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Abstract: This research quantifies the inter-industrial linkages (forward linkages and backward
linkages) and economic effects (production-inducing effects and supply-shortage effects) and their
changes through the input-output analysis of China’s coal industry in different time periods (2005,
2010, 2015, 2020). The results show that, from an overall point of view, the linkages (backward and
forward) between the coal industry and other industries, as well as the economic effects of the coal
sector, have tended to weaken in recent years, and both of these indicators for the coal sector in 2020
are weaker than the levels in 2005. However, individual sectors differ from the overall trend: the
non-metal mineral products sector has shown an upward trend in recent years in the degree of total
demand for coal sector products and the degree of influence by supply shortages in the coal sector,
while these two indicators for the construction sector have been on an upward trend since 2005; the
electricity, heat production, and supply sector has shown an upward trend in recent years in the
degree of influence by supply shortages in the coal sector. Based on the analytical results of this study,
some policy insights are provided for China’s low-carbon transition.

Keywords: coal industry; input-output analysis; inter-industrial linkages; economic effects; low-

carbon transition

1. Introduction

China is the world’s largest coal producer and consumer, accounting for over half of
global coal production and consumption in 2020 [1]. Due to China’s energy landscape of
rich coal endowment but limited oil and natural gas, coal has long been the chief form of
energy used, occupying a dominant position in energy production and consumption. From
a macroeconomic perspective, the coal sector in China plays an essential role in providing
the necessary energy and other resources to support economic development [2].

However, while the coal sector has strongly supported China’s economic development,
it has also caused serious environmental problems in China, one of which is the large
amount of greenhouse gas emissions. Specifically, China is the largest emitter of coal mine
methane in the world, accounting for around half of global coal mine methane emissions [3].
In 2021, the use of coal in China caused 7.96 billion metric tons of CO; emissions, accounting
for about 70% of China’s total emissions that year [4]. In September 2020, Chinese President
Xi Jinping announced that China will “aim to peak CO; emissions by 2030 and achieve
carbon neutrality by 2060” [5], implying that China will take more aggressive measures to
accelerate the low-carbon transition of its energy system and industrial sectors and promote
the optimization and upgrading of industrial structures to achieve a low-carbon economy.

Moving away from dependence on coal is one of the key aspects of China’s low-carbon
transition. However, coal not only dominates China’s energy system, but the coal industry
also interacts and is closely linked with other industries in the national economy through
complex input-output relationships. It is therefore important to understand the relationship
between the coal industry and other industries and to estimate the economic effects of
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the coal industry when making strategic decisions related to the low-carbon transition in
various industrial sectors.

Figure 1 shows annual coal production/consumption and its proportion in China’s
total energy production/consumption from 2005 to 2020. As mentioned above, coal dom-
inates China’s energy system, with its production and consumption showing a steady
upward trend each year between 2005 and 2012. The period 2002-2012 is also commonly
referred to as the “golden decade” of China’s coal industry, during which rising market
demand and coal prices attracted a large amount of social capital. However, it also led to
over-production and yield over-concentration [6].
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Figure 1. Coal production/consumption and its proportion in total energy production/consumption
of China in 2005-2020. (Data source: [7], the conversion of short ton to the International Sys-
tem of Units (Mg) is based on the following unit conversion relationships: 1 Mg = 1 metric
ton = 1.10231 short ton).

With the start of the 12th Five-Year Plan period (2011-2015), China has suffered a
slump in economic growth and a noticeable degradation of ecological and environmental
issues [2]. At the same time, its energy strategy has changed dramatically. Specifically, the
“Air Pollution Prevention and Control Action Plan” was released by the State Council in
2013, with the aim of limiting direct coal consumption to 65% of primary energy until 2017
by using a combination of substitute energy sources (coal to gas and coal to electricity),
renewable energy, and energy efficiency measures [8]. After that, the “Action Plan for Clean
and Efficient Use of Coal (2015-2020)" was issued by the National Energy Administration
(NEA) in 2015, with the main tasks including improving the quality of coal products and
improving the efficiency of comprehensive use of coal resources [9]. The production and
consumption of coal continued to decline between 2013 and 2016, and its proportion in
the energy system also began to decline from 2011. In 2016, the National Development
and Reform Commission (NDRC) and the NEA released the “13th Five-Year Plan for the
Development of the Coal Industry” (2016-2020), which called for strict control of new
production capacity, elimination of excess outdated capacity, limitations on consumption,
and optimization of the coal production structure [10]. While the share of coal in the energy
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system continued to decline, coal production and consumption began to rebound, with an
upward trend between 2016 and 2020.

The announcement of China’s carbon peak and carbon neutrality goals in 2020 opened
the way for a transition to a low-carbon economy, with the coal industry once again facing
significant challenges. In other words, China needs to gradually reduce its dependence on
coal while ensuring economic development. In 2021, the State Council issued the “Action
Plan for carbon dioxide peaking before 2030”, which includes key actions to promote coal
consumption substitution, transformation, and upgrading and accelerate coal reduction
efforts [11].

In summary, since the beginning of the 12th Five-Year Plan period, a series of related
policies have led to a continuous decrease in the proportion of coal production/consumption
in total energy production/consumption. However, the production and consumption of
coal have rebounded in recent years and shown a trend of continual increase. In addition,
the role of the coal industry as part of the overall chain of industry is constantly changing
along with the changes in economic development and the enactment of related policies,
which makes it necessary to track changes in the relationship between the coal industry
and other industries as well as the economic effects throughout different periods of the
coal industry. Providing an overview of changes in trends related to industry can inform
the formation of corresponding policy measures aimed at promoting the development of a
low-carbon economy.

