increases with per capita income during
the early stages of economic growth, and then declines with per capita
income after arriving at a threshold. Ever since the original empirical
study of Grossman and Krueger (1991), an increasing body of
literature has tested the economic growth and environmental
pollution nexus.1 However, the empirical results appear to be
controversial. The EKC model is severely criticized for lack of feedback
from environmental pollutants to economic output as income is

assumed to be an exogenous variable (see Arrow et al., 1995; Stern,
2004; Hung and Shaw, 2002; among others). Hill and Magnani
(2002), Stern (2004), and Dinda (2004) provided extensive reviews of
this EKC research.

The second strand concentrates on the link between economic
output and energy consumption, since the emissions are mainly
caused by burning fossil fuels. Following the seminal study of Kraft
and Kraft (1978), an increasing number of studies has assessed the
empirical evidence employing Granger causality and cointegration
model. The earlier studies mostly apply a bivariate model and fail to
get consensus results. The bivariate model is criticized in many
econometric issues, especially the omitted variables bias. Stern (1993)
argued that bivariate tests may fail to detect causality because of the
substitution effects that may occur between energy and other inputs.
Employing a multivariate model with energy consumption, gross
domestic product (GDP), capital, and labor force, Stern (1993) found
Granger causality running from energy use to GDP for the USA.
Following Stern (1993), a considerable number of studies2 has tested
the causal relationship between the energy consumption and
economic output in a multivariate context. However, the multivariate
studies also produce conflicting results. Huang et al. (2008) provided a
good review on the empirical results from causality tests.

An assessment of the existing literature indicates that most studies
focuson thenexusof output-energyoroutput-pollution.Only recently, a
combined approach of those two methods has emerged which is
implied to investigate the inter-temporal links in the energy–environ-
ment–incomenexus. Appling amultivariatemodelwith income, energy
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consumption, carbon emissions, gross fixed capital formation, and labor
force, Soytas et al. (2007) found no Granger causality between income
and carbon emissions, andnoGranger causality between energy use and
income in the US. But energy consumption Granger causes the carbon
emissions in the long run. Using the same approaches and variables as
that of Soytas et al. (2007), Soytas and Sari (2009) found the same link
between income and carbon emissions in Turkey. However, the carbon
emissions Granger cause the energy consumption in the long run. The
lack of a long run Granger causality between income and carbon
emissions provides evidence that both the US and Turkey reduce carbon
emissions without forgoing economic growth. Applying the bounds
testing to cointegration procedure in a multivariate model with carbon
emissions, energy use, income, and foreign trade, Halicioglu (2009)
found that there is a bi-directional Granger causality (both in short and
long run) between the carbon emissions and income in Turkey. This
result is conflicting with that of Soytas and Sari (2009). Ang (2008)
found that output growth Granger causes energy consumption in
Malaysia. However, weak evidence of causality running from carbon
emissions to income in the long run, but no feedback link is observed.

In the first two research strands, there are even a more limited
number of examples that examine the nexus between economic
growth and environmental degradation in China. Song et al. (2008)
investigated the relationship between environmental pollution and
economic growth in China based on the EKC hypothesis using Chinese
provincial data. It is found that there is a long run cointegration
relationship between per capita emissions of three pollutants (waste
gas, waste water, and solid wastes) and per capita GDP. Furthermore,
the results showed that all three pollutants are inverse U-shaped in
China. Soytas and Sari (2006) found that there is no Granger causality
between income and energy use in China. The empirical study of Yuan
et al. (2008) showed there is a bilateral Granger causality betweenGDP
and energy use in the long run, and unidirectional Granger causality
from GDP to energy use in the short run in China. The causality results
of previous studies for China are summarized in Appendix A. The
empirical studies using the same country data also failed to achieve
unanimous conclusions. To the best of our knowledge, no study has
been conducted to examine the relationship between economic
growth, energy use, and pollutant emissions under the same frame-
work in China. As such, this is one of our major contributions.

