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Abstract
According to China’s thirteenth “Five-Year Plan (2016–2020)”, the economic and social 
transition to the sustainable style has become the consensus of the Chinese government and 
the academic world. Given the important role of energy in China’s economic and social 
development, it is quite important to understand the effects of energy consumption on eco-
nomic development. Despite a large body of literature in this field, very few studies have 
investigated the nonlinear relationship between the two. Based on the neoclassical growth 
model and the Cobb–Douglas production function, the present study uses the panel thresh-
old regression model and provincial panel data covering the period 1985–2014 to investi-
gate whether a nonlinear relationship exists between energy consumption and economic 
growth. The estimation results indicate that, although there is no evidence for such a non-
linear relationship for the whole nation, a single threshold exists for both eastern and non-
eastern regions; however, the elasticity of GDP with respect to energy consumption does 
not vary significantly either before and after the threshold is reached. Therefore, as China’s 
economy enters the phase of “new normal,” with a relatively lower growth rate, sufficient 
and reliable energy input is still required to maintain reasonable and sustainable economic 
growth.

Keywords  Energy consumption · Economic development · Cobb–Douglas production 
function · Non-linear relationship · Panel threshold regression

1  Introduction

Since the beginning of reform and opening-up in late 1970s, China’s economy has kept 
growing at a remarkable speed for nearly four decades. Along with China’s economic 
expansion, the country’s energy consumption has skyrocketed. However, the surge in the 
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consumption of energy, especially fossil energy, has also caused a series of problems. For 
instance, China’s environmental pollution and emissions of greenhouse gases (GHGs, 
mainly CO2) have rapidly increased, and the country’s environmental quality has deterio-
rated remarkably. At present, China is in the process of economic transition and is actively 
seeking to change its economic development model from the previous excessive style to an 
inclusive and sustainable one. To achieve this ambitious goal, China’s energy policy should 
be adjusted and formulated in accordance with the changing demands for the develop-
ment of China’s economy and society. In particular, after the Paris Conference on Climate 
Change in 2015, China’s central government formulated relevant energy and environment 
protection policies to manage global climate changes.

Ever since the reform and opening-up, the Chinese economy has experienced rapid 
development and a series of far-reaching reforms. Prior to the mid-1980s, the Chinese 
economy was focused in the rural areas. In the mid- and late 1980s, urban reform became 
the main driving force of economic and social development. After Deng Xiaoping’s “South 
Tour” in 1992, China speeded up its construction of the market-oriented economy. At 
the same time, the features and driving forces of economic growth have also constantly 
changed. For instance, the acceleration of infrastructure construction has, to some extent, 
caused heavy reliance of China’s economy on investment and energy input. After China’s 
entry into the WTO in 2001, foreign trade, especially China’s exports, ballooned and 
gradually became another growth engine for China. Under the tide of financial turmoil 
that has shrouded the world since 2008, the Chinese government took a series of coun-
termeasures, including “Ten Industries Promotion Plan” and the so-called “Four Trillion” 
stimulus program, to stabilize the economy.1,2 Since 2012, China’s economy has entered 
the stage of “new normal,” in which China’s annual economic growth rate has reduced 
moderately from double-digit levels in the previous decade.3 Against the background of 
the “new normal,” the characteristics of China’s economic and social development have 
changed remarkably (Du and Zhang 2018). For instance, China has accelerated the process 
of upgrading the industrial structure and improvement of the energy mix. In 2014, the State 
Council of China released the Energy Development Strategic Action Plan (2014–2020), 
vowing to deepen energy market reform. At the same time, accompanied by the advance-
ment of economic reform, the optimal allocation of resources and energy has become an 
increasingly urgent issue for China today. In particular, energy has played a key role in 

1  At the beginning of 2009, China formulated a comprehensive plan to promote the development of ten 
major industries that were severely affected by the global financial crisis; these include steel, automobile, 
shipbuilding, petrochemical, textile, light manufacturing, nonferrous metal, equipment manufacturing, elec-
tronic information, and logistics.
2  On November 9, 2008, the State Council of China announced a stimulus package of four trillion Chinese 
yuan to shore up China’s economy from the negative impact of the global financial crisis. After this pro-
gram was launched, a series of infrastructural facilities, such as highways and high-speed railways, were 
built. At the same time, many small-scale industrial factories and plants were set up, many of which were 
energy- and pollution-intensive. Therefore, some scholars opined that the “Four Trillion” stimulus program 
should be blamed for the surge in energy consumption and environmental deterioration in recent years (Hao 
and Wei 2015).
3  The term of “new normal” was originally raised by China’s president Xi Jinping in May 2014. To sum up, 
there are three important features of “new normal”. First of all, China’s economic growth would shift gear 
from the previous high speed to a medium-to-high speed. Second, there would be consistent and continuous 
improvement and upgradation of economic structure. Third, the growth engine of China’s economy would 
change from input and investment to innovation gradually. For more background information of China’s 
“new normal”, one could refer to http://www.china​daily​.com.cn/china​/19thc​pcnat​ional​congr​ess/2017-10/05/
conte​nt_32869​258.htm.

http://www.chinadaily.com.cn/china/19thcpcnationalcongress/2017-10/05/content_32869258.htm
http://www.chinadaily.com.cn/china/19thcpcnationalcongress/2017-10/05/content_32869258.htm
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China’s sustainable development, as it serves as the indispensable material support for 
industrial production and residents’ lives. In 2016, the Chinese President Xi Jinping put 
forward the energy saving and emission reduction goal in The Reinforcement of Climate 
Change Action - Independent Contribution of China at the Paris Conference on Climate 
Change and planned to decrease the unit GDP carbon dioxide emission by 60–65% from 
2005 to 2030.

Therefore, at different stages of economic development, China’s economy has dis-
played different characteristics. As such, the relationship between energy consumption and 
economic growth will probably change over time. For instance, when China’s secondary 
industry, especially heavy industry, rapidly developed in the 1990s and early 2000s, the 
demand for energy skyrocketed, and related environmental pollution surged. However, in 
recent years, especially since China’s economy entered the “new normal” stage, China has 
paid more attention to environment-friendly sustainable economic development. Therefore, 
China is in the process of transition, with increasing demands for technological progress 
and energy saving and conversion. Some recent studies have provided evidence for signs 
or trends of decoupling of energy consumption and related CO2 emissions from economic 
growth in China in recent years (Zhang and Da 2015; Meng et al. 2018).

