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Abstract: China faces a difficult choice of maintaining socioeconomic development and carbon
emissions mitigation. Analyzing the decoupling relationship between economic development and
carbon emissions and its driving factors from a regional perspective is the key for the Chinese
government to achieve the 2030 emission reduction target. This study adopted the logarithmic mean
Divisia index (LMDI) method and Tapio index, decomposed the driving forces of the decoupling,
and measured the sector’s decoupling states from carbon emissions in Xinjiang province, China. The
results found that: (1) Xinjiang’s carbon emissions increased from 93.34 Mt in 2000 to 468.12 Mt in 2017.
Energy-intensive industries were the key body of carbon emissions in Xinjiang. (2) The economic
activity effect played the decisive factor to carbon emissions increase, which account for 93.58%,
81.51%, and 58.62% in Xinjiang during 2000–2005, 2005–2010, and 2010–2017, respectively. The energy
intensity effect proved the dominant influence for carbon emissions mitigation, which accounted
for −22.39% of carbon emissions increase during 2000–2010. (3) Weak decoupling (WD), expansive
coupling (EC), expansive negative decoupling (END) and strong negative decoupling (SND) were
identified in Xinjiang during 2001 to 2017. Gross domestic product (GDP) per capita elasticity has
a major inhibitory effect on the carbon emissions decoupling. Energy intensity elasticity played a
major driver to the decoupling in Xinjiang. Most industries have not reached the decoupling state in
Xinjiang. Fuel processing, power generation, chemicals, non-ferrous, iron and steel industries mainly
shown states of END and EC. On this basis, it is suggested that local governments should adjust the
industrial structure, optimize energy consumption structure, and promote energy conservation and
emission reduction to tap the potential of carbon emissions mitigation in key sectors.

Keywords: decoupling; carbon emissions; analysis; Xinjiang

1. Introduction

It is undisputed that greenhouse gases accelerated the speed of global warming from
Intergovernmental Panel on Climate Change reports [1,2]. Greenhouse gases are regarded
as the key reason for global warming [3], while carbon emissions from fossil fuel combus-
tion are regarded as the direct contributor to greenhouse gases [4]. In the context of global
warming, carbon emissions have become a strong focus in academia [5,6]. Given that,
countries have joined in the procession of carbon emissions mitigation. Since 1978, China
has experienced sustained growth and has become the fastest growing country in the whole
world [7]. This, along with rapid socioeconomic development, has made China the largest
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carbon-emitting country [8]. In the meantime, China is also facing continuous international
pressure to slow down carbon emissions. As a responsible nation, China declared to achieve
the carbon emissions peak by around 2030 [9]. To achieve these ambitious goals, China
urgently needs to coordinate carbon emissions and socioeconomic development. Currently,
China is still in the process of rapid development, and maintaining the economic growth to
abate carbon emissions is still a huge challenge [10]. On the premise of not damaging the
stable socioeconomic development, and achieving a win-win situation between economic
growth and carbon emission reduction, China must speed up the process of decoupling its
economy from carbon emissions [11]. Currently, studies about the relationship between
carbon emissions and socioeconomic development can be divided into three classifications.
The first is using the Kuznets theory to identify the relationship between economic growth
and environmental pollution, but it cannot effectively identify the specific stage of the
contradiction between environment and economy [12]. The second is to study the influenc-
ing factors on carbon emission by index decomposition analysis [13,14]. The third focus
is on the decoupling analysis of carbon emissions. Decoupling analysis can identify the
main parts of environmental contradictions in complex relationships, and then provide
real-time dynamic indicators of the relationship between environmental pollution and
economic growth. Decoupling shows the asynchronous change between the economy and
environmental damage, that is, the economy no longer depends on environmental dam-
age [15]. Decoupling analysis was originally proposed by the Organisation for Economic
Cooperation and Development (OECD), which reflects the asynchronous changes between
economic growth, resource consumption, and environmental impact, and decoupling is
divided into absolute decoupling and relative decoupling [16]. Decoupling analysis is a
better method to study the balance between carbon emissions and the economic develop-
ment [17]. Since 2010, scholars have adopted decoupling analysis to analyze the decoupling
relationship between economic growth and environmental change and the influencing
factors leading to decoupling changes. Additionally, these studies first concerning the
decoupling states [18], second focusing on the decoupling degree of sub-sectors, such as
transportation [19], manufacturing [20], construction [21], and agriculture [22]. These stud-
ies analyzed the changes of coupling state and the influence of factors but failed to explore
the contribution of each subsector to the decomposition factors. In addition, few studies
include decoupling analysis and attribution analysis. By combining index decomposition
analysis, the decoupling index can be used to explore the influence of each sub-department
on the decomposition factor [23,24]. Therefore, it is meaningful to differentiate and analyze
the effect of decoupling and its reasons in sector levels [25,26].

