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a b s t r a c t

As a country with a high level of metal consumption, China must urgently formulate effective policies to
improve its metal use efficiency. This article identifies the key sectors with the highest metal con-
sumption intensity (MCI) and investigates the effect of the (pure) technical and final demand coefficients
on the MCI of key sectors using a combined input-output and sensitivity analysis. The results show that
the average MCI of key industries increased from 7.37 tonnes per ten thousand yuan to 32.13 tonnes per
ten thousand yuan during the period from 2002 to 2012, and the manufacturing and processing of the
metals sector (n14) revealed the greatest MCI. Moreover, the elasticity of the MCI in terms of the (pure)
technical and final demand coefficients of key sectors also increased rapidly from 2002 to 2012, and the
number of corresponding transactions leading to the increase in key sectoral MCI significantly increased.
In terms of the elasticity of the technical coefficients, their sensitivity exceeded that of the pure technical
coefficients in most cases due to the influence of the demand structure, and direct transactions between
sectors had important impacts on the MCI in most key industries. Meanwhile, almost all the sectors
exerted direct or indirect effects on the MCI of the mining of metal ores industry (n4). In addition, the
manufacturing of general and special purpose machinery (n16), manufacturing of electrical machinery
and apparatus (n18) and construction (n22) exerted influences on most sectors. Concerning the final
demand coefficient elasticity, the gross fixed capital formation of most sectors induced the greatest
elasticity in the corresponding sectors, and the greatest elasticity of all the sectors was related to the
gross fixed capital formation of n22.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

As the basic and most important strategic materials for national
economies, metals are closely related to human life and social
development in building, transport, and communication
(Wiedmann et al., 2015). In recent years, increased economic
development and urbanization along with a growing population
have stimulated substantial consumption of metal resources. In
1987, 3.54 billion (metric) tonnes of metals were extracted for
consumption or use in production processes. By 2012, this amount
had increased to 8.11 billion tonnes (Fig. 1). As globalization has
progressed, China has played an important role in stimulating the
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provision and use of metals. In 2002, China accounted for 10.40% of
worldwide metal consumption, and by 2012, this proportion had
grown to 32.66% (Fig. 2). Although China's demand growth rate for
some bulk metals, such as iron, has been decreasing in recent years,
the country's total demand is still increasing, leading to severe
environmental consequences. As a result, issues of resource utili-
zation efficiency have aroused widespread concern in China and
even the world (UN Environmental Program, 2011; Zhong et al.,
2018). China has clearly recognized the need for the comprehen-
sive conservation and efficient use of mineral resources in the
National Mineral Resources Plan (2016e2020) and the Thirteenth
Five-Year Plan, and the 19th National Congress of the Communist
Party of China proposed improving the country's resource utiliza-
tion efficiency. Under these circumstances, it is urgently necessary
for the Chinese government to undertake effective measures to
reduce its MCI and improve the metal utilization efficiency.

Recent research has found a strong coupling of metal use and
economic development (Zheng et al., 2018; Wiedmann et al., 2015),
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Fig. 1. Metal extraction statistics for China and other countries during the 1987e2012
period.
Date source: www.materialflows.net.

Fig. 2. Metal consumption in China and China's share of global consumption during
the 1990e2013 period.
Date sources: www.materialflows.net and calculated based on our study.
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and reducing MCI is of great significance in limiting this unsus-
tainable development pattern (Li et al., 2017). Considering that
certain metals are indispensable to certain sectors, improving
metal use efficiency by reducing the total metal consumption in
each sector is impractical. However, reducing the MCI of different
sectors would be feasible. In fact, there are direct or indirect re-
lationships between different sectors and final demand, and
changes in the resource use efficiency in an industry can directly or
indirectly influence the output of other industries (Liu et al., 2016).
This effect comes from technical factors and final demand factors.
In terms of technical factors, the sales of one sector to another
might cause higher metal consumption than its sales to other
sectors because the products sold to the respective sectors are
different, leading to different amounts of metal consumption. Thus,
the MCI of production linkages between sectors is worth exploring.
In terms of final demand factors, a 1% increase in the demand for
themetal products of one sectormay cause a larger increase in total
metal consumption that the same level of increase in the demand
for the products of other sectors. Those composition of final de-
mand (public and private consumption, gross fixed capital forma-
tion, and net exports), which contribute most to the MCI should be
identified. Therefore, both effects above can directly or indirectly
affect theMCI of various departments through the industrial chain.1

The purpose of this paper is to identify technical effect and final
demand effect whose minimal variations lead to the highest
changes in sectoral MCI. Accordingly, the following three questions
must be answered. Which sectors show high MCI (defined as the
key sectors)? Which factors primarily affect the MCI of these key
sectors? What are the relationships among these key sectors? To
answer these questions, a sensitivity analysis of China's intersec-
toral MCI based on an input-output model is proposed.

Many studies have empirically investigated the drivers, focusing
mainly on energy, carbon emissions and materials use. These
studies can be divided into three groups in terms of the method-
ologies employed.

(1) Factor decomposition analyses, i.e., structural decomposition
analysis (SDA), index composition analysis (IDA) and
production-theoretical decomposition analysis (PDA). These
methods have been widely used to analyse the relationships
between certain indicators and their drivers. Numerous
1 MCI could be affected by direct or indirect transaction relations. Direct effects
refer to changes in the MCI of a sector caused by changes in the transactions be-
tween this sector and either another sector or its final demand composition. In
contrast, changes in the MCI of a sector that are linked to either changes in the
transactions between two other sectors or changes in the final demand composi-
tion of other sectors are considered to be indirect effects.
scholars have applied SDA to investigate the drivers of en-
ergy and CO2 emissions (Chang et al., 2008; Guan et al., 2008;
Tian et al., 2013; Geng et al., 2013; Wang et al., 2013; Su and
Ang, 2012). In addition, studies have used SDA to examine
the drivers of materials use in different cases (Mu~noz and
Hubacek, 2008; Wood et al., 2009; Weinzettel and
Kovanda, 2011). Compared with other methods about
decomposition, the analysis of SDA on driving forces is more
comprehensive and thorough, but the requirement on data is
higher than the other methods. The second method is IDA,
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Table 1
Studies of CO2 emissions drivers using the LMDI.