Thus far, many studies have examined the relationship between energy consumption 
and economic development in China by using either national or provincial data (e.g., Yuan 
et al. 2008; Zhang and Xu 2012; Long et al. 2015; Wang et al. 2016a, b; Shan et al. 2016). 
However, partly due to data limitation, the extant literature has largely ignored the possible 
change in this relationship, although the characteristics of economic and social develop-
ment and energy market have changed significantly during the last three decades (Sun et al. 
2017; Dong and Hao 2018). In this regard, in the present study, we focus on a very impor-
tant question: Has the relationship between energy consumption and economic growth 
undergone a nonlinear shift during China’s reform era?

To summarize, compared with previous studies, the contribution of this paper is two-
fold. First, this study for the first time quantitatively investigates the nonlinear relation-
ship between energy consumption and economic development in China. Second, the panel 
threshold regression model is employed to examine provincial panel data for the period of 
1985–2014. The relatively long sample period ensures the reasonability and the reliability 
of the estimation results. Moreover, the use of provincial panel data allows us to account 
for the remarkable regional gap in economic and social development within China (e.g., 
Dong and Hao 2018).

The rest of this paper is structured as follows. The second section briefly reviews the 
relevant studies in this field. The third section explains the theoretical framework of this 
study and introduces the section containing the variables and data sources. In the fourth 
section, the estimation results of the panel threshold regression model are interpreted and 
discussed. Finally, the last section provides conclusions of this study and makes some cor-
responding policy implications.

2 � Literature review

In the field of economics, the correlation among energy factors, economic growth, and 
other input factors has always been the focus of academia. Kraft and Kraft (1978) con-
ducted a pioneering study that analyzed the relationship between economic development 
and energy consumption. They found a unilateral causal relationship between GDP and 
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energy consumption. Subsequently, investigation of such a causal relationship became a 
hot issue in the field of energy economics (e.g., Huang et al. 2008; Ali et al. 2016; Inglesi-
Lotz 2016; Alper and Oguz 2016). Additionally, because energy plays an important role 
in the promotion of urbanization and industrialization, a series of studies have incorpo-
rated urbanization, industrialization, and trade openness into the study of the relation-
ship between energy consumption and economic growth (e.g., Wagner 2008; Alshehry 
and Belloumi 2015; Begum et  al. 2015; Wang et  al. 2016a, b). Specifically, the impacts 
of urbanization and trade openness on energy use and energy structure have been inves-
tigated through various forms of multivariate models based on international and Chinese 
data (e.g., Dhakal 2009; Hossain 2011; Sathaye and Meyers 2013; Kasman and Duman 
2015; Tang et al. 2016).

Although most of the previous studies are purely empirical and based on various econo-
metric models (e.g., Dai et al. 2011; Ouyang and Li 2018), a few have a theoretical basis. 
For instance, the production function is a commonly utilized theoretical foundation for 
the input–output relationship between energy use and total output (e.g., Kuan et al. 1988; 
Zhang and Wang 2008). Some scholars have argued that there is evidence for a strong 
relationship between energy use and other macroeconomic indicators. For instance, based 
on the Cobb–Douglas production function, Yuan et  al. (2009) examined the correlation 
between energy intensity and technology progress. Their results indicate that the growth 
of per unit capital and labor factor may lead to an increase in energy intensity, while tech-
nological progress leads conclusively to a decline in energy intensity. On the basis of 
the Cobb–Douglas production function, Fang (2011) found that renewable energy plays 
an important role in improving economic welfare, including GDP per capita and annual 
income of rural households. Shahbaz et al. (2013) selected financial development, interna-
tional trade, and capital as important factors of the production function and confirmed that 
these inputs have significantly positive influences on economic growth.

Among the studies on the relationship between energy resource factors and economic 
growth, some scholars have used time series data to examine the long-term correlation 
between energy consumption and economic development (e.g., Rezitis and Ahammad 
2015; Jebli et  al. 2016; Chiou-Wei et  al. 2016). Some scholars have adopted panel data 
to perform an in-depth analysis of the relationships between various production factors 
through the dimensions of time and space (Wang et al. 2011; Zhang and Lin 2012; Wang 
et al. 2014; Saidi and Hammami 2015). These studies have generally verified the important 
role of energy factors in economic growth. However, there is no consensus on the causal 
relationship between the two, and there is controversy over the relative level of the effect 
of energy input on economic growth. Moreover, because of the complexity of the macro-
economic system, some scholars have also found that the correlation between each produc-
tion factor and output is nonlinear and asymmetric (e.g., Chiou-Wei et  al. 2008; Zhang 
2008; Wang and Ye 2017). However, for those studies that have found nonlinear relation-
ship between energy consumption and economic development, there is still a lack of con-
sistent conclusions on the selection of threshold variables and the tests for the nonlinear 
relationship.

As mentioned previously, despite fruitful results obtained in this field, existing stud-
ies have mainly focused on developed countries and used multinational data (e.g., Der-
giades et al. 2013; Bölük and Mert 2014; Alper and Oguz 2016). Very few studies have 
been conducted in the context of China. Besides, most data used in the existent studies are 
time series data, which do not account for regional differences. Moreover, simple linear 
regression models were employed in most of the extant studies. In this regard, the pre-
sent study for the first time investigates the potential nonlinear relationship between energy 
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consumption and economic development by employing the panel data threshold model. 
Therefore, this study makes a significant contribution to the existing literature and provides 
related policy makers with helpful references for the formulation and adjustment of rel-
evant energy and economic development policies.

3 � Methodology and data

3.1 � Introduction to the theoretical model: single sector Cobb–Douglas production 
function

Before the 1970s, recognition of the economic circle of production input factors had always 
remained within the capital, labor, and land factors. Energy factors were usually taken as 
part of raw materials, which belong to the capital factors. With the release of the book, The 
Limit of Growth, published by The Club of Rome in 1972 (Meadows et al. 1972), academia 
started to recognize the efficacy of energy resources and surmised that resource exhaus-
tion and unreasonable utilization would become important limitations of economic growth. 
Since then, separate energy factors have been classified into various production factors 
together with capital, labor, and other input factors to investigate multiple input factors that 
will influence economic growth. This study is conducted on the basis of single sector pro-
duction function. Concretely, the Cobb–Douglas production function is used as the main 
theoretical framework, and energy is incorporated as an input. The concrete expression of 
the production function is as follows:

where Y represents the overall output of the society; At represents comprehensive techni-
cal level; Lt represents labor factor input; Kt−1 represents previous capital stock invested 
in the current production period; Et represents energy factor input;α, β, γ represent output 
elasticity of labor, capital, and resources, respectively; and μ represents impacts of random 
disturbance terms.

