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1 Introduction

China has exhibited a high rate of economic growth during the last three decades. Its economic scale in
real terms expanded almost 2.6-fold from 1987 to 1997 and jumped again from 1997 to 2007*. In 2010,
China’s nominal GDP surpassed that of Japan, becoming the second largest economy in the world. The
most important factors that enabled China to achieve such high economic growth are generally
considered to be its domestic market-oriented economic reforms, ongoing urbanization, industrialization,
domestic regional integration, and active participation in global supply chains. The interactions between
these forces provide a powerful engine to support the so-called “China Miracle.”

However, China has also paid a great environmental cost during the period of its rapid economic growth,
including pollution (air, water, ground, and noise) causing health problems and decreasing people’s
quality of life as well as CO, emissions, which are considered the primary source of greenhouse gases
(see Xue et al., 2012). At present, China is one of the countries with the largest area exposed to acid rain.
In addition, China’s emissions of organic wastewater, sulfur dioxide, and various greenhouse gases are
the highest in the world. China even leads in CO, emission intensity (CO, emissions per GDP at constant
prices) with a rate more than 6 times larger than that of the OECD countries in 2008. Therefore, China
has been referred to as the “Black Cat” rather than “White Cat” (see Hu, 2011).

On the other hand, it is not well known that the Chinese government has made great efforts toward
energy saving and emission reduction in response to global climate change. Since 1998, China has
enacted a variety of laws and regulations to foster a low carbon economy. During the period of the 11th
Five Year Plan (2006-2010), China’s energy-use intensity witnessed a decline by 19.1%, fulfilling the
Plan’s basic requirement. As Garnaut (2008) noted, China has put in considerable efforts in dealing with
climate change, but little is known because China did not integrate itself into the international system. In
2009, China officially promised the international community at the Copenhagen Conference that it would
reduce its carbon emissions per GDP by 40-45% by the end of 2020, relative to the 2005 level (see Su,
2010). To achieve this goal, governments at different levels, diverse sectors, major industries, and
companies must adopt a series of relevant policies and stringent regulations.

To analyze China’s environmental problems, low carbon and sustainable economic development, as well
as its green growth strategy, a number of studies have been conducted using different approaches.
Examples include the following studies: approaches from low-carbon related economic growth and
development theories (Arayama and Miyanaga, 1996; Liu and Diamond, 2005; Zhang, 2009; Xue and
Zhu, 2012); low-carbon econometrical models (China AIM Project Team, 1996; Jiang et al., 2000);
viewpoints of low-carbon international economics (Garnaut, 2008; McKibbin and Wilcoxen, 2008);
approaches of low-carbon international trade theory (Ahmad and Wyckoff, 2003; Wang and Watson,

! Based on the IMF statistics, China’s GDP at constant price (1990 base) are 1.609 trillion yuan for 1987,
4.149 trillion yuan for 1997, and 10.691 trillion yuan for 2007.
“Based on the OECD/IEA data (CO2 emissions from fuel combustion highlights 2010).
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2007; Pan, 2008; Nakano et al., 2009) as well as the perspectives from tariff theory, domestic finance and
taxation, low-carbon business models, and so on®. However, most of the above models treat China as a
whole rather than focusing on its domestic regions. Because of the great variation in economic size,
industrial structure, energy-use efficiency, and overseas dependency across regions within China, there is
a need for more regional level perspectives to improve the understanding of the detailed creation and
distribution of CO, emissions. In addition, regional level analyses provide important information and
reference points for local governments, who are the actual executors of the central government’s
environmental policies.

Since the recent improvement of China’s provincial environment related statistics, regional level studies
on CO, emissions have been available. For example, Liang et al. (2007) employ the multi-regional
Input-Output (I/0) model to measure China’s regional energy requirements and CO, emissions for 2010
and 2020. Their empirical results demonstrate that by 2020, improvement in energy end-use efficiency
for each region could generate intra-regional energy savings; population growth in one region will not
only significantly affect that region’s energy requirements but also increase other regions’ energy-use.
Feng et al. (2009) study how population, affluence, and emission intensity have contributed to the growth
of CO, emissions in five regions of China. Their results demonstrate that China must ensure that people’s
lifestyles are changing to more sustainable ways of living. Using the CO, emissions related index
decomposition technique, Liu et al. (2010) analyze China’s carbon emission changes during 1997-2007
for 30 domestic provinces. They identify the most important regions that cause higher CO, emissions
from end-use energy consumption and emphasize that the decline in energy intensity has the greatest
impact on CO, emissions. Meng et al. (2011) analyze the characteristics of China’s regional CO,
emissions, the effects of economic growth and energy intensity using panel data from 1997 to 2009.
Wang and Shi (2012) use the 1/0-based carbon footprint model to analyze China’s provincial carbon
footprint and interprovincial transfer.

Most studies undertaken at the regional level of China focus on measuring energy and CO, emission
intensities, influencing factors in CO, emissions change, and the embodied CO, emission in trade. Our
study differs in the way in which we focus on clarifying the relationship between China’s inter-regional
spillover of CO, emissions and domestic supply chains. The inter-regional spillover of CO, emissions
and its evolution depend on a combination of reasons or factors. These factors include not only regional
economic scales, regional industry structure, scales of energy-use and CO, emissions, and efficiency of
energy-use, but also a region’s position and participation level in domestic and global supply chains. To
explain the CO, emissions spillover from the perspective of supply chains or inter-regional production
networks, we apply both the traditional 1/0-based measure, “CO2 emissions in trade” (CEiT), and the
newly developed measure, “trade in CO2 emissions” (TiCE) to China’s inter-regional frameworks (eight
regions) for 2002 and 2007. The CEiT indictor measures embodied CO2 emissions in trade (international
trade or inter-regional trade in goods and services), and the TiCE indicator measures a region’s CO,

® For the comprehensive introduction on China-related low-carbon analyses, one can refer to Xue (2012).
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emissions caused by other regions’ final demand. The TiCE indicator follows the recently proposed
concept of “Trade in Value-Added” (TiVA) (Johnson and Noguera, 2011). Meng et al. (2012) apply the
TiVA concept to Chinese regional economies to analyze China’s domestic value chains. This indicator
can avoid double counting in measuring bilateral trade balance. In this study, we investigate both TiCE
and TiVA indicators for China’s eight regions to clarify the relationship between inter-regional CO,
emissions spillover and domestic supply (value) chains. We also propose new indictors based on the
concepts of CEIT and TiCE, such as embodied CO, emissions in the other regions’ export, the trade
balance of regional CO, emissions, and the revealed comparative advantage (RCA) of CO, emissions.

The rest of this study is organized as follows. Section 2 explains how we use the I/O model to measure
the inter-regional spillover of CO, emissions. Section 3 gives a brief explanation of the database used and
presents the results of CEIT and TiCE at detailed regional and sectoral levels. Finally, we discuss the
relationship between China’s inter-regional spillover of CO, emissions and domestic supply chains as
well as global supply chains in which China’s domestic regions are involved. Section 4 presents
concluding remarks.

2 Measuring Inter-regional Spillover of CO, Emissions

In this section, we propose some alternative 1/0-based indicators to measure the inter-regional CO,
emissions spillover effect. These indicators include CO, emissions in trade, domestic trade in CO,
emissions, CO, emission based regional RCA, and the regional export based spillover effect of CO,
emissions. Most indicators proposed in this section can be traced back to the 1/0-based measurement of
domestic supply chains in the existing literature (see Meng et al., 2012).

2.1 Regional CO, emissions in trade (CEIT)

To investigate the degree of CO, emissions embodied in a region’s export (foreign trade with the rest of
the world) and outflow (domestic trade with the rest of the nation), we first expand the widely converted
measure of international embodied CO, emissions proposed by Wyckoff and Roop (1994) into a
domestic version. The regional 1/0-based CEIT can be written as follows.

CO, emissions embodied in the exports of regionr: ¢ - (I — A")~1. ex", and )
CO, emissions embodied in the outflow of regionr: ¢ - (1 —A")~1 - ou", 2

where ¢’ is the 1 x n vector constructed by using region r’s CO, emissions rate (the share of CO,
emissions in total input by sector), A" is the n x n intra-regional input coefficient matrix of regionr, I is
an n x n identity matrix, (I — A™)™! is the region r’s Leontief inverse, and ex"and ou" are the n x 1
column vector of region r’s exports and outflow, respectively. The above mentioned indicators represent
the CO, emissions directly and indirectly caused by regional export and outflow demand by the way of
domestic production networks, which can also be explained as the volume of CO, emissions embodied in
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aregion’s trade.

If a single regional 1/O table with separate export data and outflow data is available, the above mentioned
indicators can easily be estimated. The indicator shown in equation (2) can yield two additional indicators
if the outflow information can be separated into trade in intermediate (ouj,4) and final products (ougy),
respectively, as shown below.

CO, emissions embodied in the outflow of intermediate products of regionr: ¢ - (I — A")™! - oulyq,
CO, emissions embodied in the outflow of final products of regionr: ¢* - (I — A")™! - ouf,.

