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Based on the statistical data from 1997 to 2017, with the utilization of the IPCC carbon
accounting method, Tapio decoupling model, and Logarithmic Mean Divisia Index (LMDI),
the temporal evolution characteristics of Qinghai’s energy-related carbon emissions, the
decoupling relationship, and its driving factors were analyzed. The results indicated that 1)
The carbon emissions of Qinghai showed a trend of first slowly increasing, then rapidly
increasing, and finally fluctuating and decreasing. It increased from 3.85 million tons in
1997 to 14.33 million tons in 2017, with an average annual growth rate of 6.79%. The
carbon emission intensity revealed a steady downward trend, from 189.82 tons/million
CNY in 1997 to 54.6 tons/million CNY in 2017, with an average annual growth rate of
—6.04%. 2) The relationship between carbon emissions and economic growth was
represented by four types: weak decoupling, strong decoupling, expansion negative
decoupling, and expansion coupling. Among them, a strong decoupling was achieved only
in the five periods of 1997-1998, 1999-2000, 2001-2002, 2013-2015, and 2016-2017.
3) The structural effect of energy consumption was the paramount factor in restraining
carbon emissions, followed by the energy intensity effect, while economic growth, and
population size were important factors facilitating the increase in carbon emissions. To this
end, Qinghai should continuously optimize its energy structure and improve energy
utilization efficiency, thus achieving economic green and high-quality development.

Keywords: CO, emissions, decoupling, LMDI method, energy consumption, Qinghai

1 INTRODUCTION

Climate change and global warming have become important issues of common concern for countries
all over the world in the 21st century. Carbon emissions (CO,) from the consumption of fossil energy
in economic activities are the most important factor that gives rise to climate warming (Hirota et al.,
2006). In 2018, global CO, emissions from fossil fuels and industry were increased by 2.1% over the
previous year, and the global CO, emissions caused by human activities reached 36.6 billion tons
(Huang et al., 2021). To cope with climate change, many countries have taken the action plan to
reduce carbon emissions and made important commitments to achieve net-zero carbon emissions by
the middle of the 21st century. For example, at the 75th United Nations General Assembly, China
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proposed that China’s CO, emissions will strive to reach the peak
before 2030 and spare no effort to achieve carbon neutrality by
2060. As the world’s largest economy, the United States has also
set its emission reduction target as “to reduce CO, emissions by
17% and 26-28% on the basis of 2005 by 2020 and 2025,
respectively”, and from 2007 to 2006, United States emissions
did stop growing, dropped by nearly 13.6% (Wang et al., 2020). So
far, 127 countries have pledged to achieve carbon neutrality by
the middle of the 2Ist century. Compared with developed
countries that have completed industrialization, developing
countries are going through a period of industrialization. Most
of these countries regard traditional manufacturing as their major
industry. Energy is a catalyst for rapid economic growth in these
countries, leading to a significant increase in energy consumption
such as coal, crude oil, and electricity (Husaini and Lean, 2015;
Saqib et al.,, 2021). As the largest developing country in the world,
it is very difficult for China to not only complete industrialization
but also reach carbon neutrality from the peak of carbon in just
30 years.

There is growing interest in the relationship between
economic development and carbon emissions in academia.
How to reduce emissions while maintaining economic
development is a traditional problem that lies in the academic
and decision-making levels. The Qinghai-Tibet Plateau is a
special region of China. As a crucial part of the global climate
system, climate change will exert a substantial influence on the
regional ecosystem. Moreover, this region had the greatest
temperature increase in the past few decades (Sun et al., 2008;
Dong et al, 2019), so it is facing tremendous international
pressure to lower carbon emissions for this area. Since the
18th National Congress of the Communist Party of China,
Chinese President Jin-ping Xi has attached great importance
to ecological construction and environmental protection of
Qinghai-Tibet Plateau, insisting on protecting the ecology as a
major issue related to the survival and development of the
country, and promoting the Qinghai-Tibet Plateau to become
a model for the construction of ecological civilization via various
measures such as the development of circular economy,
promotion  of  ecological  poverty alleviation, the
implementation of the three-river source national park system,
and the construction of ecological safety barriers (Li, 2018).

Qinghai is situated in the northeast of the Qinghai-Tibet
Plateau. As the source of China’s “Three Rivers” and the main
part of the Qinghai-Tibet Plateau, it is also a barrier for China’s
ecological security and an important area where biodiversity is
concentrated. Qinghai shoulders the great responsibilities of
protecting the source of the Three Rivers and the China
Water Tower. Therefore, ecological protection in Qinghai is a
major issue related to the ecological security of the country.