To manage potential heteroscedasticity and transfer the exponential Cobb–Douglas pro-
duction function into a linear form, the following logarithmic form of the production func-
tion is used as the basis for empirical estimations:

3.2 � Construction of econometrics model: panel threshold regression model

In view of the complexity of the macroeconomic system and the complicated economic 
transition that has lasted over three decades, the characteristics of Chinese economic devel-
opment have been changing over time. In this process, the skyrocketing energy demand 
has played a critical role in the fast economic growth and the development of secondary 
industry, especially energy- and pollution-intensive industries (e.g., Zhang and Xu 2012; 
Zhang et al. 2018). Accordingly, the main purpose of this study is to investigate whether 
there is a nonlinear and asymmetric relationship between energy consumption and eco-
nomic development in China. If so, how would the nexus of energy consumption and GDP 
change after the threshold is reached? To examine the existence of the threshold(s), the 
nonlinear threshold regression model is used. Tong (1978) used the threshold regression 

(1)Y = AtL
�
t
K

�

t−1
E
�

t �

(2)ln Y = At + �lnLt + �lnKt−1 + �lnEt
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technique for the first time in a study of time series data and interpreted the transition pro-
cess as jumping beyond the boundary. Hansen (1999) developed the threshold regression 
method for panel data. After summarizing previous studies, Wang (2015) took one step 
further and developed a nonlinear regression model and corresponding syntaxes that could 
be run in software Stata 14.0. This study employs Wang’s (2015) method for the empirical 
estimations.

3.2.1 � Threshold regression model with a single threshold

The regression model with a single threshold is shown in the following Eq. (3):

where i = 1, 2…N and t = 1, 2…T represent province i and time period t, respectively. 
The dependent variable yit is logarithmic per capital GDP (ln(Gdp)), which measures the 
economic development level. qit is the threshold indicator, which is energy consumption, 
and energy input factor in this study. x1it is a vector of control variables, which include 
labor input factor L (ln(Den)) and capital input factor K (ln(Capital)). x2it is the main 
explanatory variable—the energy input factor (i.e., energy consumption per capita). 
�′
0
, �′

1
and �′

2
 are the coefficients to be estimated. Specifically, �′

1
 and �′

2
 measure the rela-

tionship between yit and x2it before and after the threshold variable qit exceeds the threshold 
value of x ⋅ g represents the indicator functions. �i is the time-invariant cross-section fixed 
effects. uit represents the random disturbance term.

In this study, the F statistics of the likelihood ratio test for the production function are 
used to assess the threshold effects of the model. If the corresponding P value of the F sta-
tistics is lower than the chosen critical value, the original hypothesis of no threshold effects 
can be rejected. Therefore, it could be concluded that at least one threshold exists during 
the sample period.

3.2.2 � Threshold regression model with multiple thresholds

In the case of the refusal of the original hypothesis of only single threshold effects, the 
number of the thresholds should be further examined. For instance, when there are two 
thresholds, the concrete model could be established as follows.

On the basis of the approach reported in Bai and Perron (1998), the model primarily 
fixes the estimate value x̂1 in single threshold effects and, secondly, calculates the second 
threshold value x̂′

2
 by setting the grid point value to minimize the sum of the squared resid-

uals. Furthermore, through fixing the second threshold value x̂′
2
 , the single threshold esti-

mate value x̂′
1
 at the minimum of the sum of the squared residuals can be determined.

Similar to the test approach of single threshold effects, F statistics and P value are 
adopted to testify the significance of dual threshold effects. If the original hypothesis is 
rejected again, then it could be inferred that there are two threshold values at least. By the 
same token, additional efforts should be made to expand the model construction for testing 
until the acceptance of the original hypothesis.

(3)yit = 𝜇i + 𝛽�
0
x1it + 𝛽�

1
x2itg

(

qit ≤ x
)

+ 𝛽�
2
x2itg(qit > x) + uit

(4)
yit = 𝜇i + 𝛽�

0
x1it + 𝛽�

1
x2itg

(

qit ≤ x1
)

+ 𝛽�
2
x2itg(x1 < qit ≤ x2) + 𝛽�

3
x3itg(x2 < qit) + uit
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3.3 � The explanation of variables

3.3.1 � Variable choice and explanations

3.3.1.1  Dependent variable  Per capita GDP (ln(Gdp)). Taking the year 1978 as the base 
period, this study measures the economic development level to calculate collective gross 
output through per capita GDP. If there has been a nonlinear transition relationship that 
takes per capita energy consumption as the threshold value between each production input 
factor and economic growth, then the output elasticity of the energy factors for economic 
growth will change when the per capita energy consumption volume exceeds the threshold 
value. If the sum of the output elasticities of the input factors is greater than 1, then the 
regional production will manifest increment characteristics in terms of return to scale. If the 
sum of output elasticities of the input factors is 1, then the return to scale remains constant. 
If the sum of output elasticities of the input factors is less than 1, then the provincial produc-
tion will manifest decrement characteristics in terms of return to scale.

3.3.1.2  Threshold variables  Per capita energy consumption volume (ln(Energy)). 
Because of industrial structure optimization and upgrading, constant elevation of urbani-
zation level, continuous enlargement of foreign trade openness, and gradual increase in 
energy demands in economic activities, the utilization level and energy efficiency have 
increasingly significant influences on economic growth. Therefore, in this study, the per 
capita energy consumption is chosen as the threshold variable. In this regard, the main 
purpose of this research is to investigate whether the contribution of energy factors for 
society has undergone a nonlinear transformation during the process of the rapid pro-
gress and reformation of the economy.

3.3.1.3  Explanatory variables  Population density (ln(Den)). Labor, in a general sense, refers 
to the overall population in the society. This study derives the social labor force through 
provincial population density indicators. Economic growth in China has been dependent 
on labor-intensive industry for a rather long time. Although the labor force has obtained 
tremendous liberation and has greatly elevated production efficiency due to the optimization 
and upgrading of industrial structure, technological innovation, and progress, continuous 
additional attention should be paid to the contribution of labor factors to economic growth.