Some scholars have already conducted a comprehensive analysis of China’s coal
industry. Wang [12] discussed the imbalanced development of the coal and electricity
industries in China, highlighting their heavy reliance on each other but also noting that
excessive government intervention has made it difficult for them to form stable and cost-
saving relationships. Liu [13] carried out an empirical analysis of the coal industry’s
coordinated development path based on an investigation and study of several coal cities in
China. Through the analysis, the author suggested that the coal industry needs to pay high
taxes and fees, fulfill its dutiful social responsibility, and implement a reasonable tax and
fee system to realize the coordinated development strategy for the coal industry. Zhang
et al. [14] offered new perspectives by concentrating on residual coal exploitation and its
impact on both sustainable coal industry development and sustainable coal supply in China.
They argued that residual coal exploitation will have a positive impact on both coal supply
and the sustainable development of the coal industry in China but that factors such as
economic development and environmental concerns can impede coal industry development.
Zhang et al. [15] measured and evaluated the Chinese coal industry’s capacity utilization
(CU) over the past decades to scientifically evaluate its resource allocation. The study
found that there is a significant decoupling between economic growth and coal capacity
utilization, indicating that China’s supply-side reform has been effective in optimizing its
energy mix. The study also suggests that capacity elimination in China’s coal sector may
not cause a macroeconomic slump provided it is done gradually and with proper planning.
Wang et al. [16] provided a review and prospects for clean utilization technology in China’s
coal industry. The study concluded that the development and implementation of intelligent
and ecological coal mining technologies and clean utilization technologies are crucial for
improving the efficiency, safety, and sustainability of China’s coal industry while reducing
its ecological and environmental impacts. Zhao et al. [17] provided a quantitative analysis
of the future development of China’s coal industry, with a focus on the composite index,
evaluation system, industrial transition, and carbon emission reduction. The key findings of
this study suggest that, to comprehensively develop China’s coal industry, priority should
be placed on energy security, safe and efficient mining, minimal environmental impact, and
market competitiveness to satisfy national energy demands and ecological protection and
industry sustainability goals. Zhang et al. [18] explored if the capacity reduction policy
has enhanced the efficiency and environmental development of the coal industry. Even
though the coal capacity reduction policy has reached a certain level of success, it is still
necessary to establish and further develop the long-term policy of eliminating backward
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production capacity and preventing the resumption of reduced production capacity in
the context of carbon neutralization. Zhong et al. [19] identified key factors that affect
the transformation of the Chinese coal sector and analyzed the relationships and impacts
on the industry’s development. The authors suggest that policymakers should focus
on developing supportive policies and promoting technological innovation to facilitate
a high-quality transformation of China’s coal industry. Zhang and Ponomarenko [20]
analyzed the development changes in China’s coal industry in the post-epidemic era and
suggested future sustainable development directions for China’s coal industry, including
reducing carbon emissions and phasing out dependence on coal for economic development.
Zhang et al. [21] discussed the quantification and multivariate decomposition of total
factor productivity (TFP) growth in China’s coal sector. The study concluded that China
needs to strengthen the role of TFP growth in promoting the development of the coal
industry, abandon the conventional methods of increasing output by increasing the input
of production factors, and promote the energy production and consumption revolution to
optimize the development system of the coal industry.

The above studies analyzed China’s coal industry from different perspectives and
provided valuable policy insights for the sustainable development of China’s coal industry.
However, few studies have discussed the inter-linkages between the coal industry and
other industries or the economic effects of the coal industry. Most extant studies regarding
the economic impact of a particular sector have used input-output analysis (I-O analysis),
a classic approach to macroeconomic analysis that tracks the interdependencies between
different sectors in an economy. This type of analysis method provides a breakdown of
each sector in terms of its impact on the economy, and thus, it is recognized as a useful
tool for identifying the impact of a particular sector within an economy and has widely
been used in recent years to analyze the economic impact and role of specific sectors in
different countries, such as the maritime and transportation industry in Korea [22,23], the
air transport and fisheries industry in China [24,25], the marine industry in Ireland [26], and
the seafood industry in Norway [27]. For studies of energy-related sectors, Han et al. used
I-O analysis to examine the role of the four electricity sectors (hydroelectric, fossil fuels,
nuclear, and non-utility) in the Korean economy for the period 1985-1998 [28]. Tang et al.
employed an I-O approach to assess the economic impacts of China’s petroleum industry
in 1987-2007 [29]. Chun et al. adopted I-O analysis combined with the scenario-based
exogenous specification method to evaluate the impact of investment in the hydrogen
sector on the Korean economy for the period from 2020 to 2040 [30]. Lee et al. assessed and
compared the role of the natural gas supply sector in the economies of Japan and South
Korea by conducting an I-O analysis of these two countries [31]. In addition, some studies
have focused on the mining industry, which included analysis of the coal mining industry.
For example, Stilwell et al. analyzed the impact on the South African economy of gold,
coal, and other mining activities between 1971 and 1993 by using I-O techniques [32]. San
Cristébal and Biezma used the I-O method to summarize the linkages of the mining and
quarrying industry in the 10 European Union countries and identified several subsectors
that could be considered as key sectors [33]. Kim et al. divided the Korean mining sector
into four subsectors (coal, crude oil and natural gas, metal ores, and non-metallic mineral
mining) and quantified the economic effects of the mining sector and the four subsectors in
2015 through the I-O analysis [34]. Regarding studies covering input—output analysis of
the Chinese coal industry, Lei et al. [35] conducted a quantitative analysis of the economic
and social impacts of different mineral developments in China from diverse perspectives
by adopting the basic hypotheses of I-O economics, industrial linkage model, and income
distribution antithesis. The results indicated that the coal mining and washing industry has
provided a powerful push to increase China’s fixed asset investment and GDP, created a
large number of jobs, and also acted positively to promote China’s technological investment.
However, negative impacts on the environment and income inequality were also noted.
Li et al. [2] used a method of combining I-O analysis and an APL model to empirically
analyze China’s coal industry chain and its evolutionary trends at the macroscopic level.
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The authors identified that coal production and the supply of electric power, steam, and hot
water constitute one of the four most important industrial chains in China, and industries
related to the coal industry include chemicals, metal smelting and pressing, general-purpose
electrical equipment manufacturing, power supply, and construction. The authors also
emphasized the urgency to change the national structure of the coal industry in order to
alleviate environmental pressures.