For the sake of achieving a win-win situation in carbon mitigation, China has sped up
the process of decoupling its economy from carbon emissions [17]. How to achieve a coordi-
nated economy and carbon emissions is also worth exploring [27,28]. There are significant
regional differences among the 34 regions in China. Differentiated regional development
strategies indicate that there are major differences that vary among regions [29,30]. If the
decoupling relationship at the provincial level is not fully understood, the implementation
efficiency of national policies or strategies will be weak [31,32]. As one of five national
comprehensive energy bases, Xinjiang province in northwest China exports an average
of 99.76 million tons of standard coal per year to other provinces since 2000, leading to a
massive shift in carbon emissions [33,34]. Thanks to the cost advantages of resources and
energy, Xinjiang relies heavily on resource endowment, making the energy-intensive sector
occupy a key position in the industrial structure [35,36]. Therefore, Xinjiang has become
one of the regions where carbon emissions have been growing rapidly since 2000 [29]. Cur-
rently, the research on carbon emissions in Xinjiang is classified as accounting for carbon
emissions [30], attribution analysis [27,34], decoupling analysis [11], scenarios analysis,
and policy simulation for carbon emissions mitigation [6,31]. Studies on the impact of
carbon emissions in Xinjiang have achieved impressive results, but most of them focus
on the analysis of economic development and influencing factors. In the existing rele-
vant research, the impact of sectoral factors on the decoupling of economic growth and
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carbon emissions has not been effectively discussed, and the contribution of sub-sectors
to the decoupling driving factors has not been studied. This paper is no longer limited
to the judgment of decoupling status and trend, but further studies the reasons behind
decoupling and recognizes the impact of various driving factors and the contribution of
various industrial sub-sectors. So, we used Kaya and LMDI methods to further decouple
the relationship between carbon emission and economic growth in Xinjiang, then analyze
the impact of various driving factors and clarify the contribution of sectors decoupling
states. Finally, this manuscript aims to accurately identify the key industries of carbon
emissions, analyze the mechanism of drivers to decoupling, and provide policy advice for
sustainable development in Xinjiang.

2. Study Area

Located in the arid region of northwest China, Xinjiang autonomous region (73◦−96◦ E,
34◦−50◦ N) is the largest province in China (Figure 1). Being far away from the ocean
and surrounded by Kunlun, Tien Shan, and Altay mountains, a temperate continental
climate dominates Xinjiang, which makes the terrain complex and rich tourism resources in
Xinjiang. As the largest province of China, Xinjiang is undergoing rapid economic growth
and a growing population in recent years. For example, Xinjiang’s GDP in 2017 hit RMB
914.95 billion, with an increase of 10.61% since 2000, which brought GDP per capita to
more than RMB 37421. The permanent resident population of Xinjiang was 24.45 million
at the end of 2017, with 47.23% living in the urban area [28]. All of this eventually led
to the fast-growing demand of energy resources since 2000. The consumption of fossil
fuels has greatly promoted economic development, which accelerated the growth of carbon
emissions. Xinjiang’s carbon emissions accounted for about 4.61% in China, but GDP
only accounted for 1.35% in 2015. As one of five national comprehensive energy bases
in China, Xinjiang tops the list of the proven reserves of coal, gas, and oil in the national
total resources [29]. The proportion of fossil energy consumption was relatively high in
the energy consumption structure during 2000−2017, the percent of coal, oil, and natu-
ral gases were 66.41%, 13.36%, and 8.82% in 2017, respectively. Rich resources make the
energy-intensive industrial sectors as the main industry in Xinjiang. From the change
trend of industrial structure, the proportion of secondary industry and tertiary industry
were increasing, while the proportion of primary industry was decreasing. In 2017, the
proportion of primary industry, secondary industry, and tertiary industry in GDP were
14.32%, 39.83%, and 45.85%, respectively.
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3. Methodology and Data
3.1. Calculation of Carbon Emissions

According to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
carbon emissions from fossil energy consumption can be calculated as [37]:

Ct = ∑ jEj
t × Lcvj × C f j

t ×Oj (1)

where Ct is carbon emissions in the year t, j denotes different fossil energy. Ej
t represents

the consumption of the fuel j in the year t, and Lcvj denotes the lower calorific value of the

fuel j, C f j
t is the emissions factors of the fuel j in the year t, and Oj represents the oxidation

rate of the fuel j.

3.2. Kaya Identity

Kaya identity is essentially a quantitative and empirical model, which is conducive to
integrating various factors such as economy, population, energy, technology, and policy
for model simulation [29]. Population, GDP per capita, energy intensity, and emission
coefficient are the main indicators to analyze the carbon emission situation of a region. The
Kaya identity can be expressed as follows [29]:

C =
C
E
× E

G
× G

P
× P (2)

where C, P, G, E denote carbon emissions, population scale, GDP, and energy consumption,
respectively. To decompose absolute carbon emission change and discuss the effects at
the sub-sector level, this paper applied the Kaya identity to analyze the increase in carbon
emission [29]. The total carbon emissions from sectors in year t are Ct, so Equation (2) can
be expanded as follows [10]:

Ct = ∑
i

Ct
i = ∑

i

Ct
i

Et
i
·

Et
i

Gt
i
·

Gt
i

Gt ·
Gt

Pt · P
t = ∑

i
CIt

i · EIt
i · St

i · Gt · Pt (3)

where Ct
i , Et

i , and Gt
i represent the carbon emissions, energy consumption, and GDP,

respectively, of sector i in year t. Pt is the total active population in year t. CIt
i denotes the

carbon coefficient caused by changes in energy consumption type of sector i in year t. EIt
i

is the energy intensity of sector i in year t, St
i is the economic structure of sector i in year t,

and Gt is the GDP per capita in year t.