Studies Decomposition factors

Liu et al. (2007) Carbon emissions coefficients of heat and electricity, energy intensity, industrial structural, industrial activity and final fuel shift
Fan et al. (2007) Real energy intensity, energy policies, primary energy mix
Zhang et al. (2009) CO2 intensity, energy intensity, structural changes, economic activity
Zhang et al. (2013) Economic activity effect, electricity generation efficiency effect
Xu et al. (2014) Energy structure, energy intensity, industry structure, economic output, population scale effects
Ren et al. (2014) Industry structure, economic output, energy structure, energy intensity
Zhang and Da (2015) Economic growth, energy intensity, final energy consumption structure,
Moutinho et al. (2015) Population, the size and structure of the countries, the value added
Wang and Yang (2015) Energy structure, energy intensity, industrial structure
Lin and Long (2016) Output per worker, industrial economic scale, energy intensity, energy structure
Zhang et al. (2016) Energy consumption intensity and proportions, technology, energy structure
Shao et al. (2016) R&D intensity, investment intensity, R&D efficiency, output scale, industrial structure
Lin and Liu (2017) Labor productivity, energy intensity, industry scale
Wang and Feng (2017) Population effect, economic output, industrial structure, energy intensity, energy structure, carbon dioxide emission coefficient

2 Although Zheng et al. (2018) and Wiedmann et al. (2015) studied the metal
footprint, their purpose is to reduce MCI and improve the efficiency of metal use.
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which has relatively lower requirements for data and is
widely used in energy-environmental analysis. In practice,
the logarithmic mean Divisia index (LMDI) has been
frequently employed in IDAs to explore the drivers of energy
decomposition (Ang and Liu, 2001; Ang, 2004), water use
(Zhao and Chen, 2014), carbon emissions (Table 1), food and
crop production (Kastner et al., 2012; Liu et al., 2013; Zhen
et al., 2017), toxic chemical management (Fujii and Managi,
2013), resource use intensity (Zhang, 2014; Pothen and
Schymura, 2015), materials use (Wang et al., 2017), and en-
ergy consumption (Gonz�alez et al., 2014; Xu et al., 2012;
Wang et al., 2014; Dai and Gao, 2016). PDA is the third
most extensively applied decomposition tool to investigate
the drivers of carbon emissions (Zhou and Ang, 2008; Zhang
et al., 2012; Li, 2017; Song et al., 2018) since it requires only
aggregate panel data (Zhou and Ang, 2008), which are easy
to collect.

(2) Applying econometric models to investigate the relative ef-
fects of different factors. Studies have investigated the re-
lationships between CO2 emissions and the industrial
structure, the population, lifestyles, urbanization, technol-
ogy, GDP, the environment, affluence, energy intensity, and
even democracy and financial openness (Table 2). However,
this method can reveal only the relative effects of different
factors, and it is not applicable for investigating intersectoral
relevance.

(3) Sensitivity analysis based on the input-output technique. The
inputeoutput model can be classified into the Leontief
inputeoutput model (Leontief, 1936) and the Ghosh
inputeoutput model (Ghosh, 1958). Compared with the
Ghosh inputeoutput model, the application of Leontief
model is more sophisticated and popular. Several branches of
the input-output model have been applied to the research
field of energy/CO2 emission, including energy consumption/
carbon emission accounting and development trend analysis
(Chen and Zhang, 2010; Zhu et al., 2012), structural decom-
position analysis (SDA) for the driving factors (Duarte et al.,
2013; Su and Ang, 2014; Liu et al., 2015), analysis on the in-
fluence of production/supply structure change (Zhang, 2010;
Taranc�on et al., 2010), etc.

Taranc�on et al. (2007, 2007) creatively combined Leontief input-
output model and sensitivity analysis to evaluate the transactions
between sectors that led to the highest CO2 emissions in Spain from
demand side. On this basis, Mor�an et al. (2008) used this method to
analyse the drivers of CO2 emissions in the Spanish electricity
generation sector. Since then, input-output models combined with
sensitivity analysis have been employed in the energy consumption
field. Taranc�on et al. (2010) quantitatively researched the main
manufacturing sectors with the greatest impact on electricity de-
mand in 15 European countries, and the sectors most sensitive to
changes in electricity prices were identified. Subsequently,
Taranc�on et al. (2011) studied the effects of the structure and
technology of manufacturing sectors on electricity consumption in
Spain. Taranc�on and Del Río (2012) provided an overview of
sensitivity analysis based on the input-output technique. Based on
previous research, Yan et al. (2016) conducted a sensitivity analysis
based on the Ghosh model to identify the drivers of six energy-
intensive industries in China, and they compared the results with
a sensitivity analysis based on the Leontief model. Liu et al. (2016)
applied sensitivity analysis based on the Leontief input-output
model to investigate the drivers of intersectoral CO2 emissions. So
far, this method hasn't been widely used and the related literature
is scant.

In summary, the existing studies related to driver decomposi-
tion methods have focus mainly on the drivers of CO2 emissions/
energy consumption, and many of these studies were from the
perspective of industries (as shown in Table 1). However, there have
been no studies examining the transactions between different
sectors and final demand that affect the MCI in China. The aim of
this paper is to fill this gap using sensitivity analysis based on
Leontief input-output model. This method allows for a detailed and
coherent analysis of the metal consumption flows between sectors
and final demand, and it could help us obtain a “map” of hot spots
of the metal consumption system, i.e., identify the transactions
between sectors and final demand that contribute more to the
reduction of theMCI of the key sectors. Other methods do not allow
us examine as deeply the internal productive linkages within the
economic system with implications for the MCI. Moreover, data
complexity of this method is relatively low.

This article makes three contributions: First, although a few
studies have proposed that theMCI should be reduced (Zheng et al.,
2018; Li et al., 2017; Wiedmann et al., 2015),2 there has been a lack
of research on its driving factors. This article studies the factors
driving the key sectors with high MCI in China from the intersec-
toral perspective, quantifies the relevance between sectors and
explores the critical paths influencing the MCI of key sectors,
providing a basis for the policies improving metal use efficiency.
Second, the paper applies sensitivity analysis based on an input-
output model to the field of MCI for the first time, thus



Table 2
Studies of the decomposition factors using econometric models.

Studies

Decomposition factors

Fan et al. (2006) Population, affluence and technology
Martínezzarzoso et al. (2007) Population growth
Lin et al. (2009) Population, urbanization level, GDP per capita, industrialization level, energy intensity
Hubacek et al. (2011) Affluence, population growth, lifestyles and technology
Shuai et al. (2011) Per capita output, industrial growth, energy efficiency, R&D intensity
Wei et al. (2011) Energy utilization, technology, policies and international carbon market mechanisms
Li et al. (2011) GDP per capita, industrial structure, population, urbanization level and technology
Zhu and Peng (2012) Population size, population structure, and consumption level
Wang et al. (2012) Urbanization level, economic level, industry proportion, tertiary industry proportion, energy intensity, R&D output
You et al. (2015) Democracy and financial openness
Zhou and Zhao (2016) Population, affluence and technology
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expanding the application of this method and enriching the
research on metal consumption. In addition, it provides a good
reference for the study of driving factors in other related industries.

The paper is structured as follows. The basic model is provided
in section 2, together with a description of the data sources. The
results of the empirical application are discussed in section 3.
Finally, the paper ends with conclusions and corresponding policy
recommendations in section 4.
Table 3
Compendious Chinese input-output table.

Input-output Intermediate use Final use Total output

Intermediate input xij yip xi
Value added VAj

Total input xj
2. Methodology and data

2.1. Input-output technique

This paper adopted sensitivity analysis based on an input-
output technique (Taranc�on and Delrio, 2007; Taranc�on et al.,
2010, Taranc�on et al., 2011, Taranc�on and Delrio, 2012) to identify
the effects of the (pure) technical coefficient, the final demand
coefficient on the intersectoral MCI.