The above elaborated on previous studies related to the coal industry and an effective
method to reveal the economic impact and role of specific sectors in an economy, i.e., I-O
analysis and its related studies. However, among these studies, there is not only a lack of
studies that consider the background of China’s transition to a low-carbon economy but also
a lack of studies that comprehensively consider the inter-industrial linkages and economic
effects of China’s coal industry. To address this gap, this study applies the I-O method,
with the aim of providing policy insights for China’s transition to a low-carbon economy
by analyzing the inter-industrial linkages and economic effects of China’s coal industry in
different time periods, as well as their changes. Specifically, this study uses I-O tables (for
China) for 2005, 2010, 2015, and 2020 and contributes through (1) the calculation of the total
input coefficient and power of dispersion index of the coal industry, to comprehensively
analyze the backward linkages of China’s coal industry; (2) the calculation of the total
output coefficient and sensitivity of dispersion index of China’s coal industry, to provide a
comprehensive analysis of the forward linkage of China’s coal industry; (3) the calculation
of the production-inducing and the supply-shortage effect of China’s coal industry, to
quantify its economic effects; (4) analyzing the changing characteristics of these indicators;
and (5) providing, based on the calculation results, some policy insights for exploring
pathways toward low-carbon economic transformation in China. The remainder of this
paper is organized as follows: Section 2 provides the data sources and methodology,
Section 3 presents the results of the I-O analysis, and Section 4 presents the conclusions
and policy insights.

2. Methodology and Data
2.1. Method: I-O Analysis
2.1.1. General Framework of the I-O Model

The input-output model (I-O model) is an analytical framework developed by Wassily
Leontief in the late 1930s [36]. It is aimed at creating a comprehensive framework that
captures the interdependencies and interrelationships between different industries and
sectors in an economy. The I-O model is based on an I-O table that shows the flow of goods
and services between sectors, as well as a set of linear balance equations that describe these
flows, as follows [37]:

n n
XizzxijJrYi:ZainjJrYi (i=1,2,...,n) 1)
j=1 j=1

X;=

M-

I
—

n
xij+Vj=Z{rini+Vj (Gj=12...,n) 2)
i=

where X; is the total output of sector i; a;; is the direct input coefficient which divides x;;,
the inter-industry input of producing sector j from supply sector i by X;, the total input of
sector j; r;; is the direct output coefficient which divides x;; by X;, the total output of sector i;
Y; is the final demand of sector i, and V; is the value added by sector j. Equations (1) and (2)
represent the demand-driven model and the supply-driven model, respectively.

Based on the I-O framework, the inter-industrial linkages between China’s coal in-
dustry and other industries are quantified. Typically, the inter-industrial linkages between
the coal industry and other industries can be mainly divided into backward linkages from
an input perspective and forward linkages from an output perspective. The former is the
connection between the coal industry and its upstream industries, where the coal industry
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purchases products from other industries as a purchaser. The latter is the connection
between the coal industry and its downstream industries, where the coal industry sells
its products to other industries as a supplier. In this study, the backward linkages are
measured by calculating the total input coefficient and the power of dispersion index. The
forward linkages are measured by calculating the total output coefficient and the sensitivity
of dispersion index. Treating the coal industry exogenously, this study further examines its
economic effects, including production-inducing and supply-shortage effects.

2.1.2. Backward Linkages
o  Total Input Coefficient

The total input coefficient measures the quantity of direct and indirect input from
other sectors to produce one unit of output of the coal sector. It can be applied to measure
the total dependence of the coal sector on its upstream sectors. Its coefficient matrix can be
represented by B using the following formula:

B=(I-A)"'=I ©)

where A represents the direct input coefficient matrix whose elements are direct input

coefficient a;;. I is the n x n identity matrix, and (I — A)71 denotes the Leontief inverse
matrix.

e  Power of dispersion index

The power of dispersion index was developed by Rasmussen in 1956 and has been
widely applied to evaluate backward linkages [38]. This index represents the extent of the
change in overall output if final demand in a given sector were to increase by one unit. It is
expressed as

Y Ly
- n____ 4
Pi T B Ly @)
n2
where p; denotes the power of dispersion index, and 7 is the number of industries. YiqLi i/n

is the average of the j column’s elements in the Leontief inverse matrix L = (I — A)_l.
i Yt Lij/ n? is the average of all elements in the Leontief inverse matrix. If p; > 1, this
means that the economy as a whole will experience above-average output growth due to a

unit increase in demand for the products of sector j.

2.1.3. Forward Linkages
o  Total output coefficient

The total output coefficient represents the amount of the coal sector’s one-unit output
that is completely consumed by each sector. It can be used to analyze the degree of total

demand for the coal industry by its downstream sectors. Its coefficient matrix can be
represented by W and is given by the following formula:

W=(I-R)'=I (5)
where R represents the direct output coefficient matrix whose elements are direct output
coefficient Tijs and (I — R)_1 denotes the Ghosh inverse matrix.

e  Sensitivity of dispersion index

Rasmussen also provides another index that describes the extent to which the system
of industries is dependent on a particular industry—the sensitivity of dispersion index [38].
It measures the extent of the increase in the production of a particular industry, driven by a
unit increase in the final demand for all industries in the system. It is described as
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where s; denotes the sensitivity of dispersion index, and 7 is the number of industries.
Y.i—1 Lij/n is the average of the i row’s elements in the Leontief inverse matrix L = (I — A) -1

]r-’:l YiqLij/ n? is the average of all elements in the Leontief inverse matrix. If s; > 1, it
means that the unit growth in demand in all sectors will lead to above-average growth in
sector 1.