Capital stock (ln(Capital)). From the perspective of social development, capital stock 
refers to the overall capital volume available in the society, which could indirectly reflect 
the present economic development scale and technical development level of the society. 
Input of capital factors plays an important role in driving economic development and pro-
moting technical innovation. Referring to the calculation approach adopted by Shan (2008) 
for capital stock, the present study cites the macroeconomic provincial data from 1985 to 
2014 to calculate the provincial capital stock in that stage of China.

3.3.1.4  Control variables  The secondary industry added value proportion (Secind) and 
the tertiary industry added value proportion (Service). Along with the reform and open-
ing-up, the transition of the economic development mode at the end of the 20th century 
and the entry of China into WTO, the Chinese government has made continuous efforts 
to attract foreign investment and simultaneously increase the proportion of secondary 
and tertiary industries to a relatively higher level. With increasing contribution for eco-
nomic growth, the manufacturing industry and the service industry play a dominant role. 
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The added value data of provincial industry in this study are derived from the annual 
Chinese Statistical Yearbook and the official website of the Chinese Statistics Bureau.

Foreign direct investment (ln(Fdi)) refers to the capital input of either foreign eco-
nomic organizations or foreign individuals in either plants or specific programs. After 
the execution of the east-oriented regional development strategy in China, provinces in 
the eastern economic belt have made full use of advantageous economic and geographi-
cal conditions, including the identity of special economic zones and the free trade pilot 
region, and the support of policy to elevate the extent of opening of overseas trade, to 
boost the economic growth of the eastern coastal region. Foreign direct investment data 
in the study are derived from the annual Chinese Statistical Yearbook and the Chinese 
Municipal Yearbook.

In the absence of data for the Tibet region, this study simply adopts provincial panel 
data in other Chinese regions from 1985 to 2014. In addition, provincial data in Sichuan 
and Chongqing are combined for processing in the manner of “Grand Sichuan.” For the 
convenience of description, all provincial-level administrative units are described with the 
word “province.” The data, including GDP, provincial land area, and population density, 
are mainly from the relevant annual Chinese Statistical Yearbook and the Chinese macro-
economy database, in order of priority. The data on per capita energy consumption volume 
are derived from the annual Chinese Energy Statistical Yearbook from 1986 to 2015.

3.3.2 � Descriptive statistics of data

Prior to the modeling analysis of data, the first thing to do is to make the descriptive 
statistics. The descriptive statistics are summarized in Table 1.

To further study the relationship between Chinese economic development and energy 
consumption from 1985 to 2014, the scatterplot for per capita GDP and per capita con-
sumption in this time period is delineated. As shown in Fig. 1, in the last 30 years, the 
demand for energy is experiencing an upward trend, together with the development of 
the economy on the whole. Consequently, according to the single sector Cobb–Doug-
las production function, the question arises regarding whether there exists a nonlinear 
transformation relationship that takes per capita energy consumption volume as the 
threshold value among various production input factors within this time period. This 
paper will conduct a deliberate analysis of and discuss model assessment results in the 
empirical analysis section.

Table 1   Descriptive statistics of the variables used in the empirical study

Variable Definition Obs Mean SD Min Max

ln(Gdp) Logarithmic GDP per capita 870 7.761 0.997 5.788 10.435
ln(Energy) Logarithmic energy consumption per capita 870 7.301 0.721 5.069 8.980
Secind Secondary industry added value proportion 870 0.445 0.085 0.184 0.698
ln(Den) Logarithmic interaction of population density 870 5.321 1.272 1.730 8.256
ln(Fdi) Logarithmic direct investment 870 4.606 2.508 − 3.705 8.941
ln(Capital) Logarithmic capital stock foreign 870 8.342 1.214 5.896 11.359
Service Tertiary industry added value proportion 870 0.382 0.082 0.179 0.779
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4 � Empirical analysis and results

The software Stata14.0 is applied in data analysis, in combination with the iteration and 
grid number setting of the model, to derive simulation distribution of panel threshold 
regression. Unit root tests of panel data show that all variables have unit roots in level. 
However, the data used in this study are consistent with the characteristics of the first order 
difference. Therefore, we have conducted a cointegration test. According to the results 
shown in Tables 2, 3 and 4, all variables follow the I(1) processes, and there is solid evi-
dence for a strong cointegration relationship among all variables. Therefore, the panel 
threshold regression model could be used in this research.   

As presented in the following table, the critical value of energy consumption thresh-
old and the corresponding significance level in the panel threshold regression model can 
be calculated through model construction and software operation. Pursuant to the signif-
icance level, this study can further judge whether there exists a nonlinear transformation 

Fig. 1   Scatter diagram of China’s 
per capita GDP and energy con-
sumption from 1985 to 2014

Table 2   Test for unit root in level

ln(Gdp) stands for the logarithmic GDP per capita. ln(Energy) represents the logarithmic energy consump-
tion per capita. ln(Den) is the logarithmic interaction of population density. ln(Capital) and ln(Fdi) rep-
resent the logarithmic capital stock foreign and the logarithmic direct investment, respectively. The null 
hypothesis of this test: Unit root (individual unit root process) exists
***, **, and * represent significance at the 1, 5, and 10% levels, respectively

Variable ADF-choi Z-stat ADF-fisher Chi 
square

PP-choi Z-stat PP-fisher Chi square

(1) (2) (3) (4)

ln(Gdp) 0.551 0.546 0.998 0.998
ln(Energy) 0.982 0.996 1.000 1.000
Secind 0.964 0.894 0.991 0.841
ln(Den) 0.977 0.971 0.995 0.962
ln(Fdi) 0.205 0.136 1.000 0.999
ln(Capital) 0.735 0.636 0.981 0.980
Service 0.829 0.908 0.000*** 0.000***
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relationship that takes energy consumption as the threshold value between factor input 
and economic growth under a single sector production function. If any such relationship 
exists, efforts should be made to determine whether such effects are definite threshold 
effects or dual threshold effects in nature.

