
Citation: Chen, P.; Wang, H.; Guo,

M.; Wang, J.; Cai, S.; Li, M.; Sun, K.;

Wang, Y. Decomposition Analysis of

Regional Embodied Carbon Flow and

Driving Factors—Taking Shanghai as

an Example. Sustainability 2022, 14,

11109. https://doi.org/10.3390/

su141711109

Academic Editor: Zhijie Jia

Received: 2 August 2022

Accepted: 1 September 2022

Published: 5 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Decomposition Analysis of Regional Embodied Carbon Flow
and Driving Factors—Taking Shanghai as an Example
Peng Chen 1, Hanwen Wang 2, Mingxing Guo 1, Jianjun Wang 1, Sinan Cai 1, Min Li 3, Kaining Sun 4

and Yukun Wang 2,*

1 State Grid Shanghai Economic Research Institute, Shanghai 200233, China
2 School of Management and Economics, Beijing Institute of Technology, Beijing 100081, China
3 State Grid Talents Exchange and Service Co., Ltd., Beijing 100053, China
4 State Grid Xinjiang Electric Power Co., Ltd., Xinjiang 830002, China
* Correspondence: wangyukun7982@163.com

Abstract: Developing localized climate mitigation strategies requires understanding how national
consumption drives local carbon dioxide (CO2) emissions from a sectoral perspective. Exploring
the carbon footprint considering inter-provincial trade is vitally important; however, few studies
have explored the production side of embodied carbon emissions and the drivers of embodied
carbon. Here, we use the multi-regional input–output model to calculate the flow of embodied
carbon between provincial departments on Shanghai’s production side in 2012, 2015, and 2017. We
also establish a decomposition method for the embodied carbon index with small data demand.
Our results show that from 2012 to 2017, the outflow increased and went to tertiary industries in
neighboring and economically developed provinces. Among them, the activity effect drove the
increase in carbon emissions, and the technique effect drove the reduction in embodied carbon.
Surprisingly, we found that the low efficiency of the energy utilization of metal products and the
unreasonable structure of other services increased embodied carbon emissions from 2012 to 2015.
Sectors with high exogenous embodied carbon emissions are critical areas in which collaborative
mitigation efforts between Shanghai and downstream provinces drive these emissions. Shanghai
should avoid falling into the “low-carbon trap” of developing countries. It should continue to adjust
its industrial structure and increase the use of low-carbon energy to achieve carbon reduction.

Keywords: input–output analysis; embodied carbon flow; production-based principle; logarithmic
mean Divisia index decomposition

1. Introduction

China, the world’s largest greenhouse gas (GHG)-emitting nation, has long been a
primary producer of various industrial and consumer products [1]. However, extensive,
decades-long development in China has led to various consequences, such as inefficient
energy use, high energy intensity, and an unreasonable energy structure. The vast energy
demand and inefficient use have produced large amounts of carbon dioxide (CO2) and
local air pollutant (LAP) emissions that far exceed the maximum environmental capacity,
consequently leading to regional air pollution issues and exacerbating global warming and
climate change. In response to these challenges, faced during the urbanization process,
at the general debate of the 75th session of the United Nations General Assembly, China
solemnly announced: “China will enhance its independent national contribution, adopt
more powerful policies and measures, strive to reach the peak of CO2 emissions by 2030,
and strive to achieve carbon neutrality by 2060.”

In 2021, with a GDP of CNY 4321.4 billion, Shanghai ranked first in China and presently
is China’s economic, financial, trade, and scientific and technological innovation center.
Shanghai has also played a significant role as a central hub for international trade. In
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2021, Shanghai’s port completed an annual cargo throughput of 769.7 million tons, ranking
second globally. However, because of its lack of mineral resources, it needs to transfer many
energy products from other parts of the country and a large number of carbon emissions
through domestic trade. Previous carbon emission accounting for Shanghai mainly focused
on direct carbon emissions and ignored the embodied carbon emissions, but the embodied
carbon flowing from Shanghai to other provinces and cities has increased rapidly. As
a national low-carbon city pilot, the progress of Shanghai’s emission-reduction work is
directly related to the direction and effectiveness of China’s emission-reduction work. On
this basis, this study explores the carbon emissions caused by provinces in Shanghai and
the driving factors of Shanghai’s production-side carbon emissions, providing support for
scientific and accurate regional decarbonization.