The output of an activity branch i can be expressed as follows:

xi ¼ xi1 þ xi2 þ :::þ xin þ yi1 þ yi2 þ :::þ yim ¼
X
j

xij þ
X
l

yip

(1)

where xij refers to the purchase consumption by sector j, and yip
represents the final demand, including public and private (house-
hold) consumption, gross fixed capital formation, and net exports.
Meanwhile, the technical coefficient represents the amount of
value consumed by sector j per unit of output by sector i:

aij ¼
xij
xj

ði ¼ 1;2;&;n and j ¼ 1;2;&;nÞ (2)

Let gp denote the final demand aggregate p, and let yip denote the
production requirements for the final demand aggregate p by
sector i. Thus, the final demand coefficient can be expressed as
follows:

hip ¼ yip
gp

ði ¼ 1;2;&;n and p ¼ 1;2;&;mÞ (3)

The vector Mðn� 1Þ of metal consumption by activity can be
calculated as follows:

Ci ¼
Mi

xi
ði ¼ 1;2&;nÞ (4)

where Mi refers to the metal consumption of sector i. Integrating
Eqs. (2)e(4), we can obtain the calculation formula for the metal
consumption of branch i:
Mi ¼
Xn
j¼1

Cixij þ
Xm
p¼1

Cihipgp (5)

The equation above can be rewritten in matrix form for all the
sectors as follows:

M ¼ eCðAxþ HgÞ ¼ eCBHg (6)

eC is the ðn� nÞ diagonal matrix of the metal consumption per unit
of output. A is the ðn� nÞ matrix of the technical coefficients, x is
the ðn� 1Þ vector of sectoral outputs, H is the ðn�mÞ final demand
coefficients matrix, and g is the ðm� 1Þ demand aggregates vector.
The Leontief inverse matrix can be defined as B ¼ ð1� AÞ�1, which
identifies the direct and indirect metal resources used for one unit
of output per sector.
2.2. Sensitivity analysis of the technical coefficients

Metal consumption intensity (MCI) has been defined as follows:

Ii ¼
Mi

VAi
¼ Ci,xi

VAi
(7)

where VAi represents the value added of sector i (as shown in
Table 3). Let sector i be a key sector with regard to its contribution
to the overall MCI of a country. Thus, the elasticity of Ii with respect
to the change in the coefficient akl can be expressed as follows:

εMiakl ¼
DIi
Ii

�
Dakl
akl

(8)

Clearly, a change in the technical coefficient akl will induce a
change in the elements of the Leontief inverse matrix bij, and this
relationship is specified in Eq. (9), which was proposed by Sherman
and Morrison (1950):

Dbij ¼
bikbljDakl
1� blkDakl

(9)

Thus, the change in Ii can be expressed as follows:



Table 4
The MCI and share of total metal consumption for key sectors in China.

Sector 2002 2007 2012

Intensity Share (%) Intensity Share (%) Intensity Share (%)

n14 21.72 31.89% 54.96 36.57% 100.56 37.60%
n15 12.67 7.04% 25.66 5.28% 42.70 5.14%
n18 7.53 5.07% 26.21 6.77% 42.12 6.60%
n4 7.14 1.75% 16.53 1.99% 28.56 2.62%
n16 6.00 8.57% 17.22 8.76% 26.87 7.92%
n17 4.99 4.94% 15.78 5.65% 23.75 5.75%
n22 4.65 12.00% 11.72 9.49% 16.54 11.47%
n19 3.43 3.66% 10.37 3.94% 15.81 3.29%
n20 3.76 0.64% 8.89 0.51% 15.12 0.35%
n13 1.78 1.33% 4.76 1.66% 9.26 2.05%

Notes: The intensity unit is tonnes per ten thousand yuan.
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DIi ¼
Xn
j¼1

CibikbljDakl
VAið1� blkDaklÞ

yj ¼
Ci
VAi

� bikxlDakl
1� blkDakl

(10)

Therefore, the elasticity ofMi to the change in the coefficient akl
can be expressed as follows:

εMiakl ¼
DIi
Ii

�
Dakl
akl

¼ bikakl
1� blkDakl

� xl
xi

(11)

where akl represents the technological coefficient, akl ¼ ðxkl=xlÞ
with k ¼ ð1;2;…;nÞ and l ¼ ð1;2;…;nÞ, xi and xl express the output
of sectors i and l, respectively, and εMiakl denotes the elasticity of
MCI in response to a 1% change in the technical coefficient. It can be
observed that this elasticity depends not only on the technical
changes in sector k but also on the final demand structure
(Taranc�on and Del Rio, 2007; Taranc�on et al., 2011). To indepen-
dently research how a change in technology influences the MCI, let
yj ¼ 1; thus, the following formula can be obtained:

DIi ¼
Ci
VAi

Xn
j¼1

Dbij ¼
Ci
VAi

Xn
j¼1

bikbljDakl
1� blkDakl

(12)

Therefore, the elasticity of theMCI in response to a change in the
pure technical coefficient can be expressed as follows:

ε
*
Miakl ¼

DIi
Ii

�
Dakl
akl

¼
D
Pn
j¼1

bij

,Pn
j¼1

bij

Dakl=akl
¼

Pn
j¼1

bikbljDakl
1�blkDakl

,Pn
j¼1

bij

Dakl=akl

¼ bikakl
1� blkDakl

Pn
j¼1

blj

Pn
j¼1

bij

(13)

2.3. Sensitivity analysis of the final demand coefficients

The following expression can be obtained in terms of Eqs. (1), (3)
and (7):

εMihkl
¼ DIi=Ii

Dhkl=hkl
¼ bikhklgl

xi
(14)

where εMihkl
represents the percentage change in the MCI of sector i

in response to a 1% change in the final demand coefficient,
reflecting the influence of the final demand structure (including
public and private consumption, gross fixed capital formation, and
net exports) on the MCI.

2.4. Data sources

2.4.1. Input-output table
The original data come from the basic flow tables of China's

input-output tables for 2002, 2007 and 2012. To eliminate the
impact of inflation in different years, the original input-output ta-
bles have been adjusted to comparable price input-output tables
(with constant 2002 prices) using GDP deflators. The GDP deflators
originate from the National Bureau of Statistics. The basic form of
the input-output table is shown in Table 3. Given that the sector of
input-output tables is not the same in different years, to facilitate
comparisons of data, 42 sectors have been merged into 25 sectors
based on the close relationships between certain sectors, and the
detailed sector classification is presented in Appendix A.

2.4.2. Metal consumption data
The metal extraction data for China are obtained from www.

materialflows.net. The extraction data are provided for both used
and unused extractions and are measured in 1000 (metric) tonnes
(kt). Regarding the extraction of used metal entering the economic
system exclusively, we exclude unused metal.

