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Abstract: China’s growing electricity consumption has become an important factor to improving
socio-economic development, as well as aggravating environmental degradation. Based on the
provincial level data in China for the entire period and every five years during 2000-2015, this paper
used a spatial shift-share analysis (SSS) to detect the driving factors of electricity consumption changes
in China, mainly focusing on the spatial spillover effects of electricity consumption which have been
ignored by previous literature. Results show that economic growth and industry structure change
have increased China’s electricity consumption by 8919 and 746 billion kWh, respectively, while
the electricity efficiency improvement has reduced China’s electricity consumption by 5337 billion
kWh for the entire period. Among the total decrease in China’s electricity consumption caused by
electricity efficiency improvement, about 20% is caused by spatial spillover effects, which cannot be
ignored. Moreover, there are great differences in electricity consumption changes” components across
China’s provinces. The results provide a quantitative and better understanding of the determinants
of China’s electricity consumption changes, and practical implications for differentiated electricity
consumption regulation policies and regional energy cooperation strategies for China, as well as for
other similar countries.

Keywords: electricity consumption; energy management; spatial shift-share decomposition; spatial
spillover effect; provincial China

1. Introduction

Energy consumption control is one of the major measures to achieve sustainable socio- economic
development in China, which is the largest energy consumer and electricity producer in the world [1-7].
As a typical kind of secondary energy, electricity ranks second in the share of China’s final energy
consumption and closely relates to China’s economic growth [8-11]. Compared with other energy
resources, such as raw coal and crude oil, electricity is relatively clean, with fewer pollutant emissions
and high efficiency. Thus, China is striving to pursue electrification and enhance the share of electricity
in final energy consumption. With the rapid development of China’s economy, electricity consumption
is also growing rapidly from 1361 billion kWh (kilowatt-hour) in 2000 to 5689 billion kWh in 2015.
However, more than 70% of China’s electricity generation is also mainly from coal. Therefore, faced with
the pressure of environmental pollution, resources limitation and economic development requirements,
it is crucial for Chinese energy policy-makers to analyze the changes and the corresponding driving
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factors of electricity consumption. This analysis can be obtained by using one of the decomposition
techniques which divide electricity consumption change into its components.

The most popular techniques for decomposing indicator changes at the sector level are index
decomposition analysis (IDA) and structural decomposition analysis (SDA). Both methods have been
widely applied to detect the influence of economic growth, sectoral shifts, and technology changes on
a variety of socio-economic and environmental indicators [12,13]. IDA uses only sector level data to
decompose the changes in indicators while SDA uses the input—output model and data. However,
the most popular technique for decomposing indicator changes across space is shift-share analysis
(SSA), which can also examine the effects of industry shifts due to growth (or decline) and some
sort of difference in industry shares [14]. The traditional form of SSA was proposed by Jones [15]
and Creamer [16] and then developed by Dunn [17] and other scholars in alternative versions [18].
Though the main purpose of SSA is to quantify the geographical changes in regional socio-economic
and environmental indicators, the traditional analysis assumes that the changes in a given period
of the study area have nothing to do with the changes in other regions. Therefore, Nazara and
Hewings [19] considered the spatial interaction among regions in SSA. They firstly introduced a
spatial shift-share analysis (SSS). However, they did not give the methods to construct the spatial
weights matrix. Following Nazara and Hewings’ idea, Zaccomer [20] developed SSS into a complete
model. Subsequently, Espa et al. [21] suggested a spatial shift-share decomposition of regional business
changes at the plant level in Italy. Grossi and Mussini [22] recently applied SSS to explore the changes
in regional electricity consumption across Italy over the period 2000-2013. This approach may help us
to understand the geography of electricity consumption change with respect to both the spatial and
sectoral influence. It may reduce the risk of misleading results [14,22].