The existing literature shows that an increasing number of scholars have adopted the
multi-regional input–output (MRIO) model to solve problems related to the calculation of
carbon emission transfer. The single region input–output (SRIO) model was first built by
Leontief [2]. It was later extended to multiple regions and widely used in environmental
impact assessment (EIA) [3,4]. Many scholars have combined the MRIO model with the
actual situation in China to solve environmental problems. Guo et al. [5] and Zhang et al. [6]
used the MRIO model to calculate and analyze China’s inter-provincial carbon emission
input–output, the carbon footprint of residents’ consumption in eight regions of China, and
the carbon emissions of various departments in eight regions, revealing significant regional
differences [5,6]. Su and Ang [7,8] explored the spatial agglomeration of carbon emission
transfer by calculating the carbon emission transfer between major regions in China in
2002, and they optimized the inter-regional carbon emission transfer at the mechanism
level [7,8]. Sun et al. [9] calculated the carbon transfer between Indian economic sectors
from 1995 to 2009, according to the SRIO model. The study found that con (building) had
the largest emissions, and egw (electricity, natural gas, water supply) accounted for 60% of
the secondary industry’s CO2 emissions [9]. Based on the MRIO model, Chen et al. [10]
compiled China’s interregional input–output table in 2012, calculated the trans-provincial
carbon emission transfer, and analyzed trans-provincial carbon equity from the perspective
of the carbon Gini coefficient [10]. Wang and Hu [11] used a carbon transfer measurement
model for inter-regional bilateral trade to calculate the carbon emissions caused by China’s
inter-provincial demand and exports in 2007, 2010, and 2012. Research shows that coopera-
tion and the promotion of emission reduction technologies can effectively inhibit carbon
emission transfer across provinces [11]. Han et al. [12] discussed the carbon emissions of
Chinese provinces and other economies from a multi-regional perspective based on nested
input–output analysis (IOA) [12]. Based on the MRIO model, Wang et al. [13] analyzed
the carbon neutralization-oriented carbon emission reduction model by studying carbon
emissions and transfer on the consumption side on the provincial and industrial levels in
China [13]. Liu et al. [14] proposed a calculation method for embodied carbon transfer in
the value chain based on the balance formula of the input–output table. They found that
China’s cross-regional value chain embodied carbon transfer, and its net value showed an
upward trend [14].

The embodied carbon flow calculated using the MRIO model reveals the impact of
regional trade on carbon emission responsibility under different accounting principles. By
decomposing the driving factors, we can have a clearer understanding of the composition
of carbon emissions, which is conducive to the effective deployment of regional emission
reduction. Regarding the decomposition of carbon emission transfer drivers, the popular
academic methods include structural decomposition and logarithmic mean Divisia index
(LMDI) decomposition, which have been widely used in various research scenarios. Based
on the input–output model, Qian and Yang [15] and Jiang [16] used the structural decom-
position method to decompose carbon emissions in the international trade of East Asia and
BRIC countries [15,16]. Guo [17], Du and Sun [18], and Huang et al. [19] applied the LMDI
method to decompose total, export, and inter-provincial trade carbon emissions [17–19].
However, the structural decomposition method requires a large amount of data, and there
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are interactive items in the decomposition process. Problems exist, such as inconsistent
measurement results, the weak comparability of factor weights, and the complex decom-
position of the interaction effects. LDMI decomposition requires a small amount of data,
which can overcome the cross-term problem, and has been widely used worldwide. In
summary, most existing studies use the MRIO model to calculate the international and
domestic carbon emission transfer and different methods to decompose the driving factors.
They analyze the inter-provincial carbon equity from multiple perspectives and propose
corresponding carbon emission reduction suggestions.

