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Abstract: China has been the largest carbon emitter in the world since 2007 and is thus confronted
with huge emission reduction pressures. The regional differences in socio-economic development
lead to complex inter-provincial carbon transfer in China, which hinders the determination of the
emission reduction responsibilities for the various provinces. Based on the latest multi-regional
input-output data, this study analyzes the carbon footprint, inter-provincial carbon transfer, and the
corresponding variations of 30 provinces in China from 2007 to 2010. The results show that the
domestic carbon footprint increased from 4578 Mt in 2007 to 6252 Mt in 2010. Provinces with high
carbon footprints were mainly found in central China, such as Shandong, Jiangsu, and Henan. Carbon
footprints of the developed coastal provinces were greater than those of less developed provinces
in Northwestern China. Per capita GDP (Gross Domestic Product) was positively correlated to the
per capita carbon footprint, indicating a positive relationship between the economic development
level and corresponding carbon emissions. Provincial carbon inflows were found to have increased
steadily (ranging between 32% and 41%) from 2007 to 2010. The increases in direct carbon emissions
varied largely among different provinces, ranging from below 30% in the developed provinces to
more than 60% in the moderately developed provinces (e.g., Sichuan and Chongqing). The embodied
carbon transferred from moderately developed or remote provinces to those developed ones. In other
words, the carbon emission pressures of the developed provinces were shifted to the less developed
provinces. The major paths of carbon flow include the transfers from Hebei to Jiangsu (32.07 Mt),
Hebei to Beijing (26.78 Mt), Hebei to Zhejiang (25.60 Mt), and Liaoning to Jilin (27.60 Mt).

Keywords: carbon footprint; multi-regional input and output; embodied carbon transfer;
inter-provincial trade

1. Introduction

Global warming due to CO2 emissions has already become one of the most important
environmental issues currently faced by human society [1]. With its rapid economic development,
the total carbon emissions in China have intensively increased over the past three decades [2].
China became the largest carbon dioxide producer by 2007 [3,4] and contributed 75% to the global
carbon emission growth from 2010 to 2012 [5]. To alleviate this situation, the Chinese government has
been actively formulating energy-saving and emission reduction policies. As proposed at the Paris
Climate Change Conference in 2015, by 2030, China will take actions to reduce the carbon dioxide
emissions per unit GDP by 60–65% compared with those in 2005.

To achieve this goal, emission reduction responsibilities must be assigned to various regions
according to the local conditions [6]. However, the assignment of reduction responsibilities is not
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easy due to the continuous progress of marketization and regional integration, which have led to an
increasing spatial separation between production and consumption [7]. Moreover, most of the final
goods or services consumed in areas with high levels of urbanization and industrialization are not
produced locally [6]. In other words, carbon emissions are transferred from one region to another
through the inter-regional trade of goods and services. Carbon emissions are often transferred from
the more developed regions with higher environmental standards to the less developed areas [8].
Therefore, in addition to the direct carbon emissions, the inter-regional transfer of carbon emissions
calls for more attention to the proper allocation of emission reduction responsibility.

The carbon footprint is considered a more adequate indicator to reflect consumers’ responsibilities
for global warming [9]. Despite the various definitions of carbon footprint [10], this study focuses
mainly on the regional carbon footprint. The regional carbon footprint refers to the total carbon
emissions required by a country, region, or city to meet the final consumption requirement,
which includes direct and indirect carbon emissions caused by production processes to produce
the goods used for final consumption [6]. Direct carbon emissions refer to those caused by the burning
of fossil fuels in processes including energy consumption and transportation, while indirect carbon
emissions (embodied carbon emissions) refer to those produced in the production and manufacture of
products and services imported from other areas [11,12]. In this paper, the carbon footprint is defined
as the sum of direct carbon emissions required by local needs and the indirect carbon emissions
transferred from other regions [11].