The advantages of the above mentioned regional CEIT indicators include the following capabilities: (1)
the degree of a region’s CO, emissions in domestic and global supply chains can be evaluated; (2) the
relative position of a region in domestic supply chains, can be taken into account in CO, emissions
measurements by focusing on intermediate and final products separately.

2.2 Measuring domestic trade in CO, emissions (TiCE)

To investigate domestic TiCE and its evolution in detail, we apply the 1/0-based concept of domestic
TiVA (see Johnson and Noguera, 2011 and Meng et al., 2012) to the measure of inter-regional spillover of
CO, emissions. Following the concept of TiVA, the domestic TiCE at the regional level can simply be
defined as one region’s CO, emissions caused by another region’s final demand or one region’s CO,
emissions “exported™ to other regions.

To explain the concept of domestic TiCE, we model a closed economy with only two regions (r and s)
and n sectors for each region. Based on the traditional inter-regional 1/0O model, the total CO, emissions
can be written in the following form.

co, = diag(c) - L - fd, 3)

r

cor = (o e= e L= B)=[1- (i A 1= () + ()

Here, co," is the (n x 1) column vector representing region r’s CO, emissions by sector, c¢” is the
(2 % n) row vector of CO, emissions rate (the share of CO, emissions in total input) by sector for region r,
L is the inter-regional Leontief inverse constructed by the sub-matrix LS. I is a 2n x 2n identity matrix.
A" represents the (n x n) matrix of inter-regional input coefficients from region r to region s, and fd"s
is the (n x 1) column vector representing region s’ final demand for goods and services produced in
region 1. Following the definition of domestic TiVA, we formulate region r’s CO, emissions exported to
region s as follows.

*Here, “export” indicates the domestic trade (outflow) to distinguish between the foreign export and the
domestic-regional outflow.
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LsT Lss) ) (fdss)’

= ¢ LT - fd'S + ¢' - LIS - £dSS

= TiCEF" + TiCEH"S. 4

TiCE™ = (u,u) - diag(c”, 0) - (

TiCE™represents CO, emissions of region r caused by the final demands on products in region s
produced in both the foreign region (fd"s) and the home region (fd>). Therefore, this type of TiCE can
be considered as a demand-based measurement from the viewpoint of region s (demander). TiCE"Scan
be further separated into two parts, TiCEF™ and TiCEH"Sindicating different types of final demands,
specifically, fd™ and fdss.

At the product (sector) level, we analyze the forced CO, emissions in a specific sector j of region r by a
specific final demand for product i in region s as “an individual TiCE linkage” defined as follows:

TiCEF = ¢l (L™ - fd[® + L™ - fd5®). )

Based on the above-stated definition, the export of CO, emissions of sector j by region r to region s
(TiCE’®) can be expressed as

TiCET = ¥; TiCE}’. (6)

In addition, if we use the following measurement (SP), the share of a region’s CO, emissions
incorporated into its partner region’s exports can be also measured. This approach facilitates the
understanding of how a certain region’s CO, emissions are affected by other regions’ global supply
chains when the region acts as a provider of intermediate products in domestic supply chains.

SP™ = (u,u) - diag(c", 0) - (tz t:) ’ (e(y)(s)’

2.3 Regional comparative advantage in export of CO, emissions

To evaluate a region’s comparative advantage in CO, emissions, we apply the concept of domestic TiCE
to the measure of regional RCA at the sector level. The concept of RCA is largely based on the theory of
Ricardian comparative advantage. The most widely used indicator of RCA is given as follows
(BélaBalassa, 1965)

EXR/SiEXR

R _
RCAT = YREXR/SR Y EXR’

v

where EXR represents country r’s exports of product i. This indicator represents a country’s relative
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advantage or disadvantage in international trade for a certain category of goods or services. Because a
region’s CO, emissions in a specific sector as exported to other regions can be measured by TiCE®, we

use this concept to measure a region’s comparative advantage in CO, emissions as follows

TiCEL/¥; TiCE
r _ )/ &)
RCA-J’ - eriCEFj/zrz]-TiCEFj' (8)
If a region has a relatively large amount of RCA for a specific sector in CO, emissions, this region
exports relatively more CO, emissions from the sector to other regions compared with the region’s other
sectors and the national average level. This RCA indicator also reveals a region’s relative specialization
level in a specific sector as measured by CO, emissions.

3 Empirical Analyses

The main data sources used in this study to calculate domestic CEiT and TiCE include the 2002 and 2007
Chinese multiregional 1/0 (CMRIO) tables and the database of Chinese provincial energy-use and CO,
emissions by sectors. The CMRIO tables are compiled by the China State Information Center (SIC) in
2012 (Zhang and Qi, 2012). The environmental data is calculated from the combustion of fuels and
industrial processes using the Intergovernmental Panel on Climate Change (IPCC) reference approach.
This study also uses fuel data from China Energy Statistical Yearbooks and China Provincial Statistical
Yearbooks. Appendix 1 and Table 1 display the region and sector classifications used in CMRIO. The
energy-use and CO, emissions data for 44 industries and 30 provinces are aggregated to match the
CMRIO classification.

In this section, we first examine the regional value-added and inter-regional trade information obtained
from 2002 and 2007 CMRIO data. This information provides an overall view of China’s regional
economies and inter-regional economic interdependency. Second, we present the region-level and
sector-level energy-use and CO, emissions to examine the energy-use elasticity of CO, emissions. Third,
we use the region-level CEiT indicator to demonstrate how a region’s participation degree and position in
both domestic and international supply chains affect its CO, emissions. Fourth, we calculate the results of
domestic TiCE for 2002 and 2007 to illustrate the evolution of regional give-out and gain potentials for
CO, emissions within China’s multi-regional production networks. We also use the TiCE sector-level
results to evaluate the comparative advantage in CO, emissions for different sectors across regions.
Finally, we present each region’s CO, emissions caused by its partner region’s exports to show how the
linkages between China’s domestic supply chains and global markets function in inter-regional spillover
of CO, emissions.

3.1 China’s regional economies and inter-regional trade

As an overall view of the evolution of China’s regional economies between 2002 and 2007, we calculate
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the regional value-added and its real growth rate by sector. Table 1 displays the results. At the national
level, total value-added increased by 70% over five years. This is not surprising and coincides with the
general image of China’s economic performance because the officially published average annual GDP
growth rate is roughly 11%°. However, the growth rate of value-added at the region and sector levels
reveals large variations. At the regional level, the Northwest, the largest energy-base region, exhibits the
highest growth rate at 95%, followed by the two developed coastal regions, the North Coast and the East
Coast with the same levels of growth rate—79%. The North Municipalities, one of the quickly expanding
urban agglomeration areas, also exhibits a higher growth rate at 73%. The growth rates of the Central
region (68%), the Southwest (65%),and the South Coast (64%) are close to the national average (71%),
while the Northeast (55%) exhibits a relatively low performance in value-added growth.

By comparing regions to the national average as shown in Table 1, we can identify the leading regions for
value-added growth by sector. For example, the coastal regions (North Coast and East Coast) can be
considered leading regions because their growth rates for most sectors are higher than the national
average. The bottom of Table 1 displays sectors that are most important to regional economic growth.
Manufacturing sectors such as Other manufacturing products, Non-metallic mineral products, Metal
products, Electric appliances and electronics, and Transport equipment play a leading role in most regions.
This implies that a similar economic growth pattern exists across regions. However, a relatively clear
trend toward specialization appears for primary and household consumption products. For example, the
Mining and Food sectors in the Northwest, Textiles in the South Coast and Southwest, and Wood
products in the North Coast exhibit high growth rates relative to that in the corresponding sectors in other
regions.

The dynamics and diversity of regional and sectoral economic growth depend not only on changes in
intra-regional production technology but also on inter-regional production networks (including linkages
to overseas markets). Figure 1 illustrates the share of bilateral trade in total inter-regional trade for 2002
and 2007, with the bubble size representing the share. To focus on the magnitude of inter-regional trade,
this figure excludes intra-regional trade and considers the rest of the world (ROW) as one region. There
are no significant structural changes in the inter-regional trade pattern during this five-year period. The
exports and imports of the coastal regions account for a relatively large share. Interaction among the
coastal regions and between the coastal and central region is the most important element of domestic
inter-regional trade. However, a careful comparison of the results from 2002 and 2007 can help us
conclude a number of interesting differences. For example, in 2007, the East Coast replaced the South
Coast as the leading region in export and import markets. The interaction between the North
Municipalities and its neighbor region, the North Coast, also exhibits a dramatic increase during these
five years. The Northwest clearly exhibits an increasing magnitude of outflow to coastal regions, as do
the coastal regions to the Central region. This makes the overall transaction between regions much flatter

> If the annual growth rate of GDP is 11.2% across five years and the first year GDP is 100, the fifth year GDP
can be calculated as (1+11.2%)°x100=170. This means the 5-year GDP growth rate is simply (170—100)/100 =
70%.



in general (with most small bubbles in 2002 growing larger in 2007).