3.3. Logarithmic Mean Divisia Index (LMDI)

Generally speaking, the LMDI method is a further extension of Kaya identity. The
LMDI method has several practical advantages from the application viewpoint. First,
LMDI gives perfect decomposition, the results do not contain an unexplained residual term,
which simplifies the result interpretation. Second, the results given by the multiplicative
LMDI possess the following additive property. Third, there exists a simple relationship
between multiplicative and additive decomposition, which makes separate decomposition
using the multiplicative and additive schemes unnecessary. Finally, LMDI is consistent in
aggregation [33]. Many studies have discussed the influence of different scales drivers on
carbon emissions [33,34]. Therefore, this paper applied the LMDI method to discuss the
effects of population, GDP per capita, economic structure, energy intensity, and emission
coefficient on carbon emission in Xinjiang. The total change of carbon emissions from the
baseline year o to the report year t can be expressed as follows [33,34]:

∆C = Ct − Co = ∆CCI + ∆CEI + ∆CS + ∆CG + ∆CP (4)

The change of carbon emissions between the base year o and the target year t is
denoted as ∆C. The ∆C can be decomposed as the following factors, namely the carbon
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coefficient effect (denoted by ∆CCI), energy intensity effect (denoted by ∆CEI), economic
activity effect (denoted by ∆CS), GDP per capita effect (denoted by ∆CG), population effect
(denoted by ∆CP). Based on the LMDI method, the effect of Equation (4) can be expressed
as follows:

∆CCI = ∑
i
[

Ct
i − Co

i
ln Ct

i − ln Co
i
· ln(

CIt
i

CIo
i
)] (5)

∆CEI = ∑
i
[

Ct
i − Co

i
ln Ct

i − ln Co
i
· ln(

EIt
i

EIo
i
)] (6)

∆CS = ∑
i
[

Ct
i − Co

i
ln Ct

i − ln Co
i
· ln(

St
i

So
i
)] (7)

∆CG =
Ct − Co

ln Ct − ln Co ln
Gt

Go (8)

∆CP =
Ct − Co

ln Ct − ln Co ln
Pt

Po (9)

3.4. Decoupling Model

According to the decoupling theory, if the economic growth rate is faster than that of
carbon emissions there is a decoupling relationship. As a well-known decoupling method,
Tapio’s decoupling model uses flexible incremental analysis to explore the decoupling
effect and there are eight decoupling states (Figure 2). Tapio does not measure the abso-
lute economic value but uses the decoupling elasticity index to assess the sensitivity of
incremental value [15]. According to Tapio decoupling, from a benchmark year 0 to year t,
the decoupling indicator of carbon emission (C) and GDP (G) is defined as Dt. This paper
calculated Dt using the following formula:

Dt =
%∆C
%∆G

=
Ct−Co

Co

Gt−Go

Go

(10)

= ∑
i

Go

Co ·
∆Ct

CI + ∆Ct
EI + ∆Ct

S + ∆Ct
G + ∆Ct

p

∆Gt (11)

= ∑
i

∆Ct
CI/Co

∆Gt/Go +
∆Ct

EI/Co

∆Gt/Go +
∆Ct

S/Co

∆Gt/Go +
∆Ct

G/Co

∆Gt/Go +
∆Ct

p/Co

∆Gt/Go (12)

= ∑
i

Dt
CI + Dt

EI + Dt
S + Dt

G + Dt
P (13)

where Dt
CI , Dt

EI , Dt
S, Dt

G, Dt
P denote the decoupling indicators of carbon coefficient sub-

indicator, energy intensity sub-indicator, economic structure sub-indicator, GDP per capita
sub-indicator, and population sub-indicator, respectively.

According to the correlation between economic development and energy pressure, the
decoupling state can be divided into two main types: relative decoupling and absolute de-
coupling. When the economic growth rate is much higher than the material consumption, it
means relative decoupling, which is called weak decoupling. When the material consump-
tion decreases with the economic growth, it means absolute decoupling, which is called
strong decoupling. Expansive negative decoupling shows an unreasonable development
mode, economic development at the expense of a large number of energy consumption,
and environmental pollution. Expansive coupling is the most common model at present,
which represents the close dependence and mutual promotion between economy and
energy (Figure 2). However, in the long run, the expansive coupling is not conducive to
sustainable economic development. As for the other four decoupling states, economic
growth is negative and undesirable.
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3.5. Data Description

Based on data availability, the time series data used in the paper is from 2000 to 2017.
Data on energy, economy, and population were collected from the Xinjiang Statistical
Yearbook (2001–2018) [38]. Sector carbon emission refers to the energy consumption in
different sectors. Energy consumption only refers to primary energy. Time series of GDP
data adjusted according to the constant price in 2010 to avoid the impact of inflation.