The choice of China is also motivated by the fact that China has
been the second largest energy consumer and energy-related CO2

emitter in the world. As a developing country, China is one of the
highest growth economies in the world, and it has experienced a
significant rise in energy consumption and carbon emissions in recent
decades. During the period 1980–2007, the average annual growth
rate of GDP is more than 9%, the primary energy consumption
increased by about 340%, and carbon dioxide emissions sharply
increased by about 352%. The Kyoto Protocol is severely criticized for
lack of inclusion of emission reduction obligations for developing
countries, as Pittel and Rübbelke (2008) points out: “Due to the rising
importance of developing countries' contribution to climate change,
their participation in an international problem–solution approach
becomes crucial.”3 China should make effective policies in reducing
CO2 emissions to alleviate global warming, although its per capita
emissions are very low. Therefore, we examine the inter-temporal
relationship in income–energy–environment nexus, which has good
policy implications for China to reduce CO2 emissions.

The remainder of this paper is organized as follows: the next
section describes the econometric methodology used in the study;
Section 3 discuses data used and unit root tests; the fourth section
presents Granger causality results; Section 5 presents generalized
impulse responses, followed by conclusion and policy analysis in
Section 6.

2. Methodology

Vector autoregression (VAR) and error correction model (ECM) are
often used to examine the Granger causality among variables. To that
respect one could conduct a VAR in first-order differences of the
variables if variables were known to be I(1) (integrated of order one)
with no cointegration, and one could conduct an ECM if the variables
were known as to be cointegrated. Hence, whether the variables are
integrated, cointegrated, or (trend) stationary is usually pre-tested. Toda
(1995) showed that the pre-tests for cointegration ranks in Johansen-
type ECM are very sensitive to the values of the nuisance parameters in
finite sample. Hence causality inference in ECMmay suffer from severe
pretest biases. If the system contains unit roots, standardWald statistics
based on ordinary least-squares (OLS) estimation of level VARmodel for
testing coefficient restrictions have non-standard asymptotic distribu-
tions that may involve nuisance parameters (see, e.g., Sims et al., 1990;
Toda and Phillips, 1993). The augmented VAR approach proposed by
Toda and Yamamoto (1995) (thereafter TY), on the other hand, has
much practical appeal because it can be applied for any arbitrary level of
integration. Zapata andRambaldi (1997)pointed, the TYprocedurehas a
high power of the test in moderate to large samples; If there is
uncertainty as towhether the variables are I(0) or I(1), the TYprocedure
is being performed on the safe side. Yamada and Toda (1998) showed,
the FM-VAR (proposed by Phillips, 1995) and ECMprocedures are more
powerful than TY procedure. However, the actual size of the TY
procedure based test is stable for sample sizes that are typical for
economic time series data, and the FM-VARand ECMprocedures tend to
have larger size distortion thanTYprocedure. The serious size distortion
may not be acceptable, and therefore the TY procedure is appealing for
its small size distortion. Following Soytas et al. (2007) and Soytas and
Sari (2009), we apply TY procedure to examine the income–energy–
environment nexus in China. The TY procedure steps are as follows:

(i) Find the maximal order of integration d of variables by
conducting unit root tests.

(ii) Determine the optimum lag length p of a VAR. Since the true lag
length p is rarely known in practice, we can estimate it by
several criteria.

(iii) Estimate the lag-augmented VAR(p+d) model:

Vt = α + β1Vt−1 + β2Vt−2 + N + βpVt−p + : : :

+ βp + dVt−p−d + et

where, α is a vector of constant, βt is coefficient matrix, and εt is
white noise residuals.

(iv) Check robustness of augment VAR(p+d) by diagnostic tests.
(v) A Wald test is conducted on the first p parameters instead of

on all parameters in the augment VAR(p+d) model, and the
statistics follows an asymptotic Chi-square distribution with p
degrees of freedom (For more on Wald statistics, see Toda and
Yamamoto, 1995; Zapata and Rambaldi, 1997). The null hypoth-
esis is that the row i, column j element in βk equals zero for
k=1,2,⋯, p. The jth element of Vt does not Granger-cause the ith
element of Vt if and only if the null hypothesis is true.

3. Data and unit root tests

3.1. Data and discussions

In a single country study, dividing by population number only
scales the variable down (Soytas et al., 2007). Friedl and Getzner
(2003) argued that the Kyoto Protocol calls for a reduction in the
percentage of emissions and they suggested the use of total rather
than per capita emissions. Therefore, total data but not per capita data
are used in this paper.