The Multi-Regional Input-Output (MRIO) model is commonly used to assess the upstream
carbon footprint associated with downstream economic consumption and the embodied carbon in
traded goods [11]. This method considers the economic activities and industrial linkages between
regions and can explain the investment change in a region induced by the final consumption in
another region. MRIO has been widely used to estimate the carbon footprint at different scales [6,11].
Moreover, it is able to reflect the economic links between sectors and delineate the inter-regional supply
chain [6,13,14], enabling the study of the regional distribution and transfer of carbon emissions [13].
Empirical studies have applied the MRIO model to reflect the influences of inter-regional trade on
China’s carbon footprint. For instance, Zhong et al. [1] indicated that approximately 60.02% of China’s
production-related carbon emissions are embodied in inter-provincial trade. Zhang et al. [15] described
the variation in carbon footprints at the provincial scale from 2002 to 2007 in China. Guo et al. [14]
analyzed the characteristics of China’s embodied emissions during 2002–2005 and observed the
transferring patterns from Eastern China to central China. Kanemoto et al. [16] found that China’s
rapidly increased carbon footprint did not have a tendency of spatial expansion globally, although
China had increasingly contributed to the global economy.

The above-mentioned studies have contributed significantly to the understanding of China’s
carbon footprint and domestic embodied carbon transfers. This study attempts to enrich the knowledge
on China’s carbon emissions embodied in domestic trade. We use the provincial inter-regional
input-output data of China for the years 2007 and 2010. Based on these data, the MRIO model
is applied to delineate the patterns of carbon transfers among regions and determine the national
carbon footprint as well.

2. Materials and Methods

2.1. MRIO Model

First proposed by Leontief [17], the MRIO model is able to track the environmental impacts
of complex trade relations between different sectors and regions [11]. It has been frequently
applied to investigate many environmental issues, such as the regional carbon footprint [6,18–20],
air pollution [21], the water footprint [22,23], land displacement [24,25], and biodiversity loss [26,27].
In this study, the MRIO model is used to estimate the quantity of carbon footprint and embodied
carbon flows through domestic trades among different regions.
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The mathematical structure of a MRIO model consists of (m × n) linear equations, in which n
refers to the number of regions and m refers to the number of sectors. It can be formulated in a balance
form as follows:

xr
i =

m
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n
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xrs
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n
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i (1)

where xr
i is the total output of the i-sector in the r-region, which is the sum of intermediate input and

final consumption. More specifically, xrs
ij represents the intermediate input from the i-sector in the

r-region to the j-sector in the s-region; yrs
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of final product supplied by the i-sector in the r-region and consumed in the s-region. The direct
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where ars
ij denotes the number of units of input by the i-sector in the r-region required to satisfy the

needs of 1 unit of output by the j-sector in the s-region, and 0 ≤ ars
ij <1. Thus, Equation (1) can be

rearranged into
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Equation (3) can be written in the form of a matrix:

X = AX + Y (4)

where X is the matrix of xr
i , and Y is the matrix of yrs

i ; A is the intermediate input coefficient matrix.
The matrix A, also referred to as the technical coefficient matrix, is a fixed constant matrix with the
elements of ars

ij . Due to the properties of A, (I − A) is a non-singular matrix and thus is reversible.
Therefore, Equation (4) can be rewritten as

X = (I − A)−1Y (5)

where (I − A)−1 is the Leontief inverse matrix, denoted by B=(I − A)−1=brs
ij ; brs

ij represents the
necessary amount of output by the i-sector in the r-region for one unit of final consumption by
the j-sector in the s-region.

2.2. Inter-Regional Carbon Transfer Accounting

By multiplying both sides of Equation (5) with the carbon intensity (i.e., carbon emissions per
unit of economic output), the carbon emissions can be linked to the MRIO model:

M = EdX = Ed(I − A)−1Y (6)

where Ed is a diagonalized matrix with the elements being the sectoral carbon intensity of each region;
M is the carbon emission matrix that represents the carbon emissions generated by the i-sector in the
r-region. The total carbon footprint of the r-region is expressed by Mr (Equation (7)), which includes the
direct carbon emissions generated in the r-region to meet local demands (Mrr), as well as the embodied
carbon emissions in the imported products from all other regions (Msr). Similarly, Mrs represents the
carbon emissions transferred from the r-region to the s-region:

Mr = Mrr +
m−1

∑
s=1

Msr (7)
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2.3. Data Sources and Processing

In this study, the inter-regional input-output tables of China for the years 2007 and 2010 were
obtained from Liu [28] and Liu et al. [29]. These tables provide data for the 30 provincial units in China
(hereinafter collectively referred to as provinces), including 22 provinces, 4 cities, and 4 autonomous
regions. The data for Tibet, Hong Kong, Macau, and Taiwan are absent and thus, these regions were
not included in this study. Six economic sectors are included in the data: (1) agriculture, forestry, animal
husbandry and fisheries; (2) industry; (3) construction; (4) transportation and warehousing; (5) wholesale
and retail trade; and (6) services, which are consistent with those in the China Energy Statistical Yearbook.