Metal consumption derived from domestic material consump-
tion (DMC), one of the most popular current indicators of materials
use, has been widely used across both fields and regions by
numerous institutions (Wang et al., 2017). Given that metal is
included under materials, metal consumption is calculated by the
extraction in the domestic territory plus all physical imports minus
all physical exports. For sectoral metal consumption, we first
calculate the complete consumption coefficient based on the input-
output table. The specific calculation formula is as follows:

D ¼ ðI � AÞ�1 � I (15)

where D refers to the matrix of total consumption coefficients, A is
the matrix of the technical coefficients, and I is the unit matrix.
Metal other than energy enters the value chain only through the
extraction process. Our approach allocates these metals to the in-
dustries that use the output of the metal extraction sectors. The
calculation of the metal consumption data is based on the premise
that extraction sector prices are identical, regardless of whom the
sector sells its output to, which indicates that a certain value of
goods and services from the metal extraction sector will always
contain an identical amount of metal. Thus, sectoral metal con-
sumption can be expressed as follows:

Mi ¼ M � Dmi (16)

where M denotes total metal consumption (referring to domestic
metal consumption), and Dmi represents the metal extraction
sector consumption coefficients.

3. Results and discussion

3.1. Metal consumption intensity at the sectoral level in China

This paper chooses the top ten sectors on the MCI index in 2012
as the key sectors, the metal consumption of which accounted for
82.79% of the total. Table 4 shows China's MCI and the share of
consumption for the key sectors in 2002, 2007 and 2012. It can be
observed that theMCI of each sector increased rapidly from 2002 to
2012, while the consumption structure of the industrial sector did
not change significantly.
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In general, the average MCI of the ten key industries increased
from 7.37 tonnes per ten thousand yuan in 2002 to 32.13 tonnes per
ten thousand yuan in 2012. Specifically, n14 was the sector with the
highest MCI among all sectors, which accounted for 37.60% of total
metal consumption in 2012. The combined results in Table 4 and
Fig. 3 show that the output for n14 did not match its high metal
consumption. The sector with the lowest MCI was n13, the value of
which increased from 1.78 in 2002 to 9.26 in 2012. With the rapid
industrialization and economic growth over the past two decades,
China has increased its investment in infrastructure construction
(Schandl and West, 2010). As a result, China's consumption of steel
and other metals has increased significantly, and it has even
exceeded the growth rate of GDP (Wiedmann et al., 2015;
Humphreys, 2010), leading to a substantial increase in the MCI,
which indicates that China has gained less economic welfare from
the use of metal resources. Thus, it is urgently necessary to reduce
the MCI of metal-related industries.
3.2. The trends of the elasticity of (pure) technical coefficients and
final demand coefficients

3.2.1. The trends of the elasticity of (pure) technical coefficients
Considering the closeness of the intersectoral linkages, we

mainly present sectoral transactions of technical elasticity values
that exceed 0.1%, which are considered to be critical transactions (as
shown in Table 5). Taking the first line of n14 in 2002 as an example,
εMiakl ¼ 0:46 indicates that for every 1% decrease in self-supplied
intermediate products provided by n14 for itself, the MCI of n14
decreases by 0.46%.

(1) Most of the elasticity values of the (pure) technical co-
efficients in different industries showed increasing trends
during the 2002e2012 period. For example, the highest
elasticity values of the technical coefficient and pure tech-
nical coefficient of n14 were both 0.46 in 2002, and the
elasticity values increased to 0.59 in 2012, indicating that
sector links had been enhanced. The rapid growth of metal
consumption acted as a significant factor leading to the in-
crease in the technical coefficients. As shown in Fig. 2, the
metal consumption increased from 0.53 billion tonnes to
2.65 billion tonnes in 2012. Examining the different effects in
different periods, the growth rate of the elasticity values
during the 2002e2007 period was greater than that during
the 2007e2012 period. It is well known that China's metal-
related industries flourished in the early 21st century due
to industrialization and urbanization. High industrial-scale
growth along with the low utilization efficiency of metal
Fig. 3. The value added of ten key sectors in China in 2002, 2007, and 2012.
Date source: Input-output table for China.
resulted in a sharp increase in the sensitivity of the MCI of
key sectors during the 2002e2007 period. With the devel-
opment of technology and the reduction in industrial scale
attributed to the financial crisis, the key sectors experienced
a slow increase in the sensitivity of the MCI during the
2007e2012 period.

(2) Most transactions between sectors leading to changes in the
MCI of key sectors increased from2002 to 2012, and themost
increased transactions were related to n4 and n19. Table 5
shows that the transactions leading to the change in the
MCI of n4 increased by 10 from 2002 to 2012 and that the
application of intermediate products of n4 expanded from
n12, n14, n15, n16, n18 and n22 to n1, n7, n9, and n17. Since
the application versatility of metal ores in China has
expanded rapidly, the consumption has increased accord-
ingly (Humphreys, 2010). Statistics show that the amount of
metal consumption for n1, n7, n9 and n17, respectively,
increased by 193.31%, 320.94%, 943.43% and 788.10% from
2002 to 2012, which enhanced their effects on the MCI of n4.
In addition, for n19, the transactions related to n19 applied to
n20, n24 and n25 had amore significant influence on theMCI
of n19 in 2012 compared with 2002, which occurred because
the demand from education, culture, infrastructure and
other construction for electronic communication equipment
increased rapidly, thus increasing its influence on the MCI of
n19.
3.2.2. The trends in the elasticity of final demand coefficients
Considering the importance of intersectoral linkages, elasticity

values corresponding to the final demand coefficients that exceed
1% are selected as the key elasticity values (as shown in Table 6).
Taking the first line of n14 in 2002 as an example, εMihkl

¼1.21
indicates that if the gross fixed capital formation of n14 decreases
by 1%, the MCI of n14 will decrease by 1.21%.

(1) Most elasticity values in different industries increased
constantly from 2002 to 2012, indicating that the effect of the final
demand structure (public and household consumption, gross fixed
capital formation, and net exports) on the MCI continually
increased. Over the last two decades, consumption, investment
and exports have been regarded as "the troika" for China's eco-
nomic growth – especially investment and exports, which have
contributed greatly. Accordingly, the effects of the final demand on
the MCI of different industries have increased rapidly. However,
the contributions of exports and investment to economic growth
have tended to decrease since the onset of the financial crisis,
leading to the growth rate of the elasticity values during the
2007e2012 period was less than that during the 2002e2007
period.

(2) The final demand relations leading to changes in the MCI of
key sectors showed an increasing tendency from 2002 to 2012, and
almost all the newly added final demand relations were related to
gross fixed capital formation, except for n17. In recent years, China's
investment in metal-related industries has rapidly increased. As a
result, the influence of gross fixed capital formation in these in-
dustries on the MCI of key sectors has increased accordingly. The
one exception is that the newly added final demand relations
leading to changes in the MCI of n17 were related to household
consumption demand for n17. According to statistics published by
the China Association of Automobile Manufacturers, automobile
production and sales volume in China have been ranked first
worldwide since 2009 and have shown rapid growth in recent
years. The growth rate of the annual production and sales volume
in 2016 reached 14.76% and 13.7% (compared with the previous
year), respectively.



Table 5
The sensitivity trends for the MCI of key industries corresponding to the (pure) technical coefficients.