2.1.4. Economic Effects
e  Production-inducing effect

Equation (1) can be converted into a matrix form as X = (I — A)_lY, where X is the
total output matrix, and Y is the final demand matrix. But this standardized demand model
cannot properly assess the effects of new productive activities in a particular industry on
the rest of the economy because changes in final demand can be caused by forces outside
the model, such as changes in the patterns of consumption by consumers or changes in
government purchases. Hence, the coal sector should therefore be treated exogenously and
put in the final demand group [23,25]. To treat the coal sector as exogenous, the subscript
“e” is added to the new matrices, and the subscript “m” is added to the vectors related to
the coal sector, so that X,= (I — A E)_1 (Y, + AuXp). Assuming AY, = 0, Equation (7)
then yields

AXe= (I—A,)  AuAXy ?)

where AX, is the production-inducing multiplier, which shows changes in the output
of sectors other than sector m. (I — A 6)71 represents the Leontief inverse matrix after
deleting the m-related row and column. A, denotes a column vector that is left after
eliminating the mth element from the sector m-related column vector of A. AX;, denotes
the change in the output of sector m.

This study utilizes Equation (7) to assess the impact of a change in the supply invest-
ment of the coal sector on the output of all other sectors in China, that is, the production-
inducing effect.

e  Supply-shortage effect

The traditional I-O model, assuming fixed input coefficients and perfectly elastic input
supply, focuses on analyzing the effects of final demand, or backward linkage, and the
output orientation of activities [23,25]. However, it may not be suitable for addressing the
impacts of primary supply or forward linkage and input-oriented activities. Equation (2)
can be converted into a matrix form as X'= V' (I — R) LA prime (') refers to the transpose
of the given matrix, and V is the value-added matrix. As in the case of the production-
inducing effect, treating the coal sector exogenously and all other sectors are assumed to
remain unchanged:

AX!= RyA Xy (I —R,) 8)

where AXj, is the supply-shortage multiplier, which shows the output changes of other
sectors other than the sector m. (I —R 6)71 represents the Ghosh inverse matrix after
deleting the m-related row and column. R, denotes a row vector that remains after
removing the mth element from the mth row vector of R. AX,;, is the change in the output
of sector m.

This study uses Equation (8) to assess the impact of a unit supply shortage in the coal
sector on the output of other sectors, that is, the supply-shortage effect.
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2.2. Data

To track the changes in the inter-industrial linkages and economic effects of China’s
coal industry in different time periods and to reflect its latest features, this study uses
China’s latest 2020 I-O table, published by the National Bureau of Statistics, to conduct
the I-O analysis [39]. On this basis, for the inter-temporal comparisons, this study further
selects three additional China’s I-O tables (2015, 2010, and 2005) with a time interval of five
years for I-O analysis. This set of time-series input—-output tables facilitates the analysis
of the changes in the inter-industrial linkages and economic effects of the coal industry in
different time periods while reflecting its latest features.

Considering that the statistical sectors in these four I-O tables are in some way different
(42 sectors in 2005, 2010, and 2015; 153 sectors in 2020), this study adjusted these four input-
output tables to 38 sectoral input—output tables with the same sectors, based on The
Standard of Industrial Classification GB/T 4754-2017 [40]. Table 1 shows the sector names
and industrial classifications of the 38 sectors.

According to the above Standard, the term “coal industry” used in this study refers to
the production activities of mining, washing, and grading of various kinds of coal, that is,

the coal mining and dressing in Table 1.

Table 1. Sector name and classification in I-O tables.

Code Sector Name Category
1 Agriculture, forestry, animal husbandry, and fishery Primary industry
2 Coal mining and dressing Secondary industry
3 Petroleum and natural gas extraction Secondary industry
4 Metal mining and dressing Secondary industry
5 Non-metal mineral mining and dressing Secondary industry
6 Food products and tobacco processing Secondary industry
7 Textile Secondary industry
8 Leather, furs, down, and related products Secondary industry
9 Timber processing and furniture manufacturing Secondary industry
10 Paper, cultural, educationa% and sports goods Secondary industry
manufacturing
11 Petroleum processing, coking, and nuclear fuel processing Secondary industry
12 Chemical products Secondary industry
13 Non-metal mineral products Secondary industry
14 Metal smelting and rolling processing Secondary industry
15 Metal products Secondary industry
16 General and special equipment manufacturing Secondary industry
17 Transportation equipment manufacturing Secondary industry
18 Electrical, mechanical, and equipment manufacturing Secondary industry
19 Communicatior.ls equ.ipment, Computers,‘ and other Secondary industry
electronic equipment manufacturing
20 Instrumentation fand metal pl"oduct.s machinery and Secondary industry
equipment repair services
21 Other manufacturing and waste scrap Secondary industry
22 Electricity, heat production and supply Secondary industry
23 Gas production and supply Secondary industry
24 Water production and supply Secondary industry
25 Construction Secondary industry
26 Transportation, storage and postal Tertiary industry
Information transmission, software and information S
27 . Tertiary industry
technology services
28 Wholesale and retail trade Tertiary industry
29 Accommodation and catering Tertiary industry
30 Finance Tertiary industry
31 Real estate Tertiary industry
32 Leasing and business services Tertiary industry




Sustainability 2023, 15, 15158

90f19

Table 1. Cont.