Each sector’s carbon intensity was derived by dividing the sectoral carbon emissions by the
corresponding sectoral outputs. The carbon emissions by sector per province were estimated based
on the provincial energy balance tables in the China Energy Statistical Yearbook 2007 and the China
Energy Statistical Yearbook 2010. These data provide the energy consumption of different sources,
such as raw coal, oil, and natural gas, by province and by sector. The average low calorific capacity
data were also obtained from the China Energy Statistical Yearbook 2010. The carbon emission factors
of the corresponding energy sources were set mainly according to the recommended values in the 2006
IPCC Guidelines for National Greenhouse Gas Inventories [30], except that the emission factors for
electricity and thermal energy were determined based on the 2010 Average Regional CO2 Emission
Factor of Regional and Provincial Power Grids of China. The other data used in this paper, such as the
provincial population and GDP, were collected from the National Bureau of Statistics of China.

3. Results

3.1. Provincial Carbon Footprints and Changes

The total carbon footprint in China increased from 4578 Mt in 2007 to 6252 Mt in 2010,
with an average annual growth rate of 12.19% (Table 1). The provinces with the largest carbon
footprints included Shandong, Jiangsu, Hebei, and Liaoning in Eastern China, Henan in central China,
and Guangdong in Southern China, whereas those with smaller carbon footprints were Qinghai,
Ningxia, and Gansu in Northwestern China and Guizhou, and Jiangxi and Hainan in Southern China.
The economically developed coastal provinces have greater carbon footprints (Figure 1). For example,
the carbon footprints of Guangdong, Jiangsu, and Shanghai were, respectively, as large as 387.69 Mt,
426.70 Mt, and 214.02 Mt in 2010, while those of Gansu and Guizhou were only 93.58 Mt and 99.95 Mt,
respectively. For both years 2007 and 2010, Shandong featured the largest carbon footprint (more than
500 Mt), while Guizhou, Jiangxi, Gansu, Ningxia, Qinghai and Hainan had the smallest carbon
footprints (below 100 Mt) (Figure 1).

1 

 

 

Figure 1. Distribution of carbon footprints in (a) 2007 and (b) 2010 for each provincial unit of China
(Note: Mt = 106 tons). Tibet, Taiwan, Hong Kong, and Macao contained no data.
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As shown in Table 1, the increase in carbon footprint from 2007 to 2010 was large in Shandong,
Liaoning, Hebei, and Henan. The increase was relatively small in Northwestern China, approximately
20 Mt on average. Sichuan had the biggest growth rate (55.90%), which was approximately twice that
of Shanxi (26.86%). Moreover, the carbon footprints of Liaoning and Chongqing increased by more
than 50%, while those of Shanxi, Hunan, and Heilongjiang increased slowly.

Table 1. The carbon footprints (unit: Mt) and rankings of provinces in 2007 and 2010.

2007 2010
Change in Rank Growth (%)

Province CF (Mt) Rank CF (Mt) Rank

Total 4578.27 - 6251.67 - - 36.57
Shandong 413.35 1 548.85 1 - 32.78

Henan 315.70 2 415.53 3 1 31.62
Jiangsu 309.56 3 426.70 2 −1 37.84

Guangdong 292.54 4 387.69 4 - 32.53
Hebei 272.66 5 375.21 5 - 37.61

Liaoning 215.84 6 329.97 6 - 52.88
Zhejiang 210.13 7 283.08 7 - 34.72
Shanxi 179.93 8 228.26 11 3 26.86
Hubei 170.85 9 249.73 8 −1 46.16