3 China, India, and other developing countries are not included in any numerical
limits under the treaty.
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Weuse annual data on real GDP (Y) and grossfixed capital formation
(K) (both in constant 2000, local currency YUAN), energy consumption
(E) (kt of standard coal equivalent), CO2 emissions (G) (kt), and urban
population (P). All data covering the period 1960–2007 were used in
natural logarithm, and were obtained from the National Statistics
Bureau of China. Capital stock data are not available. Changes in
investment may closely follow changes in capital stock assuming a
constant depreciation rate (Jacob et al., 1997). Hence, following Lee
(2005) and Soytas and Sari (2009) among others, we use gross fixed
capital formation as a reliable proxy for capital stock. The data do not
include data for Hong Kong, China; Macao, China; or Taiwan, China.

Inorder to illustrate the change trendof each series in the samescale,
we construct an index for each series using 1960 as the base year. The
diagram presented in Fig. 1(a) suggests that the series of Y, E, G, and K
tend tomove very closely togetherover time. It isworthnoting that theE
and G series seem to share the change trend, so there may be an
interaction between the E and G. However, it is necessary to conduct a
formal testing to verify our belief. The Yand K series seem to growmore
quickly from the late 1980s, and the E and G series seem to grow faster
from the late 1990s. Graphical analysis reveals there may be structural
break, so it is necessary to take into account a structural break when
employing the unit root tests. The energy consumption during 1997–
1999 decreased slightly, whereas the GDP was increased. This
phenomenon is due to China's energy policies which were discussed
in detail by Yuan et al. (2008).

Labor force is an often-used variable in the literature (e.g. Soytas et al.,
2007), and total population is sometimesused in literature (e.g. Songet al.,
2008). To the best of our knowledge, no one used the indicator of urban
population to examine the interaction between output, energy use, and
pollutant emissions in China. In this paper,we apply the indicator of urban
population instead of labor force (L) or total population (TP). The reasons
are as follows:

(i) Chinese economy is a typical dual one. Although there is an ever-
decreasing percentage of rural populationwith the developing of
industrialization, the rural population outweighs the urban

population. Under the system of family-based contracted
responsibility in countryside, people in rural area are employed
by themselves andmainly engaged in the primary industry.4 So it
is difficult to obtain the precise statistics of labor force in rural
district. Moreover, the primary industry contributes less and less
to GDP, whereas the second industry and tertiary industry, which
mainly concentrate on the urban areas, are the dominant
contributors to GDP in China. Therefore, the economic activities
concentrate on urban areas.

(ii) The government of China has carried out a firm family planning
policy that limits parents to having only one child since the late
1970s, and therefore the growth rate of total population is
artificially controlled. An increasing number of rural people
immigrated to urban area with the economic developing.
Hence, the urban population seems to move more closely with
GDP than total population and labor force do. Fig. 1(b) shows
the change trends of P, L, and TP.

(iii) With the rapid economy development and accelerating indus-
trialization, more and more rural people would immigrate to
urban areas. Therefore, urbanizationwould have durative effects
on the economic development in China.

In a word, the choice of urban population is determined by the
specific institutional and structural characteristics of China.

3.2. Unit root tests

Unit root tests are required before proceeding TY process to obtain
the maximal integration order (d) of variables. We conduct three
different unit root tests, namely augmented Dickey–Fuller (ADF),
Phillips–Perron (PP), and Kwiatkowski–Phillips–Schmidt–Shin

Fig. 1. Trends of variables (before taking logarithm, 1960=100).

4 China's three industries are: primary industry (including farming, forestry, animal
husbandry, fishery and water conservancy), secondary industry (including industry
and construction), and tertiary industry (including transportation, telecommunica-
tions, post, retail and others).
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(KPSS). In reference to literature, tests designed on the basis of the null
hypothesis that a series is I(1) have low power of rejecting the null.
Hence, KPSS is sometimes used to complement the widely used ADF
and PP tests in order to have robust results. The results of the unit root
tests are reported in Table 1, which indicate that the integration orders
of all variables do not appear to be exceeding 2, so we identify d as 2.

Perron (1989) argued that many macroeconomic time series with
structural break are stationary fluctuation around a deterministic
trend function if allowance is made for a possible change in intercept
and slope. We should take the structure break into account when
employing unit root test, because the standard unit root tests fail to
test the stationary of series with structural break. Zivot and Andrews
(1992) (hereafter ZA) developed a unit root testing procedure that
allows for an estimated break in the trend function under the
alternative hypothesis. Hence, we test the order of integration of a
series employing ZA unit root test, and the test results are summarized
in Table 2. ZA tests indicate that all the series (except P series) are I(1)
at 5% critical level, but the P series is I(2).