Code Sector Name Category
33 Research and technology services Tertiary industry
34 Water, Environment and Public Facilities Management Tertiary industry
35 Residential Services, and Other Services Tertiary industry
36 Education Tertiary industry
37 Culture, sports, and entertainment Tertiary industry
38 Health, social-related work, public management Tertiary industry

3. Results and Discussion
3.1. Backward Linkages
3.1.1. Total Input Coefficient

Figures for the coal sector’s total input coefficient of different sectors in 2005, 2010,
2015, and 2020 were calculated. Table 2 lists the top 10 sectors in each year.

Table 2. Total input coefficients for China’s coal industry in each year.

2005 2010 2015 2020
Rank Sector Value Sector Value Sector Value Sector Value
1 S14 0.207 S2 0.258 S2 0.256 S2 0.202
2 522 0.189 S14 0.172 S14 0.175 S30 0.097
3 S26 0.123 S16 0.130 S30 0.170 S14 0.090
4 S16 0.108 S12 0.124 S12 0.169 S22 0.089
5 513 0.098 S22 0.123 522 0.160 S32 0.078
6 S2 0.097 526 0.104 S16 0.139 526 0.067
7 S12 0.094 S11 0.067 S32 0.1107 528 0.066
8 S11 0.085 S30 0.055 526 0.1106 S12 0.065
9 S28 0.074 518 0.050 S28 0.084 S16 0.061
10 S18 0.069 S15 0.0498 S15 0.070 S15 0.052
Total 1.788 1.663 2.186 1.239

As Table 2 shows, the sum of the coal sector’s total input coefficient of different sectors
declined slightly from 2005 to 2010, rebounded between 2010 and 2015, and began to
decline after 2015, indicating that the total (direct and indirect) dependence of China’s coal
sector on its upstream sectors fluctuated over these four years but showed a significant
downward trend in recent years, and the total dependence of the coal sector on its upstream
sectors is weaker in 2020 than the level in 2005. For different industrial categories (Figure 2),
the production activities of the coal sector are most dependent on the products or services
of the secondary industry. In the secondary industry, the coal sector’s total input coefficient
of itself (52), Metal smelting and rolling processing (514), Electricity, heat production and
supply (522), and Chemical products (512) is relatively larger, indicating that the coal
sector has a relatively large direct and indirect consumption of products or services from
these sectors. Although the coal sector is relatively dependent on the products of the
above sectors for its production activities, the direct and indirect consumption of these
sectors’ products by the coal industry exhibits a decreasing trend in recent years. For the
tertiary industry, the coal sector shows a relatively large direct and indirect consumption of
Transportation, storage and postal (526), Finance (530), and Leasing and business service
(532). However, the coal industry’s direct and indirect consumption of these sectors also
exhibits a downward trend in recent years.
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Figure 2. Coal sector’s total input coefficients by industrial category in China.

It is worth noting that comparing the result of the coal sector’s total input coefficient
with coal production from 2005-2020 reveals certain changes in the coal industry itself.
Specifically, coal production in 2020 is higher than in 2015, while the total dependence
of the coal sector on its upstream sectors in 2020 is lower than the level in 2015. This
may reflect the fact that the coal industry has adapted to changing demands in recent
years through technological innovation and increased production efficiency, which implies
that it requires fewer upstream resources and services for the same or higher unit of coal
production. Technological advancements and efficiency improvements can help reduce
resource waste and decrease dependence on upstream sectors. A similar difference is also
observed between 2005 and 2010, but it should be noted that although the total dependence
of the coal industry’s production activities on its upstream industries decreased in 2010
compared to 2005, the total dependence of the coal industry on itself, the coal products,
increased significantly during this period and became the most dependent product of the
coal industry’s production activities. So, the difference in this period can be explained
by the fact that the total dependence of the coal industry’s production activities on the
upstream industry gradually shifted to the dependence on its own products, which kept
production rising during this period.

3.1.2. Power of Dispersion Index

Figures for the power of dispersion index for 38 sectors in China for 2005, 2010, 2015,
and 2020 are shown in Table 3.

From the results of the four years studied, the power of dispersion index of the
coal industry was less than 1 except for 2015, when it roughly equaled 1. This indicates
that the coal industry’s pull effect on other industries is generally lower than the social
average level, having a relatively weak capacity for pulling in other sectors. In terms
of the degree of variation, the coal sector’s power of dispersion index and its rankings
fluctuated throughout this period. Compared to 2005, in 2020, the coal industry’s power of
dispersion index ranking dropped from 21st to 30th. Furthermore, its ranking and value
have significantly decreased in recent years, implying that the pull effect of the coal sector
on other sectors has been on a weakening trend in recent years.