Currently, Qinghai has the smallest carbon emissions among
all provinces of China, except for Tibet. The changes in its carbon
emissions are bound up with the adjustment of the economic
structure. During the period of the “Western Development”
strategy, high-carbon emission industries such as electricity, oil
and gas, Salt Lake chemicals, and non-ferrous metals have
become its four pillar industries. However, in the past decade,
Qinghai’s temperature has risen by 1.4 degrees, twice the global

CO, Emissions in Qinghai

warming rate, which has brought about glacier melting and a
series of ecological risks. Therefore, Qinghai has taken the lead in
industrial restructuring and ecological compensation in the
plateau region. Since 2011, due to the gradual attention paid
to environmental pollution, new energy, new materials,
equipment manufacturing, and biological industries have
gradually developed. In particular, in terms of energy,
photovoltaic power generation has grown by 38% annually
through vigorous development of clean energy, and now it
ranks first in China. Moreover, the world’s first ultra-high
voltage transmission channel of clean energy has been built,
which transmits clean electricity to other provinces and
significantly reduces carbon emissions. In 2013, Qinghai
completed the first carbon emission trading project in western
China. In 2016, the Sanjiangyuan National Park was established,
which was officially designated as a national ecological barrier
area. Beyond that, affected by the “Qilian Mountain series of
environmental pollution cases”, a large number of illegal or
unqualified mines have been closed in this area, bringing a
significant reduction of carbon emissions. By contrast, the
service industry has made considerable progress, accounting
for almost half of GDP. The changes in Qinghai’s industrial
structure and environmental protection policies are a
concentrated reflection of the whole country. Studying the
relationship between carbon emissions and economic
development in Qinghai will be a valuable reference for other
regions of China and even other underdeveloped regions in
the world.

The remainder of this paper is organized as follows. Section 2
is a literature review, which summarizes the influencing factors of
carbon emissions and related research methods. Section 3
introduces the methods and data sources used in this paper.
Section 4 presents the results of the calculation, and the last part
is the conclusion and countermeasures.

2 LITERATURE REVIEW

The huge carbon emissions caused by energy consumption and
economic growth have led to the emergence of a large number of
academic papers on the relationship between economic growth
and carbon emissions, and many achievements have been made
based on the environmental Kuznets hypothesis (EKC) and
decoupling theory. However, there are big differences in
research conclusion, such as the monotonic increase between
the two (Shafik, 1994; Wagner, 2008; Zoundi, 2017), decreasing
(Abdou and Atya, 2013), inverted U-shaped (Selden and Song,
1994; Panayotou et al., 1999; Galeotti et al., 2006; Apergis, 2016;
Zambrano-Monserrate et al., 2016; Wang et al,, 2017; Ali et al,,
2021), N-type relationship (Moomaw and Unruh, 1997; Friedl
2003; and Bengochea-
Morancho, 2004; Sinha et al, 2017), and no correlation
relationship exist (Lantz and Feng, 2006). The study of Dong
et al. (2020a) also indicated that only for the relatively high-
income countries is the EKC hypothesis valid.

Although the EKC hypothesis can depicts the dynamic
relationship between the total amount of environmental

and Getzner, Martinez -Zarzoso
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pollution and economic growth, it cannot reveal the rate of
change of the relationship between economic growth and
environmental pollution. Influenced by the different research
backgrounds, time ranges, explanatory variables and methods,
there are big differences in the research conclusion (Shahbaz and
Sinha, 2018).

Decoupling theory can well explain the rate of change of the
relationship between economic growth and carbon emissions,
and has been widely used in recent years. The application of
decoupling to the environmental field was originated from the
decoupling index model constructed by the Organization for
Economic Co-operation and Development (OECD) in 2002. This
index is used to measure the gradual deviation trends of
environmental pollution or resource consumption with
economic growth, which is divided into two types, absolute
decoupling, and relative decoupling. Later, Vehmas et al.
(2003) constructed a comprehensive framework for decoupling
theory. Tapio (2005) further defined the difference between
decoupling, coupling, and negative decoupling, and subdivided
the three decoupling states into eight types, including weak
decoupling, strong decoupling, recessive decoupling, weak
negative decoupling, strong negative decoupling, expansive
negative decoupling, expansive coupling, and
coupling. Since then, the Tapio decoupling index has been
widely used in the relationship between carbon emissions and
economic growth. The study of Zhang and Wang (2013) implied
that the economic growth of Jiangsu Province has undergone
stages of weak decoupling and strong decoupling, except for
2003-2005. Wang and Jiang (2019) used the Tapio decoupling
model to analyze the decoupling elasticity between China’s
economy and CO, emissions from 2000 to 2014, and the
results symbolized that the decoupling elasticity performed a
downward trend. At the same time, there are two types of
decoupling states: expansion negative decoupling (2002-2005)
and weak decoupling (2000-2002 and 2005-2014). Wang et al.
(2018) compared the decoupling effect of carbon emissions
between China and India in 1980-2014 and realized that
China’s carbon emissions were in a weak decoupling state,
while the decoupling status of India was not regular. Research
by Chen L et al. (2020) found that the decoupling effect between
carbon emissions and economic growth in southwest China
continued to increase from 2000 to 2015, and reached a
strong decoupling state by 2015. Some studies have delved
into the decoupling relationship from the perspective of
industries, including the industry (Zhao et al, 2016; Meng
et al, 2018), agriculture (Su et al, 2017), and power sector
(Xie et al, 2019). Jiang et al. (2018) analyzed the carbon
emissions of six major industries in China and realized that all
industries are in a weakly decoupled state except for the
transportation and agricultural sectors.