4. Results and Discussion
4.1. Change of Carbon Emissions in Xinjiang

Based on the Equation (1) this paper calculated energy-related carbon emissions in
Xinjiang. Figure 3 shows the trends of carbon emissions during 2000–2017, which has
a significant increase from 93.34 million tons (Mt) in 2000 to 468.12 Mt in 2017, with
an increase of 4.55 times and the average annual growth reached 10.16%. The industry
is the largest carbon emissions sector, which increased by 6.51 times during 2000–2017.
Carbon emissions from industry increased from 50.55 Mt in 2000 to 336.62 Mt in 2017,
accounting for 61.17% in 2000 and 90.82% in 2017, respectively (Figure 4). After 2000,
under the strategies and policies of Western Development, Counterpart aid to Xinjiang,
and The Belt and Road Initiative, Xinjiang’s national economic development entered a new
period, energy development has been further upgraded, and carbon emissions have shown
exponential growth.

Energy-intensive industries were the major body of carbon emissions. Carbon emis-
sions from energy-intensive industries (fuel processing, power generation, chemicals,
non-ferrous, iron and steel, ceramics, and cement) accounted for 89.51% of total carbon
emissions in 2017. Carbon emissions from fuel processing and power generation increased
from 35.81 and 9.87 Mt in 2000 to 122.73 and 127.26 Mt in 2017, which accounted for 43.56%
and 11.72% in 2000 to 26.96% and 27.83% of total carbon emissions in Xinjiang in 2017,
respectively (Figures 3 and 4). Additionally, carbon emissions from fuel processing and
power generation witnessed a growth of 3.42 and 12.81 times, respectively. Compared with
the energy-intensive industries, carbon emissions from mining industries and manufactur-
ing industries (foods and tobacco, textile, pulp and paper, and other manufacturing) were
relatively low, with an annual average of 8.94 and 5.72 Mt in 2017, respectively. Regarding
carbon emissions from life consumption, it is clear that there was a continuous increase
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during 2000–2017, with a raise of 1.96 times. Carbon emissions from trade and catering
increased from 1.23 Mt in 2000 to 2.86 Mt in 2017 (Figure 3). Carbon emissions from agri-
culture and service experienced a slight increase of 64.26% and 38.64%, respectively, and
carbon emissions from construction increased by 3.62% (Figure 4). Research indicated that
carbon emissions have all shifted to heavy industry sectors in Xinjiang [33,34]. In addition,
those studies have shown that carbon emissions were mainly emitted by energy-intensive
industries [33]. Due to the abundance of resources, the energy-intensive subsector has
resource and cost advantages. The current situation of economic development level has
promoted Xinjiang to give priority to the development of resource- and energy-intensive
industries, such as metal production, supply, smelting, and stamping.
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4.2. Decomposition Analysis

Based on the Equations (2)–(10) this paper conducted a decomposition analysis of
energy-related carbon emissions in Xinjiang. The decomposition results of carbon emissions
are shown in Figure 5 and the findings are as follows: GDP per capita effect appeared
as the key factor in carbon emissions increase during 2000–2017, which is in consensus
with the previous results (Figure 6). It is clear that the GDP per capita effect caused car-
bon emissions to account for 93.58%, 81.51%, and 58.62% in Xinjiang during 2000–2005,
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2005–2010, and 2010–2017, respectively (Figure 5). Since 2000, Xinjiang has experienced
rapid socioeconomic development with an average growth rate achieved by 10.62%, and it
is non-negligible that economic development was supported by fossil energy consump-
tion, which (equivalent to coal) increased from 0.33 billion tons to 1.73 billion tons from
2000 to 2017. Since 2000, Xinjiang adheres to economic construction as the center, with the
exploration and development of mineral resources, the proportion of economic output
value of the heavy industry in Xinjiang’s GDP continues to rise. During this period, Xin-
jiang’s economy grew rapidly, with an average annual growth rate of 12.52%, GDP per
capita effect shows a strong positive effect and has become the decisive factor affecting the
growth of carbon emissions. These results are consistent with the study of Wang et al. [32].
As a less developed region, Xinjiang’s top priority is to make sure socioeconomic develop-
ment, so it is foreseeable that the GDP per capita effect will be a key reason for the carbon
emissions increase in the future.
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Population effect was also another key driver of the carbon emissions increase during
2000–2017 (Figure 6). According to the decomposition results, the population effect caused
carbon emissions to account for 15.71%, 12.26%, and 18.96% in Xinjiang during 2000–2005,
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2005–2010, and 2010–2017, respectively (Figure 5). Xinjiang’s population expanded by
32.22% during 2000–2017, which resulted in 63.52 Mt carbon emissions, and it explained
the effect of population on carbon emissions increase. Under the background of socioe-
conomic development, people will pursue more comfortable living environments. This
led directly to soaring energy consumption, which promotes rapid growth in carbon emis-
sions [31]. Economic structure effect also a driver of the increase in carbon emissions during
2000–2017. According to the decomposition results, the economic structure effect caused
carbon emissions to account for 48.62%, 25.59%, and−33.37% in Xinjiang during 2000–2005,
2005–2010, and 2010–2017, respectively (Figure 5). Carbon emissions resulting from eco-
nomic structure adjustment increased by 49.81 Mt, which accounted for 30.56% of the total
emissions during 2000–2010. Currently, Xinjiang is in the middle stage of industrialization.
Rich energy resources have promoted the priority development of high energy consuming
industries such as metal production, supply, and smelting. The heavy industry supported
by the coal chemical industry and steel industry is the main part of Xinjiang’s economic
growth. However, under the condition of low energy utilization efficiency in most coal
chemical industries, which is not conducive to Xinjiang’s carbon emission reduction [29].
Meanwhile, the economic structure effect caused carbon emissions of −74.13 million tons
during 2010–2017 (Table 1). In the meantime, it also should be noted that the percentage of
industry’s GDP decreased gradually from 41.21% in 2010 to 29.96% in 2017 in Xinjiang. It
means that the adjustment of economic structure offsets the carbon emissions from industry
during 2010–2017. Compared with the heavy chemical industry, the service industry is a
non-energy intensive industry with low emission intensity. Encouraging the development
of the service industry is a possible way to reduce the impact of structural effects [34].
Therefore, Xinjiang should vigorously promote the transformation of leading industries
from secondary industry to tertiary industry and support low-carbon industries through
fiscal policies in the future.