4. The causality tests

The slightly contradictory results in Table 1 indicate that all series
are not integrated of the same order, so the TY procedure to test for

Granger causality appears to be the most appropriate method. To
apply TY procedure, the optimum lag length of VAR model has to be
decided firstly. We conduct five different lag length criteria to decide
the lag length, namely sequential modified LR test statistic (LR), Final
prediction error (FPE), Akaike information criterion (AIC), Schwarz
information criterion (SC), and Hannan–Quinn information criterion
(HQ). The results of lag length selection of the VAR are presented in
Appendix B. AIC and HQ point out a lag length of 5, LR suggests a lag
length of 3, while the optimum lag length of VAR is 1 via SC and FPE.
However, the diagnostic test results indicate neither the augment VAR
(5) (p+d=5) nor the VAR(7) (p+d=7) is stable. Hence, we
estimate the augment VAR(3) (p+d=3) with Vt=(Yt, Kt, Et, Gt, Pt)′
and conduct a series of diagnostic tests to check the robustness of VAR
(3). The diagnostic test results are summarized in Table 3.

The values of the adjusted R2 are rather high and slightly lower
than that of unadjusted R2. Therefore, the explanatory power of all
equations is robust. The J–B test results show that all residuals are
normality. Lagrange multiplier tests indicate there is no autoregres-
sive conditional heteroscedasticity, and White tests show there is no
heteroscedasticity for all equations. The results of Breusch–Godfrey
test reveal there is no serial correlation for all equations in 5%
significance level. Although Ramsey RESET test results indicate that
parameter seems to be instability for the P equation, the CUSUM and
CUSUM of square tests could not verify a stability violation. The VAR
(3) is stable with all unit roots within the unit circle. Satisfied with the
diagnostics of VAR(3), we proceed with the Granger causality tests
and the test results are presented in Table 4.

Results in Table 4 show that there is a unidirectional Granger
causality running from real GDP to energy consumption at the 5%
significant level in China. That is, an increase in GDPwill bring about an
increase in energy use, but not vice versa. Therefore, the government of
China can pursue conservative energy policy in the long run without
impeding economic growth. This result differs from that of Soytas and
Sari (2006) and Yuan et al. (2008).

Another important result is that energy consumptionGranger causes
the carbon emissions in the long run, but the inverse is not true in China.
That is, an increase in energy consumption brings about an increase in
carbon emissions. Hence, it is an appropriate way to decrease carbon
emissions by reducing energy consumption in China. This result is in

Table 2
Results of the ZA Unit root tests with a structural break.

Series Level
t(λ̂ inf)

Break First difference
t(λ̂ inf)

Break Second difference
t(λ̂ inf)

Break

Y −1.89(C) 1989 −5.78(A)⁎ 1990 – –

K −3.15(C) 1986 −5.24(A)⁎ 1988 – –

E −2.65(C) 1998 −4.56(B)⁎ 1998 – –

G −2.45(C) 1998 −4.64(B)⁎ 1998 – –

P −1.88(B) 1985 −2.34(B) 1985 −5.35(A)⁎ 1986

Notes: The letters inparentheses indicate themodel A, B andmodel C of Zivot andAndrews
(1992), respectively. Model A allows for a change in the level of the series; Model B allows
for a change in the slope of the trend of a series, whileModel C combines both the changes.
Break denotes the time of the structure change. ⁎indicates significance at the 5% level.

Table 3
Diagnostic test results.

Equation Adj. R2 J–B test B–G test ARCH LM White test Ramsey RESET

Y 0.9993 0.9326 5.1559(5) 2.9276(1) 29.369 0.5933
K 0.9963 1.8052 2.3206(1) 0.0686(1) 20.086 0.1501
E 0.9973 1.2074 6.4344(6) 2.0440(5) 27.791 0.1596
G 0.9949 1.6537 3.2198(2) 5.2105(5) 28.039 0.7495
P 0.9999 2.0138 9.4713(4) 3.2117(1) 37.427 8.9890a

J–B test null is normality. B–G test null is no serial correlation up to the selected lag.
ARCH LM null is no ARCH up to the selected lag. Lag lengths are selected by SC and
showed in parentheses. White test null is no heteroscedasticity. Ramsey RESET test null
is no specification errors with one fitted term using LR. Superscript a represents
significance at the 1%.