The research results on the influencing factors of carbon
emissions show that income level, population size, energy
intensity, energy structure, and carbon emission intensity are
the main factors affecting carbon emissions. The results of O’
Mahony et al. (2012) in Ireland implied that scale effects increase
carbon emissions in the transportation sector, while energy
intensity effectively reduces carbon emissions in the residential
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sector. Cansino et al. (2015) believed that the primary factors
influencing Spain’s carbon emissions should include carbon
emission intensity, energy intensity, economic structure,
economic activity, and population size, among which energy
economic structure is the most important factor. Research by
Ortega-Ruiz et al. (2020) on India emphasized that per capita
income is the major factor for the increase of carbon emissions,
and energy intensity is the major factor for the reduction of
carbon emissions. Yang et al. (2020) found that the economic
activity is the greatest driving force to promote carbon emissions
of China, while the energy intensity is the biggest suppressor.
Dong et al. (2020b) proposed that economic growth and
population expansion should be the main reasons for the
increase in global carbon emissions. Apergis et al. (2020)
summarized the determinants of carbon dioxide emission
intensity as energy intensity and carbon index (Apergis et al,
2020). Wang et al. (2020) decomposed the changes in carbon
emissions of the United States into three major effects, including
scale effect, technological effect, and structural effect. Among
them, scale effect (income and population) increased carbon
emissions, while technological effect (energy intensity and
emission coefficient) reduced carbon emissions. Since
technological innovation can improve energy utilization
efficiency, reduce energy intensity and carbon emissions, it is
also considered as an important influencing factor of carbon
emissions (Chen J. D et al.,, 2020; Sun et al., 2020; Sun et al., 2021).

Although the above influencing factors of carbon emissions
have been recognized by most scholars, it is generally believed
that the driving factors of carbon dioxide emissions growth are
different in regions with different per capita income levels, and
the economic growth and energy consumption have significant
differences in carbon emissions between developed and less-
developed regions. For example, studies by Saidi and Mbarek
(2016), Cai et al. (2018), and Waheed et al. (2019) show that
energy consumption, carbon emissions, and economic growth in
developed countries and regions have little dependence on
economic growth. For economically underdeveloped countries
and regions, industrialization, urbanization, and transportation
have huge demand for energy, and economic growth has made a
great contribution to carbon emissions (Wang et al., 2011; Zaman
et al,, 2017).

As an economically developed province (municipality
directly under the Central Government) in China, the
studies on carbon emissions in Jiangsu (Lu et al., 2015; Li
and Jiang, 2017), Shanghai (Zhao et al., 2010; Gu et al., 2019),
and Guangdong, Hong Kong and Macao (Zhou et al.,, 2018)
have attracted more attention, but the carbon emissions
problem of Qinghai, which is underdeveloped economy, has
been seriously ignored. Existing research on the decoupling
relationship between carbon emissions and economic growth
in Qinghai is not clear, and the research on the influencing
factors of carbon emissions is still lacking. Qinghai has an
urgent need for economic growth. Meanwhile, the coal-based
energy structure is difficult to change in the short term. In the
context of China’s rapid industrialization and urbanization,
large-scale infrastructure construction and transformation
require a large amount of energy. Decoupling economic
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TABLE 1 | Carbon emission calculation parameters.

CO, Emissions in Qinghai

Energy types Coal Hard coke Crude oil Gasoline Kerosene Diesel oil Natural gas
Standard coal coefficient/(10*tce/10%*ons) 0.7143 0.9714 1.4286 1.4714 1.4714 1.4571 1.4286
Carbon emission coefficient/(10*ons/10%ce) 0.7559 0.855 0.5857 0.5538 0.5714 0.5921 0.6185
TABLE 2 | Decoupling elasticity and decoupling state.
States %C %GDP e
Decoupling Strong decoupling <0 >0 e<0
Weak decoupling >0 >0 O0<e <038
Recessive decoupling <0 <0 e>12
Coupling Expansive coupling >0 >0 08 <e< 12
Recessive coupling <0 <0 08 <e<12
Negative decoupling Weak negative decoupling <0 <0 0<e<038
Expansive negative decoupling >0 >0 e>12
Strong negative decoupling >0 <0 e<0

growth from energy consumption and carbon emissions as
soon as possible is the main strategic goal of Qinghai in the
future economic development. Therefore, exploring the
changes in carbon emissions caused by energy consumption
and its influencing factors, and analyzing its decoupling status
with economic growth, has important reference significance
for formulating reasonable emission reduction policies and
maintaining ecological security.

3 METHODS AND DATA

3.1 Carbon Emission Model

This study used the carbon emissions accounting method
provided in the “IPCC (Intergovernmental Panel on Climate
Change) Guidelines for National Greenhouse Gas Inventories” to
measure the carbon emissions generated by the energy
consumption from different fuels. According to the data
provided by the official website of the National Bureau of
Statistics, seven main fuels including coal, coke, crude oil,
gasoline, kerosene, diesel, and fuel oil were selected in this
paper while the following formula was applied to estimate
carbon emissions:

7 7
C=)Ci=) ExCCFxF, (1)
i=1 i=1

1 1

In Eq. 1, C represents the total carbon emissions, C;
signifies the carbon emissions of fuel item i, E; stands for
the energy consumption of fuel item i, CCF; symbolizes the
standard coal conversion coefficients of fuel item i, and F;
means the carbon emission factor of fuel item i. The standard
coal conversion coefficients of various fuels were collected
from the “China Energy Statistical Yearbook”, the carbon
emission coefficients were derived from the IPCC reference
value. The standard coal conversion coefficients and the
carbon emission coefficient values of the seven main fuels
are described in Table 1.