Based on 2012, 2015, and 2017 data, this study uses the MRIO model to calculate
the transfer of carbon emissions between provinces and employs the LMDI method to
decompose the driving factors affecting the embodied carbon emissions on the production
side of Shanghai. The contribution of this study is as follows: First, the embodied carbon
on the production side of Shanghai is analyzed for the first time. Unexpectedly, much of
Shanghai’s emissions come from the demand of other places, and the carbon emissions
flowing into the tertiary industry show an increasing yearly trend. Second, we use a
new embodied carbon decomposition method with small data demand rather than the
traditional decomposition of direct carbon emissions. The results showed that the activity
effect was the main driving factor for the increase in embodied carbon emissions, and the
technique effect was the driving factor for the decrease in embodied carbon emissions.
Finally, we found that electricity and hot water production and supply is a sector with high
emission intensity. Regarding metal products, due to low energy efficiency, the technique
effect resulted in an increase in embodied carbon emissions and other services owing to
an unreasonable economic structure; its structural effect also resulted in an increase in
embodied carbon emissions, which may provide a basis for carbon reduction in other
cities worldwide.

2. Materials and Methods
2.1. Emission Embodied in Provincial Trade

In 1936, American economist Wassily Leontief proposed a “top-down” macroeconomic
analysis method called input–output analysis (IOA) [2]. This analysis method mainly re-
flects the regional industrial production relationship by compiling input–output tables and
mathematical models and studying the production capacity differences between regions.
The IOA method relies on the input–output table, which reflects the mutual flow of money
between different economic sectors, thus revealing the distribution of sector output and
the composition of sector input. Using the relationship between rows and columns, IOA
can comprehensively and objectively reflect the interdependence of mutual input and con-
sumption between departments. Compared with other analysis methods, the advantage of
the input–output analysis method is that it can quantitatively determine all local changes’
impacts on the economic system by studying the chaotic input–output relationship between
the various parts.

Input–output models are divided into single-region input–output (SRIO) and multi-
region input–output (MRIO) models. The MRIO model distinguishes the uses of imported
products (intermediate input and final demand) and describes, in detail, the product
flow in multilateral trade, distinguishing the source of imported products. It uses the
carbon emission intensity of the source of products, which can estimate the hidden carbon
emissions of each region accurately. Measuring the trade-embodied carbon emissions
of various regions based on MRIO helps to deepen our understanding of the impact of
trade on carbon emissions, clarify the pressure of each province under the guidance of
carbon neutrality, and promote the rational allocation of emission reduction responsibilities.
It provides an important theoretical basis for analyzing each province’s production-side
carbon emission reduction model and realizing the 2060 national carbon neutrality goal.
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Assuming that m regions exist in the MRIO model and that each region contains n
departments, the row balance of the MRIO model can be expressed using Equation (1).

x = Ax + y (1)

where x is the mn× 1 matrix representing the total output; xr
i is the total output of sector i

in region r; A is the mn×mn matrix representing the direct consumption coefficient; ars
ij

is calculated by ars
ij = zrs

ij /xs
j ; zrs

ij (i, j = 1,2, . . . , n) is the input from sector i of region r to
sector j of region s; and y is the mn× 1 matrix representing the final requirement. The
above equation can be rewritten as Equation (2).

x = (I − A)−1 × y (2)

where I is the identity matrix, L = (I − A)−1 is called the Leontief inverse matrix, which
reflects the complete (direct and indirect) demand of the production unit’s final product for
the total product, and y is the diagonal matrix formed by the final demand. Based on the
MRIO model, the embodied carbon emissions on the production side of each region can be
expressed using Equation (3).

C = e× (I − A)−1 × y (3)

where C is the embodied carbon on the production side, and e is the diagonal matrix
representing the direct carbon emission intensity.

In addition, the matrix form of input and output is shown in Table A1 to help you
understand the calculation process further.

2.2. Index Decomposition Analysis (IDA)

Two main technical methods exist for carbon emission decomposition: structural de-
composition analysis (SDA) and index decomposition analysis (IDA). The IDA method uses
the total data from departments and industries to analyze the changes in energy intensity,
energy structure, economic scale, industrial structure, and other factors, which eases time
series analysis and cross-regional and inter-city comparisons [20]. In addition, the IDA has
lower data requirements, which eases interpreting the decomposition results. The embod-
ied carbon emissions of interregional trade can be decomposed into three driving forces:
activity effect (∆Cact), structure effect (∆Cstr), and technique effect (∆Ctec) [21]. Changes in
total embodied carbon emissions in trade (∆C) can be calculated using Equation (4).