Inner Mongolia 169.05 10 248.76 9 −1 47.15
Shanghai 165.81 11 214.02 12 1 29.08

Hunan 164.12 12 208.47 13 1 27.03
Sichuan 147.40 13 229.80 10 −3 55.90

Jilin 137.32 14 184.04 14 - 34.02
Beijing 131.34 15 172.50 15 - 31.34
Anhui 124.79 16 162.89 18 2 30.53

Shaanxi 121.66 17 170.21 16 −1 39.90
Heilongjiang 121.45 18 154.99 21 3 27.62

Guangxi 119.29 19 164.75 17 −2 38.11
Yunnan 115.89 20 155.49 20 - 34.16
Tianjin 114.11 21 159.71 19 −2 39.96
Fujian 112.10 22 153.92 22 - 37.30

Xinjiang 79.18 23 108.41 24 1 36.92
Guizhou 77.55 24 99.95 26 2 28.89
Jiangxi 74.32 25 100.72 25 - 35.53

Chongqing 74.11 26 112.42 23 −3 51.69
Gansu 67.96 27 93.58 27 - 37.70

Ningxia 43.74 28 61.62 28 - 40.88
Qinghai 20.59 29 28.11 29 - 36.55
Hainan 15.95 30 22.28 30 - 39.71

Note: CF = carbon footprint.

Table 2 shows the per capita carbon footprint aligned with the provincial socio-economic
conditions. Tianjin, Inner Mongolia, Jiangsu, Liaoning, and Zhejiang experienced rapid economic
development from 2007 to 2010. Specifically, Tianjin’s per capita GDP growth ranked first, with an
increase of 24 thousand CNY/person, while the per capita carbon footprint increased by 2.06 t/person.
Liaoning’s per capita GDP increased by 16 thousand CNY/person, and its per capita carbon footprint
increased from 5.02 t/person in 2007 to 7.54 t/person in 2010. The Spearman’s rank correlation
coefficient between the per capita GDP and the per capita carbon footprint was calculated using
MATLAB, yielding 0.7735 for the year 2007 and 0.7651 for the year 2010. The regression analysis
further suggested the positive impacts of per capita GDP on the per capita carbon footprint (Table 3;
Figure 2).
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Table 2. The economic status and urbanization rates of provinces in China in 2007–2010.

2007 2010

Provinces
PGDP PCF Urban Rate PGDP PCF Urban Rate

(104 CNY) (t) (%) (104 CNY) (t) (%)

Shanghai 6.05 8.03 0.89 7.45 9.29 0.89
Beijing 5.88 7.84 0.84 7.19 8.79 0.86
Tianjin 4.71 10.23 0.76 7.10 12.29 0.80

Zhejiang 3.64 4.08 0.57 5.09 5.20 0.62
Jiangsu 3.37 4.01 0.53 5.26 5.42 0.61

Guangdong 3.29 3.03 0.63 4.41 3.71 0.66
Shandong 2.75 4.41 0.47 4.09 5.72 0.50

Inner
Mongolia 2.64 6.96 0.50 4.72 10.06 0.56

Liaoning 2.60 5.02 0.59 4.22 7.54 0.62
Fujian 2.56 3.10 0.51 3.99 4.17 0.57
Hebei 1.96 3.93 0.40 2.83 5.22 0.44
Jilin 1.94 5.03 0.53 3.16 6.70 0.53

Heilongjiang 1.86 3.18 0.54 2.71 4.04 0.56
Shanxi 1.78 5.30 0.44 2.57 6.39 0.48

Xinjiang 1.68 3.78 0.39 2.49 4.96 0.43
Chongqing 1.66 2.63 0.48 2.75 3.90 0.53

Hubei 1.64 3.00 0.44 2.79 4.36 0.50
Henan 1.60 3.37 0.34 2.46 4.42 0.39

Shaanxi 1.55 3.28 0.41 2.71 4.56 0.46
Ningxia 1.51 7.17 0.44 2.67 9.74 0.48
Hunan 1.49 2.58 0.40 2.44 3.17 0.43
Hainan 1.48 1.89 0.47 2.38 2.56 0.50
Qinghai 1.44 3.73 0.40 2.40 4.99 0.45
Jiangxi 1.33 1.70 0.40 2.12 2.26 0.44
Sichuan 1.30 1.81 0.36 2.14 2.86 0.40
Guangxi 1.22 2.50 0.36 2.08 3.57 0.40
Anhui 1.20 2.04 0.39 2.07 2.73 0.43
Gansu 1.06 2.67 0.32 1.61 3.66 0.36

Yunnan 1.06 2.57 0.32 1.57 3.38 0.35
Guizhou 0.79 2.14 0.28 1.32 2.87 0.34

Note: PGDP = per capita GDP; PCF = per capita CF.

