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Abstract

Utilizing the LMDI model, this study decomposed the factors influencing carbon
emissions and their effects across 13 sub-sectors in Gansu Province from 2010 to
2019. The Tapio decoupling model was employed to analyze the decoupling rela-
tionship between economic growth and carbon emissions, and based on this, the
degree of effort exerted by each factor toward decoupling was examined. The
results indicate that: (1) From 2010 to 2019, total carbon emissions from sub-
sectors in Gansu Province increased by 3843.13$x$104 t, primarily concentrated
in high-energy-consuming industries such as petroleum manufacturing, chemi-
cal manufacturing, steel manufacturing, and the power industry; the energy
consumption structure exhibited prominent high-carbon characteristics, while
energy consumption intensity demonstrated a declining trend. Improving the
energy consumption structure of high-energy-consuming industries and promot-
ing their transformation and upgrading constitute the key priorities for future
carbon emission reduction in Gansu Province. (2) Economic growth and pop-
ulation size generated incremental effects on carbon emissions, whereas energy
intensity and energy structure produced emission reduction effects; industrial
structure yielded emission reduction effects in certain sectors. (3) The decou-
pling status between carbon emissions and economic growth across industries
tended to improve; except for the power industry, which remained weakly decou-
pled, other industries transitioned from negative decoupling or weak decoupling
during 2010-2016 to strong decoupling or recessive decoupling during 2016-2019.
(4) The energy intensity effect exhibited the highest decoupling effort, while the
decoupling efforts of energy structure and industrial structure effects, though
relatively modest, gradually strengthened; the decoupling effort of population
size effect was not significant.
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Influencing Factors and Decoupling Efforts of Industry-
Related Carbon Emissions in Gansu Province

WU Xi, CHEN Qiangqgiang
(College of Economics and Management, Gansu Agricultural University,
Lanzhou 730070, Gansu, China)

Abstract: Accurate identification of specific focus points for industry carbon
reduction is crucial to realizing China’ s goal of “carbon peak by 2030 and
carbon neutrality by 2060.” This study uses the Logarithmic Mean Divisia In-
dex (LMDI) method to decompose the influencing factors and their effects on
carbon emissions from 13 subsectors in Gansu Province from 2010 to 2019. The
Tapio decoupling model analyzes the relationship between carbon emissions and
economic growth. Accordingly, a decoupling effort model of influencing fac-
tors (excluding economic factors) is constructed to analyze the efforts made by
other factors toward decoupling. The following results are obtained: (1) From
2010 to 2019, carbon emissions from subsectors in Gansu Province increased by
3843.13%3x107{4}$ t, mainly concentrated in petroleum manufacturing, chemi-
cal manufacturing, steel manufacturing, and power generation—industries with
high energy consumption. Specifically, Gansu Province’ s energy consumption
structure is characterized by high carbon emissions, with coal consumption ac-
counting for 64.89% of total fossil energy consumption in 2019. Energy con-
sumption intensity shows a decreasing trend, while energy efficiency continues
to improve. (2) Economic growth and population scale exhibit incremental ef-
fects on carbon emissions, with the economic growth effect being the primary
driver. Energy intensity and structure demonstrate significant reduction effects,
with energy intensity showing a more pronounced effect. However, the influence
direction of the industrial structure effect fluctuates considerably across differ-
ent time periods and industries. The industrial structure effect on chemical
and construction industries shows relatively significant reduction, whereas that
on steel and power industries increases carbon emissions. (3) The decoupling
of carbon emissions from economic growth across the 13 subsectors shows im-
provement. From 2010 to 2013, all industries exhibited weak decoupling, except
for mining and light manufacturing, which showed negative decoupling and ex-
pansion connection. From 2013 to 2016, some industries such as agriculture,
chemical, and steel manufacturing achieved strong decoupling. From 2016 to
2019, all sectors transitioned to strong or recessionary decoupling, except for
the power sector, which remained weakly decoupled. (4) The energy intensity
effect plays the most important role in decoupling. The decoupling effects of
energy structure and industrial structure are small but gradually increasing,
whereas that of population scale is not evident. Evidently, reducing energy
consumption intensity and improving energy use efficiency are crucial for ac-
celerating carbon emission reduction and effectively enhancing the decoupling
level in Gansu Province. Based on these findings, the following should be pro-
posed: First, governments and enterprises should actively introduce low-carbon
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production technologies and high-efficiency energy-saving equipment, encourage
innovation, and focus on developing and optimizing energy-saving and environ-
mental protection technologies. Second, governments should comprehensively
consider local industrial structure characteristics, carbon emission levels, and
emission reduction potentials of subsectors to formulate differentiated quota
schemes for industrial carbon emissions for high- and low-energy industries.