Combining the results of the total input coefficient with the power of dispersion
index, the backward linkage between the coal sector and its upstream sectors fluctuates
continuously in the four years under study but tends to weaken in recent years, and the
backward linkage between the coal sector and its upstream sectors is weaker in 2020 than
the level in 2005.
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Table 3. Power of dispersion index for 38 sectors.
2005 2010 2015 2020
Rank Sector Value Sector Value Sector Value Sector Value
1 S19 1.384 519 1.386 S14 1.319 519 1.496
2 520 1.248 518 1.329 S19 1.299 518 1.334
3 S17 1.246 517 1.305 S18 1.293 517 1.305
4 S18 1.237 520 1.297 S15 1.270 520 1.280
5 S15 1.212 515 1.272 S16 1.245 S8 1.271
6 S16 1.195 516 1.251 S17 1.239 516 1.253
7 S14 1.187 S14 1.220 S12 1.207 57 1.230
8 S12 1.146 S8 1.209 S13 1.188 59 1.196
9 S7 1.141 512 1.207 S10 1.183 515 1.192
10 S8 1.136 510 1.197 520 1.178 510 1.169
11 532 1.132 59 1.188 525 1.177 512 1.166
12 S10 1.128 513 1.156 S21 1.174 525 1.162
13 525 1.128 57 1.152 S22 1.141 S14 1.128
14 S13 1.123 525 1.147 59 1.133 522 1.070
15 S9 1.113 522 1.095 S7 1.132 513 1.069
16 S5 1.057 S5 1.047 54 1.097 533 1.033
17 523 1.033 54 1.032 S8 1.095 532 1.031
18 S33 1.015 523 1.001 S5 1.058 S6 1.019
19 54 1.006 532 1.000 523 1.046 523 1.007
20 522 0.996 S6 1.000 S11 1.038 511 1.003
21 S2 0.957 511 0.996 S32 1.033 529 0.977
22 S11 0.955 534 0.951 52 1.019 526 0.975
23 S6 0.947 526 0.922 S33 0.977 534 0.952
24 S27 0.933 529 0.910 S6 0.955 S5 0.905
25 S34 0.915 524 0.904 S24 0.941 527 0.894
26 S38 0.912 521 0.899 526 0.908 524 0.869
27 S37 0.904 533 0.885 S34 0.839 538 0.859
28 S24 0.900 52 0.873 529 0.837 537 0.853
29 S21 0.898 537 0.835 S27 0.825 535 0.845
30 S26 0.894 535 0.833 S3 0.811 52 0.845
31 S35 0.880 538 0.829 S38 0.792 54 0.818
32 529 0.871 527 0.817 S35 0.776 S3 0.740
33 S28 0.816 S3 0.772 S37 0.775 S1 0.727
34 S36 0.729 S1 0.713 S1 0.700 521 0.725
35 S1 0.711 530 0.629 528 0.638 528 0.702
36 S30 0.699 528 0.597 S30 0.602 536 0.650
37 S3 0.680 536 0.581 S31 0.545 530 0.647
38 S31 0.537 531 0.561 S36 0.513 531 0.603
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3.2. Forward Linkages
3.2.1. Total Output Coefficient

Figures for the coal sector’s total output coefficient of different sectors in 2005, 2010,
2015, and 2020 were calculated. Table 4 lists the top 10 sectors in each year.

Table 4. Total output coefficients for China’s coal industry in each year.

2005 2010 2015 2020

Rank Sector Value Sector Value Sector Value Sector Value
1 S22 0.681 522 0.751 S22 0.716 522 0.713

2 S14 0.383 S14 0.571 S14 0.551 525 0.501

3 512 0.308 S12 0.448 512 0.512 S12 0.373

4 S13 0.306 525 0.442 525 0.471 514 0.371

5 525 0.290 513 0.357 S13 0.263 513 0.322

6 S16 0.208 S16 0.274 S2 0.256 S2 0.202

7 S19 0.182 52 0.258 S11 0.197 511 0.157

8 S18 0.131 517 0.1995 S16 0.183 516 0.130
9 517 0.130 S11 0.1994 518 0.162 519 0.127
10 S11 0.127 518 0.195 S17 0.145 518 0.120
Total 4.261 5.130 4.691 4.186

The coal sector’s total output coefficient of other industries increased from 2005 to
2010 and gradually decreased from 2010. This means that the degree of total (direct and
indirect) demand of the downstream sectors for the products of the coal sector exhibits a
downward trend since 2010, and the degree of total demand of the downstream sectors
for the products of the coal sector is weaker in 2020 than the level in 2005. For different
industry categories (Figure 3), the secondary industry has a strong degree of total demand
for coal industry products. As shown in Table 4, sectors that are significant consumers
(including direct consumption and indirect consumption) of the coal sector are all from
the secondary industry, mainly including Electricity, heat production and supply (522),
Metal smelting and rolling processing (S14), Chemical products (512), Non-metal mineral
products (513), and Construction (S25). Although the overall trend shows a decline in the
degree of total demand for coal sector products by sectors in the secondary industry since
2010, individual sectors such as Non-metal mineral products (513) and Construction (525)
exhibited an upward trend in the degree of total demand for coal sector products in recent
years and since 2005, respectively.

Similarly, comparing the total output coefficient of the coal industry with coal con-
sumption from 2005 to 2020 reveals that the consumption of coal in 2020 is higher than
in 2010 and 2015, while the degree of total demand for the coal industry by downstream
industries in 2020 is lower than in 2010 and 2015. This might be attributed to the fact that
with the development of clean energy and technological innovation, the degree of total
demand for coal from downstream industries as a whole has been on a decreasing trend in
recent years. However, coal may be consumed directly in other areas rather than through
production processes in downstream sectors. For example, individuals and households
(especially in rural areas) use coal for heating or cooking. This may be one factor that is
contributing to the rise in coal consumption.
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Figure 3. Coal sector’s total output coefficients by industrial category in China.

3.2.2. Sensitivity of Dispersion Index

Figures for the sensitivity of dispersion index for 38 sectors in China for 2005, 2010,
2015, and 2020 are shown in Table 5.

Table 5. Sensitivity of dispersion index for 38 sectors.