1 

 

 

Figure 2. Scatter-plots of PGDP against PCF in 2007 and 2010.
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Table 3. Regression analysis of PGDP and PCF in 2007 and 2010.

2007 2010

p-value p-value

Spearman’s rank
coefficient 0.7735 - 0.7651 -

Intercept 1.41** 0.01 1.52** 0.04
PGDP 1.17*** 0.00 1.12*** 0.00

Note: *** and ** indicate significant correlations at the 1% and 5% significance levels, respectively;
PGDP = per capita GDP; PCF = per capita CF.

3.2. Direct Carbon Emissions and Embodied Carbon Emissions

Figure 3 shows the direct carbon emissions and embodied carbon emissions in the provinces of
China for the years 2007 and 2010. Nine economically developed provinces, namely Beijing, Tianjin,
Guangdong, Shanghai, Shaanxi, Guangxi, Zhejiang, Anhui, and Jilin, had more embodied carbon
emissions transferred from other regions than direct carbon emissions, which implies a potential shift
of emission reduction pressure to other provinces. Shanghai, Beijing, and Tianjin, which feature high
per capita GDP and large consumption needs, had the largest shares of embodied carbon emissions
(approximately 70%) of their provincial total. The other 21 provinces had greater direct carbon
emissions than inter-provincial embodied carbon emissions. In other words, they were able to meet
most of their own consumption demand through local production.

1 

 

 

Figure 3. The composition of the carbon footprint in 2007 (left) and 2010 (right).

From 2007 to 2010, all provinces experienced a steady increase in inter-provincial embodied carbon
emissions (32–41%). However, the increase in direct carbon emissions varied among provinces with
different development levels (18–66%) (Table 4). This is similar to the findings of Kanemoto et al. [16]
on carbon emissions in China. The growth rates of direct carbon emissions in developed regions,
such as in Beijing (23.06%) and Shanghai (18.23%), were below 30%. In contrast, some less developed
provinces exhibited large growth of direct carbon emissions of more than 60% (e.g., Sichuan (66.31%),
Chongqing (65.97%) and Liaoning (63.96%)).
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Table 4. The growth of inflowing embodied carbon emissions and direct carbon emissions in China
from 2007 to 2010.

Provinces DCEG (%) ECEG (%) Provinces DCEG (%) ECEG (%)

Sichuan 66.31 33.08 Xinjiang 37.75 35.86
Chongqing 65.97 35.97 Jiangxi 36.93 33.11

Liaoning 63.96 33.41 Zhejiang 35.41 34.14
Inner Mongolia 57.99 35.46 Yunnan 33.64 34.77

Tianjin 55.94 34.88 Shandong 32.44 34.06
Hubei 49.72 32.95 Guangdong 30.58 34.13

Shaanxi 49.11 35.39 Henan 29.41 34.91
Guangxi 43.71 32.51 Jilin 26.57 39.15
Ningxia 43.31 36.54 Anhui 25.94 35.08
Jiangsu 42.22 33.28 Guizhou 24.46 36.83
Hainan 42.14 34.01 Hunan 23.61 34.59
Hebei 40.85 33.39 Beijing 23.06 36.24
Fujian 40.55 33.2 Shanxi 22.07 36.56

Qinghai 39.08 34.35 Shanghai 18.23 34.28
Gansu 37.78 37.56 Heilongjiang 11.59 41.51

Note: DCEG = direct carbon emissions growth; ECEG = embodied carbon emissions growth.