In view of the remarkable differences in economic and social development across 
Chinese provinces and regions, this study uses the data for the whole nation as well as 
for two areas: east and inland. As shown in Table 5, there is no evidence for any nonlin-
ear transformation relationship for the nation as a whole. According to the test results 
for economic growth in the eastern region and the inland region, it can be found that, 
under the conventional 10% significance level, the input factors simply have significant 
single threshold effects for the growth of both eastern and inland regions, but there is no 
evidence for the existence of dual threshold effects. Therefore, the relationships between 
energy consumption and economic development in both regions are nonlinear. Given 
that the threshold values in both regions have been surpassed thus far, the two regions 
have entered the second stage of economic development, which is basically consistent 
with the conclusion of Chen (2015).

For further testing of the robustness of the data employed in this study, OLS regres-
sion is later applied to the data. By conducting a comparative study on the results of 
OLS regression and panel threshold regression, the conclusion can be derived that 
the significance level among explanatory variables is basically the same for different 
regression model calculations. This implies the favorable robustness of the research 
data. However, because the OLS regression seeks the optimal solution based on the sum 
of squared residuals, the data with obvious nonlinear characteristics still have certain 
defects and errors. To summarize, the remaining parts of the study mainly discuss the 
results of panel threshold regression analysis.

Table 3   Test for unit root in first difference

The definitions of the variables are the same as Table 2

Variable ADF-choi Z-stat ADF-fisher chi square PP-choi Z-stat PP-fisher Chi square
(1) (2) (3) (4)

ln(Gdp) 0.000*** 0.000*** 0.000*** 0.000***
ln(Energy) 0.000*** 0.000*** 0.000*** 0.000***
Secind 0.000*** 0.000*** 0.000*** 0.000***
ln(Den) 0.000*** 0.000*** 0.000*** 0.000***
ln(Fdi) 0.017** 0.089* 0.007*** 0.048**
ln(Capital) 0.000*** 0.000*** 0.000*** 0.000***
Service 0.000*** 0.000*** 0.000*** 0.000***

Table 4   Kao Residual 
Cointegration test for panel data

The null hypothesis of this test: no cointegration

ADF t-statistic Prob.
− 7.041239 0.0000

Residual variance 0.002345
HAC variance 0.005227
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With regard to the panel threshold regression in the eastern economic region and the 
inland economic region, there has been a nonlinear transformation relationship that takes 
per capita energy consumption volume as the threshold value between production factors 
and economic growth, with concrete manifestation of significant threshold effects. How-
ever, for the whole nation, there is no evidence for any significant threshold effects. In other 
words, regarding the single sector production function nationwide, there is no nonlinear 
transformation relationship that takes per capita energy consumption volume as the thresh-
old value between production factors and economic growth. To consider the reason for 
this phenomenon, this study analyzes the calculation results of panel threshold regression 
analysis. According to Table  6, regarding the provinces in the eastern economic region, 
the sum of coefficients of production input factors is greater than 1, and the production is 
characteristic of return to scale features. Moreover, production input factors have signifi-
cant positive influences on the economic development of the eastern region. Among other 
factors, the output elasticity of labor is 0.88, the output elasticity of the secondary industry 
is 1.50, the output elasticity of capital factors is 0.38, the output elasticity of foreign direct 
investment is 0.04, the output elasticity of the tertiary industry is 1.07, and the initial output 
elasticity of energy factors for economic growth is 0.37, although the output elasticity of 
energy factors for economic growth exceeding the threshold value will later become 0.36. 
Because the coastal provinces in the eastern region have advantageous geographical loca-
tions and a high extent of trade openness in the favor of foreign investment, it can be found 
from the research results that foreign trade has significant impacts on the promotion of 
economic growth in the eastern region. After exceeding the threshold value of energy con-
sumption, the regression coefficient of energy factors will remain optimistic, but its value 
will decrease slightly. This implies that the promotional role of energy factors for economic 
development will diminish slightly along with the gradual transformation of the industrial 
structure and the constant elevation of energy utilization efficiency in the eastern region. 
However, it is worth mentioning that such promotional influences remain significant, as 

Table 5   Panel threshold existence test results

During the implementation period of the Seventh Five-Year Plan (Please refer to the following website for 
details about the report of the Seventh Five Year Plan of China http://www.npc.gov.cn/wxzl/gongb​ao/2000-
12/06/conte​nt_50017​63.htm) in China, the Chinese government divided the whole country into three 
major economic regions according to the regional differences in terms of relative geographical locations, 
economic development level, infrastructure construction, and practical economic and technical potentials. 
Among these, Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guang-
dong, and Guangxi are attached to the eastern regions. Other provinces belong to the inland regions

Area Threshold Obs P value F-stat bs RSS

National area
(Single threshold effect)

8.63 870 0.39 41.20 300 12.3413

National area
(Double threshold effect)

8.47 870 0.97 5.45 300 12.2618

Eastern provinces
(Single threshold effect)

8.14 360 0.003 89.80 300 3.5903

Eastern provinces
(Double threshold effect)

6.70 360 0.47 26.00 300 3.3281

Inland provinces
(Single threshold effect)

8.46 510 0.10 65.27 300 6.0959

Inland provinces
(Double threshold effect)

8.56 510 0.76 12.53 300 5.9408

http://www.npc.gov.cn/wxzl/gongbao/2000-12/06/content_5001763.htm
http://www.npc.gov.cn/wxzl/gongbao/2000-12/06/content_5001763.htm


1848	 X.-Y. Dong et al.

1 3

Ta
bl

e 
6  

P
an

el
 th

re
sh

ol
d 

re
gr

es
si

on
 re

su
lts

Th
e 

de
fin

iti
on

s o
f t

he
 v

ar
ia

bl
es

 a
re

 th
e 

sa
m

e 
as

 T
ab

le
 2

, a
nd

 th
e 

st
an

da
rd

 e
rr

or
s a

re
 re

po
rte

d 
in

 p
ar

en
th

es
es

D
ep

. V
ar

: l
n(

G
dp

)
N

at
io

na
l a

re
a

N
at

io
na

l a
re

a
Ea

ste
rn

 p
ro

vi
nc

es
Ea

ste
rn

 p
ro

vi
nc

es
In

la
nd

 p
ro

vi
nc

es
In

la
nd

 p
ro

vi
nc

es
O

LS
Pa

ne
l t

hr
es

ho
ld

 re
gr

es
si

on
O

LS
Pa

ne
l t

hr
es

ho
ld

 re
gr

es
si

on
O

LS
Pa

ne
l t

hr
es

ho
ld

 re
gr

es
si

on

ln
(D

en
)

0.
16

**
*

(0
.0

1)
0.