Key industry 2002 2007 2012

i k εMiakl ε
*
Miakl

i k εMiakl ε
*
Miakl

i k εMiakl ε
*
Miakl

n14 n14 n 14* 0.46 0.46 n 14 n 14* 0.56 0.56 n 14 n 14* 0.59 0.59
n14 n 15 0.24 0.19 n 14 n 15 0.28 0.22 n 14 n 15 0.27 0.22
n 14 n 16 0.29 0.15 n 14 n 16 0.38 0.20 n 14 n 16 0.32 0.17
n 14 n 17 0.06 0.06 n 16 n 16 0.14 0.07 n 16 n 16 0.12 0.07
n 14 n 18 0.15 0.13 n 14 n 18 0.23 0.20 n 14 n 18 0.22 0.18
n 14 n 22 0.28 0.03 n 14 n 22 0.41 0.05 n 14 n 22 0.42 0.05

n4 n 12 n 12 0.11 0.02 n 4 n 4 0.12 0.12 n 12 n 1 0.11 0.00
n 4 n 14* 1.08 0.29 n 7 n 7 0.13 0.01 n 4 n 4 0.17 0.17
n 14 n 14 0.50 0.13 n 12 n 12 0.23 0.04 n 7 n 7 0.11 0.01
n 4 n 15 0.11 0.02 n 4 n 14* 1.85 0.49 n 14 n 9 0.14 0.02
n 14 n 15 0.26 0.06 n 14 n 14 1.02 0.27 n 4 n 12 0.10 0.02
n 14 n 16 0.32 0.04 n 14 n 15 0.50 0.11 n 12 n 12 0.24 0.04
n 16 n 16 0.10 0.01 n 14 n 16 0.69 0.10 n 4 n 14* 2.17 0.57
n 14 n 18 0.16 0.04 n 16 n 16 0.26 0.04 n 14 n 14 1.27 0.33
n 14 n 22 0.30 0.01 n 14 n 17 0.12 0.04 n 14 n 15 0.58 0.12

n 14 n 18 0.42 0.09 n 15 n 15 0.10 0.02
n 13 n 22 0.12 0.00 n 14 n 16 0.69 0.10
n 14 n 22 0.74 0.02 n 16 n 16 0.27 0.04

n 14 n 17 0.15 0.05
n 17 n 17 0.10 0.03
n 14 n 18 0.46 0.10
n 18 n 18 0.11 0.02
n 13 n 22 0.14 0.00
n 14 n 22 0.89 0.03
n 15 n 22 0.11 0.00

n15 n 15 n 15 0.13 0.13 n 15 n 15* 0.15 0.15 n 15 n 15 0.16 0.16
n 15 n 22* 0.20 0.03 n 15 n 16 0.12 0.08 n 15 n 16 0.12 0.08

n 15 n 22 0.14 0.02 n 15 n 22* 0.17 0.03
n18 n 18 n 16 0.10 0.07 n 18 n 16 0.14 0.09 n 18 n 16 0.14 0.09

n 18 n 18* 0.11 0.11 n 18 n 18* 0.18 0.18 n 18 n 18* 0.20 0.20
n 18 n 22 0.11 0.02 n 18 n 22 0.16 0.02 n 18 n 22 0.14 0.02

n16 n 16 n 16* 0.23 0.23 n 16 n 16* 0.30 0.30 n 16 n 16* 0.30 0.30
n17 n 17 n 17* 0.41 0.41 n 17 n 17* 0.51 0.51 n 17 n 17* 0.47 0.47

n 17 23 0.26 0.12 n 17 n 23 0.29 0.14 n 17 n 23 0.30 0.14
n 17 n 25 0.13 0.03

n22 n 22 n 23 0.01 0.08 n 22 n 25* 0.01 0.02 n 22 n 22* 0.03 0.03
n 22 n 24* 0.03 0.05

n20 n 20 n 22* 0.22 0.01 n 12 n 12 0.16 0.04 n 20 n 10 0.11 0.07
n 20 n 25 0.16 0.01 n 20 n 20 0.12 0.12 n 20 n 20 0.16 0.16

n 20 n 25* 0.29 0.02 n 20 n 25* 0.19 0.02
n19 n 19 n 16 0.12 0.04 n 19 n 16 0.16 0.06 n 16 n 16 0.11 0.04

n 19 n 19* 0.86 0.86 n 19 n 18 0.19 0.11 n 19 n 16 0.29 0.11
n 19 n 24 0.24 0.13 n 19 n 19* 1.15 1.15 n 19 n 18 0.15 0.09

n 19 n 20 0.14 0.25 n 19 n 19* 1.05 1.05
n 19 n 24 0.14 0.08 n 19 n 24 0.13 0.07
n 19 n 25 0.16 0.02 n 19 n 25 0.19 0.03

n13 n 13 n 22* 0.23 0.06 n 13 n 13* 0.20 0.20 n 13 n 13* 0.25 0.25

Note: * represents the most important sector linked to the MCI of the corresponding key industries.

Y. Zhang et al. / Journal of Cleaner Production 217 (2019) 808e820814
3.3. Discussion of the elasticity of technical coefficients and final
demand coefficients

Sensitivity analyses of the technical coefficients and final de-
mand coefficients for the MCI of key sectors based on the input-
output table in 2012 were conducted, and the results are shown
in Fig. 4. It should be noted that the solid lines represent direct
effects, the dotted lines represent indirect effects, and the arc lines
represent self-use relationship effects. For example, for the MCI
elasticity of n4, the elasticity of 2.17 involved in the demand of n14
for n4 has a direct influence on the MCI of n4; the value of 0.17 is
caused by the self-supply by n4; and the elasticity of 0.46 caused by
the demand of n18 for n14 has an indirect impact on the MCI of n4.

3.3.1. The elasticity of technical coefficients in 2012

(1) For the mining of metal ores sector, the technical coefficients
involved in the self-supply by n4, n12 and n16, the direct
transaction related to the purchase of n4 by n14, and the
indirect transactions related to the sales of n14 to n15, n16,
n18 and n22 each changed by 1%, the MCI of n4 would
change by 0.17, 0.24, 0.27, 2.17, 0.58, 0.69, 0.46, and 0.89,
respectively, as shown in Fig. 4. China is a country with a high
level of metal consumption, and given the relatively back-
ward technical conditions, the waste of mineral resources in
mining is serious, and the use efficiency is consequently low
(Chen and Cheng, 2015), leading to the high MCI in n4.

(2) The purchase of products from n14 by n14, n15, n16, n18 and
n22 had a direct impact on the MCI of the manufacturing and
processing of the metals sector, as shown in Fig. 4. The two
highest elasticity values were 0.59 and 0.42, which were
related to the purchase of n14 to support the production of
n14 and n22. This result occurred because the exploitation
and smelting of metals require a significant amount of metal
ore, and even construction also requires metals as inputs.
Statistics show that in 2012, the metal consumption in n14
and n22 accounted for 37.60% and 11.47% of the total amount
ofmetal consumption, respectively. Moreover, the transaction



Table 6
The trends in the elasticity of the final demand coefficients.