3.3. Embodied Carbon Composition in Inter-Provincial Trade

In 2007, the provincial carbon emissions embodied in trade were 2027.78 Mt, accounting for 44.29%
of the national carbon footprint. In 2010, the embodied carbon emissions increased to 2734.86 Mt,
accounting for 43.74% of the national carbon footprint. Figure 4 shows the sectoral composition of
the carbon footprint. The industry sector contributed approximately 80% of carbon emissions to the
total amount of carbon footprint in both 2007 and 2010. The second largest sector of carbon was the
transportation and warehousing sector, which accounted for 8% of the total in both 2007 and 2010.
The other services sector contributed 4% in 2007 and 5% in 2010, while the wholesale and retail trade
sector contributed 3% in both years. The agriculture, forestry, animal husbandry, and fisheries sector
contributed 3% in 2007 and 2% in 2010, and the construction sector held constant at 2% in both years.

1 

 

 

Figure 4. The proportions of direct and indirect carbon emissions in 2007 (a) and 2010 (b): a. the agriculture,
forestry, animal husbandry, and fisheries sector; b. the industry sector; c. the construction sector; d. the
transportation and warehousing sector; e. the wholesale and retail trade sector; f. the other services
sector; g. indirect carbon emissions or embodied carbon emissions in inter-provincial trade.

Figures 5 and 6 demonstrate the inter-provincial carbon inflows and outflows of each sector
for each province in both 2007 and 2010. The inter-provincial carbon emission inflows were mainly
concentrated in the industrially developed provinces, such as Guangdong, Hebei, Henan, Jiangsu,
and Zhejiang. The inter-provincial carbon emission inflows were small (less than 30 Mt) in Western
China, such as in Qinghai, Ningxia, and Gansu. As one of the four pilot provinces selected by the National
Development and Reform Commission to implement carbon emission trade policy [31], Guangdong had
an inter-provincial carbon emission inflow of 160.75 Mt in 2007, ranking in first place of all provinces.
In 2010, the carbon inflow of Guangdong Province further increased by 34% compared to that in 2007.
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The inter-provincial carbon outflows were mainly concentrated in the resource-rich provinces
(such as Hebei, Henan, Shanxi, and Inner Mongolia) as well as the manufacturing-intensive provinces
(such as Shandong, Jiangsu, and Guangdong). The top five provinces with the largest carbon emission
outflows in 2007 were Hebei (254.51 Mt), Henan (142.77 Mt), Shandong (130.06 Mt), Shanxi (116.09 Mt),
and Jiangsu (109.31 Mt), while those in 2010 were Hebei (353.53 Mt), Henan (183.68 Mt), Shandong
(169.47 Mt), Liaoning (160.25 Mt), and Jiangsu (155.76 Mt). The inter-provincial carbon emission
outflows from Hebei were the greatest—almost double the amount of outflow by Henan (ranked in
second place).

1 

 

 
Figure 5. The inter-regional inflows and outflows of embodied carbon emissions in 2007.
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Figure 6. The inter-regional inflows and outflows of embodied carbon emissions in 2010.
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3.4. Inter-Regional Carbon Transfer

The embodied carbon was transferred from the moderately developed or remote provinces to
the developed provinces, implying that the carbon emission pressure of the developed provinces was
shifted to the other provinces. According to the results of MRIO model, the carbon flow from Hebei
to Jiangsu was the largest (23.08 Mt) in 2007, followed by the flow from Hebei to Beijing (19.28 Mt),
Shanxi to Hebei (18.94 Mt), Hebei to Henan (18.51 Mt), Hebei to Zhejiang (18.44 Mt), Hebei to Shandong
(17.64 Mt), and Liaoning to Jilin (16.45 Mt). In 2010, the carbon flow from Hebei to Jiangsu was still
the largest (32.07 Mt), followed by that from Liaoning to Jilin (27.60 Mt), Hebei to Beijing (26.78 Mt),
Hebei to Henan (25.75), Hebei to Zhejiang (25.60 Mt), Hebei to Shandong (24.48 Mt), and Liaoning to
Heilongjiang (20.82 Mt).