64
**

*
(0

.0
7)

0.
13

**
*

(0
.0

2)
0.

88
**

*
(0

.0
8)

0.
17

**
*

(0
.0

1)
0.

75
**

*
(0

.1
0)

Se
ci

nd
−

 0.
11

(0
.1

3)
−

 0.
10

(0
.1

1)
−

 0.
60

**
(0

.2
8)

1.
50

**
*

(0
.2

6)
−

 0.
27

(0
.2

3)
−

 0.
91

**
*

(0
.1

5)
ln

(C
ap

ita
l)

0.
68

**
*

(0
.0

1)
0.

62
**

*
(0

.0
1)

0.
49

**
*

(0
.0

3)
0.

38
**

*
(0

.0
2)

0.
66

**
*

(0
.0

2)
0.

70
**

*
(0

.0
2)

ln
(F

di
)

0.
12

**
*

(0
.0

1)
0.

04
**

*
(0

.0
1)

Se
rv

ic
e

−
 0.

91
**

*
(0

.3
1)

1.
07

**
*

(0
.2

7)
ln

(E
ne

rg
y)

0.
14

**
*

(0
.0

3)
0.

27
**

*
(0

.0
5)

0.
23

**
*

(0
.0

3)
0b

._
ca

t#
c.

ln
en

er
gy

0.
29

**
*

(0
.0

3)
0.

37
**

*
(0

.0
4)

0.
19

**
*

(0
.0

4)
1.

_c
at

#c
.ln

en
er

gy
0.

29
**

*
(0

.0
3)

0.
36

**
*

(0
.0

4)
0.

18
**

*
(0

.0
4)

C
on

st
an

t
0.

27
**

*
(0

.1
0)

−
 2.

89
**

*
(0

.3
1)

1.
10

**
*

(0
.1

3)
−

 4.
57

**
*

(0
.4

4)
−

 0.
24

(0
.1

5)
−

 2.
71

**
*

(0
.4

0)
O

bs
er

va
tio

ns
87

0
87

0
36

0
36

0
51

0
51

0
N

um
be

r o
f P

ro
vi

nc
e

29
12

17
R-

sq
ua

re
d

0.
94

0.
98

0.
96

0.
99

0.
93

0.
98



1849On the nonlinear relationship between energy consumption and…

1 3

usual. Further, together with the constant optimization of the industrial structure, the east-
ern region has reduced backward industries with outdated capacity and increased invest-
ment on the substream and downstream industrial chain, with an emphasis on the extent 
of contribution of service industry-added value for economic growth. The consequences 
shown in Table 6 also indicate that the tertiary industry has prominent driving functions 
for the economic development of the eastern region. The production of the provinces in the 
middle and eastern economic regions manifests decreasing return to scale features. How-
ever, distinct from the eastern region, the output elasticity is a larger negative value, at 
− 0.91. In addition, it is worth noticing that, notwithstanding its rich energy reserves and 
varieties, the western region still has a significantly lower output elasticity value than the 
eastern region. The output elasticity of energy factors is 0.19 and 0.18, respectively, prior 
to and after exceeding the per capita energy consumption threshold value. The reason for 
this difference lies in the fact that, in pursuit of rapid economic development, the local gov-
ernment and relevant companies fail to pay strong attention to the improvement of resource 
exploitation technologies and the highly efficient use of resources, leading directly to low 
energy efficiency. Simultaneously, the massive government input caused by environmental 
pollution problems triggered by the extensive economic development mode forces second-
ary industry to have meaningful negative driving impacts on regional economic growth. 
Shi and Huang (2014) also pointed out the imbalance of infrastructure construction prob-
lems among regions in their study. In particular, the western region has been confronted by 
excessive investment problems in infrastructure construction in recent years. This leads to 
decreasing returns to scale features in inland production to some extent.

Across the whole country, the sum of the estimated coefficients of all production fac-
tors is greater than 1; therefore, the production function has increasing returns to scale fea-
tures. Moreover, the coefficients of all input factors have significant impacts on the produc-
tion, suggesting that the inputs of labor, capital, and energy will promote economic growth 
and lead to production expansion. However, it is still noteworthy that the considerable gap 
in economic and social development across rich eastern and relatively poor inland prov-
inces might stem from the differences in economic development modes and policies across 
regions (Sun et al. 2017). It is also notable that the coefficients of the secondary industry 
are negative in most of the specifications, although the values are relatively small in magni-
tude. One possible reason for these results is that, during the relatively long sample period 
of 1985–2014, the industrial structure of the economy changed substantially for not only 
the whole country but also for different regions. Given the remarkable differences in differ-
ent industrial structure and economic development styles in different countries, the impact 
of secondary industry on GDP development might be unclear (Démurger 2001; Liu et al. 
2017).

This research concludes that, in previous discussions, there has been a nonlinear trans-
formation relationship that takes energy consumption as the threshold value between 
production input factors and economic growth. To investigate the regional differences of 
such a nonlinear transformation relationship, this study conducts a preliminary analysis 
of whether and when Chinese provinces would exceed the threshold value. As reported 
in Table  5, the threshold value of single threshold effects in the eastern region is 8.14, 
and that in the inland region is 8.46. From 2001 to 2013, twelve provinces exceeded the 
threshold value of energy consumption and realized the nonlinear transformation; these 
included seven provinces in the eastern economic region, two provinces in the middle 
economic region, and three provinces in the western economic region. The provinces that 
exceeded the energy consumption threshold in the eastern region are concentrated mainly 
in the northern Bohai-Rim Economic Circle and the Yangtze River Economic Circle. The 
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provinces that exceeded the energy consumption threshold in the inland region are con-
centrated mainly in several major provinces with considerable energy reserves in the mid-
dle and eastern regions. Thus far, energy consumption in China depends mainly on coal. 
According to statistics in the China Energy Statistical Yearbook (2014),4 coal consump-
tion accounted for 71.3% in the overall energy consumption of China until 2013. Despite 
having a relatively backward economic growth rate in comparison with provinces in the 
eastern economic region, provinces such as Shanxi, Inner Mongolia, and Xinjiang in the 
middle or western economic regions still exceed the energy consumption threshold value 
because of their rich energy resources, in particular coal resource reserves. This is also in 
line with the distribution of energy resource structure in China as revealed by The Ministry 
of Land and Resources.5 The distribution of energy resources in China is quite unbalanced, 
with a general incremental trend from east to west and from south to north. In terms of the 
total coal resources, the northern region accounts for 87% and the western region accounts 
for 52%. With regard to the recoverable reserves, the northern region accounts for 79% and 
the western region accounts for 26%. This feature propels partial provinces in middle and 
western regions to prepare for regional economies based on energy resource advantages.