Table 1. Attribution of factors to carbon emissions in Xinjiang during 2000–2017 (Mt).

GDP Per Captia Effect Population Effect Economic
Structure Effect

Energy Intensity
Effect

Carbon
Coefficient Effect

2000–2005 46.63 7.83 24.25 −5.10 −23.78
2005–2010 90.01 13.53 25.57 −30.79 12.11
2010–2017 130.35 42.16 −74.13 15.80 108.17

The energy intensity effect proved to be the key factor to inhibiting carbon emissions
increase in Xinjiang. According to the decomposition results, the energy intensity effect
accounts for −10.21%, −27.84%, and 7.16% in carbon emissions change during 2000–2005,
2005–2010, and 2010–2017, respectively (Figure 5). Energy intensity decreased during
2000–2010, which resulted in a −35.89 Mt emissions reduction (Table 1), accounted for
−22.39% of emissions changes (Figure 5). However, the energy intensity effect caused
15.80 Mt carbon emissions during 2010–2017. Since 2000, the energy intensity effect has
played an important role in reducing industrial carbon emissions in Xinjiang, but from the
perspective of the change trend, the emission reduction effect of this factor has gradually
weakened. Compared with other provinces, Xinjiang is still an economically underde-
veloped region. In 2000, China implemented a “Western development” strategy and
comprehensively improved the economic and social development level of the western
region. With the full implementation of the “Western development” strategy, the level of
fixed asset investment in Xinjiang has increased significantly, the percentage of 70% of
investment in socioeconomic development came from local government, and 34% of the
capital was invested in the resource-intensive industries and energy industries (fuel process-
ing, power generation, chemicals, non-ferrous, iron and steel, extraction of petroleum and
natural gas, mining and washing of coal). Under the support of a series of strategic arrange-
ments and policies for the “Western development” strategy, relying on abundant mineral
resources and energy, the exploration and development of mineral resources in Xinjiang
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have been further upgraded. The construction of oil and gas chemical industry bases and
coal chemical industry bases has been expanding. The proportion in the GDP value of the
secondary industry has increased from 38% in 2001 to 47% in 2010 [38]. Although Xinjiang
is rich in oil and natural gas resources, the resource and price advantages of coal make
it the first choice of energy consumption for a long time. In order to narrow the regional
development gap and take into account the rich coal resources in Xinjiang, China has imple-
mented a differentiated industrial policy for Xinjiang and listed it as one of the main bases
of the coal chemical industry in China. As a result, the energy consumption structure in
Xinjiang is dominated by fossil fuels, with an annual average of 94%, of which coal accounts
for an annual average of 63%. After 2010, local governments increased investment, and
Xinjiang’s economic development improved. However, large-scale investment promoted
the rapid development of resource-intensive industries, and outdated industrial sectors
and production processes are also common. Therefore, transforming resource advantages
into economic advantages and technological progress of high energy consuming industries
are the key to the sustainable development of Xinjiang [11]. In the future, Xinjiang should
increase investment in improving energy efficiency. The increase in technology investment
will not only help to reduce production emissions, but also promote the development of
enterprises to low-carbon production.

The carbon coefficient effect was another restricting factor for carbon emissions in-
crease. The carbon coefficient effect led to the −7.34% increase in carbon emission in
Xinjiang during 2000–2010, but the contribution of the carbon coefficient effect was positive
almost every year during 2010–2017, which increased by 108.17 Mt (Table 1). It is found
that the carbon coefficient effect inhibits the growth of carbon emissions, which is the
result of the transformation of energy structure from high-carbon coal consumption to
low-carbon natural gas consumption. This shows that reducing coal consumption will
be the main strategy to curb carbon emissions. Since 2015, Xinjiang has taken a lot of
measures to reduce coal consumption, such as replacing coal with natural gas for heating
in winter. Although the decline in coal consumption is limited, it still contributed to the
carbon emission reduction in Xinjiang. Therefore, in the long run, the energy structure
dominated by coal needs to be changed. In addition, Xinjiang is rich in wind and solar
energy resources, but the utilization rate is still low. Therefore, the diversification of energy
consumption structure has great potential and advantages, which further highlights the
high substitution rate of coal in Xinjiang with wind and solar energy [28].