Up to now, a number of studies have focused on the changes and the corresponding driving
factors of electricity consumption in China. He et al. [23] used the DMSP/OLS (Defense Meteorological
Satellite Program/Operational Line-scan System) stable nighttime light time series data to explain
the spatiotemporal dynamic changes of electricity consumption in China during 1995-2008. Pan and
Li [24] constructed a power consumption estimation model based on DMSP/OLS night-light data,
MODIS/NDVI (moderate-resolution imaging spectroradiometer/ normalized difference vegetation
index) products, basic geographic information data and socioeconomic statistics to quantitatively
estimate the spatiotemporal change in electricity consumption in China during 2000-2012. Lin [25]
used electricity demand function to obtain the conclusion that the changes of GDP (gross domestic
product), energy price and industrial structure are the important determinants of China’s electricity
demand during 1996-2001. Many scholars have focused on the influence of economic growth on
electricity consumption in China [8,26-28]. Wang et al. [29] employed the principal component analysis
to eliminate the multicollinearity among the affecting factors which does not meet the criteria of the
ordinary least square (OLS) regression model, and then investigated the influence of GDP (gross
domestic product), population, the product of primary industry, second industry, and tertiary industry
on electricity consumption in China. Fang et al. [30] used a multi-period ST-LMDI (spatial-temporal
logarithmic mean divisia index) model which is an IDA method to decompose the changes in China’s
electricity consumption during 1995-2016 and analyzed the influence mechanism. Zhang et al. [31]
used an LMDI (logarithmic mean divisia index) model which is an IDA method to explore the
factors influencing the electricity consumption in China at both national and sectoral levels during
1990-2016. Such studies have provided useful help to understand the changes in China’s electricity
consumption. However, the existing literature does not clarify the regional differences in China’s
electricity consumption changes and the impact of the spatial interaction between neighboring regions
on the electricity consumption changes. This paper aims to fill the above gaps.

To the best of our knowledge, this is the first paper applying a spatial shift-share analysis (SSS) to
decompose China’s electricity consumption changes, in order to distinguish between two different
spatial effects such as regional competitive effect and neighborhood influence. From this way, we
can reasonably assume that China’s electricity consumption change in one region is influenced by
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that of its neighbors due to the existence of different types of spatial spillovers. We explain this kind
of phenomenon and mechanism qualitatively and quantitatively in this paper. It is very important
for regional energy cooperation for China, as well as for other similar countries. Furthermore,
this paper aims to provide integrated analysis and a quantitative and better understanding of the
determinants of China’s electricity consumption changes during 2000-2015. It is beneficial to propose
some practical implications for achieving China’s energy conservation, energy efficiency improvement,
and sustainable development.

The rest of this paper is organized as follows: Section 2 introduces the methodology and describes
the data, Section 3 represents the empirical results and outcomes, and Section 4 concludes this study
and provides some policy implications.

2. Materials and Methods

2.1. Methodology

The traditional shift-share decomposition analysis (SSA) can decompose the electricity
consumption of a region into three components [17,32]. The first one is the constant share component
(CS). It indicates the electricity consumption that would be observed in the terminal period if the
electricity intensity was not changed during the study period. The second one is the industry-mix
component (IM). It measures the effect of changes in the industry structure during the study period.
The last one is the efficiency change component (EC). It measures the effect of changes in the electricity
intensities of various sectors during the study period. The equation is as follows [21,22]:

m
Er +1 = ertor t+1 1 Z Cirt— ert 1rt+1 + el b1 T ei,r,t)oi,r,tJrl} (1)
i=1 i=1

where E; ;11 and Oy, are the electricity consumption and the output of economic activity in region
7 in the terminal period t + 1, respectively. O; ;41 is the output of the ith industrial sector in region
r in the terminal period t + 1. e, is the electricity intensity in region r in the initial period ¢t. e;,;
and e; ;41 are the electricity intensities of the ith industrial sector in region r in the initial period ¢
and the terminal period t + 1, respectively. m is the number of the industrial sectors of economic
activity. The first, second and third term on the right side of Equation (1) are CS;i—t+1, IMyt—t+1
and ECy¢t+1, respectively. That is to say, CSyt—t+1 = €:tOpt+1, IMpt—i41 = Zl(€j 1+ — €r4)Oj r141] and
ECrt—t+1 = Zl(€irte1 — €irt)Oirta1]-

As every region may be affected by the positive or negative impact of neighboring regions [33],
the traditional shift-share decomposition analysis (SSA) can be extended to a spatial shift-share
decomposition model (SSS), which considers the electricity efficiency of neighboring regions [19,21,22].
The calculation procedures are as follows:

First, the Moran’s index is used to test the existence of spatial autocorrelation for the major
indicators, such as electricity consumption E,, electricity intensity e,, changes of electricity intensity
Cr = ert4+1 — ert, the industry-mix component IM,, and the efficiency change component EC,. If there
is significant spatial autocorrelation among different regions, it indicates that changes in electricity
consumption and electricity intensity may be affected by that of the neighboring areas and it is necessary
to use SSS instead of SSA to improve the accuracy. The Moran’s index is obtained as follows [21,34,35]:

k k
Y Y wrs(xr—%) (x5 —X)