To investigate the degree of dispersion or concentration of inter-regional trade at the sector level, we
calculate the coefficient of variation (CV) for intermediate and final products separately by sector. In
statistics, CV is defined as the ratio of the standard deviation to the mean of a dataset. CV is a normalized
measure of the dispersion of data points in a data series around the mean. It is a useful statistic for
comparing the degree of variation from one data series to another, even if the means are drastically
different. In our data, a higher CV indicates a higher concentration of trade. According to the results
displayed in Table 2, two important features of the changing patterns of inter-regional trade can be
summarized as follows. (1) The concentration of total trade in intermediate products across regions
decreased (CV fell from 1.03 to 0.97). However, at the sector level, we confirm a wide variation in the
change of the concentration degrees reflecting the increasing complexity of inter-regional production
networks in China. (2) For most final products, the concentration of inter-regional flows increased rapidly,
implying that more regions tend to specialize in production or procurement of final products within the
domestic supply chains.

3.2 Regional energy-use, CO, emissions, and energy-use elasticity of CO, emissions

Table 3 displays energy-use by region and sector for 2002 and 2007. At the regional level, the share of
regional energy-use in the national total remains stable across this span of years. When comparing data in
Table 3 to the regional value-added scale in Table 1, we observe that regions with relatively large
economic scale tend to consume much more energy. For example, the Central region, the East Coast, and
the North Coast show large figures for both energy-use and value-added scale. However, when we
observe the regions’ ranking in energy-use and value-added scale, we find other interesting points. For
example, the North Coast ranks fourth in value-added scale, but its ranking in energy-use is the second
largest in the nation in 2007. Similarly, the Central region’s value-added scale is roughly 93% of that of
the East Coast region, whereas its energy-use is roughly 1.4-fold of the East Coast’s. This fact implies
that the industrial structure and energy use efficiency across regions may also play an important role in
determining the size of energy-use.

In contrast, energy-use by sector at the national level does not exhibit a significant structural change.
Specifically, Electricity, gas, and water supply account for nearly half of the national energy-use,
followed by Metal products (10.0%), Trade and transportation (8.8%), Chemicals (7.7%), and Other
services (4.6%) in 2007. However, when examining the energy-use growth rate by region and sector, we
observe a relatively large variation. For the ease in identifying the important regions and sectors in the
energy-use evolution, we compare the figures of regions to the national average by sector. As shown in
the two lower sub-tables of Table 3, the East Coast can be considered the most important driving force of
energy-use, because most sectors in this region exhibit relatively faster growth rates compared with the
national average. The North Coast and the Northwest also can be identified as primary driving forces of
energy consumption at the national level, but these forces are largely supported by several leading sectors.
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The compared results for the sectoral average show that Trade and transportation, Electric appliances and
electronics, General machinery, and Wood products and furniture can be considered the most important
leading forces causing the overall increase of energy-use.

In principal, if the efficiency of energy-use is fixed, a large amount of energy-use is supposed to be
accompanied by large CO, emissions. Therefore, when examining Table 4, we can easily confirm that the
structure of CO, emissions and its changing pattern by region and sector are parallel to that of energy-use.
However, when comparing these two tables in detail, many differences remain apparent. Here, we
calculate the energy-use elasticity of CO, emissions (the percentage change of CO, emissions/the
percentage change of energy-use) by region and sector, results of which are shown in Table 5. This
elasticity can be considered as a proxy for evaluating the change in the efficiency of energy-use.
Obviously, the national total energy-use efficiency reveals a marginally decreasing trend (1.03). At the
regional level, nearly all regions’ efficiency decreases between 2002 and 2007. The North Coast, the
Northwest, and the Southwest seem to exhibit the worst efficiency levels, while the South Coast is unique
in improved energy-use efficiency. At the sectoral level, we observe large variations. Most obviously, the
large figure for Other manufacturing products (1.5) catches our immediate attention. However, given its
low share in national total CO, emissions (0.2%), its impact on the national total are very limited in real
terms. Agriculture, several light industries (Food, Textile, Wood and Pulp), General machinery, and Other
services also exhibit bad performance. More auspiciously, the most important sectors that account for a
large share of CO, emissions, like Chemicals, Non-metallic mineral products, Metal products, and
Electricity, gas, and water supply exhibit relatively good performance of efficiency of energy-use,
assumed to be the primary reason for a “not too bad” marginal change in national total efficiency.

3.3 Regional CO, emissions in trade (CEIT)

Figure 2 illustrates China’s regional CEiT indicators for 2002 and 2007. At the absolute level, the three
developed coastal regions (East Coast, South Coast, and North Coast) have higher embodied CO,
emissions in export than the inland regions and the North Municipalities (see the top part of Figure 2).
These coastal regions are foreign export-oriented economies with a large share of manufacturing exports
in their total products, explaining the higher figures of these three coastal regions. It comes as no surprise
that the North Municipalities have a low CEiT, given the region’s special industrial structure and
services-oriented export economy. When analyzing the changing CEIT pattern in terms of export, the
East Coast, the North Coast, and the Northwest show a significant increasing trend, largely resulting from
their increasing export dependency (see Figure 1) and decreasing energy-use efficiency (see Table 5).

The CEIT figures for outflow in all regions (the second upper part of Figure 2) are much larger than the
figures for export in 2007. This clearly indicates that the domestic inter-regional trade has been the major
source of regional CEIiT. By separating the outflow by intermediate products and final products, we
observe that intermediate products play a dominant role in embodied CO, emissions. This result is
consistent with the fact that many more inland regions have been deeply involved in domestic supply
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chains by providing more intermediate products to other regions (see Meng et al., 2012). In addition, the
decreasing efficiency of energy-use in these inland regions also spurs on these regions’ increasing trend in
CO, emissions caused by the production of outflow goods. The changing pattern of outflow-related CEiT
also vastly differs from the export-related CEiT. For the CEIT in outflow of intermediate products, the
North Coast and the Central region exhibit both the largest absolute values and fastest change rates,
largely resulting from two factors. (1) These two regions are likely to be located at the downstream of
inter-regional supply chains by providing a large proportion of intermediate products to other regions. (2)
These intermediate products are concentrated largely in Chemicals, Non-metallic products, and Metal
products whose production requires relatively more energy and so predictably embodies more CO,
emissions. For final products, the Northwest and the Northeast also have both the largest absolute value
and the fastest change rates of CEiT in outflow simply because these two regions’ production process of
final products has been more energy-use oriented as they represent China’s primary energy base.

Figure 3 illustrates the embodied CO, emissions in sectoral export and outflow for 2002 and 2007.
Obviously, Metal products and the Chemicals have the largest embodied CO, emissions for both export
and outflow. Electric appliances and electronics, and Textiles and garments have large figures for export,
whereas Electricity, gas, and water supply, and Mining and quarrying have large figures for outflow.
These results reflect the fact that Electric appliances and Textiles are both China’s major export products,
given their high comparative advantage from lower labor cost, whereas Electricity and Mining are always
in undersupply and primarily serve domestic demand rather than foreign use. In addition, when analyzing
the lower two sub-figures in Figure 3, we easily observe that the CEIiT for outflow of intermediate
products are the major source of embodied CO, emissions and that only service sectors exhibit large
figures for final products outflow.

3.4 Inter-regional trade in CO, emissions (TiCE)

In the previous section, we calculated the regional CEIT indicator to measure the embodied CO,
emissions in a specific region or product. This indicator can be estimated if the regional 1/O table is
available. However, it is difficult to examine the structure of cross-regional flow of CO, emissions in
detail, because the inter-regional spillover and feedback effects in the production networks cannot be
explicitly captured when using only a single regional /O table. In this section, we applied the concept of
domestic TiCE as defined in equation (4) to China’s MRIO tables for 2002 and 2007. The results of the
TiCE related indicators can explain how CO, emissions are created and distributed across regions
through inter-regional production networks.

To first check the relative magnitude of regional TiCE, we calculate the proportion of bilateral TiCE in
total TiCE and display the results in the middle section of Table 6. Clearly, in 2002, the Central region
was the largest exporter of CO, emissions (26.89%), followed by the Southwest (15.05%); the North
Municipalities was the largest importer (17.59%), followed by the North Coast (16.36%). However, by
2007, significant changes had occurred. Specifically, the Northwest (18.64%) became the second largest
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exporter; the Central region (23.58%) replaced the North Municipalities as the largest importer, followed
by the East Coast (20.92%). The changes in bilateral TiCE can also be confirmed by looking at the TiCE
trade balance (deficit and surplus) (see the lower sub-table in Table 6). Obviously, in 2002, the North
Municipalities had the largest TiCE deficit, while the Central had the largest TiCE surplus. However, by
2007, the East Coast’s deficit and the Northwest’s surplus rose to the top.