3.2 Decoupling Model
Compared with the OECD decoupling index, the Tapio

decoupling elasticity coefficient avoids the instability of base
period selection and can more accurately embody the
decoupling state (Zhao et al., 2016). Therefore, this paper
dissected the decoupling of economic growth and carbon
emissions based on the Tapio decoupling elastic coefficient
theory. The decoupling state is divided into eight types,
including weak decoupling, strong decoupling,
decoupling, weak negative decoupling, strong negative
decoupling, expansive negative decoupling, expansive coupling,
and recessive coupling (Table 2). The calculation method is as
follows:

recessive

% & @
¢~ GDP%  ¢=C
Gﬂ

In the formula, e represents decoupling elasticity, which
represents the ratio of the rate of change of carbon emissions
to the rate of change of GDP. C% represents the percentage
change in carbon emissions, and GDP% represents the percentage
change in GDP. C' and C° mark carbon emissions in period ¢ and
base period 0, respectively, and G* and G’ stand for GDP in period
t and base period, respectively.

3.3 LMDI Decomposition Method

The LMDI (Logarithmic Mean Divisia Index) method, which has
no residual error in the analysis process has been well applied. It
can handle zero values in the data set while there are large
differences in variable values. Given that it is easy to gain
research data, thus it has certain advantages compared with
other methods.

First and foremost, the carbon emission accounting method
supplied by the IPCC was applied in this paper to figure up the
carbon emissions of Qinghai Province from 1997 to 2017, and
then the LMDI was adopted to decompose the influencing factors
of carbon emissions into the carbon emissions coefficient impact,
energy structure impact, energy intensity impact, GDP per capita
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impact, and population impact. The decomposition formula of
carbon emissions is stated as follows:

t Ei E. G
t_ i i T t
C= ZC ) E! E;XEXFXP

:ZFixESxEIxPIxP (3)

In Eq. 3, C! represents the carbon emissions of fuel item i in
year t, E! denotes the energy consumption of fuel item i in year ¢,
and E.. is the total energy consumption in year t. P is the total
population of Qinghai in year ¢, which is expressed by the year-
end permanent population. F; represents the carbon emission
coefficients, ES, EI, and PI are the energy consumption structure,
energy intensity, and GDP per capita, respectively.

Based on the LMDI method, the change in carbon emissions
from 1997 to year t can be expressed as:

AC = Ct - CO = ACF, + ACEg + ACEI + ACPI + ACP (4)

In the formula, AC signifies the change in total carbon
emissions. ACp, ACgs, ACgr, ACpr, and ACp represent the
carbon emission coefficients, energy structure, energy intensity,
GDP per capita, and population size impacts on carbon
emissions, respectively.

The above five driving factors can be calculated by the
following formula:

c-C! F
A= 2hc o™ B
' ES
ACs = Zl cf—lnc01 ES?
-C? EI'
ACe = z1 C’ 1nc°l EI°
C? PI'
A 71 —
Cor = zl Ci-InC} " PI°
Pt

Z1 C‘ l CO

Since the carbon emission coefficients of various energy
sources remain unchanged during the study period (Zhang
and Da, 2015), that is, the ACp is equal to 0. Thus, the
comprehensive effect of carbon emissions can be expressed as:

AC = ACES + ACEI + ACPI + ACP (5)

3.4 Data Sources

The data in this paper came from “China Statistical Yearbook”,
“China Energy Statistical Yearbook”, “Qinghai Statistical
Yearbook”, and “IPCC National Greenhouse Gas Inventory
Guidelines.” Among them, the GDP of Qinghai Province and
the consumption of seven fuels of coal, coke, crude oil, gasoline,
kerosene, diesel, and fuel oil were all originated from the “China
Statistical Yearbook” offered by the NBS (National Bureau of
Statistics of China) [NBS (National bureau of statistics of China),
2018], and the standard coal conversion coefficients for various

CO, Emissions in Qinghai

fuels were from the “China Energy Statistics Yearbook” supplied
by the DESNBS (Department of Energy Statistics, National
Bureau of Statistics of China) [DESNBS (Department of
Energy Statistics, National Bureau of Statistics of China),
2018], the carbon emission coefficient was derived from the
reference value of the IPCC National Greenhouse Gas
Inventory Guidelines (IPCC, 2006). The population size was
viewed as the year-end permanent population of Qinghai. The
data came from the 1997-2017 Qinghai Statistical Yearbook
(Qinghai provincial bureau of statistics, 2018).

4 RESULTS

4.1 Characteristics of CO, Emissions and

Carbon Emission Intensity

Figure 1 manifests the changing trend of carbon emissions and
emission intensity in Qinghai Province. Except for a short-term
decline in a few years, the carbon emissions have been growing in
most years, increasing from 3.85 million tons in 1997 to 14.33
million tons in 2017, with an average annual growth rate of
6.79%. According to the characteristics of changes in carbon
emissions, this period could be divided into three stages. The first
stage ranged from 1997 to 2005 when carbon emissions rose
slowly at an average annual growth rate of 4.01%. The second
stage started from 2005 to 2013, during which carbon emissions
were climbed rapidly at an average annual rate of 14.48%. The
third stage was from 2013 to 2017, during which the average
annual growth rate of carbon emissions was —2.02%, showing a
fluctuating trend of decline.