2005 2010 2015 2020

Rank Sector Value Sector Value Sector Value Sector Value
1 S14 2.586 S11 2.357 S12 3.104 S12 2.565
2 S12 2.300 S12 2.086 S14 2.197 S14 1.924
3 S22 1.831 514 1.752 S22 1.895 528 1.742
4 S26 1.771 S13 1.720 S1 1.842 S1 1.720
5 S1 1.646 S1 1.533 S30 1.727 519 1.694
6 S13 1.599 521 1.471 S6 1.584 522 1.657
7 S19 1.525 52 1.383 526 1.580 526 1.639
8 511 1.482 S16 1.342 519 1.579 S30 1.573
9 S3 1.424 522 1.313 S28 1.440 532 1.550
10 S28 1.412 S15 1.283 S32 1.308 S6 1.293
11 S16 1.396 518 1.261 S16 1.285 S3 1.093
12 S2 1.195 510 1.251 S11 1.195 516 1.091
13 S10 1.126 S3 1.210 S7 1.114 S7 1.036
14 518 1.117 S6 1.197 518 1.008 511 0.985
15 S17 1.059 517 1.079 S2 0.980 518 0.981
16 S7 1.010 526 1.044 S10 0.954 531 0.971
17 532 0.940 519 1.033 517 0.947 S2 0.964
18 S6 0.934 525 0.969 S3 0.942 517 0.942
19 S30 0.900 529 0.962 S15 0.892 510 0.936
20 S15 0.890 S5 0.894 S13 0.802 527 0.898
21 S27 0.801 59 0.881 54 0.787 515 0.897
22 529 0.768 528 0.876 529 0.683 54 0.816
23 54 0.763 57 0.857 S33 0.660 513 0.789
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Table 5. Cont.

2005 2010 2015 2020
Rank Sector Value Sector Value Sector Value Sector Value
24 59 0.649 530 0.848 S31 0.657 529 0.714
25 521 0.646 527 0.773 S9 0.652 S9 0.679
26 S25 0.568 54 0.737 S27 0.595 S5 0.650
27 S35 0.567 532 0.717 S5 0.594 533 0.649
28 520 0.544 531 0.677 S8 0.561 521 0.638
29 S8 0.532 520 0.666 S20 0.549 S8 0.631
30 S33 0.526 S8 0.661 S35 0.524 520 0.606
31 S5 0.514 533 0.507 S21 0.518 535 0.566
32 S31 0.471 534 0.465 S25 0.455 523 0.494
33 S37 0.452 535 0.440 S23 0.444 S37 0.474
34 S38 0.446 537 0.402 S37 0.424 S34 0.457
35 S24 0.423 524 0.388 S38 0.403 525 0.447
36 S36 0.402 536 0.388 S34 0.403 S24 0.423
37 S34 0.399 523 0.387 S24 0.366 538 0.414
38 S23 0.391 538 0.190 S36 0.352 536 0.402

From the results of the four years under study, the promoting effect of the coal sector
on the development of the national economy exhibited a downward trend since 2010.
Compared to 2010, in 2020, the coal sector’s sensitivity of dispersion index ranking dropped
from 7th to 17th. From 2015, the sensitivity of dispersion index of the coal sector dipped
below 1, which indicates that the promoting effect of the coal sector on the development of
the national economy has dropped below the social average level in recent years.

Combining the results of the total output coefficient with the sensitivity of dispersion
index, from an overall point of view, the forward linkage between the coal sector and its
downstream sectors has shown a weakening trend since 2010, and the forward linkage
between the coal sector and its downstream sectors is weaker in 2020 than the level in 2005.

3.3. Economic Effects
3.3.1. Production-Inducing Effect

Figures for the production-inducing multiplier of China’s coal sector of different
sectors in 2005, 2010, 2015, and 2020 were calculated. Table 6 lists the top 10 sectors in
each year.

As Table 6 shows, the coal sector’s production-inducing multiplier decreased from
2005 to 2010, rebounded from 2010 to 2015, and began to decline after 2015. The coal sector’s
production-inducing effect on other sectors exhibits a downward trend in recent years, and
the coal sector’s production-inducing effect is weaker in 2020 than the level in 2005. When
there was a CNY 1 change in the supply investment of the coal industry in 2005, 2010, 2015,
and 2020, the value of output in the other sectors increased by CNY 1.5, CNY 1.1, CNY 1.5,
and CNY 0.9, respectively. From the perspective of the industrial category (Figure 4), the
coal sector had a large production-inducing effect on sectors from the secondary industry,
such as Metal smelting and rolling processing (S14), Electricity, heat production and supply
(522), General and special equipment manufacturing (516), and Chemical products (512).
However, the coal sector’s production-inducing effect on these sectors exhibits a downward
trend in recent years. Furthermore, the coal sector also has a high production-inducing effect
on some sectors of the tertiary industry, such as Transportation, storage and postal (S26),
Information transmission, software and information technology services (527), Finance
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(530), and Leasing and business services (532), but also exhibits a downward trend in
recent years.

Table 6. Coal sector’s production-inducing multipliers by sector in China.

2005 2010 2015 2020
Rank

Sector Value Sector Value Sector Value Sector Value
1 S14 0.184 S14 0.137 S14 0.140 S30 0.081
2 S22 0.173 S16 0.104 S30 0.136 S14 0.075
3 S26 0.112 S12 0.099 S12 0.135 S22 0.074
4 S16 0.099 S22 0.098 S22 0.128 S32 0.065
5 S13 0.089 526 0.083 S16 0.110 S26 0.055
6 S12 0.085 S11 0.053 S32 0.088 528 0.055
7 S11 0.077 S30 0.044 S26 0.088 S12 0.054
8 528 0.068 S18 0.040 528 0.067 S16 0.050
9 S18 0.063 S15 0.040 S15 0.055 S15 0.044
10 S3 0.054 S1 0.036 S19 0.052 S9 0.024
Total 1.542 1.117 1.536 0.862
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Figure 4. Coal sector’s production-inducing multipliers by industrial category in China.

3.3.2. Supply-Shortage Effect

Figures for the supply-shortage multiplier of China’s coal sector of different sectors in
2005, 2010, 2015, and 2020 were calculated. Table 7 lists the top 10 sectors in each year.