The detailed evolution of inter-regional TiCE can easily be confirmed from Figure 4. The total national
TiCE increased from 748.63 to 2064.05 million metric tons, revealing a dramatic change in magnitude.
When analyzing the structural change, we can consider the East Coast and the South Coast as a kind of
“pure importer” of CO, emissions in both 2002 and 2007. The Central region retains its leading role as a
kind of “transmission channel” of CO, emissions from inland regions to coastal regions. This function is
related to both the Central region’s large economy and final demand scale as well as its hub function and
position in China’s domestic supply chains due to its geographic centrality and well-developed
transportation infrastructure. This centrality places it in a prime position to be both an important
consumer and supplier of intermediate products in China’s domestic supply chains. The North Coast also
shows a kind of hub function in the inter-regional TiCE, especially for Northern China. There are clear
structural changes that occurred between 2002 and 2007 for the three North regions (North
Municipalities, Northeast, and Northwest). As discussed before, the North Municipalities have
experienced rapid urbanization accompanying high levels of service-oriented economic structure change.
This region’s specialization in the production of services and high per capita income level also imply that
this region has tended to purchase many more final goods from other regions rather than produce them
locally by the intake of intermediate goods shipped from other regions. The production capacity of this
urban area has shifted to its neighbor region, the North Coast, explaining the North Municipalities’ lost
linkages of CO, emissions from the Northeast, the Northwest, and the Southwest. This finding also
supports the conclusion that the North Coast has enhanced its hub position in North China’s TiCE. The
Northeast and the Northwest have also become a kind of “pure exporter” of CO, emissions in the
inter-regional TiCE framework because these two important energy base regions have been able to
provide many more highly processed intermediate goods to support other regions’ supply chains rather
than providing only energy-oriented materials. As a result of these North regions’ industrial upgrades, the
increasing energy-use for producing intermediate goods understandably causes relatively large CO,
emissions. In general, the changing pattern of regional TiCE structure depends on a combination of
reasons such as (1) economic scale, especially regional demand for final products, (2) a region’s position
and participation degree in domestic supply chains, (3) regional industry structure, and (4) energy-use and
CO, emissions as well as energy-use efficiency across regions.

To measure the regional TiCE performance in China’s domestic supply chains, we divide the bilateral
TiCE by the bilateral TiVA and display the results in the lower section of Table 6. According to the
concepts of TiCE and TiVA, we easily observe that a larger ratio (TiCE/TiVVA) means that the origin
region pays a relatively large environmental costs but gains a small value-added in domestic supply

chains. For example, in 2002, the value in the cell at the intersection of the Northwest’s row and the
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North Municipalities’ column is 9.6 indicating that when the North Municipalities’ final demand causes
10 thousand Chinese yuan value-added in the Northwest region, the Northwest bears 9.6 metric tons of
CO, emissions. At the national level, the overall performance of cross-region CO, emissions during the
five years (2002-2007) depicts a marginally decreasing trend because the TiCE per TiVA increases from
4.0 to 4.3. At the regional level, the North Municipalities, the Northwest, and the Southwest exhibit
improved performance because of their ability to export value-added with relatively lower CO, emissions.
However, at the absolute level, these regions’ TiCE per TiVA remains larger than those of the East Coast
and South Coast. This phenomenon results primarily from their different position in domestic supply
chains as well as the variation in production techniques across regions.

As described in the previous section, the total TiCE can be separated into two (TiCEF™ + TiCEH"S).
Table7 presents the TiCE matrix caused by regional final demand for its locally produced products. For
example, in 2002, the value in the cell at the intersection of the North Municipalities’ column and the
North Coast’s row is 35.47, indicating that the North Municipalities’ final demand for products produced
in its own region created roughly 35.47 million metric tons of CO, emissions in the North Coast in 2002.
Moving lower in the column, we see that the sum of roughly 87.78 million metric tons represents the
total CO2 emissions creation effect that the North Municipalities exert on other regions as a whole. We
divide the column sum of the North Municipalities by the average of each region’s column sum to
produce an index for the North Municipalities. We call this index the North Municipalities’* CO,
emissions give-out potential.” Similarly, the 2002 row total of the North Coast (77.68) represents the total
CO, emissions of the North Coast caused by the other regions as a whole. Again, we use the row sum to
define the North Coast’s “CO, emissions gain potential.”

To illustrate the development of the TiCE structure from 2002 through 2007, the above mentioned two
potentials of each region are plotted in Figure 5. The position of the East Coast demands immediate
attention. The East Coast, with its large economic scale and highest per capita GDP in China, purchases a
massive amount of goods and services from its home market, generating significant CO, emissions in
other regions, especially in its neighbor, the Central region (see Table 3). Thus, the East Coast has
relatively strong backward linkages of the creation of CO, emissions with the Central region. The Central
region has the largest gain potential related to its downstream-location in domestic supply chains
supported by its geographic centrality and well-developed transportation accessibility. This centrality
places it in a prime position to be a supplier of intermediate products to other regions, especially those on
the coast. In general, the position of a region in Figure 5 depends on both its economic scale and its role
in domestic supply chains. Analyzing the changes in each region, we observe that the East Coast quickly
enhanced its give-out potentials as a CO, emissions importer. This behavior implied that the East Coast’s
final demand for their locally made products tends to create backward CO, emissions linkages with
remote and smaller regions who is located in the upstream of supply chains by providing more
intermediate products. The Northwest region, meanwhile, moved in the opposite direction as it increased
its gain potential and decreased its give-out potential. This phenomenon can be explained in two ways:
(1) The Northwest region, as China’s largest energy base, has been able to provide many more
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intermediate products that require a relatively large amount of energy inputs. This fact explains the
Northwest’s increased gain potential and the movements of the Northeast and North Coast, both of which
are China’s major providers of energy-intensive intermediate products. (2) The Northwest region has also
been able to provide many more energy-intensive intermediate products of its own for creating local final
products rather than using intermediate products shipped from other regions. This gives the Northwest
with lower CO, emissions give-out potential. The speed with which the North Municipalities’ lost the
give-out potential is interesting, but not surprising when we consider that the North Municipalities, with
the nation’s fastest GDP growth, has become a service oriented region but tends to purchase more final
goods from other regions rather than needing to intake more energy-intensive intermediate products from
other region to produce its local final products.

Table 8 displays the trans-regional CO, emissions caused by regional final demand of inflow products
(TiCEF"3) for both 2002 and 2007, representing how much one region’s inter-regional demand (demand
for final products produced in other domestic regions) causes another region’s CO, emissions through
inter-regional supply chains. In the same manner as shown in Table 7, we calculate the give-out and gain
potentials for each region and plot them in Figure 6. We see that the Central region changed its position
from the largest exporter to the largest importer of trans-regional CO, emissions as measured by
inter-regional final demand. This finding reflects two facts: (1) The Central region, as the second largest
economy with the best accessibility to the domestic market, has tended to purchase more
energy-intensive final products from other regions, causing its partner region’s CO, emissions. (2) The
Central region’s relative position in providing energy-intensive intermediate products has been replaced
by other energy-rich inland regions, such as the Northwest and the Northeast, making the Central region
lose its gain potential in inter-regional CO, emissions spillover. The movement of the other regions
illustrated in Figure 6 is similar to Figure 5.

In addition, when comparing the national (row sum or column sum) level and its trans-regional CO2
emissions growth rate for locally made final products (124%) and final inflow products (296%), we
readily observe that the demand on locally made final products is the dominant source of inter-regional
CO, emissions spillover, but the demand on final inflow products should be considered the leading force
causing the increasing presence of trans-regional CO, emissions.

3.5 Evolution of regional comparative advantage measured by domestic TiCE

There is no guarantee that providing more products equals more CO, emissions in a supply chain with its
domestic trade having a high vertical specialization. This observation becomes crucial when considering
regional comparative advantage from the perspective of CO, creation within the domestic production
networks. Therefore, we use the TICE concept to measure regional comparative advantage.

Table 9 shows the TiCE based domestic RCA indicator and its changing pattern between 2002 and 2007.
The major findings can be summarized as follows. (1) There is a large variation of CO, emissions based
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RCA by sector across regions. Specifically, the most developed coastal regions (South Coast and East
Coast) have relatively more sectors with top ranking RCA, especially in the manufacturing sector; inland
regions largely specialize in primary sectors. (2) The ranking of a region in RCA by sector changes
significantly between 2002 and 2007. For example, in 2002, the North Municipalities ranks first for
Metal products, but in 2007 the North Coast has taken the top position, primarily because the North Coast
experienced rapid development of metal-related production over the five year period.

3.6 CO, emissions spillover effect caused by another region’s exports

As discussed in the previous section, using the inter-regional 1/0 framework, we can also estimate how
much of a region’s CO, emissions are created by another region’s exports. This knowledge can help us
understand the CO, emission related spillover of a specific region in another region’s global supply
chains.

Figure 7 shows the give-out potential of CO, emissions caused by regional exports. In both 2002 and
2007, the exports of the two developed Coastal regions (South Coast and East Coast) had the largest CO,
emissions spillover effect on other regions. Analyzing the components of the bars for these two coastal
regions’ give-out potential, we find that the Central region is the primary emission source region. This
finding clearly reflects Central region’s role in the coastal regions’ global supply chains: the Central
region has been the primary provider of highly energy-intensive intermediate products in coastal regions’
supply chains of exported products. The absolute level of the East Coast’s give-out potential has also
been the largest, at nearly double that of the South Coast. This phenomenon can be explained by not only
the expanding presence of the East Coast in China’s export market (see Figure 1), but also the increasing
efficiency of energy-use in the South Coast region (see Table 5). The relative but quite remarkable
decrease of the North Municipalities” give-out potential concerning CO, emissions supports the fact that
this region has experienced rapid post-industrialization and a services-oriented structure change.
Analyzing the gain potential of CO, emissions caused by regional exports (Figure 8), we observe that the
Central region with its large economy and centralized location maintains its position as the largest
provider of CO2 emissions caused by other regions’ exports. From the East Coast’s increased effect on
other regions’ CO, emissions gain potential, we can readily observe that more inland regions have been
involved in the East region’s export products supply chains by providing many more energy-intensive
intermediate products.