Industry 2002 2007 2012

i k εMihkl
i k εMihkl

i k εMihkl

n14 n14 3 1.21 n 14 3 2.11 n 14 3 2.71
n16 3 2.57 n 16 3 4.48 n 16 3 5.74
n22 3* 7.12 n 17 3 1.21 n 17 3 1.56

n 18 3 1.14 n 18 3 1.46
n 22 3* 12.43 n 22 3* 15.95
n 25 2 1.18 n 25 2 1.66

n 4 n 14 3 1.35 n 14 3 2.35 n 14 3 3.02
n 16 3 3.26 n 15 3 1.06 n 15 3 1.36
n 22 3* 8.46 n 16 3 5.70 n 16 3 7.31
n 25 2 1.04 n 17 3 1.46 n 17 3 1.87

n 18 3 1.32 n 18 3 1.70
n 22 3* 14.76 n 21 3 1.05
n 25 2 1.54 n 22 3* 18.94

n 25 2 2.17
n 15 n 15 1 1.42 n 15 1 2.13 n 15 1 2.93

n 15 3 2.15 n 15 3 3.75 n 15 3 4.81
n 15 4 1.90 n 15 4 1.08 n 15 4 1.35
n 16 3 1.25 n 16 3 2.18 n 16 3 2.80
n 22 3* 4.90 n 22 3* 8.55 n 22 3* 10.97

n 25 2 1.17 n 25 2 1.64
n 18 n 16 3 2.07 n 16 3 3.61 n 16 3 4.64

n 18 1 2.58 n 18 1 3.87 n 17 3 1.02
n 18 3* 4.24 n 18 3* 7.40 n 18 1 5.31
n 22 3 3.08 n 22 3 5.38 n 18 2 1.17

n 25 2 1.02 n 18 3* 9.49
n 22 3 6.90
n 25 2 1.43

n 16 n 16 3* 10.83 n 16 1 1.25 n 16 1 1.72
n 22 3 2.66 n 16 3* 18.91 n 16 3* 24.26

n 22 3 4.65 n 17 3 1.27
n 25 2 1.00 n 22 3 5.96

n 25 2 1.41
n 17 n 17 3* 10.23 n 16 3 1.48 n 16 3 1.89

n 22 3 2.12 n 17 3* 17.86 n 17 3* 22.91
n 23 4 1.30 n 22 3 3.69 n 21 3 1.02

n 25 2 1.23 n 22 3 4.74
n 23 1 1.07
n 25 2 1.73

n 22 n 22 3* 16.86 n 22 3* 29.44 n 22 3* 37.76
n 20 n 16 3 1.21 n 16 3 2.11 n 16 3 2.71

n 20 3* 10.33 n 20 3* 18.03 n 20 3* 23.13
n 22 3 2.14 n 22 3 3.73 n 22 3 4.78
n 25 2 1.88 n 25 1 1.07 n 25 1 1.47

n 25 2 2.77 n 25 2 3.90
n 19 n 19 1* 6.43 n 19 1* 9.64 n 16 3 1.17

n 19 3 4.86 n 19 3 8.48 n 19 1* 13.22
n 22 3 1.10 n 19 3 10.88
n 25 2 1.20 n 22 3 1.41

n 25 2 1.69
n 13 n 13 3 1.54 n 13 3 2.68 n 13 3 3.44

n 13 4 1.38 n 16 3 1.13 n 16 3 1.45
n 22 3* 11.09 n 22 3* 19.36 n 22 3* 24.84

n 25 2 1.36

Note: * represents the most important final demand linked to the MCI of the cor-
responding key industries.
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involving the self-provision of n16 had an indirect influence
on the MCI of n14 because the production of n16 indirectly
consumed the products of n14.

(3) For the manufacturing of the fabricated metal products
sector, direct transactions related to the sales of n15 to n16
and n22 and the self-provision by n15 had the greatest ef-
fects on the MCI of n15, the elasticity values of which were
0.12, 0.17 and 0.16, respectively, as shown in Fig. 4.

(4) The highest direct impact on theMCI of the manufacturing of
electrical machinery and apparatus sector was related to its
self-use and its linkages with n16 and n22. Since n18 pro-
vides power devices for the production of its own sector, n16
and n22, it is important to improve the production efficiency
and extend the service life of mechanical and electrical
equipment in n18, n16 and n22.

(5) For the manufacturing of transport equipment sector, the
direct transaction related to the self-supply of intermediate
products provided by n17 for itself had the greatest effect on
the MCI of n17, followed by the sales of n17 to n23. Since n17
provides conveyances for its own production and for the
transportation, storage and delivery of goods, it would be
helpful to improve the transport efficiency by promoting the
recycling of scrap vehicles and rationally distributing the
cargo load of vehicles.

(6) For construction, the highest direct elasticity value induced
by self-use was 0.03. Compared to the technical coefficient
elasticity in other key industries related to n22, the elasticity
of the technical coefficients in n22 was quite small. The
reason for this result is that n22 is in the downstream portion
of the industrial chain, and its demand for metal resources
from other industries has a strong impact on the MCI of the
corresponding industries.

(7) Sectors n10, n20 and n25 had direct effects on theMCI of n20,
with elasticity values of 0.11, 0.16 and 0.19, respectively. The
reason for this result is that the products of n20 are the main
production inputs for sectors n10, n20 and n25.

(8) The transactions involving the application of n16, n18, n19,
n24 and n25 to n19 had the greatest direct influences on the
MCI of the manufacturing of communication equipment,
computers and other electronic equipment sector, as shown
in Fig. 4. The greatest direct effect on theMCI of n19was from
self-use by n19 because n19 requires a considerable amount
of communication equipment, computers and other elec-
tronic equipment as inputs to meet its production demand.
Moreover, the self-supply by n16 had an indirect impact on
the MCI of n19.

(9) Transactions involving self-use by the manufacturing of
general and special purpose machinery sector had a direct
influence on its own MCI. Similarly, transactions related to
self-use by the manufacturing of nonmetallic mineral prod-
ucts sector also had a direct effect on its own MCI.
3.3.2. The elasticity of final demand coefficients in 2012

(1) The greatest MCI elasticity of final demand in 2012 was the
gross fixed capital formation of construction, which had an
elasticity value of 37.76. The reason for this result is that the
proportion of gross fixed capital formation in construction to
the total gross fixed capital formationwas 93.00% in China in
2012. Moreover, with respect to the MCI of n14, n4, n15, n18,
n16, n17, n20 and n13, the greatest elasticity values were also
related to the gross fixed capital formation of their respective
industries, which were 15.95, 18.94, 10.97, 9.49, 24.26, 22.91,
23.13 and 24.84, respectively, as shown in Fig. 4. Since the
1990s, investment by the Chinese government in infra-
structure construction and public services has increased by
more than 20% annually (Wang, 2014). Statistics show that
China's construction area has increased rapidly, and the
commercial and residential building area increased by an
average of 39.30% per year from 2000 to 2015 (National
Bureau of Statistics, 2016). However, due to its relatively
short life span and high vacancy rate, the utilization effi-
ciency of Chinese architecture is very low (Huang et al.,
2018). Therefore, the Chinese government should under-
take more effective measures to improve the efficiency of
buildings and reduce the consumption of metal materials for
new buildings to some extent.