Table 4
Granger causality test results.

Dependent variables Y K E G P

Y – 1.5304 1.4884 2.7053 2.1821
K 2.1898 – 1.4357 1.5104 0.1166
E 7.8488b 2.0313 – 0.6631 2.5355
G 2.6237 0.3819 6.7114b – 1.7021
P 2.3411 0.8532 3.0529 3.0786 –

Superscript b represents significance at the 5%. Significance implies that the column
variable Granger causes the row variable.

Table 1
Unit root test results.

ADF PP KPSS

Levels
Intercept Y 1.531620 (2) 2.342259 0.901513a

K −0.469776 (2) 2.639368 0.902140a

E −0.347377 (2) 0.580232 0.878193a

C −0.530582 (1) 0.662187 0.876589a

P −0.857694 (1) 0.629090 0.905053a

Intercept and trend Y −2.029604 (1) −5.384130a 0.229194a

K −7.055136a (1) −5.307570a 0.121913c

E −3.385625 (1) −4.234222a 0.110746
C −3.090133 (1) −3.995164b 0.099702
P −1.378128 (1) −1.929329 0.158507c

First differences
Intercept Y −7.828076a (0) −14.86691a 0.539087

K −5.847016a (0) −12.90223a 0.415688
E −5.946679a (0) −10.14766a 0.229258
C −5.339308a (0) −6.922837a 0.217992
P −3.109032b (0) −3.273908b 0.236430

Intercept and trend Y −7.508719a (0) −20.08617a 0.133147
K −5.660583a (0) −12.56212a 0.270145
E −5.580303a (0) −11.56739a 0.135358
C −5.108082a (0) −6.348119a 0.118081
P −2.793751 (0) −2.922972 0.168044

Second differences
Intercept P −6.455287a (0) −7.446935a 0.270359
Intercept and trend P −6.379310a (0) −7.937693a 0.067182

Note: Superscripts a, b, andc represent significanceat 1%,5%, and10% respectively. Lag lengths
are determined via AIC and in parentheses. All unit root tests (except the KPSS) employed in
our study have a null hypothesis that the series has a unit root against the alternative of
stationary. The null of KPSS, on the other hand, states that the variable is stationary.
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consistentwith the empirical result of Soytas et al. (2007) for the United
State, but differs from that of Soytas and Sari (2009) for Turkish.

5. Generalized impulse response

The TY process is a way to test the long run Granger causality
relationship among the series. However, test results do not consider
how variables in general respond to innovations in other variables. In
order to examine how a shock to one variable affects another variable
and how long the effect lasts in short run, we utilize generalized
impulse response (Koop et al., 1996) which overcomes the orthogon-
ality problem in traditional out-of-sample Granger causality tests. The
generalized impulse response results are plotted out in Fig. 2.5

It is clear from Fig. 2, a shock in one of the four variables (Y, K, E,
and G) has positive and significant initial impacts on the other three,
and the impacts die off over the horizons. It is worth noting that the
initial impact of energy use on carbon emissions not only is slightly
higher, but it also lasts longer than the others. Another important
finding is that a shock in GDP has higher initial impacts on energy
consumption than the others, and the impacts last rather long than
those of gross fixed capital and carbon emissions. Hence, the results of
impulse response analysis support that of Granger causality tests.

It is interesting to note that impacts of P shocks on Y, E, and G are
increased over the horizons, although initial impacts are insignificant.
It implies that the urbanization has positive effects on the economic
growth, energy consumption, and carbon emissions in China. The
results seem to have more robust base according to the experiences
with the status quo discussed above in China.

6. Conclusions and policy implications

Appling the TY procedure and generalized impulse response, this
paper investigates the temporal linkages among GDP, energy consump-
tion, and carbon emissions for China during the period 1960–2007 in a
multivariate model including gross fixed capital formation and urban
population. The empirical finding of unidirectional Granger causality
from real GDP to energy consumption in the long run implies that the
governmentof China can implement stronger energyconservative policy
without compromising economic growth in the long run. However, the
results of impulse responses provide evidence that shocks in all variables,
except urban population, have significant initial impact on one of them.
Therefore, enhancingenergyefficiency is an effectiveway to save energy.
Although the energy intensity has experienced sharp decline in China,
the energy intensity is rather high than that of world average level. So
China should apply technological changes to greatly decrease energy
intensity. China has made an ambiguous and challenging goal of
decreasing the energy intensity by 20% between 2006 and 2010.