4 Concluding Remarks

To explain the relationship between China’s regional CO, emissions and the increasing complexity of
domestic supply chains, this study focused on the measure of inter-regional spillover of CO, emissions.
Using China’s 2002 and 2007 inter-regional Input—output tables and related province-level energy-use,
we analyzed CO, emission information, the detailed structural changes of CO, emissions in trade (export
and domestic inter-regional trade), domestic trade in CO, emissions, and the regional trade balance of
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CO, emissions concerning the position and participation degree of different regions in domestic supply
chains.

The study’s major conclusions can be summarized as follows: (1) The energy-use elasticity of CO,
emissions at the national level changes very little between 2002 and 2007. This is mainly attributable to
the improvement of energy-use efficiency in several important energy-intensive sectors, such as metal
products, the non-metallic mineral products, and chemicals. However, at the regional level, the North
Coast, the Northwest, and the Southwest exhibit lower performance compared to the North
Municipalities and the South Coast. (2) The increasing participation of China’s coastal regions in global
supply chains rapidly increased embodied CO, emissions in regional exports. However, because most
inland regions have been deeply involved in domestic supply chains by providing many more
intermediate products to other regions, the embodied CO, emissions in these regions’ outflow have also
rapidly increased. (3) Inter-regional trade in CO, emissions at the national level roughly tripled between
2002 and 2007 with relatively large structure change among regions. The East Coast became the largest
importer of domestic CO, emissions; the Central region changed from exporter to importer of CO,
emissions; and the Northwest became the largest exporter of CO, emissions. All these changes reflect the
following facts: the East Coast is located in the downstream of domestic supply chains with large
backward linkages to inland regions, especially to the Central region; the Central region as the second
largest economy and with geographic centrality playing a leading role as a kind of “transmission channel”
of CO, emissions from inland regions to coastal regions; and the Northeast and Northwest regions have
been able to provide many more intermediate products to other regions by using their comparative
advantage in energy sectors, which gives them a large surplus in the balance of CO, emissions trade. In
addition, comparing the trade in CO, emission with the trade in value added, performance improvement
can be found in the North Municipalities, the Northwest, and the Southwest, because they have been able
to “export” much more value-added with relatively small CO, emissions in domestic markets, although
their absolute CO, emissions remain higher than that of coastal regions. (4) The inland regions tend to be
able to export a greater quantity of CO, emissions not only by increasing direct exports of goods and
services to the world market, but also by joining the domestic supply chains of the leading coastal region,
especially the East Coast.
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Table 1 China’s regional value added by sector and its growth rate (2002-2007)
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(without considering intra-regional trade)

Figure 1 Share of bilateral trade in total inter-regional trade
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Table 2 Concentration degree (CV) of inter-regional trade in intermediate and final products

Intermediate products

Final products

Sector
2002 2007iChange rate 2002 2007{Change rate

Agriculture 1.68 1.81 7.5% 1.66 177 7.0%
Mining and quarrying 151 1.65 9.5% 2.54 2.43 -4.2%
Food products and tobacco 1.62 1.29 -20.6% 1.29 1.45 12.2%
Textile and garment 1.76 1.56 -11.3% 1.57 3.40 117.2%
Wood products and furniture 1.70 1.78 4.4% 1.86 1.76 -5.5%
Pulp, paper, and printing 1.84 1.78 -3.0% 1.76 3.46 96.1%
Chemical 1.37 1.18 -13.8% 1.19 1.32 10.7%
Non-metallic mineral products 1.99 1.79 -9.9% 1.87 2.06 10.1%
Metal products 1.29 1.42 10.0% 1.51 1.76 16.6%
General machinery 1.80 1.67 -7.6% 1.81 2.07 14.2%
Transport equipment 1.37 1.37 0.4% 1.51 1.61 6.2%
Electric applicances and electronics 1.65 2.43 47.8% 1.83 2.19 19.6%
Other manufacturing products 1.87 1.66 -11.4% 1.70 2.05 20.5%
Electricity, gas, and water supply 2.21 1.90 -13.9% 1.96 2.45 24.9%
Construction 2.39 2.00 -16.4% 1.99 1.77 -11.0%
Trade and transportation 1.23 1.36 10.5% 1.27 1.65 29.5%
Other services 1.76 2.15 22.7% 1.91 2.42 27.0%
Total products 1.03 0.97 -5.7% 0.98 111 12.9%
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Table 3 China’s regional energy use by sector and its growth rate (2002-2007; unit: PJ)

2 o
= g ; =
2 E : % g
§ Z = E = _§ 5 =
- & F = - E 5 E 2 —_
= -] = 5 5 b ] = = 0)
s 2 EFPEP o ozfoiciiloftoio :
vacesi 2 5 2 E 2 F & 2 2 & E £ 3 2 E 5 &2
Northeast 230 261 70 11 11 21 355 134 374 29 26 13 4 2,722 299 373 4968} 126
North Municipalities 31 36 24 18 3 10 132 49 169 12 1 11 3 691 189 251 1,659 42
North Coast 180 204 118 94 16 88 459 384 463 59 29 22 16 2,898 31 2991 54881 140
- East Coast 173 39 40 129 6 23 287 151 266 49 26 26 8 3,571 603 2281 5675 144
£ iSouth Coast 87 13 114 86 8 76 79 305 165 17 15 23 20 2,356 393 325} 4,096 104
“ iCentral 284 491 73 52 10 60 755 455 501 52 84 12 9 4,791 542 420 86591 220
Northwest 123 238 46 15 1 36 286 151 208 40 17 10 7 2,764 261 2721 45491 116
Southwest 166 329 36 7 2 10 364 144 672 21 52 6 11 1,641 372 358 42301} 108
Total 1274 1,612 521 412 58 325 2718 1,773 2818 279 261 122 77 21436 427 2690 25251393241 1000
Share by sector (%) 32 4.1 1.3 1.0 01 0.8 6.9 4.5 72 07 07 03 02 545 1.1 6.8 6.4 100.0
Northeast 203 348 225 26 31 41 746 294 853 92 76 21 27 3,736 59 637 420} 78361 111
North Municipalities 30 39 32 11 2 10 172 57 183 18 20 10 8 903 33 310 379 2218 32
North Coast 206 300 327 232 47 211 870 525 2054 165 55 108 18 5661 59 769 320111926 170
- East Coast 183 94 87 334 31 209 761 374 768 130 51 76 12 5,829 91 1,280 435 110,745} 153
2 ISouth Coast 137 48 93 205 17 207 346 663 354 35 22 123 22 3,101 34 785 512 6,704 95
o Central 347 802 369 95 46 243 1458 976 1,756 157 99 58 26 7.235 121 1,017 44015245 217
Northwest 164 6ll 154 20 5 51 498 170 576 25 13 23 3 5,081 85 615 412 8506 121
Southwest 255 295 205 54 13 96 550 508 485 60 47 16 6 3,323 83 790 330, 7114} 101
Total 1.525 2,537 1492 977 192 1,067 5401 3.568 7.029 683 382 434 121 34869 565 6,203 3248 170295 1 100.0
Share by sector (%) 22 3.6 21 14 03 1.5 7.7 51 100 10 05 06 0.2 49.6 0.8 8.8 4.6 100.0
Northeast (12) 33 222 139 180 92 110 119 128 215 189 65 653 37 69 113 13 58
North Municipalities} (2 9 32 (3% (15 1 30 18 g 51 70 (9) 160 31 71 64 51 34
g North Coast 15 47 178 147 190 138 89 37 344 179 92 393 14 95 (55) 2,397 7 117
E East Coast 6 141 120 160 391 797 165 147 189 165 93 191 359 63 83 112 91 89
= ISouth Coast 58 275 (19) 138 119 172 340 117 114 106 44 438 9 32 137 100 58 64
E Central 22 63 407 84 358 306 93 115 250 203 17 383 199 51 77 88 5 76
é Northwest 33 157 232 20 242 44 74 12 177 (36) (23) 129 (60) 84 18 135 52 87
Southwest 54 (11) 468 672 572 825 51 253 (28) 191 (9) 179 (49) 102 115 113 (8) 68
Total 20 57 187 137 234 229 99 101 149 145 47 257 58 63 32 131 29 79
% [Northeast B B + o+ B B + + -+ o+ -+ -+ B B B
i‘: North Municipalities - - - - - - - - -+ -+ -+ - + -
£ INorth Coast - - - + - - - - + o+ o+ + - + - + - +
g“ East Coast - + -+ + + + + o+ o+ -+ + o+ - + +
& iSouth Coast + + - + - - + + - - - + - - + - + -
2 1Central + + + - + + - + + + - + + - + - - -
= INorthwest + + + -+ - - - + - . - - + . + + +
& ISouthwest + - + o+ o+ + - + -+ - - - + o+ - - -
S iNortheast - + o+ o+ + + + + o+ o+ + o+ -+ + -
E North Municipalities - - - - - - - - - + + - + - + + +
= INorth Coast - - + + + + - - + + - + - - - + -
£ !East Coast - + + o+ o+ + + + + o+ o+ + - - - + +
3 1South Coast - + -+ + + + + o+ - + - -+ + -
= iCentral . - + o+ o+ + + + + o+ - + o+ -+ + -
2 iNorthwest - + + - + - - - + - - + - - + -
E iSouthwest - - + o+ o+ + - + -+ - + - + o+ + -
& I Total B B T+ o+ + + + T+ 4 B + . B B + -
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Table 4 China’s regional CO2 emissions by sector (2002-2007; unit: million metric tons)