∆C = CT − C0 = ∆Cact + ∆Cstr + ∆Ctec (4)

where superscripts 0 and T represent the base and terminal years, respectively. Activity
effect represents the contribution of total output value change, structure effect represents
the contribution of production structure change, and technique effect represents the contri-
bution of domestic emission intensity change as well as input–output coefficient change.
According to the Kaya identity, the total CO2 emissions for all sectors embodied in trade
can be calculated using Equation (5).

C = ∑
i

Q
Qi
Q

Ci
Qi

= ∑
i

Q× Si × Ti (5)

where Q represents the total value and refers to the activity effect; Qi represents the value
of sector i; Ci represents CO2 emissions from sector i; Si represents the share of the value of
sector i in the total value, which refers to the structure effect; and Ti represents the technical
level of sector i and refers to the technique effect.

LMDI [22,23] is a type of IDA. Because LMDI decomposition has no residual error
and effectively solves the problem of “0” value, it is widely used in carbon emission
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research. LMDI addition decomposition reflects the change in value of each driving factor
under the change in value of total CO2, and multiplication decomposition reflects the unit
contribution rate of each driving factor to CO2 emissions. The formulas for the three drivers
have a similar structure, as follows:

∆Cact = ∑
i

wi ln
(

QT

Q0

)
∆Cstr = ∑

i
wi ln

(
ST

i
S0

i

)
∆Ctec = ∑

i
wi ln

(
TT

i
T0

i

)
wi =

CT
i −C0

i
ln CT

i −ln C0
i

(6)

2.3. Data

This study adopted interregional input–output tables for 42 sectors in 31 provinces,
municipalities, and autonomous regions in China in 2012, 2015, and 2017. The yearly energy
consumption data for each sector and region were obtained from the official data released
by carbon emission accounts and datasets (CEADs) (https://www.ceads.net (accessed on
10 May 2020)). According to the existing literature, the 42 sectors in the input–output tables
were merged into 20 sectors, including agriculture (01); mining and extraction of energy-
producing products (02–03); mining and extraction of non-energy-producing products
(04–05); light industry (06–10); petrochemical (11); chemical (12); nonmetal products (13);
metallurgy (14); metal products (15); general and special purpose machinery (16–17);
transport equipment (18); electrical equipment (19); computer, electronic, and optical
products (20–21); other manufacturing (22,24); public utility (23,26–27); electricity and hot
water production and supply (25); construction (28); wholesale, retail trade, and catering
services (29,31); transport and telecommunication services (30,32); and other services
(33–42). The specific setting is shown in Table A2.

3. Results
3.1. Changes in Embodied CO2 Emissions

Based on the above methods and data, we calculated the CO2 emissions of 30 provinces
in 2012, 2015, and 2017. Our results revealed that in Shanghai, the total amount of embod-
ied carbon emissions on the production side (domestic and external demand emissions)
has hardly changed in three years, which were 185.59, 183.65, and 183.11 million tons,
respectively. However, the carbon emissions of domestic demand (the embodied carbon
produced in Shanghai and eventually flowing into Shanghai) showed a downward trend,
from 144.12 million tons in 2012 to 85.39 million tons in 2017. This indicates that Shanghai
has achieved specific results in carbon emission reduction, and Shanghai’s energy consump-
tion structure has been adjusted. Shanghai’s external demand emissions (the embodied
carbon produced in Shanghai but eventually flowing into other provinces) increased from
41.47 million tons in 2012 to 97.72 million tons in 2017, with an average annual growth
of 18.7%, thereby indicating that the embodied carbon flowing from Shanghai to other
provinces and cities increased rapidly and that carbon reduction is imperative. In 2012,
the external demand-embodied carbon emissions of Shanghai’s production side accounted
for 22.3% of Shanghai’s total embodied carbon emissions, increasing to 53.4% in 2017. In
contrast to previous perceptions, it can be noted that a considerable part of Shanghai’s
carbon emissions is caused by other provinces, and carbon emissions continue to increase.