Manufacturing and processing of 
metals (n14)

n15

0.59

0.27

n16
0.32

n18

0.42

0.22

Gross fixed capital 
formation

2.71

Public consumption

0.12

n25

5.74

1.46

1.56
n17

n22
15.95

1.66

Manufacturing of fabricated metal product
(n15)

n16

0.16

0.12

n220.17

Household 
consumption

Net export

10.97

Gross fixed capital 
formation

4.81

2.80

1.64
Public consumptionn25

2.93

1.35

Manufacturing of electrical 
machinery and apparatus (n18)

Household 
consumption

0.20

5.31

n16
0.14

n220.14

Gross fixed capital 
formation

9.49

Public consumption

n25

4.64

6.90

n17
1.02

1.43

1.17

Manufacturing of general and 
special purpose machinery (n16)

Household 
consumption

0.30

1.72

n17

n22

Gross fixed capital 
formation

24.26

Public consumption

n25

1.27

5.96
1.41

Manufacturing of transport 
equipment (n17)

Household 
consumption

0.47

1.07

n23
0.30

n22

Gross fixed capital 
formation

22.91

Public consumption

n25

1.02
n21

4.74

1.73

n16
1.89

Manufacturing of communication 
equipment, computers and other 

electronic equipment(n19)

n16

1.05

0.29

n18
0.15

n240.13

Gross fixed capital 
formation

13.22

Public consumption

n25

0.11

n22 1.41
1.69

Household 
consumption

10.88

0.19

1.17

Construction (n22)

0.03
Gross fixed capital 

formation
37.76

Manufacturing of measuring 
instruments and machinery (n20)

0.16

n22

n16

0.11

Gross fixed capital 
formation

23.13

Public consumption

4.78

2.71

3.90n25

n10

1.47 Household 
consumption

0.19

Manufacturing of nonmetallic 
mineral products (n13)

0.25
Gross fixed capital 

formationn16

1.36

1.45

n25

n22
24.84

Public consumption

3.44

Mining of metal ores (n4)

n12

0.17

0.24

n142.17

n16 0.27

0.69

n18
0.46

n22
0.89

Gross fixed capital 
formation

3.02

7.31

18.94

Public consumption

n25
2.17

n15 0.58

Fig. 4. The main MCI elasticities of key sectors in China based on the 2012 input-output table.
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(2) The highest MCI elasticity for household consumption de-
mand was related to sector n19, indicating that the users of
communication devices are mainly private consumers.
Regarding direct effects, the MCI elasticity for n19 from
household consumption demand was 13.22; for the MCI of
n15, the elasticity of household consumption demand was
2.93; for n18, the elasticity was 5.31; and for n16, the elas-
ticity was 1.72. Moreover, the household consumption de-
mand for n23 and n25 had an indirect influence on the MCI
of n17 and n20, and the elasticities were 1.07 and 1.47,
respectively.

(3) Public consumption demand for n25 had an indirect effect on
theMCI of n14, n4, n15, n18, n16, n17, n20, n19 and n13, which
had elasticities of 1.66, 2.17, 1.64, 1.43, 1.41, 1.73, 3.90, 1.69 and
1.36, respectively. Among them, the public consumption de-
mand for theproducts of sector n25made the greatest indirect
contribution to the MCI of n20. Moreover, the public con-
sumption demand for the products of sector n18 had a direct
effect on the MCI of n18, with an elasticity of 1.17.

(4) The net export coefficient of sector n15 directly influenced its
own MCI, and the elasticity was 1.35. It should be
emphasized that net exports represent exports minus im-
ports. The net export coefficient of n15 was positive in 2012,
indicating that the exports of n15 were greater than the
imports in that year. Currently, China's metal exports are
mostly oriented towards primary products, and the value
added is low. Thus, it is necessary to improve the metal
product processing technology to increase the exports of
high-tech metal products instead of primary metal products.

3.4. Overall analysis of the critical links

3.4.1. The critical links in terms of (pure) technical coefficients

(1) The MCI of most key industries except for n4 was mainly
affected by the technical coefficients concerning direct
transaction relations. Table 5 shows that these production
transactions related to n14, n15, n18, n16, n17, n22, n20, n19
and n13 with other industries predominantly had direct in-
fluences on their own MCI. Among them, changes in pro-
duction technology for n14, n18, n16, n17 and n19, which
consumed self-supplied intermediate products, had the
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greatest influence on their MCI. Simultaneously, changes in
production technology for n15, n22, n20 and n13, which
supplied intermediate products for other industries, exerted
the greatest effect on their own MCI. It is worth nothing that
theMCI of n4 was affected not only by the direct transactions
but also by the indirect transactions.

(2) Comparing the elasticity values of the technical coefficients
and pure technical coefficients from different years in Table 5
clearly shows that under most circumstances, εMiakl � ε

*
Miakl

is
established. This result indicates that the production tech-
nology impact on the MCI of key industries is enhanced after
considering the effect of the demand structure. Thus, for
these industries, attention should be paid to adjusting the
product consumption structure while promoting technology
innovation in related industries. In addition, the elasticity
values of the technical coefficients and pure technical co-
efficients are equal for industries that consume self-supplied
intermediate products. That is, if i ¼ k, then εMiakl ¼ ε

*
Miakl

under general conditions. The implication is that self-
supplying industries are not affected by structural correla-
tions and should emphasize improving their own production
technology.

(3) In terms of the industry chain, sectors n4, n14 and n15 are
located upstream in the supply chain, and their MCI is
influenced more by the production efficiency and the de-
mand structure of the downstream industries since their
products are mostly inputs for other sectors. Moreover, sec-
tors n23, n24 and n25 are located at the end of the industry
chain, so their production efficiency has a substantial impact
on the MCI of the upstream metal-related industries, such as
n17 and n19.

(4) From an overall perspective, sectors n16, n18 and n22 have
significant impacts on the MCI of most key sectors. Sectors
n16, n18, and n22 are in the middle and lower reaches of the
industry chain, large quantities of metallic raw materials are
required from the production activities, so their own pro-
ductivity will affect the MCI of the upstream sectors. In
recent years, despite constant breakthroughs attained in the
production technology of metal smelting and machinery
manufacturing, there remain an enormous number of back-
ward production facilities, especially in small and medium-
sized enterprises (Shao et al., 2016). Therefore, strength-
ening the management and promoting collaborative inno-
vation will be conducive to improving the production
efficiency in these industries, which could lower the MCI of
the whole industry chain.
3.4.2. The critical links in terms of final demand coefficients

(1) The MCI of most industries was mainly affected by the gross
fixed capital formation in corresponding industries, and the
greatest MCI elasticity value was induced by the gross fixed
capital formation in n22. Moreover, the elasticity values
increased each year. Asmentioned above, the rapid economic
growth in China, especially since 2000 (Schandl and West,
2010), has led to massive metal ore extraction and a sharp
rise in global metal prices (Wiedmann et al., 2015), resulting
in a flood of capital investment into metal-related industries.
As a result, metal-related industries have suffered from se-
vere overcapacity, especially soon after the Chinese govern-
ment launched a 4 trillion yuan rescue plan. Therefore,
resolving the overcapacity in metal-related industries,
reducing the amount of blind investment and applying funds
to technology research and development could help reduce
the MCI. It is also worth noting that the greatest MCI elas-
ticity for n19 is household consumption demand because the
products of n19 are used mainly to meet the human need to
exchange and obtain information. According to the China
Statistical Yearbook, in 2002, the number of personal com-
puters owned per 100 urban households in China was 20.63,
but by 2012, this number had grown to 87.