) g - 3
8 2 3 3 3 2
g £ e g - 5
2 g . 2 % E = 5 = 3 g =
ez B E 2 z 2 0§ £ ¢ E g
§ s E g = E o £ & § 2 4 g 5
S g > 3 = L s § 2z = £ > < s 8 =
¢ 2 32 2 8 8 - 3 § E S g8 2 g 3 s g
= e s 8 s 8 B 5 = o g S S S 3 >
2 £ 5 2 g &8 £ £ Z2 % g £ £ £ & § 2 _i 3
I . S £E 8 § 8§ £ = £ £ £ s 8 & 8 2 g & 8 s
Unit: million metrictons} & S & & = & & 2 s & £ w & NS) F & el &
Northeast 16 18 5 1 1 2 25 A 66 2 2 1 0 228 3 21 25 47 117
North Municipalities 2 3 2 1 0 1 12 10 29 1 1 1 0 57 1 13 16 151 4.0
North Coast 13 16 9 7 1 7 45 103 86 5 2 2 1 245 10 2 20 573 15.0
N East Coast 12 3 2 9 0 2 38 72 45 3 2 2 1 300 3 44 13 551! 14.4
IS South Coast 6 1 8 6 0 5 13 7 27 1 1 1 1 193 1 28 18 382 10.0
Central 21 38 5 4 1 5 62 119 147 4 7 1 1 408 5 38 28 893} 234
Northwest 9 17 3 1 0 3 22 36 36 3 1 1 0 232 5 18 18 405) 10.6
Southwest 13 27 2 0 0 1 31 62 82 1 4 0 1 139 3 26 22 414 109
Total 93 121 38 29 4 24 249 504 518 21 19 8 5 1803 32 190 1591 3,816] 100.0
Share by sector (%) 24 32 10 08 01 06 65 132 136 05 05 02 01 472 08 50 4.2! 100.0
Northeast 15 25 17 2 2 3 57 62 123 7 6 2 2 313 5 45 28 714} 103
North Municipalities 2 3 2 1 0 1 13 11 40 1 1 1 1 75 2 22 24 200 2.9
North Coast 15 22 25 18 4 16 69 167 374 13 4 8 1 471 4 55 21; 1,287} 18.6
~ |East Coast 13 7 6 25 2 16 57 147 149 10 3 4 1 485 6 93 277 1,052{ 152
§ South Coast 10 3 7 15 1 15 24 129 50 2 1 7 1 252 2 55 32 608 8.8
Central 26 62 28 7 4 19 117 251 294 13 8 4 2 598 9 72 29 1543] 223
Northwest 12 4 12 1 0 4 36 66 96 2 1 2 0 425 7 43 28 7750 112
Southwest 20 22 15 4 1 7 39 137 120 4 3 1 0 276 6 56 22 7331 10.6
Total 112 186 113 72 14 81 413 969 1246 53 28 28 9 28% 41 441 2111 6,913! 100.0
Share by sector (%) 16 27 16 10 02 12 60 140 180 08 04 04 01 419 06 6.4 30{ 100.0
Northeast -6 36 227 163 184 101 124 98 86 228 198 75 995 37 72 115 14 60
. North Municipalities 1 4 34 -4 -20 1 7 5 40 47 60 -26 156 30 79 62 49 32
& iNorth Coast 10 43 179 143 199 139 53 63 3B 177 92 419 16 92 58 2,785 7 125
% East Coast 7 167 175 176 508 890 50 102 235 198 84 148 45 62 86 113 108 91
= !South Coast 63 325 -19 162 116 18 86 82 85 84 35 645 78 30 152 97 72 59
g Central 19 64 416 94 393 316 90 112 100 217 21 389 211 47 72 89 5 73
& iNorthwest 33 147 264 37 3B0 51 66 83 166 -35 -16 121 -53 83 22 135 57 91
Southwest 57 -17 630 887 617 965 26 120 45 195 -18 185 -45 99 119 114 -1 77
Total 21 53 201 149 253 240 66 92 141 154 45 269 87 61 30 132 32 81
= Northeast - -+ o+ - -+ -+ o+ -+ -+ - - -
S INorth Municipalities - - - - - - - - - -+ -+ -4 -4 -
& iNorth Coast - - - - - - - - + o+ o+ + + - + - +
o iEast Coast - + - + + + - + + + + - - + + - + +
2 1South Coast + o+ -+ - -+ - - - - + - -+ -+ -
é Central - + + - + + + + - + - + + - + - - -
g Northwest + + + - + - - - + - - - - + - + + +
© iSouthwest + - + + + + - + - + - - - + + - - -
§ Northeast - - + + + + + + + + + + + - + + -
; North Municipalities - -+ - - - - - + o+ o+ -+ -+ + o+
S iNorth Coast - - + + + + - - + + - + - - - + -
§ East Coast - + + + + + - + + + - + - - - + +
2 iSouth Coast + + - + + + + + + + - + + - + + +
2 iCentral - - + + + + + + + + - + + - - + -
'S |Northwest - + - - + - - - + -
g Southwest - - + + + + - + - + - + - + + + -
© {Total - - + + + + - + + + - + + - - + -
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Table 5 Energy use elasticity of CO2 emissions by region and sector (2002-2007)

E >
f2] S o g
o S 5 B =
3 2 S 2 3 2
g £ 2 S = £ E 5
o 2 > = = c 2 =2 =]
£ 2 <« £ = < g ® o Z T
> T & £ & @ > 2 8 £ s 5
< < £ T 5 = " s s 2 =2 o &
5 g8 & B & 3 £ 5 2 § ¢ S 2
=} o S ” L S =} o 5 L > = © 3
) = =) kel S 5 = S I 1} 2 > = 8 = 2
= & 83 § ¢ & % & ¢ E & ® § & B T 2
5 2 3 @ s g g 2 s § § & £ © 3 & 8
£ = - : = &5 & 5 £ B g o ! =
S £ 8 % %8 g 5 £ % 2 ¢ 8 2§ EE OECE
< S & E =2 & O =z S 0O F w 6 w o E bk
Northeast 048 109 102 117 103 110 113 083 0.67 106 105 116 152 100 104 102 1.11: 1.04
North Municipalities -0.39 051 105 1.04 136 123 024 029 474 091 085 289 097 099 1.11 098 0.95: 0.96
North Coast 067 092 101 098 105 101 059 170 097 099 100 1.07 112 097 106 116 1.04! 1.06
E East Coast 122 119 146 110 1.30 112 030 070 124 120 090 0.77 0.77 097 104 101 119! 1.02
? South Coast 1.09 118 105 1.17 097 107 025 070 0.75 080 078 147 834 09 111 098 125 0.93
Central 086 101 102 112 110 103 09 097 040 107 122 101 106 092 093 1.01 1.09: 0.96
Northwest 102 094 114 130 145 116 089 676 094 096 071 094 089 099 124 100 1.10: 1.05
Southwest 105 164 135 132 108 117 051 047 -163 102 190 103 093 096 103 102 012! 1.13
Total 1.06 093 108 108 1.08 105 0.67 091 094 107 098 105 148 097 092 101 112! 1.03
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Figure 2 China’s Regional CO2 emissions in trade (2002-2007)
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Figure 3 China’s Embodied CO2 emissions in trade by sector (2002-2007)