Figure 1 depicts external demand emissions, and it shows that the embodied carbon
inflow in Shanghai experienced an upward trend from 2012 to 2017. Further yearly analysis
shows that Jiangsu, Zhejiang, and Guangdong provinces near Shanghai have the largest
inflow of embodied carbon, 15.76, 14.56, and 10.76 million tons, respectively, accounting
for 42% of the total outflow in 2017. Henan and Anhui, which are closer to Shanghai, and
Beijing and Chongqing, which are more economically developed, also have higher embod-

https://www.ceads.net
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ied carbon inflows than Shanghai. However, the inflow of embodied carbon in Qinghai,
Gansu, Ningxia, and other western regions was low for those three years, indicating low
trade with Shanghai. Due to a lack of data in CEADS, the embodied carbon flowing into
Tibet is vacant, and it is shown as transparent in Figure 1.
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Figure 1. Flow chart of external demand emissions in Shanghai (Mt CO2).

According to Figure 2, depicting Shanghai production-side embodied carbon emis-
sions, we can analyze the dimensions of Shanghai’s production-side external demand-
embodied carbon emissions flowing into different provinces and, eventually, into sectors.
The Sankey diagram shows that, in 2012, the largest amount of embodied carbon flowed
into construction, as high as 11.79 million tons. Other services and light industry rank sec-
ond and third, with 5.42 and 4.58 million tons, respectively. These three sectors accounted
for 51.8% of the external demand-embodied carbon emissions on Shanghai’s production
side. Mining and the extraction of non-energy- and energy-producing products had the
least embodied carbon emission inflow, with only 110,000 tons of carbon emissions. It
accounted for 0.3% of the external demand carbon emissions on Shanghai’s production
side, indicating that Shanghai is scarce in natural resources. The embodied carbon emission
inflows of public utility, other manufacturing, and electricity and hot water production and
supply are also considerably small and have not reached 200,000 tons of carbon emissions.
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Figure 2. Shanghai production-side embodied carbon emissions in 2012.

Figure 3 shows that, in 2015, the largest amount of embodied carbon emissions again
flowed into construction, up to 18.3 million tons, followed by other services and transport
equipment, with 8.86 and 5.73 million tons, respectively. Light industry, with 5.64 million
tons, ranks fourth, accounting for 64.8% of the external demand-embodied carbon emissions
on Shanghai’s production side. Both the mining and extraction of non-energy and energy
products still have the least embodied carbon emissions inflow, with only 100,000 tons of
carbon emissions. Compared with petrochemical, electricity and hot water production and
supply, public utility, and other manufacturing sectors, the emissions of the four sectors
increased in 2015 compared with 2012. However, they did not exceed 300,000 tons.
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In 2017, the largest amount of embodied carbon emissions flowed into wholesale,
retail trade, and catering services; with 29.91 million tons, other services ranked second
with 15.89 million tons, and light industry ranked third (Figure 4). By comprehensively
analyzing the situation of the inflow sectors over the three years, we concluded that the
embodied carbon emissions flowing into the service sector in other provinces and cities
show an increasing yearly trend. However, the embodied carbon emissions in the secondary
industry decrease yearly. In particular, the carbon emissions from the construction sector’s
production side were only 390,000 tons in 2017, indicating that Shanghai has adjusted its
industrial structure, and the proportion from the tertiary industry increased. Although the
external demand emissions on the production side in 2017 more than doubled compared to
those of 2012, the inflow sector with growth has the highest inflow, and the carbon emission
inflow of the secondary industry sector with the lowest inflow is unchanged.
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Figure 4. Shanghai production-side embodied carbon emissions in 2017.