Keywords: carbon emission; LMDI model; decoupling; industry segmentation;
Gansu Province

Introduction

Climate warming has attracted widespread attention due to its severe ecological
damage and urgent threat to human survival and development. Global collective
action against climate change has become an essential part of the community
with a shared future for mankind. According to the International Energy Agency
(IEA), China ranked first globally in carbon emissions with 98.09$x107{8}$ t in
2019. In response to this severe situation, China has made a solemn commitment
to the international community to achieve carbon peak by 2030 and carbon
neutrality by 2060, incorporating the “dual carbon” goals into the overall layout
of ecological civilization construction in its 14th Five-Year Plan.

Gansu Province is not only a major energy and resource supply base in China but
also an important ecological security barrier region. In recent years, the Belt and
Road Initiative has placed higher demands on local industrial energy efficiency.
However, the development path characterized by “energy and resource-intensive”
industries has led to an economic operation model featuring “high consumption,
high input, and low output,” making the resulting energy consumption and car-
bon emission increases an urgent problem to solve. Conducting influencing
factor analysis and decoupling analysis on carbon emissions from Gansu’ s sub-
sectors is of great practical significance for planning and implementing carbon
reduction targets and promoting green, low-carbon industrial transformation
and development.

Different industries exhibit significantly different carbon emission characteris-
tics, making industry-level research crucial for accurately identifying specific
focus points for regional carbon reduction. Studies show that industry carbon
emissions are jointly determined by multiple factors including population, econ-
omy, technological progress, and industrial structure. The Logarithmic Mean
Divisia Index (LMDI) decomposition method and regression analysis methods
represented by the STIRPAT model have become two mainstream approaches
for studying carbon emission influencing factors. The LMDI method is favored
by scholars for its ability to accommodate zero values and produce no residual
after decomposition, and has been widely applied in studies on carbon emission
influencing factors in agriculture, transportation, and other sectors. For in-
stance, Wang et al. studied influencing factors of carbon emissions from China’
s manufacturing industry and found that economic growth has a significant in-
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cremental effect on carbon emissions, while energy intensity shows bidirectional
effects depending on the region. Lai et al. decomposed influencing factors of
carbon emissions from key industries in Fujian Province and concluded that de-
veloping low-carbon technologies and adjusting industrial and energy structures
are important focus points for achieving carbon reduction and environmental
protection in the region.

Numerous studies indicate that economic growth is the main driver of increased
carbon emissions. How to better balance economy and environment, develop-
ment and emission reduction is a major issue in achieving China’s “dual carbon”
goals. Research on this relationship mostly proceeds from two perspectives: the
long-term correlation based on the Environmental Kuznets Curve (EKC) hy-
pothesis and short-term effects. At the sectoral level, Li et al. conducted decou-
pling analysis of power, steel, and cement industries in Chinese provinces; Wang
et al. studied the decoupling status between economic growth and carbon emis-
sions in China’ s industrial subsectors; Liu et al. measured regional industrial
carbon emission decoupling indices and constructed a decoupling effort model
to explore the internal drivers of decoupling.

In summary, existing literature has greatly enriched research on industry carbon
reduction, but few studies have addressed carbon emission issues in subsectors
at the provincial level in less-developed regions. This study takes 13 subsectors
in Gansu Province as research objects, uses the LMDI method to decompose
influencing factors of industry carbon emissions, and employs the Tapio decou-
pling model to analyze the decoupling relationship between economic growth
and carbon emissions. Furthermore, it examines the decoupling efforts made by
various influencing factors to provide a basis for formulating and implementing
industry carbon reduction strategies in Gansu Province.