Carbon emission intensity, which is defined as the ratio of carbon
emissions to GDP, showing a steady downward trend, from 189.82
tons/million CNY in 1997 to 54.6 tons/million CNY in 2017, with an
average annual growth rate of —6.04%. Except for the temporary
increase in carbon emission intensity in 1998-1999, 2000-2001,
2005-2006, 2011-2012, and 2015-2016, the carbon emission
intensity in other periods displayed a downward trend. Especially
in 2001-2005 and 2012-2015, that is, during the “Tenth Five-Year
Plan” and “Twelfth Five-Year Plan” period of Qinghai Province,
carbon emission intensity was dropped at an average annual rate of
—10.33% and —10.49%, respectively. During the tenth 5-year period,
Qinghai Province guaranteed a stable supply of coal by advancing
technological innovation and strengthening enterprise management,
and effectively solving the contradiction that coal supply could not
meet the requirements. The “Twelfth Five-Year Plan” period was a
key period for Qinghai Province to facilitate ecological and
environmental protection and construction. Despite carbon
emissions increased during these two periods, energy efficiency
has been greatly enhanced due to the use of clean energy and the
implementation of Qinghai’s ecological security policy.

4.2 Analyses of the Decoupling Between
CO, Emissions and Economic Growth
According to the decoupling elasticity shown in Table 3, the
relationship between carbon emissions and economic growth can
be classified into four types: weak decoupling, strong decoupling,
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FIGURE 1 | CO, emissions and emission intensity in Qinghai Province.
TABLE 3 | The decoupling state for Qinghai over 1997-2017.
AC/C AG/G e Decoupling state
1997-1998 -0.01453 0.089403 -0.16255 Strong decoupling
1998-1999 0.150977 0.08356 1.806814 Expansive negative decoupling
1999-2000 -0.12286 0.101512 -1.2103 Strong decoupling
2000-2001 0.176381 0.138236 1.27594 Expansive negative decoupling
2001-2002 -0.035 0.135008 -0.25925 Strong decoupling
2002-2003 0.110079 0.145457 0.756782 Weak decoupling
2003-2004 0.051569 0.194516 0.265115 Weak decoupling
2004-2005 0.039145 0.165673 0.23628 Weak decoupling
2005-2006 0.316183 0.193588 1.63328 Expansive negative decoupling
2006-2007 0.151131 0.22953 0.658438 Weak decoupling
2007-2008 0.266604 0.277507 0.960712 Expansive coupling
2008-2009 0.011811 0.061505 0.192034 Weak decoupling
2009-2010 0.001142 0.248929 0.004586 Weak decoupling
2010-2011 0.15744 0.236969 0.664389 Weak decoupling
2011-2012 0.183758 0.133558 1.375871 Expansive negative decoupling
2012-2013 0.107312 0.120684 0.889196 Expansive coupling
2013-2014 -0.07448 0.085417 -0.87201 Strong decoupling
2014-2015 -0.10672 0.049377 -2.16127 Strong decoupling
2015-2016 0.190872 0.06431 2.968015 Expansive negative decoupling
2016-2017 —0.06402 0.020346 —-3.14653 Strong decoupling

expansive negative decoupling, and expansive coupling. In most
periods, the decoupling states were strong and weak decoupling.
Decoupling elasticity in the five stages of 1997-1998, 1999-2000,
2001-2002, 2013-2015, and 2016-2017 was negative, indicating
that carbon emissions were declining along with economic
growth, that is, the economy remained in a state of strong
decoupling. However, the elastic values of decoupling in the
year 1998-1999, 2000-2001, 2005-2006, and 2011-2012 were
relatively large, showing that the economy was in the state of
expansive negative decoupling, that is, the growth rate of carbon
emissions surpassed the rate of economic growth, and the
economic development was at the cost of sacrificing the
environment and extensive utilization of resources. In the
periods of 2007-2008 and 2012-2013, the decoupling elasticity

of Qinghai Province was 0.96 and 0.89, respectively, which was
more than 0.8, indicating that the growth rate of carbon emissions
was basically in sync with the economic growth. In the remaining
periods, the decoupling relationship displayed a weak decoupling
state. In these stages, both the carbon emissions and economic
output of Qinghai were dropped, but the economic output was
grown more quickly than the carbon emissions.

4.3 Decomposition Results of CO, Changes
By taking the decomposition results into consideration, from
1997 to 2017, the carbon emissions triggered by the energy
consumption structure effect was declined by 23,219.3
thousand tons and reached the maximum value especially in
2004-2005. The energy consumption structure representing the
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FIGURE 2 | The composition of energy consumption in Qinghai Province
(10 thousand tons of standard coal).

TABLE 4 | Decomposition of energy-related carbon emissions changes (ten
thousand tons).