We took the sector value, qi, and the sector emission carbon intensity, ci/qi, as variables
to draw a scatter diagram, as shown in Figure 5. The vertical axis represents the sector
value, and the horizontal axis represents the sector’s carbon emission intensity. It is clear
that there are three characteristic sectors: high production-side value with low embodied
carbon intensity, low production-side value with high embodied carbon intensity, and low
production-side value with low embodied carbon intensity. In Figure 5, they are indicated
in green, red, and blue, with corresponding sector labels. In Shanghai, we identified
sectors with high production-side value and low embodied carbon intensity: other services,
transport and telecommunication services, wholesale, retail, and catering services. These
are mainly concentrated in the service industry, indicating that the service industry brings
high benefits with relatively low carbon emissions, which should be vigorously developed.
We also identified sectors with low values on the production side and high carbon intensity
in the following sectors: electricity and hot water production and supply, agriculture, and
metallurgy. Although these sectors have low values because they have high emission
intensity, clean energy should be used to reduce carbon emissions. Meanwhile, it can be
observed that, from 2012 to 2017, most of the sectors in Shanghai have an obvious trend of
contraction to the coordinate origin. This coincides with the downward trend in carbon
emissions of domestic demand (the embodied carbon produced in Shanghai and eventually
flowing into Shanghai), which indicates that the carbon intensity of the departments in
Shanghai is decreasing.
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3.2. Driving Forces for Changes in Embodied CO2 Emissions

From an overall view of the effect of carbon emission drivers on the production side
of Shanghai, the activity effect is the primary driver of embodied carbon increase, and
the technique effect is the primary driver of embodied carbon reduction (Figure 6). From
2012 to 2015, the contribution of the activity effect to the embodied carbon emissions
on Shanghai’s production side was 28.05%, increasing carbon emissions by 52.06 million
tons; the contribution of the technique effect was −29.10%, reducing carbon emissions by
54.01 million tons. From 2015 to 2017, the contribution of the activity effect to the embodied
carbon emissions on Shanghai’s production side was 18.79%, increasing carbon emissions
by 34.51 million tons. The contribution of the technique effect to the same was −19.09%, a
35.06-million-ton reduction.
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Among these, the sectors with the most apparent activity effects are transport and
telecommunication services and wholesale, retail trade, and catering services (Figure 7).
Transport and telecommunication services increased by 11.6 million tons of embodied
carbon owing to the activity effect in 2012–2015, with a contribution rate of 28.87%, and
increased by 8.74 million tons in 2015–2017, with a contribution rate of 20.75%. The carbon
emission contribution rates of wholesale, retail trade, and catering services to the increase
in the activity effect during 2012–2015 and 2015–2017 were 27.15% and 18.8%, respectively.
The analysis shows that Shanghai’s tertiary industry expanded rapidly during 2012–2017,
and the growth trend was the best.
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The technique effect on agriculture, chemical, and nonmetal products is pronounced
(Figure 8). The contribution of the technique effect from agriculture to the reduction in
embodied carbon emissions exceeded 50% in 2012–2015 and 2015–2017. The production
side’s carbon emissions for the chemical and nonmetal product sectors show a downward
trend over the past three years, and the technique effect is the biggest driving factor. The
chemical sector reduced emissions by 2.84 million tons during 2015–2017, with a contri-
bution rate of −65.13%, and nonmetal products reduced emissions by 2.38 million tons
during 2015–2017, with a contribution rate of −76.2%. The contribution of the technique
effect from metal products during 2012–2015 was 23.8%, indicating that this sector’s energy
utilization rate and technological level were low during this period. The energy utilization
rate and technological level improved during 2015–2017, reducing carbon emissions by
510,000 tons, with a contribution rate of −65.38%.