Methodology
Data Sources and Processing

Data on energy consumption, year-end permanent population, and Gross Do-
mestic Product (GDP) are all obtained from the Gansu Development Year-
book (2011-2020). Since industrial GDP for subsectors cannot be obtained,
following the approach of He et al., we calculate it using (industrial output
value/industrial total output value) x industrial GDP. To eliminate price fac-
tor influences, all GDP values are converted to constant 2010 prices.

IPCC Method

We use the IPCC method to calculate carbon emissions from subsectors in Gansu
Province, with the formula:

C:ZZEiJ’ijxmj
i
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where:
- C is carbon emissions;
- i represents 13 subsectors;
- j represents 9 fossil fuels including raw coal, coke, crude oil, gasoline, kerosene,
diesel, fuel oil, liquefied petroleum gas, and natural gas;
- k; and m; are the carbon emission coefficient and standard coal conversion
coefficient for fossil fuel j, respectively;
- E,;; is the consumption of fossil fuel j by industry i;

- k; 1s calculated based on the relative molecular (atomic) mass of j.

LMDI Model

Following Ang et al., we decompose influencing factors of subsector carbon
emissions using the formula:

e
xSxP = ZZCIXESXEIXSIXGPXP

The change in carbon emissions is decomposed as:

where:

- C}; is carbon emissions from fossil fuel j in industry i;

- E;; is consumption of fossil fuel j in industry ;

- E is total energy consumption of industry ;

- Gi is GDP of industry ¢;

- G is total GDP;

- P is year-end population;

- CI, ES, FI, SI, GP, and P represent carbon emission coefficient, energy
structure, energy intensity, industrial structure, economic growth, and popula-
tion scale, respectively;

- AC, is the effect of influencing factor z;

- C, and C are carbon emissions in target year and base year, respectively.

The specific calculation formula for each influencing factor’ s effect is:

AC, = ZZL (C,C%) (:js)

where:

- x represents each influencing factor mentioned above;
- AC, is the carbon emission effect of factor x;

- L(C’t Cy;) is the weight;

@50
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- ij and C’Z—Oj are carbon emissions from fossil fuel j in industry i in target year
and base year, respectively;
- z, and z are factor values in target year and base year, respectively.

The weight formula is:

L — Y,
ij i

For easier comparison, following Lai et al., we use relative contribution to de-
scribe the influence degree of each effect on carbon emissions:

AG, x 100%

0="C

where:

- § is relative contribution.

- If § > 0, the factor promotes carbon emissions, and larger values indicate
stronger promotion.

- If § < 0, the factor inhibits carbon emissions, and larger absolute values
indicate stronger inhibition.

Decoupling Analysis

We use the Tapio decoupling model to study the decoupling relationship between
economic growth and carbon emissions:

__Ag/C
~ AG/G

where:

- € is the decoupling index;

- AC and AG are growth rates of carbon emissions and GDP, respectively;
- C and G are carbon emissions and GDP in base year, respectively.

Specific decoupling state definitions are shown in [Figure 1: see original paper].

Decoupling Effort Model To further analyze the efforts made by various
factors toward decoupling economic growth from carbon emissions, we construct
the following model:

_AC,/C

b. =Ra/a
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where:

- D, is the decoupling effort indicator of influencing factor « (excluding economic
growth effect);

- AC, is the carbon emission change caused by factor x.

- When 0 < D, < ¢, it indicates weak decoupling effort;

- When D, < 0, it indicates strong decoupling effort;

- When D, > ¢, it indicates no decoupling effort.