According to the above-mentioned research conclusions, when the energy consumption 
volume in a certain province exceeds the threshold level, the association between energy 
consumption and economic growth in that province will become weaker.

During the implementation of the Tenth Five-Year Plan in China, some provinces suc-
cessively took the lead in exceeding the threshold value of energy consumption. In 2001, 
Shanghai became the first to overcome the energy consumption threshold value and real-
ized the nonlinear relationship transformation between economic growth and energy con-
sumption. Up to 2005, four provinces exceeded the energy consumption threshold value. 
These four provinces were situated in the eastern economic region. Moreover, three of 
them (Beijing, Tianjin, and Liaoning) were within the Bohai-Rim economic region,6 and 
the remaining one (Shanghai) was within the Yangtze River economic region.7 After the 
execution of the reform and opening-up policy in 1978, the Chinese government first 
applied the unbalanced development strategy characteristic of reform and opening-up in 
the eastern coastal regions. After the determination of the development goal of the social-
ist market economic system in the 14th Congress of CPC in 1992, the extent of opening of 
China was elevated rapidly. Subsequently, China became a member state of the WTO in 
2001. This, together with the elevation of the extent of opening, enabled the eastern region 
to make rapid progress. Furthermore, the improvement in import and export trade and the 
continuous increase in foreign direct investment also encouraged the transformation and 

6  Bohai-Rim Economic Circle: The 14th CPC National Congress report demanded acceleration of the 
development and opening of the Bohai-rim area and listed this area as one of the key development regions 
in China. Relevant departments also officially established the concept of the “Bohai-Rim Economic Circle” 
and made separate regional planning.
7  Yangtze River Economic Circle usually refers to the urban group in the Yangtze river delta. It is one of 
the most populous regions with the most vigorous economy, the highest opening degree, and the strongest 
innovation abilities and absorption abilities. As an important convergence region of “One Belt and One 
Road” and the Yangtze River Economic Region, the Yangtze River Economic Circle has a dominant strate-
gic status in modernization construction and the overall opening-up pattern.

4  Please refer to the following website for details about the China Energy Statistical Yearbook (2014) http://
tongj​i.cnki.net/kns55​/Navi/resul​t.aspx?id=N2015​11011​4&file=N2015​11011​40000​49&floor​=1.
5  Please refer to the following website for details about the portal website of the Ministry of Land and 
Resources in China www.mlr.gov.cn.

http://tongji.cnki.net/kns55/Navi/result.aspx?id=N2015110114&file=N2015110114000049&floor=1
http://tongji.cnki.net/kns55/Navi/result.aspx?id=N2015110114&file=N2015110114000049&floor=1
http://www.mlr.gov.cn
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upgrade of the economic industrial structure, from a secondary industry–oriented industrial 
structure to a tertiary industry–oriented industrial structure, in the eastern region. The ser-
vice industry played an increasingly significant role in the economic growth of the eastern 
region. This further verified the conclusion of Wei and Liefner (2012) that the acceleration 
of the globalization process and the elevation of the degree of opening of overseas trade 
would greatly motivate the regional economic growth. The transition of regional strengths 
enabled some provinces in the eastern economic region to exceed the threshold value 
of energy consumption at the beginning of the 21st century. Despite insufficient energy 
reserves in comparison with other internal provinces, the eastern economic region still 
acted as the pioneer in the national economy by virtue of its advantages. Consistent with 
the research conclusion of Kangning and Jian (2005), the monetary growth rate in regions 
with rich resources was usually lower than that in regions with insufficient resources. Then, 
during the 5  years from 2006 to 2010, another three provinces (Ningxia, Inner Mongo-
lia, and Hebei) exceeded the threshold value of energy consumption. The enactment of 
the Western Development Eleventh Five-Year Plan in December 20068 offered western 
economic progress greater policy support and material guarantees. On the basis of rich 
mineral resources and a flexible autonomous construction mechanism, the Inner Mongolia 
Autonomous Region and the Ningxia Hui Autonomous Region seized the favorable oppor-
tunity of industrial transfer and became the leading middle and western provinces that 
exceeded the energy consumption threshold value through optimizing energy utilization 
efficiency and energy utilization structure. From 2011 to 2015, during the implementation 
of the Twelfth Five-Year Plan, Jiangsu and Shandong, in the eastern economic region, and 
Xinjiang, Shanxi, and Qinghai, in the inland economic region, successively exceeded the 
energy consumption threshold value together with progressive promotion of the regional 
economic development strategy, constant elevation of the extent of trade opening, opti-
mization of energy development technology, and improvement of energy utilization effi-
ciency. This finding also indicated that the inland economic rise of China had become a 
new characteristic in the post-financial crisis era, and the regional economic development 
tendency became increasingly clear. Coupled with the overall development of the Chinese 
economy, more and more provinces exceeded the energy consumption threshold value and 
entered the new stage of industrial structure optimization, energy exploitation technology 
refinement, and energy resource utilization efficiency improvement. However, certain dif-
ferences in the provinces also existed in terms of the transfer time and adaptation degree. 
As mentioned by Wu et al. (2014), promoting the adoption of regional economic policy to 
local government and the coordination among regional policies was the key issue of sus-
tainable development (Table 7, Fig. 2). 

Figure 3 shows the confidence intervals for the single factor single threshold in both the 
eastern and the inland regions, wherein the threshold value is equal to the per capita energy 
consumption volume when the likelihood ratio function is larger than 1. With regard to the 
eastern region, the threshold value of per capita energy consumption is 8.137, and the 95% 
confidence interval is from 8.1162 to 8.1384. With regard to the inland region data set, the 
threshold value of per capita energy consumption is 8.4559 (logarithm), and the 95% confi-
dence interval is from 8.4330 to 8.4764, corresponding to the threshold variable fluctuation 
range covered by the likelihood ratio function under the normal level.