The structure effect differed for each sector (Figure 9). The structure effect of light
industry during 2012–2015 inhibited its embodied carbon emissions, with a contribution
of −28.63%, indicating that this sector’s structure was better adjusted during this period.
However, the structure effect of light industry during 2015–2017 promoted an increase
in carbon emissions, with a contribution rate of 8.16%, and the industrial structure still
needs to be adjusted. The structure effect of other services during 2012–2015 was the main
driving factor for the increase in carbon emissions, with an increase of 4.6 million tons
of carbon emissions and a contribution rate of over 50%. However, during 2015–2017,
the industrial structure of this sector was adjusted and the promotion effect on carbon
emissions was inhibited.
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4. Conclusions

This study explored the carbon emissions caused by other provinces in Shanghai
and analyzed the driving factors of embodied carbon emissions on Shanghai’s production
side. It comprehensively employed the multi-regional input–output model and the LMDI
decomposition method to conduct in-depth, layer-by-layer research. The main conclusions
of this study are as follows:

From 2012 to 2017, against the background of increasingly close trade links between
Chinese provinces and the increasing trade-embodied carbon emissions, the external
demand-embodied carbon emissions on the production side of Shanghai continued to in-
crease. The main destinations of Shanghai’s carbon emission outflow were the surrounding
provinces (Jiangsu, Zhejiang, and Guangdong) and economically developed provinces and
cities (Beijing and Chongqing). The increasingly close trade relationship between these
provinces and cities led to a rapid increase in Shanghai’s embodied carbon. The western
region (Qinghai, Gansu, and Ningxia) has always had the least embodied carbon inflow
and has low trade with Shanghai.

Construction, other services, and light industry were the main inflow sectors of
Shanghai’s production-side embodied carbon from 2012 to 2015. Following the industrial
structure adjustment, the tertiary industry gradually became the pillar sector of Shanghai’s
industry. In contrast, other services; wholesale, retail trade, and catering services; and light
industry became the main inflow sectors of Shanghai’s production-side embodied carbon
in 2017. Other services; transport and telecommunication services; and wholesale, retail
trade, and catering services have high value and low embodied carbon intensity. Shanghai
should continue to vigorously develop these; electricity and hot water production and
supply, agriculture, and metallurgy are highly valued but have high embodied carbon
intensity. Thus, they should become the critical sectors of carbon reduction.

The activity effect was the main driving factor behind the increase in embodied carbon
on Shanghai’s production side from 2012 to 2017 and the technique effect was the main driv-
ing factor for the decrease in embodied carbon on the production side during this period.
The structure effect differed for each sector. The low efficiency of the energy utilization of
metal products and the unreasonable structure of other services increased embodied carbon
emissions from 2012 to 2015. By improving the technology level and consumption struc-
ture, these two sectors significantly reduced carbon emissions through the technique and
structure effects from 2015 to 2017. Therefore, while pursuing the development of various
industries, Shanghai should choose low-carbon production methods, introduce low-carbon
and high-value-added enterprises to meet its needs, strive to adjust its industrial structure,
improve the production technology level, and improve energy efficiency.

Based on the above conclusions, this study proposes the following policy recommendations:
Avoid falling into developing countries’ “low-carbon trap.” The “low carbon trap” phe-

nomenon stems from the carbon barrier introduced by developed Western countries based
on global warming. As the proponents of low-carbon economies, developed countries,
with their technological and financial advantages, may transform nominal cooperation
into substantive restrictions, and the standard of a low-carbon economy will become a
“trap” for developing countries’ development, to a certain extent. Presently, Shanghai has
many problems, including significant carbon emissions, a low utilization rate, unreasonable
energy supply, and industrial structure. However, we should not “give up eating because
of choking” and vigorously develop low-carbon industries. A low-carbon industry is a
key support for changing the economic development mode, reducing industrial carbon
emission intensity, improving economic development quality, and achieving national low-
carbon development. At the same time, Shanghai should also adapt to the trend of the times,
accelerating energy conservation, emission reduction, and low-carbon transformation. It
needs a strategic and long-term development vision and action in the face of resource and
energy bottlenecks and serious environmental pollution.

We should eliminate backward energy-use equipment, promote industrial upgrading
and technological progress, and improve energy efficiency. The above analysis results
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show that, during the study period, the external demand carbon emissions on Shanghai’s
production side showed an upward trend, and Shanghai’s energy utilization efficiency
was low, especially in electricity and hot water production and supply, agriculture, and
metallurgy. The energy intensity was low, and the total carbon emissions were high. Thus,
the technique effect has great potential for achieving the carbon emission reduction goal;
it is also the most effective method. Shanghai should address the government’s leading
role and formulate energy consumption standards. Shanghai should also encourage rele-
vant enterprises in various industrial sectors (especially those in electricity and hot water
production and supply) to innovate backward equipment and subsidize the enterprises’
research and technology development funds. This will encourage enterprises to improve
energy efficiency permanently.