Our results suggest that energy consumption Granger causes carbon
emissions in the long run, but not vice versa. Hence, reducing energy
consumption, especially the consumption of fossil fuel, seems to be an
active way to reduce carbon emissions. It is worth noting that Coal
accounts for about 70% of total primary energy in China, which is not only
the dominant primary energy but also the dominant source of carbon
emissions. On one hand, policies diversifying energy source may be
applied to reduce the reliance on coal. China should take active measures
to increase the utilization of cleaner energy sources (wind, solar, natural
gas, nuclear power). To that respect China has set a specific target for the
renewable and nuclear energy: the ratio of renewable energy to total
primaryenergyconsumptionwouldbeno less than10% in2010and15% in
2020 (The Medium and Long Term Development Plan for Renewable

Fig. 2. Generalized impulse responses of Y, E, and G to other variables.

5 To conserve space, the responses of K and P are omitted, which are available from
the author upon request.
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Energy in China, 2007). The installed capacity of nuclear electricity would
up to 4 gigawatt (GW),which accounts for 4% of total installed capacity in
2020 (The Medium and Long Term Plan for Nuclear Electricity in China,
2007). On the other hand, since roughly 60% of coal was used to generate
power, sustainable coal technologies should be imposed on both the new
and existing coal power plants in order tomitigate the environment pres-
sure.Moreover, the small-scale lowefficiency coal power plants should be
phased out. China government hasmade a specific goal of closing a total of
50 GW inefficiency coal power plants between 2006 and 2010.

Shocks in urban population have no significant initial impacts but
positive effects on the others, so the accelerating industrialization has
positive effects on the energy use and carbon emissions. The fact that
rural population accounts for more than half of total population
implies that agriculture should be an important sector in China. China
should take measures to promote the development of agriculture,
which is beneficial to alleviate environment pressure.

Themain contribution of the paper is to empirically investigate the
inter-temporal links in the energy–environment–income nexus for
China. The findings of this analysis may be unique to China due to its
specific institutional characteristics. And finally, the results must be
interpreted with due caution because of the finite sample.
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Authors Method Variables and data period Results

Yuan et al.
(2008)

ECM GDP, TE, K, and
L: 1963–2005

GDP→TE in the short run
GDP↔TE in the long run
E→GDP in the short run
GDP↔E in the long run
GDP→C in the short run
GDP↔C in the long run
GDP↔O in both the short
and long run

Zhang and Li
(2007)

ECM GDP and C: 1980–2004 GDP↔C in both the short
and long run

Yuan et al.
(2007)

ECM GDP and E: 1978–2004 E→GDP in both the short
and long run

Soytas and Sari
(2006)

TY GDP, TE, K, and L: 1971–2002 Non-cointegrated

Zhou and Chau
(2006)

ECM GDP and O: 1953–2002 O→GDP in the short run
GDP↔O in the long run

Shiu and Lam
(2004)

ECM GDP and E: 1971–2000 E→GDP

Note: X→Y denotes that X Granger causes Y; X↔Y denotes bidirectional Granger
causality between X and Y. TE, E, C, and O denote total energy consumption, electricity
consumption, coal consumption, and oil consumption, respectively. K and L denote
capital and labor force respectively.

Lag LogL LR FPE AIC SC HQ

0 201.82 NA 5.85e−11 −9.372 −9.165 −9.296
1 514.05 535.252 6.78e−18⁎ −23.050 −21.809⁎ −22.595
2 559.99 67.836 2.64e−17 −24.048 −21.772 −23.214
3 594.33 42.499⁎ 1.94e−17 −24.492 −21.182 −23.279
4 627.18 32.853 1.79e−17 −24.866 −20.521 −23.273
5 669.14 31.971 1.38e−17 −27.496⁎ −20.295 −25.1453⁎

Notes: ⁎ indicates lag order selected by the criterion. LR denotes sequential modified LR
test statistic (each test at 5% level). The maximal lag length of the VAR in this paper is 7.
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