Time period AcEs ACE[ ACPI ACP
1997-1998 -25.98 -37.92 27.37 5.36
1998-1999 -719.81 22.82 27.01 5.62
1999-2000 573.27 —-89.02 33.93 5.57
2000-2001 -361.75 10.24 49.01 4.79
2001-2002 -30.78 -72.26 51.00 5.05
2002-2003 116.22 -156.74 57.88 4.31
2003-2004 -157.28 -61.54 83.28 4.61
2004-2005 —2428.02 -57.80 75.39 3.82
2005-2006 489.99 50.34 101.62 5.55
2006-2007 721.81 -46.88 149.09 5.44
2007-2008 -1934.64 -14.74 217.43 3.26
2008-2009 —641.70 -56.56 55.22 5.49
2009-2010 88.35 -211.64 216.43 10.96
2010-2011 -597.37 -69.80 224.95 9.76
2011-2012 24.64 41.97 1560.58 11.32
2012-2013 —777.36 -23.78 1565.62 12.85
2013-2014 -825.68 —-235.59 109.71 12.88
2014-2015 557.78 -208.04 53.93 11.61
2015-2016 667.19 1656.14 75.55 11.88
2016-2017 2939.18 -115.51 17.39 12.43
1997-2017 -2321.93 -1036.29 1932.40 152.56

ratio between the consumption of various fuels and the total
energy consumption in this paper is the paramount factor in
restraining the increase in carbon emissions. Because of the
decline in the proportion of coal consumption, and the
promotion of low-carbon technology in Qinghai Province
during this period, the acceleration of industrial
transformation and upgrading to reinforce green development
has increased the use of clean energy and alleviated the impact of
coal consumption.

Figure 2 implies that coal has always been the main fuel and
energy source in Qinghai Province, the consumption of coal
during the study period has performed a continuous growth
trend, from 3.93 million tons of standard coal in 1997 to 12.48
million tons of standard coal in 2017. In recent years, Qinghai has
reduced its dependence on coal resources through the
development of a circular economy and the continuous

= Energy intensity (tons/10,000 CNY)

—Total energy consumption (10,000 tons of standard coal)
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FIGURE 3| Changes in total energy consumption and energy intensity in
Qinghai Province.

increase of the proportion of renewable energy. This has led to
a continuous decline in the proportion of coal consumption in
total energy consumption, from 73% in 1997 to 62.74% in 2017.
As the main energy source in Qinghai, the decline in the ratio of
coal consumption is an important reason for curbing carbon
emissions. Crude oil also contributes a lot to energy consumption,
which is becoming the second major source of carbon emissions.
Its consumption has increased from 0.74 million tons of standard
coal to 21.79 million tons of standard coal, but its share of total
consumption has dropped from 13.72 to 10.96%. Compared with
coal and crude oil, the proportion of coke and diesel has revealed
an upward trend in recent years, rising from 2.37 to 2.78% in 1997
to 10.7 and 11.15% respectively, and their consumption has risen
from 0.13 and 0.15 million tons of standard coal in 1997 to 2.18
and 2.22 million tons of standard coal in 2017.

It can be seen from Table 4 that energy intensity is another
substantial factor that accelerates the reduction of carbon
emissions, followed by the energy consumption structure, and
this effect has manifested an increasing trend during the study
period. Energy intensity is the proportion of total energy
consumption of the seven fuels in GDP, which can portray the
energy utilization efficiency. The lower the energy intensity is, the
higher the energy utilization efficiency will be. From 1997 to 2017,
the energy intensity effect reduced carbon emissions by 10.36
million tons. The total energy consumption during this period
highlighted a continuously increasing trend (Figure 3), with an
average annual growth rate of 9.32%, from 7.07 million tons of
standard coal in 1997 to 42.02 million tons of standard coal in
2017. Among them, energy consumption grew rapidly from 2002
to 2012, with a growth rate of 13.21%. Although the total energy
consumption continues to increase, the energy intensity has
shown a steady decline, from 3.49 tons/10,000 CNY in 1997 to
1.6 tons/10,000 CNY in 2017, implying that energy use efficiency
has been continuously improved in the process of economic
growth.