[— k x r=1s=1 (2)
k k k _2
Y Y Wi by (xr - x)
r=1s=1 r=1

where [ is the Global Moran’s index of the whole country. x; is the variable observed in region 7,
which can be E,, e, cr, IM; or EC,. X is the average value of the variable. k is the number of regions.
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wys is the spatial weight measuring the link between region r and region s. It is the rs-th element of
row-standardized binary weight matrix W. W is constructed by first assigning to each generic element
wys value one if regions r and s are neighbors, and 0 otherwise. Then, dividing by the sum of the
elements of the corresponding row, so that the weights add up to one for each region [21]. I varies from
—1to 1. If it is close to zero, it indicates that the research variable is randomly distributed. Otherwise,
it indicates a positive or negative spatial autocorrelation. In general, we also need to calculate some
test statistics such as the variance and then the p-value to judge more accurately whether there is a
significant spatial autocorrelation among different regions. If the p-value is lower than 0.1, 0.05 or 0.01,
itindicates a spatial autocorrelation of a significance at 10%, 5%, and 1% level, respectively. In our study,
we calculated Moran’s index across Chinese 30 provinces every year by GeoDa 1.12, which is a spatial
data analysis software tool and can be freely obtained on the website http://geodacenter.github.io/. We
used 999 permutations to test the Moran’s index, and then the software can export the variance and
the p-value automatically.

Second, some additional notations were introduced to detect neighborhood effects. Let é;,
present the electricity intensity in sector i in neighboring regions. It is calculated by the following
formula [21,22]:

k
- Zszl Ei,swrs
7y = Lot listrs ©
Zszl O swys

where E; s and O; s are the electricity consumption and the output of economic activity in sector i in
region s, respectively. wys is the spatial weight which is the same as that in Equation (2). Subsequently,
the following three notations were defined: c;, = e;,;+1 — €;,; is the electricity intensity change in
sector i in region 7; ¢;;, = €; 141 — €;n¢ is the electricity intensity change in sector i at the national level;
Cir =& r1+1 — €, is the electricity intensity change in sector i in the neighboring regions.

Finally, the decomposition in Equation (1) was reformulated as follows [21,22]:

m
Erpv1—Ert = ert(Oppi1=Ort) + X [(€irs —ert)Oipri1]
g =
+,Zl (Ci,noi,r,t+1 =+ Zl[( ir —Ci n) ir t+l] (4)
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where AE, = E; ;11 — E; is the change in electricity consumption in region r. It can be decomposed into
five components. The first term on the right side of Equation (4) is the output change component (OC)
in region r from the initial period ¢ to the terminal period ¢ + 1, i.e., OC;t 41 = €,4(Opt41 — Orp). It
indicates the change in electricity consumption that would be observed if the electricity intensity was
not changed from t to t + 1. The second term is the industry-mix component (IM) in region r from
tto t + 1, which is the same as that in Equation (1). The third term is the national efficiency change
component (NEC) in region r from t to t + 1, i.e., NEC;t 41 = 2(¢; nOj 1 +1)- It measures the change in
regional electricity consumption by assuming that the change in electricity intensity in each sector is
the same as the electricity intensity change in that sector at the national level. The fourth term is the
neighboring-nation efficiency change component (NNEC) in region r from t to t + 1, i.e., NNECyt 141
= 2[(&ir-cin)Oire+1)]. A positive (negative) value of NNEC indicates a neighborhood disadvantage
(advantage) in electricity efficiency, causing an increase (a decrease) in regional electricity consumption
from f to f + 1. The fifth term is the region-neighbor efficiency change component (RNEC) in region r
fromttot+1,ie., RNEC;i—t+1 = Z[(c;y-Cir)Oire+1)]. A positive (negative) value of RNEC indicates a
disadvantage (an advantage) in electricity efficiency for region r compared to neighboring regions,
causing an increase (a decrease) in regional electricity consumption from f to t + 1. The last three items
add up to the efficiency change component (EC) in region r from ¢t to t + 1, i.e., ECrt 541 = NECyt 141
+ NNECr,t_>H_1 + RNECr,t_g_;_l.
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According to the positive and negative values of NNEC and RNEC, the combined effect of
electricity efficiency change can be divided into four different situations (Figure 1). (I) shows both
positive NNEC and RNEC. It indicates a regional disadvantage for region r as the electricity efficiency
improvement of region r is lower than that of its neighboring regions, and that of the neighboring
regions is lower than the nation. (II) shows negative NNEC and positive RNEC. It indicates a
neighborhood advantage for region r as the electricity efficiency improvement of region r is lower
than that of its neighboring regions, but that of the neighboring regions is better than the nation.
(IIT) shows both negative NNEC and RNEC. It indicates a regional advantage for region r as the
electricity efficiency improvement of region r is higher than that of its neighboring regions, and that of
the neighboring regions is higher than the nation. (IV) shows positive NNEC and negative RNEC.
It indicates a neighborhood disadvantage for region r as the electricity efficiency improvement of
region r is higher than that of its neighboring regions but that of the neighboring regions is lower than
the nation.