Results
Energy Consumption Status in Gansu Province

From the overall perspective of industrial energy consumption in Gansu
Province ([Figure 2: see original paper]), total energy consumption in 2019 was
7919.59$x107{4}$ t standard coal. Coal and oil consumption accounted for
64.89% and 34.67% of total fossil energy consumption, respectively, indicating
that coal remains the primary form of energy consumption. The energy
consumption pattern shows prominent high-carbon characteristics, leaving
considerable room for optimization of the energy consumption structure. By
sector, power generation, steel manufacturing, and chemical manufacturing
accounted for 34.82%, 15.13%, and 7.56% of energy consumption, respectively,
representing the main coal-consuming industries. Petroleum manufacturing
and transportation accounted for 29.98% and 4.93% of energy consumption,
respectively, representing the main oil-consuming industries.

Using the mean energy consumption intensity of 0.11 t+ (10* yuan)~! as the
threshold, industries are divided into high-energy and low-energy categories for
analysis ([Figure 3: see original paper]). Overall, energy consumption intensity
of subsectors in Gansu Province showed a decreasing trend from 2010 to 2019,
indicating significant improvement in energy-saving technology and a gradual
shift in industrial development mode from high-energy, extensive patterns to
low-energy, intensive patterns. By sector, high-energy industries represented by
power generation and petroleum manufacturing showed significant declines in
energy consumption intensity, but remained at relatively high levels compared
to other industries. Mechanical manufacturing, trade and catering, and other
services maintained low energy consumption intensity levels throughout the
years, with mean values of 0.07 t + (10* yuan)~', 0.05 t - (10* yuan)~?, and 0.05
t + (10* yuan) !, respectively, demonstrating high energy utilization efficiency.

Carbon Emission Status in Gansu Province

From an overall perspective, carbon emissions from subsectors in Gansu
Province increased from 16520.90$x107{4}$ t to 20364.03$x107{4}$ t from
2010 to 2019, an increase of 3843.13$x107{4}$ t ([Figure 4: see original paper]).
The power industry contributed the most, accounting for 53.85% of the total in-
crease in subsector carbon emissions. Carbon emissions from mining, petroleum
manufacturing, chemical manufacturing, steel manufacturing, transportation,
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trade and catering, and other services also showed positive growth. In contrast,
carbon emissions from agriculture, light manufacturing, textile manufacturing,
mechanical manufacturing, and construction decreased to varying degrees, with
reductions ranging from 20.49$x107{4}$ t to 119.285x107{4}$ t.

Combined with carbon emission data for subsectors in Gansu Province (), it is
evident that carbon emissions are concentrated in high-energy industries such
as petroleum manufacturing, chemical manufacturing, steel manufacturing, and
power generation, all showing upward trends. Therefore, improving the energy
consumption structure of high-energy industries and promoting their transfor-
mation and upgrading are top priorities for carbon reduction in Gansu Province.

Factor Decomposition Analysis of Carbon Emissions in Gansu
Province

The relative contribution of each influencing factor to subsector carbon emissions
is shown in . Considering the Belt and Road Initiative proposed in 2013 and the
impact of the 13th Five-Year Plan on carbon emissions in Gansu Province, the
study period is divided into three time segments: 2010-2013, 2013-2016, and
2016-2019.

Population Scale Effect (AC_P) The population scale effect promoted
carbon emission increases during all three periods. Except for light manufac-
turing, textile manufacturing, and mechanical manufacturing, the population
scale effect of the other 10 industries showed an increasing trend. Among them,
transportation, construction, and agriculture had relatively high relative contri-
bution values, with mean values of 12.8%, 11.9%, and 10.3%, respectively. The
impact of population expansion on transportation pressure, housing demand,
and land use changes is increasingly evident for carbon emission growth.

Economic Growth Effect (AC_{GP}) The economic growth effect
showed significant promotion of carbon emission increases across all periods,
but this effect declined over time. From 2010 to 2013, the economic growth
effect was particularly significant in petroleum manufacturing, construction,
and transportation, with relative contributions of 74.8%, 70.0%, and 60.3%,
respectively. From 2013 to 2016, mining showed the most significant effect
with a relative contribution of 67.9%. By 2016-2019, the promoting effect of
economic growth had significantly weakened, with relative contributions for
all industries falling below 60%. Although the promoting effect of economic
growth on subsector carbon emissions in Gansu has clearly declined, it remains
the primary driver of emission increases. The challenge of achieving carbon
reduction while maintaining economic growth still requires urgent solutions.