Table 4 indicates that economic growth is a vital factor to
arouse the increase in carbon emissions, leading to 19.324 million
tons of increase in carbon emissions from 1997 to 2017, and the
contribution to carbon emissions implied a trend of increasing
first and then decreasing. It is generally believed that the impact of
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economic growth on carbon emissions depends on how the
economic structure is adjusted and what production methods
are used. When the economic structure changes from agriculture
to industry, the increase in output is bound to cause a rapid
increase in carbon emissions, and when the economic structure
changes from industry to the tertiary industry, carbon emissions
will decrease. In addition, if an extensive production method
based on inputs of production factors is adopted in the process of
economic growth, it will bring about adverse effects such as high
resource consumption and low production efficiency, leading to a
rapid increase in carbon emissions. If an intensive production
method aimed at improving total factor productivity is adopted,
economic growth will shift from quantitative expansion to quality
improvement, and carbon emissions will be significantly reduced.
With the implementation of the country’s western development
strategy, Qinghai’s per capita GDP has shown a rapid growth
trend at an average annual rate of 10.47% (Figure 4), increasing
from 4,088.51 CNY in 1997 to 43,893.48 CNY in 2017. Among
them, the growth rate was the fastest from 2001 to 2013, with an
average annual growth rate of 11.73%. During this period, the
industrialization of Qinghai was advancing rapidly. Since the
implementation of the Western Development Strategy in 2001,
through a variety of market access in Qinghai and preferential tax
policies, simplify examination and approval procedures for
investment projects, encourage all kinds of enterprises and
personal investment and participate in roads, Bridges, aviation,
communication, water conservancy, and other infrastructure and
urban public facilities construction, such as water supply, heat
supply and gas supply. Some advantageous industries, such as salt
lakes, electric power, non-ferrous metals, and non-metallic
minerals, have been encouraged by policies, leading to rapid
development of industrial industries. Industrial added value has
maintained double-digit growth for many years in a row, and its
growth rate was higher than that of GDP from 2001 to 2009.
Industry has become the dominant force driving Qinghai’s
economic growth, and the proportion of industrial added
value in the region’s GDP has continued to increase.
Industrialization and urbanization consume a lot of resources
and energy. At the same time, because economic growth in this
period mainly relied on large-scale investment in resources and
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other production factors rather than technology, the rapid
increase in energy-intensive and high-emission industries has
led to the rapid increase of energy consumption and high-
emission industries. As a result, total energy consumption and
carbon emissions are rising rapidly.

The population expansion increases the total energy demand,
and the concentration of population in cities and towns will also
bring about concentrated consumption of energy and CO,
emissions, resulting in an increase in regional carbon
emissions. From 1997 to 2017, the permanent population of
Qinghai embodied a trend of continuous and steady growth
(Figure 4), climbing from 4.97 million to 5.98 million, with an
average annual growth rate of 0.87%. During this period, the
urbanization rate of permanent residents (the ratio of urban
permanent residents to the total population) in Qinghai rose from
34.69 to 53.07%. The increase in population, especially the
increase in urban population, has increased Qinghai’s carbon
emissions. Thus, it can be observed from Table 4 that the
population scale impact caused an increase in carbon
emissions of 1.53 million tons. Although the population size
contributes a small amount to carbon emissions, its contribution
to carbon emissions is demonstrating an increasing trend, which
is also a non-negligible factor bringing the increase to carbon
emissions.

5 CONCLUSION AND POLICY
IMPLICATIONS

Compared with developed regions, the situation encountered by
underdeveloped regions is even more severe, for the sake of
driving China to realize the “dual carbon” goal by 2060. On
the one hand, underdeveloped regions urgently need to expand
their incomes by driving output to catch up with developed
regions, while economic activities are the biggest contributors
to carbon emissions, which will inevitably increase the difficulty
of energy conservation and emission reduction. On the other
hand, the urbanization experienced by Qinghai will also make the
urban population continue to expand. Although the population
impact has a weaker contribution to carbon emissions, its impact
has a growing trend. As the urban population generates more
carbon emissions than the rural population, and more investment
is spent on urban infrastructure construction and renovation, this
has also increased the pressure in underdeveloped regions.

In this paper, the Tapio decoupling elastic coefficient was
applied to dissect the relationship between carbon emissions
and economic growth in Qinghai Province from 1997 to 2017
whilst the LMDI decomposition method was utilized to
expatiate the influencing factors of carbon emissions. The
relationship between carbon emissions and economic
growth reveals a transition from strong decoupling to weak
decoupling and then strong decoupling. However, this change
is not stable, which differs from China’s developed regions
(such as Jiangsu Province), implying a stable weak or strong
decoupling state (Zhang and Wang, 2013). In some years,
expansive negative decoupling and expansive coupling
occurred, showing that the contradiction between economic
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growth and carbon emission reduction in underdeveloped
regions has become more prominent, and the
implementation of related policies is more laboursome.
Regarding the decomposition results of carbon emissions,
economic growth, and population expansion are viewed as
the primary causes for the increase in carbon emissions.
Besides, the energy structure and energy intensity effects are
vital factors that drive the reduction of carbon emissions. This
conclusion fits well with previous research achievements
(Zhao et al.,, 2010; Ortega-Ruiz et al., 2020; Yang et al,
2020) and can be applied to other regions of China or even
other developing countries.

Economic growth is the most important reason for the
increase in carbon emissions, which is related to the extensive
growth pattern of Qinghai in the past few decades. Especially after
the implementation of the Western Development Strategy, high-
carbon industries have taken the lead, and residents’
consumption patterns have also undergone tremendous
changes, leading to changes in carbon emissions from terminal
consumption. The industries with the largest carbon emissions
from terminal consumption have changed from agriculture,
tobacco, and food industries to industries such as chemical
products, oil, and gas extraction, non-metallic mineral
products, electricity and heat production, and supply (Fan and
Fang, 2020). The increase in population should be also
responsible for carbon emissions, even if its impact is weaker
than that of economic growth.

Nevertheless, with regards to the impacts of energy
consumption structure on carbon emissions, the adjustment of
the industrial structure by the national and Qinghai local
governments after 2011 has caused some traditional heavy
industries to be substituted by strategic emerging industries
and modern service industries such as tourism. This has
played a very good role in accelerating energy conservation
and emission reduction, and also supplied Qinghai and other
underdeveloped regions with a good reference to eliminate
carbon emissions to some extent. The continuous decrease in
energy intensity is another important reason for emission
reduction. During the 12th Five-Year Plan period, Qinghai’s
scientific and technological R&D expenditures and the circular
economy added value accounted for 1.5 and 80% of the GDP
respectively. Continuously strengthening the supporting capacity
of capital, technology, and other factors, and promoting low-
carbon technology has brought very good results to Qinghai.