4.3. Decoupling Analysis
4.3.1. Decoupling State

Based on the Equations (11)–(13) this paper conducted a decoupling analysis of energy-
related carbon emissions in Xinjiang. The decoupling relationship between GDP and carbon
emissions shows in Table 2 and Figure 7. There are four decoupling states that appeared
during 2000–2017 in Xinjiang (Table 1). Weak decoupling (WD) occurred in 2001–2003, 2010,
and 2017. Expansive coupling (EC) occurred in 2003–2005, 2007–2008, and 2011. Expansive
negative decoupling (END) occurred in 2006, 2009, 2012–2014, and 2016. Strong negative
decoupling (SND) occurred in 2015. This shows that Xinjiang’s carbon emissions were still
increasing, and the growth rate was greater than the economic growth. Since 2000, different
decoupling states have shown that the decoupling degree of carbon emission in Xinjiang
was not stable. After 2003, WD was broken by EC. At the same time, the decoupling
elasticity coefficient showed a stable upward trend, and the decoupling elasticity fluctuated
between 0.8–1.5. This means that the decoupling state between carbon emission and
economic output in Xinjiang was vulnerable to external shocks such as the macroeconomic
environment. From the perspective of decoupling elasticity, it has changed greatly since
2003, and the elasticity has increased significantly, indicating that the effect of emission
reduction was weak. Overall, Xinjiang’s carbon emissions exhibit no decoupling states with
GDP growth, which also means that carbon emissions increase with economic development.



Energies 2022, 15, 5526 11 of 18

Table 2. Decoupling elasticity index in Xinjiang during 2000–2017.

Year ∆C% ∆G% D Decoupling State

2001 0.06 0.09 0.70 WD
2002 0.06 0.09 0.62 WD
2003 0.10 0.16 0.62 WD
2004 0.14 0.13 1.14 EC
2005 0.17 0.16 1.07 EC
2006 0.19 0.15 1.22 END
2007 0.09 0.10 0.87 EC
2008 0.11 0.12 0.93 EC
2009 0.17 0.03 5.81 END
2010 0.12 0.23 0.54 WD
2011 0.18 0.15 1.19 EC
2012 0.15 0.11 1.43 END
2013 0.13 0.10 1.36 END
2014 0.10 0.08 1.25 END
2015 0.02 −0.01 −2.25 SND
2016 0.06 0.01 4.01 END
2017 0.07 0.11 0.66 WD
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4.3.2. Decomposition of Decoupling

To better intuitively distinguish the contribution value of factors that affect the decou-
pling relationship, the decoupling elasticity was further decomposed into GDP per capita
elasticity, population elasticity, economic structure elasticity, energy intensity elasticity, and
carbon coefficient elasticity. The decomposition results show in Figure 8. Theoretically,
population and GDP per capita are the driving factors of increasing carbon emissions,
while the improvement of economic structure, energy intensity, and carbon intensity are
the contributing factors to decoupling.

Figure 8 shows that the elasticity coefficient of GDP per capita was relatively stable,
and the elasticity coefficient fluctuated from 0.8 to 0.9 for many years. The decoupling
states of GDP per capita were mainly END and EC during 2001–2017. This also means
that economic development has a major inhibitory influence on the decoupling of carbon
emissions (Figure 9), and these results are consistent with the study of Zhang et al. [11].
After 2000, due to the vigorous development of industrial and infrastructure construction,
Xinjiang’s industrial economic growth rate has accelerated, with the large-scale construct
of energy-intensive industries such as steel, coal, and chemical has brought a large amount
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of energy consumption, which accelerated the growth of carbon emissions from energy
consumption. It can be seen from Figure 8 that the trend of population elasticity mainly
fluctuated from 0 to 0.5 during 2001–2017, and the decoupling states of population elasticity
were mainly WD during 2001–2017. The expanding population size has a weak inhibitory
effect on the decoupling of carbon emissions in Xinjiang (Figure 9), indicating that the
growth of population size increases the total carbon emissions, which is due to the increase
in employment–population in the secondary industry by the expansion of industrial-scale
and the acceleration of urbanization. Therefore, if the decoupling flexibility of population
size is reduced, only by continuously improving the quality of employees themselves, so
that their working ability can be improved, and can the carbon emissions of the equipment
manufacturing industry be reduced [20].
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It can be seen that the elasticity of the economic structure changed greatly, with an
average fluctuation of 2~−2 during 2001–2017 (Figure 8). The decoupling states of economic
structure elasticity were mainly WD and SD from 2001 to 2014 (Figure 8), which shows that
the efforts to reduce carbon emissions by adjusting the economic structure are effective, and
it also shows that the measure of adjusting the economic structure has the greatest potential
for the reduction of carbon emission. Economic structure elasticity fluctuated significantly
from 2015 to 2017, mainly due to the slowdown of social and economic development in
Xinjiang, which was influenced by the impact of China’s economy entering the “New
Normal” [27]. From the perspective of economic structure elasticity, the elasticity value of
economic structure was mostly in a state of WD, indicating that the economic structure
changes promote the decoupling of carbon emissions (Figure 9), and suggesting that the
future adjustment of Xinjiang’s economic structure is a necessary link for the decoupling
of carbon emission. Due to the resource endowment and cost advantages, the energy-
intensive sectors have the characteristic of high emissions, which deteriorated carbon
emissions in Xinjiang since 2008 [11]. With the industrial demand for fossil energy rapidly
increasing during 2001–2017, and industrial structure effect was the main factor to limit
the decoupling. Xinjiang increased its investment in infrastructure construction in 2010,
but outdated industrial processes were still common, and the poor technological level was
obstructive to realizing the decoupling in Xinjiang [32].