Industrial Structure Effect (AC_ {SI}) The industrial structure effect
consistently promoted carbon emissions in the power industry and other ser-
vices throughout all periods. In contrast, mechanical manufacturing and con-
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struction showed inhibitory effects that gradually strengthened. The industrial
structure effect on other industries fluctuated significantly in direction. The
number of industries where the structure effect showed inhibition was 5 in
2010-2013, increased to 8 in 2013-2016 (with mining, textile manufacturing,
and steel manufacturing shifting from promotion to inhibition), and decreased
to 6 in 2016-2019. This indicates that the Belt and Road Initiative proposed
in 2013 enhanced industrial upgrading in Gansu, with significant achievements
in industrial structure optimization. However, the industrial structure effect of
high-energy industries such as petroleum manufacturing and power generation
still mostly shows promotional effects, indicating that green and low-carbon
development of high-energy industries remains a future priority.

Energy Intensity Effect (AC__{EI}) Energy intensity showed significant
reduction effects on carbon emissions across all periods, with strengthening
trends, indicating gradually improving energy utilization efficiency in Gansu’ s
subsectors and growing emphasis on energy-saving technology innovation that
has received positive feedback. Industries with relatively large energy intensity
effect contributions include mechanical manufacturing (-61.7%), steel manufac-
turing (-48.1%), textile manufacturing (-42.3%), and power generation (-41.2%).

Energy Structure Effect (AC__{ES}) Over time, the number of industries
where energy structure showed inhibitory effects on carbon emissions gradually
increased, and the inhibition gradually strengthened. From 2010 to 2013, 5 in-
dustries showed inhibitory effects. By 2013-2016, agriculture, textile manufac-
turing, and steel manufacturing shifted from promotion to inhibition, bringing
the total to 8 industries. From 2016-2019, 9 industries showed inhibitory effects,
with only mining, power generation, petroleum manufacturing, and steel man-
ufacturing showing promotional effects. The Gansu Province 14th Five-Year
Energy Development Plan notes that during the 13th Five-Year period, Gansu
significantly enhanced its non-fossil energy supply capacity by leveraging new
energy development advantages in the Hexi region and continuously deepening
energy system reforms.

Decoupling Analysis of Carbon Emissions and Economic Growth in
Gansu Province

The decoupling status between carbon emissions and economic growth in Gansu’
s subsectors is shown in . From 2010 to 2013, all industries showed weak de-
coupling except for mining and light manufacturing, which showed expansion
negative decoupling and expansion connection, respectively. From 2013 to 2016,
agriculture, chemical manufacturing, steel manufacturing, and other industries
improved their decoupling status, shifting from weak to strong decoupling. How-
ever, transportation, trade and catering, and other services showed expansion
negative decoupling, indicating that while Gansu’ s tertiary industry developed
rapidly, its dependence on energy consumption increased. From 2016 to 2019,
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all industries shifted to strong or recessionary decoupling except for the power in-
dustry, which remained weakly decoupled. Some industries such as mining, light
manufacturing, chemical manufacturing, and steel manufacturing even showed
recessionary decoupling, where the rate of carbon emission reduction exceeded
the rate of economic decline, indicating significant industrial structure transfor-
mation and economic recession in some sectors during this period.

Decoupling Effort Analysis of Influencing Factors

The decoupling efforts of various influencing factors on subsector carbon emis-
sions in Gansu Province are shown in . Throughout the study period, the
decoupling effort values of population scale effects for all 13 industries were less
than 0, indicating no effort made.

Regarding industrial structure effects, different industries made differentiated
decoupling efforts across the three periods. From 2010 to 2013, agriculture,
trade and catering, construction, transportation, petroleum manufacturing, and
mechanical manufacturing made weak decoupling efforts. From 2013 to 2016,
the decoupling effort values for mining, textile manufacturing, and steel manu-
facturing turned from negative to positive, while petroleum manufacturing and
trade and catering improved from weak to strong decoupling efforts. From 2016
to 2019, the number of industries making decoupling efforts decreased, indicat-
ing that Gansu’ s industrial structure adjustment still has considerable room
for improvement.