8  Please refer to the following website for details of the Western Development Eleventh Five-Year Plan
  http://www.agri.cn/cszy/BJ/whsh/ncwh/20120​2/t2012​0221_24862​22.htm.

http://www.agri.cn/cszy/BJ/whsh/ncwh/201202/t20120221_2486222.htm
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Fig. 2   Map for provinces that leap over the threshold of per capita energy consumption in different eco-
nomic development stages. Note: “10th Five-year plan” period: 2001–2005; “11th Five-year plan” period: 
2006–2010; “12th Five-year plan” period: 2011–2015

Fig. 3   Confidence interval single sector single threshold in the eastern (left) and non-eastern (right) regions

Table 7   Provinces across the 
threshold of per capita energy 
consumption and its span time

Year Province

2001 Shanghai
2004 Beijing, Tianjin,
2005 Liaoning
2006 Ningxiao, Neimenggu
2008 Hebei
2011 Jiangsu
2012 Xinjiang, Shanxi, Qinghai
2013 Shandong



1853On the nonlinear relationship between energy consumption and…

1 3

5 � Conclusion and policy suggestions

For a rather long time, the contribution of different production factors of output scale has 
been the focus of concern of and research by economists. Because energy plays an increas-
ingly important role in both production and life, it can mutually interact and connect with 
other production factors to operate the entire economic system. In accordance with the sin-
gle sector Cobb–Douglas production function, this study uses provincial panel data from 
1985 to 2014 in China to investigate whether there is a nonlinear transformation relation-
ship that takes per capita energy consumption volume as the threshold values between pro-
duction factors and economic growth in combination with the nonlinear panel threshold 
regression mode. The specific research conclusions are as follows.

First, for both the eastern and the inland regions, there exist nonlinear transformation 
relationships between energy consumption per capita and economic growth. When energy 
consumption per capita is chosen as the threshold variable, there is a single threshold in 
each region. However, for the whole nation, there is no evidence for the existence of such 
a nonlinear relationship. For the eastern region, the threshold value of per capita energy 
consumption is 8.137 (in logarithmic form), and the contribution elasticities of energy con-
sumption factors of economic growth before and after exceeding the energy consumption 
threshold value are 0.37 and 0.36, respectively. For the inland region, the threshold value of 
per capita energy consumption is 8.4559 (in logarithmic form), and the corresponding elas-
ticities of energy consumption with respect to GDP before and after reaching the threshold 
are 0.19 and 0.18, respectively. These estimation results indicate that, although the sin-
gle threshold effects are detected in both regions, the changes in the relationship between 
energy consumption and economic development are essentially not too drastic. In general, 
the positive associations between energy demand and economic growth before and after 
the estimated thresholds are reached are statistically positive and do not change remarkably 
in magnitude. This could also partly explain why there is no solid empirical evidence for 
the existence of a nonlinear nexus of energy consumption and economic growth for China 
on the whole.

Second, the production function has increasing returns to scale in the eastern region 
but decreasing returns to scale in the inland region. The estimation results suggest that the 
economic development style in the eastern region is relatively more capital- and energy-
intensive, while the economic growth in the inland region is comparatively more depend-
ent on the labor input. In this regard, the economic development mode and the energy uti-
lization efficiency in relatively less-developed central and western provinces need to be 
further improved.

Third, because of a remarkable gap in economic and social development, the relation-
ship between energy consumption and economic growth might differ across provinces. For 
instance, the estimation results indicate that, since 2001, twelve provinces have succes-
sively exceeded the threshold values for energy consumption in the corresponding regions. 
Specifically, seven of these provinces are from the eastern area, two of them are from the 
central area, and the other three are from the western area. This finding suggests that a 
remarkable development gap exists even within the same regions.

On the basis of these main conclusions, several relevant suggestions can be put forward 
as follows.

First, it is necessary to regulate aggregate energy consumption, accelerate the process 
of traditional industrial upgrade and reformation, elevate energy utilization efficiency, and 
optimize energy resource structure allocations. Coal has dominated the energy structure in 
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China for a long time. Given that China’s energy consumption will still increase consid-
erably along with its economic growth in the foreseeable future, the proportion of clean 
energy, especially renewable energy, such as solar, wind, and geothermal energy, should 
be promoted sufficiently in the energy mix to meet the need for sustainable development. 
Moreover, to enhance energy security, the energy import dependence should be reduced 
from the unreasonably high current level, and the sources of energy import should be fur-
ther diversified.

Second, it is necessary for government to pay more attention to and encourage the 
improvement of production efficiency and the optimization of production factor input. Cur-
rently, China’s economic development is still facing a series of problems, such as excessive 
supply of industrial products, relatively backward technology, low energy utilization effi-
ciency, and unreasonable factor allocation structure. To foster sustainable development, the 
Chinese government should focus on the productivity and the distribution of production 
factors, as the balance between energy supply and demand could be adjusted by regulating 
energy prices and optimizing resource allocation (Nie and Yang 2016).

Third, it is necessary for the Chinese government to stress the balance of regional devel-
opment by optimization of the distribution system and making preferential policies for the 
less developed regions, such as the “Rise of Central China” and the “Western Develop-
ment” programs. The considerable gap in economic and social development makes it more 
difficult for the central government to formulate energy policy to effectively control energy 
consumption. Historically, a favorable development strategy in the eastern region not only 
propelled rapid regional economic growth but also objectively caused the shift of indus-
tries with backward capacity to the middle and western regions, which had already gener-
ated giant environmental governance costs and other development problems for the inland 
regions and provinces. In this regard, by stimulating the western and central regions to 
grow faster and catch up with the more prosperous eastern region, the national energy con-
sumption as a whole can be held in check, and the environmental quality in both regions 
can be improved by carefully arranged and coordinated policies.

Although this study contributes to literature by quantitatively investigating the nonlin-
ear relationship between energy consumption and economic development in China over 
last three decades, there are still some limitations remained, which could also be potential 
research directions of future follow-up studies. For instance, given the fact that there is still 
significant differences in economic and social development across cities within a province, 
more elaborated estimations that fully account for heterogeneity of cities within the same 
province or region could be conducted when the city-level data are available. Moreover, it 
is also noteworthy that China’s regional gap in development is remarkable. For instance, 
relatively prosperous eastern and coastal regions benefited a lot from the favorable geologi-
cal locations and preferable policies that facilitate foreign trade and investment. Therefore, 
another follow-up research direction is to further explore the impact of trade openness, for-
eign investment and other possible influential factors on the scale and structure of energy 
consumption when the regional characteristics are taken into careful consideration.
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