A
]
o
Z
~
(1) CIL)
Neighborhood advantage Regional disadvantage
¢ NNEC
(I1D) (V)
Regional advantage Neighborhood disadvantage

Figure 1. Indication of the combined effect of NNEC and RNEC for a region.
2.2. Data Sources

Due to the lack of data, this paper selected the annual data of 30 provincial regions in China
(excluding Tibet, Hong Kong, Macao, and Taiwan) during 2000-2015 as the research sample. The basic
variables include the electricity consumption (which is named E in the equations and has a unit of
billion kWh) and the output of economic activity (which is named O in the equations and has a unit of
billion yuan). The output of economic activity is indicated by gross domestic product (GDP) or the
added values of different industrial sectors. The data for the electricity consumption of each province
in China were originally obtained from China Energy Statistical Yearbook [36] in various years. The data
for the gross domestic product (GDP) of each province in China were originally obtained from China
Statistical Yearbook [37] in various years. The data for the electricity consumption and added values by
industrial sectors of each province in China were originally obtained from the statistical yearbooks of
various provinces in various years. However, other variables were calculated based on the two kinds
of basic variables. For instance, the electricity intensity (which is named e in the equations) is E/O, and
its unit is kWh/yuan.

For the sake of briefness, the industrial sectors in all provincial regions are divided into the
following broad categories: agriculture, forestry, animal husbandry and fishery, industry, construction,
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wholesale and retail trades, hotels and catering services, transport, storage, and post, others. Besides,
30 provincial regions in China are usually divided into four economic regions: the eastern area includes
Beijing, Tianjin, Hebei, Shandong, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong and Hainan, the
central area includes Shanxi, Henan, Hubei, Hunan, Anhui and Jiangxi, the western area includes
Chongging, Sichuan, Guangxi, Guizhou, Yunnan, Shaanxi, Gansu, Inner Mongolia, Qinghai, Ningxia
and Xinjiang, the northeast area includes Heilongjiang, Jilin and Liaoning.

3. Results

3.1. The Results of Moran’s Test

We calculated the Global Moran’s indexes of the indicators including E,, ¢, ¢;, IM, and EC, in
various periods, as well as the variances and the p-values. Results show that most p-values for E, and
IM, are larger than 10%, indicating no spatial dependence for these two indicators. However, all the
p-values for e, are lower than 5% (Table 1). It indicates that the hypothesis of no spatial dependence
of e, is rejected, and spatial autocorrelation of China’s electricity intensity is expected in this case.
In Table 1, we can also see that the p-value of ¢, in 2010-2015 is 0.155, which is larger than 10%.
The p-value of EC, in 2010-2015 is 0.069, which is larger than 5%. However, the p-values for ¢, in
other periods are all lower than 10%, and the p-values for EC; in other periods are all lower than 5%.
It indicates that, though the spatial autocorrelations of ¢, and EC, have decreased during 20102015,
spatial autocorrelation of ¢ and EC, is still expected during the entire period. That is to say, China’s
electricity intensity and its changes have significant spatial spillover effects on the whole, or China’s
electricity intensity change in one region is influenced by that of its neighbors. Therefore, it is necessary
to use a spatial shift-share analysis (555) because spatial spillover effects of electricity intensity may
impact the changes in electricity consumption.

Table 1. Moran'’s test for spatial autocorrelation under randomization assumption.