(2) In terms of critical demand, the gross fixed capital formation
of n16 and n22 and the public consumption demand for n25
had significant effects on the MCI of all key sectors, so more
attention should be focused on these sectors. As previously
discussed, the significant impact of the gross fixed capital
formation of n16 and n22 on the MCI can be attributed to
serious overcapacity and blind investments in metal-related
industries. Regarding the public consumption demand for
n25, it should be clear that rapid growth in China's infra-
structure construction has led to substantial improvements
in the infrastructure for transport, telecom and the energy
supply. Statistics show that investments in these three types
of infrastructure increased from 637.65 billion yuan in
2003e4033.99 billion yuan in 2014, for an average annual
growth rate of 18.26%. It is worth noting that some infra-
structure construction should be attributed to the pursuit of
political objectives by sub-national governments in China,
resulting in serious resource waste (Xu, 2011). Therefore, the
central government should pay greater attention to such
investments.

4. Conclusions and policy recommendations

To investigate MCI and the corresponding drivers from the
intersectoral perspective in China, this paper first identified the ten
sectors with the greatest MCI according to the Chinese input-
output tables for 2002, 2007 and 2012. Then, sensitivity analysis
of the MCI of key industries based on the Leontief input-output
model of 25 sectors was conducted in an effort to explore the re-
lationships among sectoral MCI, intersectoral linkages and final
demand, which could guide policy interventions promoting the
effective use and conservation of metal resources. The conclusions
are as follows.

(1) From 2002 to 2012, the average MCI of key industries
increased from 7.37 tonnes per ten thousand yuan to 32.13
tonnes per ten thousand yuan, and the effect of (pure)
technical coefficients and final demand coefficients on the
MCI in key sectors was correspondingly enhanced. From a
sectoral perspective, sector n14, n15 and n18 had the greatest
MCI, indicating that metal use in these sectors is relatively
inefficient, and more attention should be paid to them.

(2) In terms of the critical path, direct transactions between
sectors proved to be the dominant contributor to the changes
in most sectoral MCI. For instance, the MCI of n5, n14, n16,
n17 and n18 were mainly affected by their own production
efficiency. In addition, sectors n16, n18, and n22 exerted a
great effect on theMCI of most sectors, and theMCI of n4was
directly or indirectly affected by most sectors.

(3) In terms of critical demand, the gross fixed capital formation
of the corresponding sectors had a significant impact on the
MCI, and the greatest contributor was the gross fixed capital
formation of construction. Moreover, the gross fixed capital
formation for n16 and the public consumption demand for
n25made significant contributions to theMCI ofmost sectors.

Based on the above conclusions, we propose the following
relevant policy recommendations to reduce China's MCI.
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(1) The Chinese government should pay attention to the coun-
try's MCI since it reflects the resource utilization efficiency.
Since technological progress can affect metal use efficiency
through the comprehensive utilization of resources,
improving the amount of recycling of mineral resources and
reducing resource consumption (Habib and Wenzel, 2014), it
is appropriate for the Chinese government to reduce its MCI
by improving the current technology and developing new
technology for metal picking, smelting and calendar pro-
cessing, machinery manufacturing and other industries.
Specifically, the government could formulate preferential
policies to attract currency capital and human capital into
metal-related industries and could use R&D subsidy policies
and tax incentives to encourage mining companies to
implement technical innovations and adopt energy-saving
technologies. In addition, appropriate production standards
could be formulated according to the specific characteristics
of industries with high MCI to improve production efficiency
and production quality and to promote the recycling of metal
resources.

(2) To improve the metal utilization efficiency of sectors with
high MCI, attention should be paid to the technical level and
demand structure of the transition processes between sec-
tors with large elasticity values. Policy measures should be
predominantly sector specific and should consider the link-
ages between departments, especially the direct transactions
between sectors. For instance, it would be helpful to improve
the production technology of n16 to reduce its demand for
electronic equipment, which would reduce the MCI of n19.
Moreover, since sector n4 is situated in the upper reaches of
the industrial supply chain, its products are basic materials
for most metal-related industries and are difficult to substi-
tute. Thus, the government should improve the efficiency of
metal mining by strengthening management and establish-
ing a reasonable mineral property development system.
Meanwhile, it would also be helpful to improve the pro-
duction technology and optimize the consumption structure
of downstream industries such as n16, n18, and n22.
Code Sector

n1 Agriculture
n2 Mining and washing of coal
n3 Extraction of petroleum and natural gas
n4 Mining of metal ores
n5 Mining of nonmetallic minerals
n6 Manufacturing of foods and tobacco

n7 Manufacturing of textile, leather, fur,
feather and its products

n8 Processing of timbers and manufacturing
of furniture

n9 Papermaking, printing and manufacturing
of articles for culture, education and
sports activities

n10 Production and supply of electricity, steam
and water

n11 Manufacturing of refined petroleum and coke
products and processing of nuclear fuel

n12 Manufacturing of chemicals and chemical products

n13 Manufacturing of nonmetallic mineral products
(3) China's government should place a high value on the effect of
the gross fixed capital formation of various sectors. Effective
policies are urgently needed to resolve overcapacity in
metal-related industries, to reduce blind investments and to
guide investments towards technology research and devel-
opment in metal-related sectors. Since the gross fixed capital
formation of construction is the highest, it would be useful to
maintain and repair existing buildings to extend their service
life, thereby reducing the MCI by improving housing utili-
zation. Meanwhile, a rational housing tax could be imposed
to reduce the housing vacancy rate, and advanced technol-
ogies such as 3D printing could be used to reduce the con-
sumption of certain metals. Moreover, China's government
should focus more on the production efficiency and con-
sumption structure of n16, n22 and n25 because these sec-
tors have a significantly direct or indirect impact on the MCI
of most industries. In addition, the central government
should improve its supervision to prevent sub-national
governments from blindly engaging in infrastructure con-
struction in pursuit of higher GDP.
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Appendix A. Sector classification of the Chinese input-output
table with the corresponding codes.
Code Sector

n14 Manufacturing and processing of metals
n15 Manufacturing of fabricated metal products
n16 Manufacturing of general and special purpose machinery
n17 Manufacturing of transport equipment
n18 Manufacturing of electrical machinery and apparatus
n19 Manufacturing of communication equipment, computers

and other electronic equipment
n20 Manufacturing of measuring instruments and machinery

for cultural activities and office work
n21 Other manufacturing (including scrap and waste)

n22 Construction

n23 Transport, storage and post

n24 Renting and leasing, business services, wholesale and retail
trades, finance, real estate, hotel and catering services

n25 Public utilities, services to households and other services,
education, culture, sports and entertainment, scientific
research and technical services, administration and others
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Appendix B. Final demand classification of the Chinese input-
output table with the corresponding codes.
Code Final demand Code Final demand

1 Household consumption 3 Gross fixed capital formation
2 Public consumption 4 Net exports
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