Based on this, the following policy recommendations were
proposed in this paper.

Firstly, it is better to keep optimizing the energy structure,
implement low-carbon transformations in high-carbon
industries such as electricity, oil, natural gas, chemicals, and
non-ferrous metals, strengthen energy consumption
management and control in high-energy-consuming
industries, and eliminate outdated production capacity.
Also, it is necessary to vigorously cultivate low-emission,
high-efficiency strategic emerging industries, high-end
manufacturing, and modern service industries, reduce the
proportion of heavy industry, develop renewable and clean
energy, increase the proportion of clean energy consumption,
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reinforce the energy utilization structure through industrial
transformation and upgrading, and gradually reduce
dependence on coal resources.

Then, it suggests declining energy intensity and improving
energy efficiency. Energy intensity, however, is not infinitely
reduced, and its effect on carbon emissions depends on the
stage of industrialization (Zhao et al., 2010). Therefore, it is
necessary to improve the input efficiency of production factors
by virtue of continuous technological progress. Due to the low-
income levels and local fiscal revenues in underdeveloped
regions, it is essential to provide policy support from state
finances and increase support for clean technologies and
renewable energy, such as biomass, the solar, hydro, wind,
and other low-carbon and non-carbon energy. The circular
economy should continue to be implemented to shorten
resource consumption. What’s more, the government also
needs to continuously make innovations on investment and
financing mechanisms and develop green finance, such as
green credit and green bonds to gratify the investment and
financing needs in the green and low-carbon fields, thus
providing institutional  guarantees for low-carbon
development.

Last but not least, it is advised to reinforce the public
propaganda of low-carbon consumption. Good consumption
habits can restrain the increase in carbon emissions to a large
extent. At present, per capita, household energy consumption in
Qinghai is much lower than that in developed areas (Fan and
Fang, 2020), which is closely associated with the ecological
protection awareness of residents. In the future, it is
necessary to further reinforce the green concept of “green
water and green mountains are golden mountains and silver
mountains”, advocate healthy and low-carbon lifestyles to
people via communities and media, inspire residents to
decline the use of fossil fuels, and strengthen the guidance of
residents’ consumption habits. The government can also
introduce low-carbon technology, develop low-carbon
infrastructure, create a low-carbon experience environment,
enhance consumer satisfaction with low-carbon consumption,
and create good external conditions for low-carbon
consumption.

However, the deficiency of this paper lies in the lack of in-
depth analysis of the influence mechanism of energy intensity,
energy structure, economic growth and population size on
carbon emissions, and insufficient data is used. In future
research, it is necessary to further build a carbon emission
impact mechanism model and conduct empirical tests, and at
the same time use more data to facilitate classification and
comparison, so as to propose targeted countermeasures for
different regions.
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them, the GDP of Qinghai Province and the consumption
of seven fuels of coal, coke, crude oil, gasoline, kerosene,
diesel, and fuel oil all come from the “China Statistical
Yearbook” provided by the NBS (National Bureau of
Statistics of China) (NBS, 2018), and the standard coal
conversion coefficients for various fuels are from the
“China Energy Statistics Yearbook” provided by the
DESNBS (Department of Energy Statistics, National Bureau
of Statistics of China) (DESNBS, 2018), the carbon emission
coefficient is derived from the reference value of the IPCC
National Greenhouse Gas Inventory Guidelines (IPCC, 2006).
The population size is expressed as the year-end permanent
population of Qinghai. The data comes from the 1997-2017
Qinghai Statistical Yearbook (Qinghai provincial bureau of
statistics, 2018).
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GLOSSARY

CNY chinese yuan
CO, carbon dioxide

DESNBS department of energy statistics, national bureau of statistics
of china

EKC environmental kuznets curve

GDP gross domestic product

IPCC intergovernmental panel on climate change
LMDI logarithmic mean divisia index

NBS national bureau of statistics of china
OECD organization for economic co-operation and development
R&D research and development

tce tons of standard coal equivalent

C total carbon emissions

C° carbon emissions in base period 0

C? carbon emission of fuel item i in the base year
C% percentage change in carbon emissions
CCF; the conversion factor of fuel item i

C; carbon emission of fuel item i

t P .
C carbon emissions in year t

CO, Emissions in Qinghai

CE carbon emission of fuel item i in year t

€ decoupling elasticity

E; energy consumption of fuel item i

EI energy intensity

ES energy consumption structure

Ei energy consumption of fuel item i in year t
E% total energy consumption in year t

F; the carbon emission factor of fuel item i
G° gdp in the base period

GDP% percentage change in gross domestic product
G' gdp in year t

PI gdp per capita

P! the total population in year t

AC change in total carbon emissions

ACFp, carbon emission coefficient impact
ACggs energy structure impact

ACE; energy intensity impact

ACp; gdp per capita impact

ACp population size impact
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