Indicator Time 2000 2005 2010 2015
Moran’s [ 0.287 0.209 0.198 0.252
er Variance 0.011 0.010 0.011 0.011
p-value 0.003 0.016 0.024 0.007

Indicator Time 2000-2015 2000-2005 2005-2010 2010-2015

Moran’s [ 0.111 0.119 0.150 -0.109

Cr Variance 0.013 0.014 0.009 0.008
p-value 0.096 0.099 0.034 0.155

Indicator Time 2000-2015 2000-2005 2005-2010 2010-2015
Moran’s I -0.231 -0.234 -0.243 0.130
EC, Variance 0.013 0.015 0.014 0.014
p-value 0.026 0.028 0.026 0.069

Notes. GeoDa 1.12 has been used to calculate the test statistics, p-values lower than 0.1, 0.05 and 0.01 indicate a
spatial autocorrelation of a significance at 10%, 5%, and 1% level, respectively.

3.2. The Spatiotemporal Variation of the OC Component

Based on the values of OC;;_,++1 calculated by Equation (4), we can figure out the spatiotemporal
variation of the output change component (OC) in electricity consumption across China’s provinces
for the entire period and every five years during 2000-2015. As shown in Figure 2, the values of OC
in electricity consumption for Chinese 30 provinces are all positive in various periods. It indicates
that the increase in GDP in every province has a significant positive effect on the increase in electricity
consumption. Specifically, the value of OC during 2000-2015 in Chinese 30 provinces adds up
to 8919 billion kWh, which is twice as China’s electricity consumption growth (4329 billion kWh)
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during the entire period. Thus, economic growth is a major driving force for China’s electricity
consumption growth.

(a) 2000-2015 (b) 2000-2005
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The value of OC/billion kWh
[ Jo<oc<2o0 [ 200<0c<300 [ 300<0Cc<500 [ 0Cc>500 | | Data missing area

Figure 2. Spatiotemporal variation of output change component (OC) in electricity consumption across
China’s provinces.

Next in order of importance is the value of OC in electricity consumption for the entire period,
which shows great differences across China’s provinces (Figure 2a). It is the largest in Guangdong
province (872 billion kWh) and the smallest in Hainan province (24 billion kWh). On the whole, it is
relatively large in provinces which have large economic aggregate and rapid economic growth, as well
as a large population. It is larger than 500 billion kWh in some provinces such as Guangdong, Jiangsu,
and Shandong in the eastern coastal areas of China. However, due to small economic aggregate
and population, it is smaller than 200 billion kWh in some provinces such as Qinghai, Xinjiang,
Ningxia and Gansu in Northwest China, provinces such as Yunnan and Hainan in the West and South
China, provinces such as Heilongjiang and Jilin in Northeast China, and provinces such as Jiangxi in
East China.

Finally, the values of OC in electricity consumption for every five years show relatively small
differences across China’s provinces (Figure 2b—d). Most of them are smaller than 200 billion kWh.
Only the values of OC in provinces such as Guangdong, Jiangsu, and Shandong during 2005-2010
and 2010-2015 are larger than 200 billion kWh but smaller than 300 billion kWh. The values of OC in
Hainan province are 3, 11 and 13 billion kWh during 20002005, 2005-2010 and 2010-2015, respectively.
They are always the smallest among China’s provinces. The values of OC in Guangdong province are
175 and 283 billion kWh during 2000-2005 and 2005-2010, respectively. They are the largest among
China’s provinces during the corresponding period. However, during 2010-2015, the value of OC in
Jiangsu province (268 billion kWh) exceeds that of Guangdong province (236 billion kWh) and becomes
the largest.
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3.3. The Spatiotemporal Variation of the IM Component

Based on the values of IM,;_,;+1 calculated by Equation (4), we can figure out the spatiotemporal
variation of the industry-mix component (IM) in electricity consumption across China’s provinces
for the entire period and every five years during 2000-2015. As shown in Figure 3, the values of
IM in electricity consumption for Chinese 30 provinces are positive or negative in various periods.
Moreover, most of them are larger than —20 billion kWh but smaller than 50 billion kWh. The absolute
values of them are much smaller than that of OC. It indicates that industry structure adjustment has
relatively little effect on China’s electricity consumption change. Specifically, the value of IM during
2000-2015 in Chinese 30 provinces adds up to 746 billion kWh, which is only 8.37% of OC and 17.24%
of China’s electricity consumption growth during the entire period. Thus, industry structure change
has a positive effect on China’s electricity consumption growth on the whole. It really accords with the
fact. During the study period, especially before 2010, most Chinese provinces are in the stage of rapid
industrialization and electrification. Some developed provinces in the eastern coastal areas of China
carry out the strategy of heavy industrialization. Therefore, the proportion of the added value of the
high-power-consumption industries to GDP remains high in China. Though most provinces attempt
to optimize the industrial structure to save resources and energy, industry structure adjustment still
leads to an increase in electricity consumption.