2 2 2 8 8 ¥ g 2 2 8 8 8 8 o < g
o o o o o o = o o o o o o S ° t) =
wn o [Te) o [Te) o D [Tol o wn o [Te) o o S Irs) D
o™ ™ N N — - o~ m.v ™ o o~ o~ - - [Te} o \ o~ mJ
L 1 1 1 1 1 © L 1 1 1 1 1 1 1 i ©
w o S30IAIBS JBUIO m m 5 w o S90IAJBS JBUIO m m 5
.w uonenodsuen puespel] O @ O ,,..w uoneyodsuen puespel] O @ O
) uonaNAsu0D o uonINAISU0D
© Ajddns Jayem pue ‘sef ‘A101109|3 © Ajddns Jayem pue ‘sef ‘A11011109|3
m s1onpoJd BuunoenueW JBYIO m o s1onpoJd BuunodesnuewWw JBLYIO
8 $01U0.303]3 pue saoueljdde 211303[3 3 m o SO1U0.303]8 pue saoueljdde o11199]3
£ juswdinba podsuel | £ .w o juswdinba podsuel |
2 Aleuryoew [esaus 2 o o Aleuryoew [e1auas)
S S
‘5 E r s1onpoud [e1e N ‘S m. s1onpoud [ere\
[%2] (%]
€ @ spnpoJd [eJaulw d1jje18W-uoN € s @ o sjonpo.d [elsuiw d1jje}sW-uoN
s £ EE—————— [eOlWaYD s =2 o [eatwayd
N o N o
e} k= Bunund pue ‘Jaded ‘djng e} © £ o Bunund pue ‘Jaded ‘djng
<5
O g alnyuiny pue spnpoid poopn O £ o ainyuiny pue spnpold poopn
M s Juswued pue anxaL m So Juswueh pue ajnxaL
3 z 099eq 0} pUB S1oNpoId poo 3 F o 009eq 0} pUB S}oNpoId pooH
m o 0 Buifirenb pue Burtuny m T 0 Buifirenb pue Butuln
w 5 o aimnouby wmw 5 o aimnouby
o o o o o o o o o o o o o o
o o o o o o o o o o o o o
~ © [Te) <t ™ N ~ © n < ™ N -
2 L8 8 2 8 8 o £ 2 L8 8 2 8 8 o £
o o o o o o = = o o o o o o = © =
n o n o [Te) o o D n o [Tel o [Te) o o (=) D
L 1 1 1 1 1 1 < L 1 1 1 1 1 1 | <
M S39IAIBS JBYIO m m 5 W o S3IIAIBS JBYIO m m 5
123 uoiedodsuesn pueapes] O @ © .uw o uorepodsues pueapes] O @ O
°© uonoaNAISU0) o uonanisuo)
m Ajddns Jayem pue ‘sef ‘Anowos|3 S o, Alddns Jayem pue ‘sef ‘Ano13o9|3
-~
rai s1onpoJd Burinjoeynuew J8Y10 m S o s1onpoJd BurnjoeinueWw J8YI0
& SO1U0J1033 pue sadueljdde 911303|3 33 o S01U0J393]3 puk saouel|dde 211199|3
m juawdinba 1odsuel . £5 o juswdinba Lodsuel ).
5 Areulyoew [eiaus9 2 m o Aleulyoew [e1aus9
2 S
7 s1onpoud [esN 7D | r I s)onpoud [ere
k= @ === s)npoid [essuIW I|[e1a-UON m m ) s1onpoud [eseulw d1jjelsw-uoN
% i) === |edlwayd T = =] [edtwsyd
o o~ o
(@] b= & Bunuud pue ‘yaded ‘dind le) == o) Bunuid pue ‘Jaded ‘dind
[ — QD
.nm £ & ainnuiny pue spnpoid poopn O%w e o ain)uiny pue spnpold poop
m s == awieb pues|nxaL M S o uaweh pue a|xa |
S e 5 00%eqo) puesjonpoid poo4 3 E o 009eq 0} pUB S}oNpoId Poo
[= = o & Buikuenb pue Butuin m Iy o Buifirenb pue Butuiy
u 5 0 q ainynouby w5 o aImnouby
o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o
~ © Yo} < ™ N — ~ © n < ™ N —

26




Table 6 Inter-regional trade in CO2 emissions (TiCE) and the TiCE balance (2002 -2007)

Interregional trade in CO2 emissions (million metric tons)

2002 2007
NE NM NC EC SC CE NW SW Toal NE NM NC EC SC CE NW SW Toal

Northeast 1681 1919 525 553 986 1064 7721 7501 2653 66.05 4744 2528 7888 1900 24.92! 28811
North Municipalities 233 1402 163 104 257 238 1491 2546 7.45 39.76 1094 568 15.85 5.34 6.30 91.33
North Coast 1040 48.08 901 493 1393 1294 380 103.08( 3115 5453 69.33 3450 11491 3120 3352 369.13
East Coast 344 797 1728 1148  35.02 9.64 8.42 93.25 6.79 477  19.32 29.71  60.15 979 1494 14547
South Coast 333 4.22 6.63 862 12.14 871 12751 5640 1166 495 1494 29.80 4539 1476 4222 163.73
Central 1630 2988 3994 4616 24.02 2965 1540 201.34 1984 1752 89.66 15713  49.90 2798 35271 397.32
Northwest 995 1411 1413 1178 620 14.23 1103 8143| 2500 2000 7156 7533 4146 101.90 4942} 384.66
Southwest 1243 1063 1126 1387 1820 1584 3041 112.65 16.95 770 2665 4174 3247 6961 2918 224.30

Total| 5819 13171 12246 9632 7138 10359 104.37 60.61 ! 748.63| 118.84 13599 327.96 43171 21901 486.69 137.25 206.59: 2064.05

Share of bilateral TiCE in total interregional TiCE (%)

Northeast 2.25 256 070 074 1.32 142 103 10.02 129 3.20 2.30 122 3.82 0.92 121 13.96
North Municipalities 0.31 187 022 014 0.34 032 020 3.40 0.36 1.93 0.53 0.28 0.77 0.26 0.31 442
North Coast 139 642 120 066 18 173 0511 1377 151 264 336 167 557 151 162! 17.88
East Coast 0.46 1.07 231 153 4.68 129 112 12.46 0.33 0.23 0.94 144 201 0.47 0.72 7.05
South Coast 0.45 0.56 089 115 1.62 116  1.70 753 0.57 0.24 0.72 144 2.20 0.72 2.05 7.93
Central 218 3.99 533 617 321 396 206 26.89 0.96 0.85 4.34 7.61 242 136 171 19.25
Northwest 133 1.89 189 157 083 1.90 147 10.88 121 0.97 347 3.65 201 4.94 2.39 18.64
Southwest 1.66 142 150 185 243 212 4.06 15.05 0.82 0.37 1.29 2.02 157 3.37 141 10.87

Totall 777 1759 1636 1287 954 1384 1394 810! 100.00 5.76 659 1589 2092 1061 2358 6.65 10.01: 100.00

TiCE balance (million metric tons)

Northeast 14.48 879 181 219 644 069 -471 16.82 19.08 3491 4065 1362 59.04 -6.00 7971 169.26
North Municipalities -14.48 -3406 -634 -319 -2731 -11.73 9141 -106.25| -19.08 -14.77 6.18 0.73 -166  -14.66 -1.40 -44.66
North Coast -879  34.06 -827 -170 -2601 -119 -747( -1938( -3491 1477 50.00 1956 2524  -40.36 6.86 41.17
East Coast -1.81 6.34 8.27 286 -11.14 214 545 -308| -4065 -6.18 -50.00 -009 -96.98 -6554 -26.801 -286.24
South Coast -2.19 3.19 170 -2.86 -11.87 251 545 -1498| -1362 -0.73 -19.56 0.09 -451  -26.70 9751 -55.28
Central 644 2731 2601 1114 1187 1542 -044 97.75| -59.04 166 -2524  96.98 451 -73.92  -34.34 -89.38
Northwest -069 1173 119 214 -251 -1542 -19.381 -22.94 6.00 1466 4036 6554 2670 73.92 20241 24741
Southwest 4.71 9.14 747 545 545 044 19.38 52.05 -7.97 140 -686 2680 975 3434 -2024 17.71

Total[ -16.82 10625 1938 308 1498 -97.75 2294 -52.05 0.00| -169.26  44.66 -41.17 28624 5528 89.38 -247.41 -17.71 0.00

TIiCE/TiVA (metric tons per 10-thousand Chinese yuan at constant price; base year: 2002)

Northeast 43 43 51 40 43 39 3.7 42 6.1 6.7 6.0 42 6.7 51 4.6 5.9
North Municipalities 2.8 23 42 24 33 29 21 25 19 15 22 17 16 16 14 16
North Coast 5.8 6.0 47 36 36 48 36 5.0 6.7 59 6.8 5.0 4.7 5.0 47 5.3
East Coast 24 27 22 23 26 23 19 24 27 29 29 24 2.8 25 24 2.7
South Coast 19 20 18 24 19 19 18 19 23 25 24 35 24 23 22 25
Central 7.0 7.3 45 5.0 49 57 42 53 6.1 59 6.3 53 44 53 46 53
Northwest 75 9.6 6.2 7.3 6.4 6.0 5.6 6.8 72 6.8 6.3 6.2 5.9 5.4 45 5.8
Southwest 6.9 6.8 4.3 6.7 4.8 4.9 5.8 55 6.1 6.0 5.8 6.4 33 5.4 49 5.1

Total 5.1 55 34 48 4.0 32 4.1 29 4.0 4.6 5.6 4.2 54 38 41 39 34 43
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Figure 4 China’s inter-regional trade in CO2 emissions

‘ :100 million metrix tons
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Table 7 Trans-regional CO2 emissions induce by regional consumption (production) of locally made products (1997-2007)

Trans-regional CO2 emissions induced by regional consumption of locally made final products for 2002 (unit: million metric tons)