As for the energy intensity elasticity, it can be seen from the contribution degree of
energy intensity elasticity in Figure 8 that the energy intensity elasticity changes alternately
between positive and negative, and negative in most years from 2001 to 2017. Energy
intensity elasticity mainly was positive during 2008–2014, which was due to the gradual
development of traditional industries, and the large consumption of coal and fossil energy
ignoring the high efficiency and intensification of energy utilization. Since 2015, the energy
intensity elasticity has turned negative, which has greatly promoted the decoupling of
carbon emissions (Figure 9). This is because the industrial layout has been continuously
optimized, the economic efficiency has been effectively improved, and the energy intensity
has decreased significantly due to the extensive use of clean energy. Relevant studies have
shown that energy intensity was the main factor to promote decoupling and this finding
is consistent with previous studies [11]. In a word, the change trends of energy intensity
elasticity and decoupling elasticity of carbon emissions from 2001 to 2017 were generally
consistent, indicating that the decoupling between economic growth and carbon emissions
in Xinjiang was mainly caused by the improvement of energy efficiency. The carbon
coefficient elasticity was generally in the decoupling state (Figure 8). Carbon coefficient
elasticity was mainly negative, fluctuates between 0 and changes slightly, and entered the
adjustment state after 2006. After 2006, the elasticity of carbon intensity in Xinjiang began
to rise inversely, which gradually became a factor to restrain the decoupling of carbon
emissions. The fluctuation of carbon coefficient elasticity shows the potential for industrial
energy conservation and emission reduction in Xinjiang, and the overall industrial structure
has not yet entered an efficient and low-carbon development model [33]. General speaking
carbon coefficient elasticity promotes the decoupling of carbon emissions, but its effect was
relatively weak (Figure 9).

4.3.3. Decoupling State on Sectors

In order to better explain the decoupling relationship and clarify the reduction direc-
tion of sectors, this section follows Tapio’s decoupling to analyze the decoupling elasticity
of sectors from 2001 to 2017. It can be seen that sectors decoupling elasticity shows a down-
ward trend during 2001–2005 in Xinjiang (Table 3). Chemicals, iron, and steel, non-ferrous
mainly show states of END and EC during 2006–2017, indicating that carbon emissions
rose sharply and gradually exceeded the sectors’ GDP growth. During this period, Xinjiang
increased and strengthened the investment and construction of traditional industries such
as steel, building materials, and chemical industry in the industrial sector, and the pressure
of emission reduction in the industry was relatively severe [33]. In order to cut off the
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link between industrial economic growth and carbon emission in the future, it is necessary
to strengthen the emission reduction of chemical, iron, and steel, non-ferrous [34]. These
industries’ energy intensity was relatively high, and there is still large room for emissions
mitigation. With the improvement of energy utilization efficiency, it is propitious for the
realization of energy conservation and emission reduction targets. Mining of nonmetal
ores, textile, pulp and paper, transportation, trade and catering, and service mainly shows
states of EC, END, SND, and WD, which indicates the severe situation of sectors’ carbon
emission. Additionally, it means that the situation of high energy consumption and high
emission is still common. Carbon emission and the added value of GDP in these sectors
were increasing, but the increase in carbon emission was generally greater than that of GDP.
The energy utilization efficiency of these sectors was low, and there is a large room for
emission reduction in those sectors. Mining and washing of coal, extraction of petroleum
and natural gas, and fuel processing mainly show states of END, SND, and WD. Due to
the application of low-carbon technology, the growth of carbon emissions was effectively
controlled during 2001–2017. Power generation mainly shows states of END, EC, and
WD, which means economic growth along with the increase in carbon emissions, but the
growth rate of carbon emissions was greater than that of GDP. The main reason is the high
proportion of coal consumption in the energy consumption structure is still common. In
the future, Xinjiang must increase the proportion of renewable energy such as wind and
optoelectronics in the field of power generation.

Generally speaking, Xinjiang has experienced a rapid increase in carbon emissions
with economic growth, and economic development is at the initial stage of industrialization.
Most industries have not reached the ideal decoupling state and there is great potential
for emission mitigation in the future. Mining and washing of coal, extraction of petroleum
and natural gas, fuel processing, chemicals, iron and steel, non-ferrous, power generation
were mainly shown states of END and EC during 2001–2017, these industries were mainly
energy and resource-intensive industries, which make a great contribution to the economy
in Xinjiang, and the trend of sector’s GDP and carbon emission were regular. Xinjiang
should vigorously control the development of these industries and enhance industrial
competitiveness so as to gradually transition to the ideal decoupling situation in the
future. From the trend of the sector’s decoupling elasticity (Table 3), it is found that the
labor-intensive industries are WD states in most years, indicating that the overall effect of
emission mitigation in these industries was obvious, which shows that the effectiveness
of energy conservation and emission reduction has been significantly improved and the
emission reduction effect has achieved initial results.