(a) 2000-2015

(b) 2000-2005

(¢) 2005-2010

The value of IM/billion kWh
] 1M<-20 [ ] -20<1M<0 B 0<IM<50 I V50 Data missing area

Figure 3. Spatiotemporal variation of IM in electricity consumption across China’s provinces.

Next in order of importance is the value of IM in electricity consumption for the entire period, which
also shows great differences across China’s provinces (Figure 3a). Itis the largest in Guangdong province
(150 billion kWh) and the smallest in Shanxi province (41 billion kWh). On the whole, there are complex
situations for the geographical distribution of IM during the entire period. The first category includes
Beijing and Shanghai. They have stepped into the late industrialization. High-power-consumption
industries have been upgraded or transferred outside, and the service industry has become the
main body. Therefore, the values of IM are negative. The second category includes Yunnan and
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Gansu. They are in the middle stage of industrialization. However, the development orientation for
eco-environmental protection has restricted the development of High-power-consumption industries.
The tertiary industries such as tourism and other service sectors grow faster. Therefore, industry
structure change has a negative effect on their electricity consumption growth. The third category
includes Shanxi, Liaoning, Heilongjiang, Shandong, and Hubei. They are all important heavy industrial
bases after the founding of the People’s Republic of China. Since 2000, the transformation and upgrading
of traditional industries have made them consume fewer resources and energy. Therefore, the values of
IM are also negative. The fourth category includes Tianjin, Guangdong, Zhejiang, and Jiangsu. Though
they have stepped into the transitional stage from mid-industrialization to late industrialization, they are
key developed regions to carry out the strategy of heavy industrialization in China. Reindustrialization
has made them consume more resources and energy. Therefore, industry structure change has a positive
effect on their electricity consumption growth. The fifth category includes other provinces. They are
all in the middle stage of industrialization. Under this kind of the main trend, the values of IM are all
positive during the entire period though they attempt to implement the industrial transformation.

Finally, the values of IM in electricity consumption for every five years show relatively small
differences across China’s provinces (Figure 3b—d). However, since 2010, as the Chinese government
has paid more and more attention to the Green Development Strategy, most Chinese provinces have
emphasized the industrial transformation and upgrading. Thus, their values of IM shift from positive
to negative (Figure 3b—d). During 2000-2005 and 2005-2010, most of them are positive and smaller
than 50 billion kWh. However, during 2010-2015, only eight provinces remain positive, and all the
values of IM decrease below 10 billion kWh. For those provinces with negative IM values, there is also
a decreasing trend. For instance, the value of IM in Guangdong province is —12 billion kWh during
2010-2015. However, it is 35 billion kWh during 2000-2005 (the largest among China’s provinces in
this period) and 7 billion kWh during 2005-2010. The value of IM in Shandong province decreases
from 21 billion kWh during 2000-2005 to —14 and —32 billion kWh during 2005-2010 and 20102015,
respectively. It is the smallest among China’s provinces in this period.

3.4. The Spatiotemporal Variation of the EC Component

Based on the values of EC; ;41 calculated by Equation (4), we can figure out the spatiotemporal
variation of the efficiency change component (EC) in electricity consumption across China’s provinces
for the entire period and every five years during 2000-2015. As shown in Figure 4, the values of EC
in electricity consumption for 30 Chinese provinces are almost always negative in various periods.
It indicates that efficiency changes in most provinces have significant negative effects on electricity
consumption growth. Specifically, the value of EC in Chinese 30 provinces during 2000-2015 adds up
to —5337 billion kWh. It means that the decrease in electricity intensity or improvement of electricity
efficiency has reduced China’s electricity consumption by 5337 billion kWh. Compared with the values
of OC and IM in this period, electricity efficiency improvement is a major driving force for China’s
electricity consumption decrease.

Next in order of importance is the value of EC in electricity consumption for the entire period,
which also shows great differences across China’s provinces (Figure 4a). It is positive only in Xinjiang
autonomous region, which means that electricity intensities across China’s provinces all decrease
except for Xinjiang. On the whole, there are obvious differences between the eastern, central and
western area of China. As the economic development level and the scientific and technological level
are relatively high in most provinces in the eastern coastal areas of China, their electricity efficiencies
increase fast. Thus, the values of EC are lower than —200 billion kWh. However, the values of EC
in most provinces in the central region of China are larger than —200 billion kWh but smaller than
—100 billion kWh. While in some provinces in the western region of China, such as Xinjiang, Yunnan,
Qinghai, Ningxia and Gansu, the values of EC are larger than —100 billion kWh.
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(a) 2000-2015 (b) 2000-2005

(c) 2005-2010 (d) 2010-2015

The value of EC/billion kWh

[ ]EC<-200 [ ] -200<EC<-100 I -100<EC<0 B EC>0 [ ] Data missing area

Figure 4. Spatiotemporal variation of efficiency change component (EC) in electricity consumption
across China’s provinces.