Northeast  North Municipalities North Coast East Coast South Coast Central Northwest Southwest: Row sum: Gain potential
Northeast 10.52 13.30 431 3.24 7.25 7.04 4.92 50.58 0.8
North Municipalities 1.62 6.90 1.12 0.55 1.67 1.46 0.70 14.01 0.2
North Coast 8.42 35.47 7.29 3.03 10.59 10.38 2.50 77.68 1.2
East Coast 2.31 3.85 8.76 5,53  26.98 5.55 4.47 57.44 0.9
South Coast 2.47 2.49 3.79 6.32 7.98 5.89 8.05 36.97 0.6
Central 13.26 20.45 28.35 36.31 16.76 23.62 11.24 149.98 2.3
Northwest 7.95 8.82 9.39 9.27 428 11.01 7.18 57.89 0.9
Southwest 9.13 6.18 6.86 10.42 12.39 11.91 22.94 79.83 1.2
Column sum 45.15 87.78 77.34 75.02 4578  77.39 76.86 39.06 524.38
Give-out potential 0.7 1.3 1.2 1.1 0.7 1.2 1.2 0.6

Trans-regional CO2 emissions induced by regional consumption of locally made final products for 2007 (unit: million metric tons)

Northeast  North Municipalities North Coast East Coast South Coast Central Northwest Southwest: Row sum! Gain potential
Northeast 15.87 41.35 33.83 12.32  23.88 7.07 11.15 145.47 1.0
North Municipalities 3.84 17.03 7.42 2.08 4.70 1.84 175 38.66 0.3
North Coast 21.80 45,51 59.82 19.52 5744 17.61 15.36 237.06 1.6
East Coast 3.51 3.05 12.43 1429 28.17 3.96 6.22 71.64 0.5
South Coast 5.45 3.09 8.89 25.29 18.54 5.49 17.91 84.66 0.6
Central 12.21 11.67 66.50 127.96 30.85 14.81 17.51 281.50 1.9
Northwest 15.82 12.28 43.03 56.77 21.24  34.98 21.57 205.70 1.4
Southwest 7.87 3.51 16.48 34.70 19.79 2111 7.18 110.65 0.8
Column sum 70.49 94.99 205.71 345.80 120.09 188.83 57.97 91.47: 1175.35:
Give-out potential 0.5 0.6 1.4 2.4 0.8 1.3 0.4 0.6

Growth rate of trans-regional CO2 emissions between 2002 and 2007 (unit: %)

Northeast  North Municipalities North Coast East Coast South Coast Central Northwest Southwest: Row sum: Gain potential
Northeast 51 211 685 280 229 0 127 188 28
North Municipalities 137 147 565 279 181 26 150 176 23
North Coast 159 28 721 544 443 70 514 205 36
East Coast 52 -21 42 158 4 -29 39 25 -44
South Coast 121 24 135 300 132 -7 122 129 2
Central -8 -43 135 252 84 -37 56 88 -16
Northwest 99 39 358 513 396 218 201 255 59
Southwest -14 -43 140 233 60 77 -69 39 -38
Column sum 56 8 166 361 162 144 -25 134 124
Give-out potential -30 -52 19 106 17 9 -66 4
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Table 8 Trans-regional CO2 emissions induced by regional consumption of final inflow products (1997-2007)

Trans-regional CO2 emissions induced by regional consumption of final inflow products for 2002 (unit: million metric tons)

Northeast _ North Municipalities North Coast East Coast South Coast Central Northwest Southwest! Row sum; Gain potential
Northeast 6.29 5.90 0.95 2.29 2.61 3.60 2.80 24.43 0.9
North Municipalities 0.71 7.12 0.52 0.49 0.90 0.92 0.79 11.45 0.4
North Coast 1.98 12.61 1.72 1.90 3.34 2.55 1.30 25.40 0.9
East Coast 1.14 4,12 8.53 5.94 8.04 4.09 3.95 35.80 1.3
South Coast 0.86 1.74 2.84 2.30 4.17 2.82 4.70 19.43 0.7
Central 3.04 9.43 11.58 9.85 7.26 6.04 4.16 51.36 1.8
Northwest 2.00 5.29 4,74 2.51 1.92 3.22 3.85 23.54 0.8
Southwest 3.30 4.45 4.41 3.46 5.81 3.93 7.48 32.83 1.2
Column sum 13.03 43.93 45.12 21.31 25.60 26.20 27.51 21.54 224.24
Give-out potential 0.5 1.6 1.6 0.8 0.9 0.9 1.0 0.8

—

rans-regional CO2 emissions induced by regional consumption of final inflow products for 2007 (unit: million metric tons)

Northeast  North Municipalities North Coast East Coast South Coast _ Central Northwest Southwest! Row sum| Gain potential
Northeast 10.66 24.70 13.61 12.96 55.00 11.93 13.77 142.64 1.3
North Municipalities 3.61 22.74 3.52 3.60 11.16 3.50 4,55 52.67 0.5
North Coast 9.35 9.03 9.51 14.98 57.46 13.59 18.16 132.06 1.2
East Coast 3.28 1.71 6.89 15.42 31.98 5.83 8.72 73.84 0.7
South Coast 6.21 1.86 6.05 451 26.85 9.27 24.32 79.07 0.7
Central 7.64 5.85 23.17 29.17 19.06 13.18 17.76 115.81 1.0
Northwest 9.18 7.72 28.52 18.56 20.21 66.92 27.85 178.96 1.6
Southwest 9.08 4,19 10.17 7.04 12.68 48.49 21.99 113.64 1.0
Column sum 48.35 41.01 122.24 85.92 98.92  297.86 79.28 115.12 888.70
Give-out potential 0.4 0.4 1.1 0.8 0.9 2.7 0.7 1.0

Growth rate of trans-regional CO2 emissions between 2002 and 2007 (unit: %)

Northeast North Municipalities North Coast East Coast South Coast  Central Northwest Southwest! Row sum| Gain potential
Northeast 69 319 1,337 467 2,007 231 392 484 47
North Municipalities 409 219 577 640 1,145 279 475 360 16
North Coast 371 -28 452 688 1,621 432 1,301 420 31
East Coast 189 -58 -19 160 298 42 121 106 -48
South Coast 619 7 113 96 545 228 417 307 3
Central 151 -38 100 196 163 118 327 125 -43
Northwest 358 46 501 639 954 1,978 623 660 92
Southwest 175 -6 131 104 118 1,134 194 246 -13
Column sum 271 -7 171 303 286 1,037 188 434 296
Give-out potential -6 -76 -32 2 -3 187 -27 35
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Figure 5 Give-out and gain potentials of trans-regional trade in CO2 emissions in terms of final
demand on locally produced products
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Figure 6 Give-out and gain potentials of trans-regional trade in CO2 emissions in terms of final
demand on inflow products
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Table 9 TiCE based domestic revealed comparative advantage indicator and its changing pattern between 1997 and 2007
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2 S8, 5 SEE, F fg 2 L 5 SEEpf2 8 EE

8 £e 58 2 825258 £ £E5 2 § 2 SS55E5% E g8 s

g S335 B s255 &6 58 2 8 £ 28588 8 £ &
Northeast 102 104 087 009 124 035 138 033 133 107 159 092 035 091 036 116 181
North Municipalities 033 057 078 062 111 055 105 053 134 155 184 430 128 079 233 145 545
North Coast 111 054 162 205 120 221 084 188 089 133 039 091 146 101 0.77 0.06 0.49
S {East Coast 0.89 013 040 265 067 066 133 064 074 174 072 159 087 111 162 194 095
& {South Coast 089 012 355 177 | 250 279 065 083 073 086 1.8 230 339 107 015 223 1.33
Central 1.15 1.17 058 064 100 067 097 108 110 075 119 045 047 099 018 079 0.53
Northwest 099 180 087 026 027 102 08 065 057 075 042 097 058 119 394 074 0.99
Southwest 093 178 063 015 069 039 092 123 129 061 086 025 110 086 058 0.82 0.65
Northeast 135 118 135 004 154 031 140 055 072 086 245 027 143 124 111 054 046
North Municipalities 077 043 133 025 021 032 120 032 08 120 233 032 [ 3.00 083 0.77 197 850
North Coast 087 045 083 114 191 104 082 118 /181 105 056 121 062 074 0.01 067 061
'é East Coast 042 031 026 181 043 144 157 073 081 259 107 178 077 105 071 174 0.84
N iSouth Coast 043 017 018 6.89 166 378 046 148 0.71 262 027 372 289 097 014 132 092
Central 094 149 08 029 089 107 128 139 114 08 099 099 097 083 050 084 034
Northwest 123 171 131 018 019 044 077 063 048 022 029 054 021 131 205 105 114
Southwest 137 088 149 016 060 061 063 132 106 038 103 019 044 095 247 124 0.37

: first rank : second rank




Figure 7 Give-out potential of induced CO2 emissions by regional exports
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Figure 8 Gain potential of induced CO2 emissions by regional exports
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Appendix 1 Region classification

Eight Regions

31 provincial level divisions

Northeast

Liaoning, Jilin ,Heilongjiang

North Municipalitis

Beijing, Tianjin

North Coast

Hebei, Shandong

East Coast

Shanghai, Jiangsu, Zhejiang

South Coast

Fujian, Guangdong, Hainan

Shanxi, Anhui, Jiangxi, Henan,

Central Hubei, Hunan

Inner Mongolia, Shaanxi, Gansu,
Northwest Qinghai, Ningxia, Xinjiang
Southwest Guangxi, Chongging, Sichuan,

Guizhou, Yunnan, Tibet
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