Figure 7 shows the inter-regional carbon flows among six major provinces for the years 2007 and
2010, respectively. In this figure, the width of the strip indicates the intensity of carbon flow, and the
flow direction is from the lower-half to the upper-half. In 2007, the carbon emission outflows of Hebei,
Henan, Shandong, and Shanxi accounted for 31.73% of the national total. The carbon emissions of
Hebei were mainly transferred to Jiangsu and Henan, while those of Shanxi were mainly exported
to Hebei. Most of the carbon inflows to Jiangsu, Henan, Zhejiang, and Shanghai were from Hebei,
while the sources of carbon inflows for Guangdong were diversified. In 2010, most carbon outflows
from Hebei mainly went to Jiangsu, followed by Henan and Shanghai. The carbon emission outflows
of Jiangsu, Henan, Zhejiang, and Shanghai contributed substantially to the carbon inflows of Hebei.
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4. Discussion

In this study, we quantified the carbon footprints of China’s provinces for the years 2007 and 2010.
We found that approximately 55% of the provincial carbon footprints in both 2007 and 2010 were local
direct carbon emissions. This result is in line with the previous finding that direct carbon emissions
account for a dominant share of domestic carbon footprints in China [1]. Given the relatively large
carbon footprint, the per capita carbon footprint for most of the provinces are low compared to those of
developed countries [15,32]. Moreover, we also found that economic development, as indicated by the
growth of per capita GDP, was faster than the increase of per capita carbon footprint in China from 2007
to 2010 (Table 2), implying China’s effective efforts in carbon emission reduction while maintaining
economic growth. This finding is also consistent with those in previous studies [33]. On the other hand,
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as demonstrated by previous studies with complementary sectoral data [15,34], China’s domestic
carbon footprint is largely related to the investment activities and urban household consumption.
Considering that China is still in the progress of rapid urbanization, the carbon footprint is expected to
grow due to the changing lifestyles and corresponding expansion of production/investment activities
to satisfy the increased consumption needs. Therefore, policies aimed at curbing carbon footprint
growth can be promoted from the perspectives of, for instance, encouraging the use of low carbon
materials and increasing recycling rates of intermediate goods in the production procedures as well as
enhancing the decarbonization of household consumption activities [33].

In our analysis, we identified the quantities of carbon emissions due to consumption in local
economic sectors and those in other regions, respectively. The derived inter-regional carbon transfers
also revealed the major linkages between different domestic regions and economic sectors. These results
may shed light on the identification of primary sources that have substantial potential for mitigating
carbon emissions. The presented analysis can also be integrated into the policy development of
carbon mitigation across different geographic regions and provide useful information to guide
relevant decision making from a consumption point of view. Nevertheless, our study suffers from
some limitations. The inter-regional trade data is for the years 2007 and 2010 and may not reflect
the most up-to-date situation. In this study, we focused mainly on the domestic carbon footprint
and inter-regional carbon flows, lacking the analysis between domestic provinces and foreign
countries/regions. As China becomes increasingly important in a globalized economy, in our future
work, it will be feasible to integrate the domestic inter-regional trade data with the international trade
data and mimic the impacts of foreign consumption on China’s carbon emissions.

5. Conclusions

By using the MRIO model, we conducted an analysis of China’s domestic carbon footprint and
inter-regional carbon transfer among 30 provincial units. Several results were obtained from this
analysis, as follows.

(1) The total carbon footprint of inter-provincial trade in China increased from 4578 Mt in 2007
to 6252 Mt in 2010, with an average annual growth rate of 12.19%. The carbon footprint was highly
different among the various provinces of China. The top four provinces with the largest carbon
footprints were Shandong, Jiangsu, Henan, and Guangdong, and the three provinces with the smallest
carbon footprints were Hainan, Qinghai, and Ningxia.

(2) Carbon emission inflows in economically developed coastal areas were larger and mainly from
moderately developed or inland provinces. Carbon emissions were transferred from less developed
provinces to the developed ones through importing carbon-intensive products, which implies the
potential transfer of emission reduction responsibilities. Hebei played an important role in the
inter-provincial carbon emission outflows throughout China. The largest transfer flow throughout the
country was from Hebei to Jiangsu.

(3) From 2007 to 2010, the carbon footprints of moderately developed provinces such as Sichuan,
Chongqing, and Liaoning grew rapidly. Moreover, economic development, as indicated by the growth
of per capita GDP, was faster than the increase of per capita carbon footprint in China from 2007 to 2010,
implying China’s effective efforts in carbon emission reduction while maintaining economic growth.
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