On the basis of energy endowment and resources, economic underdevelopment pro-
motes Xinjiang to give priority to resource development for economic growth, which
is not conducive to the decoupling process [11]. Therefore, the transformation of re-
source advantage into an economic advantage and technological progress of resource and
energy-intensive industries will be the linchpin to achieving socioeconomic sustainable
development in Xinjiang [34]. This also means that the energy-intensive industries play a
decisive role in realizing the decoupling of carbon emissions in Xinjiang [6]. In the future,
the mitigation of carbon emissions in Xinjiang should be by reducing the proportion of
energy-intensive industries’ GDP, increasing investment, and improving energy efficiency
to decouple economic development from carbon emissions increase.
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Extraction of petroleum and

natural gas SND RD EC SD END WD RD END WND SD WD SND RD RC WND WND SD
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5. Conclusions and Policy Recommendations
5.1. Conclusions

Features, driving forces, and decoupling analysis of carbon emission in Xinjiang
during 2001–2017 were conducted. This paper calculates the trend of energy-consumption
carbon emissions, based on the LMDI method to discuss the effect of population scale, GDP
per capita, industrial structure, energy intensity, and carbon intensity on the changes in
carbon emissions. Then, Tapio’s model was used to explore the decoupling relationship
and the driving factors of the decoupling are discussed. The conclusion follows that:

(1) Carbon emissions from Xinjiang increased from 93.34 Mt in 2000 to 468.12 Mt in
2017, with an increase of four times and an average annual growth rate of 10.68%.
Energy-intensive industries are the key body of carbon emissions in Xinjiang. Fuel
processing, power generation, chemicals, non-ferrous, iron and steel, ceramics, and
cement accounted for 89.51% of total carbon emissions in 2017.

(2) GDP per capita effect was the key factor in the increase in carbon emissions. Popula-
tion effect and economic structure effect were also the drivers of the carbon emissions
increase. The energy intensity effect proved the major inhibiting factor for carbon
emissions increase. The carbon coefficient effect was also another inhibiting factor for
carbon emissions, but its effect was relatively weak.

(3) WD, EC, END, and SND occurred in Xinjiang during 2001–2017. GDP per capita
elasticity had a major inhibitory effect on the decoupling of carbon emissions. Popula-
tion elasticity and economic structure elasticity were mainly WD. Energy intensity
elasticity was the most important factor in the decoupling in Xinjiang. Most industries
have not reached the ideal decoupling state in Xinjiang. Energy-intensive industries
mainly showed states of END and EC.

5.2. Policy Recommendations

Based on the above research results, the following policy recommendations are put
forward to promote the decoupling of economic growth and carbon emissions in Xinjiang.

(1) Adjust the industrial structure. Xinjiang need to change the mode of industrial
growth and speed up the process of “new industrialization”. The internal structure of
energy-intensive industries should be optimized and adjusted in combination with
the existing industrial, encourage the development of renewable energy, power gener-
ation, modern chemical manufacturing, equipment manufacturing, new materials,
and reduce the energy related carbon emissions in the industrial sector.

(2) Optimize the energy structure. The energy consumption structure dominated by coal
is an important reason for the continuous growth of carbon emissions in Xinjiang. In
addition to increasing the consumption proportion of oil and natural gas, Xinjiang
should also expand renewable energy at the same time to adjust the energy utilization
structure. The development and distribution of wind and solar energy should be
comprehensively planned to increase their use.

(3) Promote energy conservation and emission reduction. The energy efficiency of key
industries in Xinjiang is significantly lower than the national average, reflecting the
great potential of energy conservation and emission reduction in Xinjiang. Energy-
intensive industries should be committed to technological innovation and upgrading
in key industries. It is also effective to eliminate backward enterprises or introduce
clean technology to improve energy efficiency.

The limitations of this study mainly come from the lack of analysis for decision-makers,
which is the common weakness of empirical research. In China, development decisions are
often top-down. The central government issues orders according to the current socioeco-
nomic situation and forward-looking forecasts, and local governments implement them.
The implementation of the national environmental protection policy will have a significant
impact on the carbon emission reduction in Xinjiang. Therefore, in terms of environmen-
tal protection and emission reduction, local governments can formulate certain emission
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reduction policies according to local characteristics. Regions with power production and
supply as the main body should pay attention to the technological upgrading and emission
transformation of the power industry. The chemical and non-ferrous metal industry should
pay more attention to the formulation of emission standards and control of pollution, so
as to reduce carbon emissions from emission sources. It is necessary to consider the local
actual foundation and the actual situation of carbon emissions, as well as the economic
development priorities of Xinjiang, and it is also crucial to improve the ability of lower
government departments to implement policies.
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