Shanghai should optimize its industrial structure and continue promoting tertiary
industries’ development. In Shanghai’s industrial structure, the primary industries at
present are secondary and tertiary. Secondary industries have a high carbon emission
intensity and high energy consumption compared with tertiary industries. Shanghai
needs to develop the tertiary industry with low carbon emission intensity vigorously and
continue to reduce the proportion of the secondary industry in the Shanghai economic
system. Moreover, as a national low-carbon city pilot, Shanghai should introduce low-
carbon industries with high added value throughout the country. The energy technology
level should be improved for low-value-added industries, such as nonmetal products,
metallurgy, and electricity and hot water production and supply. Relevant enterprises with
seriously backward technical equipment and enterprise development should be eliminated
to lay a foundation for the direction and effectiveness of national emission reduction work.
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Nomenclature

GHG Greenhouse gas
CO2 Carbon dioxide
LAPs Local air pollutants
MRIO Multi-regional input–output
SRIO Single region input–output
EIA Environmental impact assessment
IOA Input–output analysis
LMDI Logarithmic mean Divisia index
IDA Index decomposition analysis
SDA Structural decomposition analysis
CEADs Carbon emission accounts and datasets
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Appendix A

Table A1. Input and output table.

Intermediate Use Final Demand

Final
Use

Region 1 . . . Region m
Region 1 . . . Region m

Sector 1 . . . Sector n . . . Sector 1 . . . Sector n

Intermediate
input

Region 1

Sector 1
. . . Z11

. . . Z1m Y11 Y1m X1

Sector n

. . . . . . . . . . . .

Region m

Sector 1
. . . Zm1

. . . Zmm Ym1 Ymm Xm

Sector n

Added value V1
. . . Vm

Total input X1′ Xm′

Note: Zmm represents the flow volume and direction of products between departments; Ymm represents the final
product; Xm represents total output; V1 represents the initial input, also known as added value; X1′ represents
that the total input is equal to the total output; “ . . . ” represents the elements of the matrix which are omitted
from the numbering.

Table A2. Setting of sectors.

Sector in This Study The Serial Number Sector in the MRIO Table of CEADS Data

Agriculture 01 Agriculture

Mining and extraction of
energy-producing products

02 Coal mining

03 Extraction of Petroleum and Natural Gas

Mining and extraction of
non-energy-producing products

04 Metal mining

05 Nonmetal mining

Light industry

06 Food processing and tobaccos

07 Textile

08 Clothing, leather, fur, etc.

09 Wood processing and furnishing

10 Papermaking, printing, stationery, etc.

Petrochemical 11 Petroleum refining, coking, etc.

Chemical 12 Chemical industry

Nonmetal products 13 Nonmetal products

Metallurgy 14 Metallurgy

Metal products 15 Metal products

General and special purpose machinery
16 General machinery

17 Specialist machinery

Transport equipment 18 Transport equipment

Electrical equipment 19 Electrical equipment

Computer, electronic, and optical products
20 Electronic equipment

21 Instrument and meter
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Table A2. Cont.

Sector in This Study The Serial Number Sector in the MRIO Table of CEADS Data

Other manufacturing

22 Other manufacturing

24 Repair service for metal products, machinery,
and equipment

Public utility

23 Waster and flotsam

26 Gas production and supply

27 Water production and supply

Electricity and hot water production
and supply 25 Electricity and hot water production

and supply

Construction 28 Construction

Wholesale, retail trade, and catering services
29 Wholesale and retailing

31 Hotel and restaurant

Transport and telecommunication services
30 Transport and storage

32 Information transfer and software

Other services

33 Finances

34 Real estate trade

35 Leasing and commercial services

36 Scientific research

37 Management of water conservancy,
environment, and public establishment

38 Resident services and other services

39 Education

40 Health and social work

41 Culture, sports, and entertainment

42 Public management and social organization
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