Regarding energy intensity effects, this factor made decoupling efforts for most
industries during the study period, with efforts becoming stronger over time.
Except for light manufacturing, which showed weak decoupling effort, all other
industries showed strong decoupling effort.

Regarding energy structure effects, decoupling efforts showed a significant
strengthening trend over time. From 2010 to 2013, energy structure effects
made decoupling efforts for only 3 industries. By 2013-2016, this increased
to 8 industries. From 2016 to 2019, energy structure effects made decoupling
efforts for most industries, indicating that Gansu’ s industrial energy structure
adjustment policies have been effective.

Discussion

Most studies on factor decomposition of carbon emissions in Gansu Province
have focused on the macro level. Liu et al. and Dong et al. decomposed in-
fluencing factors of carbon emission changes in Gansu, finding that economic
growth has a significant incremental effect while energy intensity is a key reduc-
tion factor. This study, conducted at the subsector level in Gansu, finds that
economic growth and population scale show incremental effects, with economic
growth being the primary driver, while energy intensity and structure show re-
duction effects, and the industrial structure effect varies by industry. Dong et
al. added forest carbon sinks and urbanization rates to their evaluation system,
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finding that urbanization promotes carbon emissions while forest carbon sinks
have strong carbon sequestration effects.

This study shows that energy intensity effects not only have obvious carbon re-
duction effects but also make significant decoupling efforts between carbon emis-
sions and economic growth, consistent with Lai et al.” s research on influencing
factors and decoupling efforts of carbon emissions in Fujian Province. There-
fore, reducing energy consumption intensity and improving energy efficiency
are important focus points for enhancing decoupling levels. Governments and
enterprises should actively introduce low-carbon production technologies and
high-efficiency energy-saving equipment, increase R&D investment, encourage
innovation, and focus on developing and optimizing energy-saving and envi-
ronmental protection technologies to further leverage the supporting role of
technological innovation.

Under China’ s “dual carbon” targets, it is crucial for governments to better
perform macro-regulation functions and create a favorable policy environment
for carbon reduction. Governments should comprehensively consider local in-
dustrial structure characteristics, subsector carbon emission levels, and emission
reduction potentials to accurately identify specific focus points for carbon reduc-
tion in each industry. Differentiated industry carbon emission quota schemes
should be formulated for high- and low-energy industries. Meanwhile, a fusion
mechanism for carbon emission trading rights and carbon tax should be estab-
lished to further improve Gansu’ s carbon reduction policy system.

Previous studies have predicted peak times and sizes for industrial subsectors at
the national level and assessed their reduction potentials. Dong et al. predicted
carbon peak for five northwestern provinces and analyzed the impact of envi-
ronmental regulation on the peak. This study only discusses influencing factors
and decoupling effects of industry carbon emissions in Gansu; the carbon peak
situation and reduction potential of subsectors require further assessment.

Conclusions

This study draws the following conclusions: (1) From 2010 to 2019, carbon emis-
sions from subsectors in Gansu Province increased by 3843.13$x107{4}$ t, with
high-energy industries such as petroleum manufacturing, chemical manufactur-
ing, steel manufacturing, and power generation being the main sources. Coal
consumption accounts for 64.89% of total energy consumption, showing promi-
nent high-carbon characteristics, though energy consumption intensity across
subsectors shows a decreasing trend. (2) Economic growth and population scale
exhibit incremental effects, while energy intensity and structure show signifi-
cant reduction effects; industrial structure effects produce reduction effects in
some industries. (3) The decoupling of carbon emissions from economic growth
across industries is improving, with energy intensity effects making the highest
decoupling efforts. The decoupling efforts of energy structure and industrial
structure effects, though relatively low, are continuously strengthening, while
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population scale effects show no evident decoupling effort.
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