The coal sector’s supply-shortage multiplier increased slightly from 2005 to 2010
and began to decline after 2010. The coal sector’s supply-shortage effect on other sectors
exhibits a downward trend in recent years and is weaker in 2020 than the level in 2005.
When the product supply of the coal industry reduced in 2005, 2010, 2015, and 2020 by
CNY 1, the supply-shortage effect on other sectors was CNY 3.8, CNY 3.9, CNY 3.5, and
CNY 3.3, respectively. The coal sector thus had a high supply-shortage effect on the
secondary industry. In these four years, the top 10 sectors in relation to the supply-shortage
effect of the coal sector were all sectors from the secondary industry, such as Electricity,
heat production and supply (522), Metal smelting and rolling processing (514), Chemical
products (S12), Non-metal mineral products (513), and Construction (S25). Although the
supply-shortage effect of the coal industry on the secondary industry exhibits an overall
downward trend in recent years (Figure 5), some sectors show an upward trend, such
as Electricity, heat production and supply (522), Non-metal mineral products (513), and
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Construction (525). Of these, the supply-shortage effect on Construction (525) has been on
an upward trend since 2005.

Combining the results of the production-inducing effect and the supply-shortage
effect, it is clear that overall, the economic effects of the Chinese coal industry exhibit a
weakening trend in recent years and are weaker in 2020 than the level in 2005.

Table 7. Coal sector’s supply-shortage multipliers by sector in China.

2005 2010 2015 2020
Rank
Sector Value Sector Value Sector Value Sector Value
1 S22 0.620 S22 0.597 S22 0.570 S22 0.593
2 S14 0.349 S14 0.454 S14 0.439 S25 0.416
3 S12 0.281 S12 0.356 S12 0.408 S12 0.310
4 S13 0.279 S25 0.351 S25 0.375 S14 0.309
5 S25 0.265 S13 0.284 S13 0.210 S13 0.267
6 S16 0.190 S16 0.218 S11 0.157 S11 0.131
7 S19 0.166 517 0.159 S16 0.146 S16 0.108
8 S18 0.119 S11 0.159 S18 0.129 S19 0.105
9 S17 0.119 S18 0.155 S17 0.116 S18 0.100
10 S11 0.116 S19 0.135 S15 0.107 517 0.089
Total 3.796 3.873 3.530 3.313
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Figure 5. Coal sector’s supply-shortage multipliers by industrial category in China.

4. Conclusions and Policy Insights

In this study, the I-O approach is applied to measure the inter-industrial linkages
and the economic effects of China’s coal industry, as well as their changes in different
time periods, with the aim of providing valuable policy insights for China’s transition to a
low-carbon economy. The results show that, from an overall point of view, the linkages
(backward and forward) between the coal industry and other industries, as well as the
economic effects of the coal industry, have tended to weaken in recent years, and both of
these indicators for the coal sector in 2020 are weaker than the levels in 2005. However,
individual sectors differ from the overall trend: the non-metal mineral products sector
has shown an upward trend in recent years in the degree of total demand for coal sector
products and the degree of influence by supply shortages in the coal sector, while these
two indicators for the construction sector have been on an upward trend since 2005; the
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electricity, heat production, and supply sector has shown an upward trend in recent years
in the degree of influence by supply shortages in the coal sector.

A comparison of coal production/consumption for 2005-2020 with the results of
the total input/output coefficient reveals certain changes in the coal industry. That is,
the coal industry’s technological advances and efficiency improvements in recent years
have allowed it to require fewer upstream resources and services to achieve the same or
higher unit of coal production. In addition, the consumption of coal by areas beyond the
production process in the downstream sectors, for example, the use of coal for cooking or
heating by individuals and households (especially in rural areas), may be the main reason
for the rebound in coal consumption in recent years.

From the above conclusions, some important insights can be derived for governments
formulating low-carbon transition policies, as follows. (1) Since the non-metal mineral
product industry has been on an increasing trend in recent years in the degree of total
demand for coal industry products and the degree of impact due to supply shortage in
the coal industry, while these two indicators for the construction industry have been on
an upward trend since 2005, the government should provide the relevant policy support
and incentives to improve the energy efficiency in these two industries and to promote
a shift in the demand for coal toward clean energy. (2) The government should focus
on coal consumption in areas other than production activities in the downstream sectors,
such as coal use by individuals and households for cooking or heating in rural areas. The
government should provide subsidies or incentives to promote the use of clean energy
equipment and energy-efficient equipment by individuals and households in rural areas.
(3) Although in recent years, with the development of clean energy, the degree of total
demand for coal in the electric power and heat production and supply industry has tended
to weaken, it has been most influenced by the shortage of coal supply, and this effect has
been on the rise in recent years. This shows that coal is still the main source of energy for
the power, heat production, and supply industry, and it is difficult to achieve decoupling
from coal dependence in the short term. The development of clean energy should be further
encouraged, along with the establishment of a comprehensive coal supply and reserve
management system, to ensure that the power and heat production and supply industry
can respond in a timely manner when coal supplies are restricted, in order to implement
steady and orderly transition measures.

This paper examined China’s coal industry’s inter-industrial linkages and economic
effects through the I-O analysis in different years. The results provided a reference for
future low-carbon transition policies. However, there is a limitation in this paper: the data
in the input-output tables used in this paper were all calculated based on the producer
prices of the current year. This means that the price factors may affect the accuracy of
the analysis results. In order to eliminate the influence of the price factors and to make
the I-O tables for different years more suitable for cross-year analysis, it is necessary to
deflate the data in the input—output tables by applying appropriate price indices. Ideally,
each component of an input—output table would have a price index corresponding to it.
However, due to the limited availability of data in this respect at present, the accuracy of the
analysis may also be affected if an inappropriate price index is used for deflating. Therefore,
this paper maintained the use of current price input—output tables for the analysis. Future
studies should consider the most appropriate approach to appropriately remove external
disturbances such as inflation to better ensure the accuracy of the analysis.
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