Finally, the values of EC in electricity consumption for every five years show relatively small
differences across China’s provinces (Figure 4b—d). Most of them are below zero but larger than
—100 billion kWh. During 2000-2005, the values of EC only in four provinces such as Hubei, Yunnan,
Fujian, and Hainan are not within the scope. However, they are all above zero but smaller than 9 billion
kWh. During 2005-2010, the values of EC only in three provinces such as Guangdong, Jiangsu and
Liaoning are not within the scope. However, they are all a little smaller than —100 billion kWh. During
2010-2015, the values of EC only in two provinces such as Jiangsu and Hunan are a little smaller than
—100 billion kWh, and those of five provinces such as Xinjiang (114 billion kWh), Inner Mongolia
(36 billion kWh), Shandong (14 billion kWh), Ningxia (2 billion kWh) and Hainan (1 billion kWh) are
above zero. Among them, due to abundant resource endowment and national policy support, Xinjiang
and Inner Mongolia have vigorously developed energy and heavy chemical industries in recent years.
Therefore, their electricity efficiencies have not been enhanced but decreased the fastest.

3.5. The NNEC and RNEC Components across China’s Provinces

As electricity efficiency improvement is the determinant to decrease China’s electricity
consumption, the efficiency change component (EC) is further decomposed into the national efficiency
change component (NEC), the neighboring-nation efficiency change component (NNEC), and the
region-neighbor efficiency change component (RNEC). According to the method shown in Figure 1
and based on the values of NNEC¢_+1 and RNEC; ;41 calculated by Equation (4), we can figure out
the combined effects of NNEC and RNEC for each province of China. As there are obvious differences
in the efficiency change component (EC) between the eastern, central and western area of China during
2000-2015 (Figure 4a), we figure out the spatiotemporal variation of NNEC and RNEC in electricity
consumption in China’s four economic regions for the entire period (Figure 5) and every five years
(Figure 6a—c).
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Figure 5. Spatiotemporal variation of NNEC and RNEC in electricity consumption in China’s four
economic regions during 2000-2015.

During 2000-2015, the value of NEC, NNEC, and RNEC in Chinese 30 provinces adds up to
—4256, —951 and —130 billion kWh, respectively. They are 80%, 18% and 2% of the total EC. That is
to say, among the total decrease in China’s electricity consumption caused by electricity efficiency
improvement for the entire period, about 20% is caused by spatial spillover effect, which is usually
ignored by the existing literature. From geographical spatial differentiation (Figure 5), the points of
NNEC and RNEC in the eastern area of China are scattered in four quadrants. Moreover, from the
plus-minus and the absolute values of the horizontal and longitudinal coordinates, we can easily see
that the sums of NNEC and RNEC in six out of ten provinces are positive. It means that neighboring
regions have a positive impact on the electricity consumption growth in these provinces. However,
most of the central, western and northeast areas of China are in the second and third quarters. It means
that most provinces have a neighborhood or regional advantage in electricity efficiency. Moreover,
the sums of NNEC and RNEC in seventeen out of twenty provinces are negative. It means that the
increase in electricity efficiency in neighboring areas may have a positive impact on the electricity
consumption decrease in these provinces from 2000 to 2015.

During 2000-2005, the value of NEC, NNEC, and RNEC in Chinese 30 provinces adds up to —305,
—76 and —120 billion kWh, respectively. They are 61%, 15% and 24% of the total EC. The points of
NNEC and RNEC in the eastern, central, western and northeast areas of China are all scattered in
four quadrants (Figure 6a). However, the sums of NNEC and RNEC in eight out of 30 provinces are
positive. It means that the increase in electricity efficiency in neighboring areas also has a positive
impact on the electricity consumption decrease in most provinces for this period.

During 2005-2010, the value of NEC, NNEC, and RNEC in Chinese 30 provinces adds up to
—1307, =251 and 19 billion kWh, respectively. They are 85%, 16% and —1% of the total EC. As shown in
Figure 6b, the points of NNEC and RNEC in the eastern area are scattered in the first, second and fourth
quarters. It means that no province has a regional advantage in electricity efficiency in the eastern
area. However, in the central, western and northeast areas of China, almost all the points are in the
second and third quarters. It means that these provinces have a neighborhood or regional advantage
in electricity efficiency. On the whole, the sums of NNEC and RNEC in ten out of 30 provinces are
positive for this period.
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Figure 6. Spatiotemporal variation of NNEC and RNEC in electricity consumption in China’s four

economic regions. (a) 2000-2005; (b) 2005-2010; (c) 2010-2015.
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During 2010-2015, the value of NEC, NNEC, and RNEC in Chinese 30 provinces adds up to —836,
—463 and 230 billion kWh, respectively. They are 78%, 43% and —21% of the total EC. As shown in
Figure 6¢, in the eastern, central and western areas of China, almost all the points are in the second and
third quarters. It means that these provinces have a neighborhood or regional advantage in electricity
efficiency. However, in the northeast areas of China, the points tend to distribute in the fourth quarter.
It suggests a neighborhood disadvantage in electricity efficiency. On the whole, the sums of NNEC
and RNEC in eight out of 30 provinces are positive for this period.

4. Conclusions and Policy Implications

This paper used a spatial shift-share decomposition model to quantify the impact of various
components of electricity consumption changes across 30 Chinese provinces from 2000 to 2015.
It clarified the regional differences in China’s electricity consumption changes and the impact of the
spatial spillover effects. Some important conclusions and policy implications for China were obtained
as follows:

(1) During 2000-2015, China’s electricity consumption has increased by 4328 billion kWh in total.
Among them, economic growth, industry structure adjustment, and electricity efficiency improvement
have caused a change by 8919, 746 and —5337 billion kWh, respectively. It indicates that economic
growth and electricity efficiency improvement are two major driving forces for China’s electricity
consumption change while industry structure adjustment has relatively little effect. Therefore, to control
electricity consumption growth, China should properly adjust the speed of economic development
and pay more attention to the quality of economic development [38]. Moreover, relying on scientific
and technological progress, the perfection of the management system and market mechanism, China
should continue to vigorously improve the electricity efficiency. Last but not least, China should tap
the potential of industrial restructuring and build a more energy-efficient economic system.

(2) Among the total decrease in China’s electricity consumption caused by electricity
efficiency improvement during 2000-2015, the national efficiency change component (NEC), the
neighboring-nation efficiency change component (NNEC), and the region-neighbor efficiency change
component (RNEC) are —4256, —951 and —130 billion kWh, respectively. That is to say, about 20%
is caused by spatial spillover effects. In other words, the improvement of electricity efficiency in
neighboring provinces may reduce electricity consumption in most Chinese provinces, and they
have caused a decrease in electricity consumption by 1081 billion kWh in total. Therefore, to control
electricity consumption, each province should pay more attention to the potential influence of its
neighboring provinces. Furthermore, China should strengthen unified energy and electric power
management system among different provinces [11,30].

(3) There are complex situations for the geographical distribution of the electricity consumption
changes’ components across China’s provinces for the entire period and every five years during
2000-2015. They are mainly influenced by the economic aggregate, economic growth rate, economic
structure, and development stage of industrialization. On the whole, there are obvious differences
between the eastern, central, western and northeast area of China, especially for the efficiency change
component (EC). Most of the central, western and northeast provinces have a neighborhood or regional
advantage in electricity efficiency, which benefits from the spatial spillover effects of the eastern area of
China. Therefore, each province should formulate differentiated electricity consumption regulation
policies and regional development strategies according to its own situation. For most developed
provinces in the eastern area of China, they should make full use of the first mover advantages to
greatly improve the electricity efficiency by technological and institutional innovation, as well as
industrial structure optimization and upgrading. For most undeveloped and developing provinces
in the central, western and northeast area of China, they should make the best of the advantages of
backwardness and learn from the advanced and aborted experiences of the developed provinces. Thus,
China may finally obtain a decoupling relationship between electricity consumption and economic
growth [26-28].
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It should be pointed out that, though we have quantitatively detected the positive/negative effects
of the influencing factors of China’s electricity consumption changes and put forward some policy
implications based on the quantitative results, we cannot reveal the essential reason behind it at present.
Therefore, the policy implications put forward in this paper are strategical and not in-depth enough.
In the future, we should explain how and why the influencing factors work in detail and find the
potential problems of each policy which has been put forward in this paper.
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