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Abstract: International trade has a significant impact on greenhouse gas (GHG) emissions and global cli-
mate change. In this respect, trade between China and the European Union, as the world’s two biggest ex-
porters, is critical to the global GHG emission reduction efforts. The EU-15 is committed to reducing its CO,
emissions under the Kyoto Protocol. However, if the EU reaches its pledged targets by importing CO, in-
tensive products from China, thereby effectively outsourcing its own emissions to an extent of ca 13.6% of
EU’s total energy-related CO, emissions (2006/7); this hollows out and counters the spirit of the EU’s re-
duction commitment. The paper analyzes CO, emissions embodied in China-EU trade from 1995-2006. CO,
emissions embodied in China’s exports to the EU and in the EU’s exports to China were highly imbalanced.
The CO, emissions embodied in China’s exports to the EU were 95.04 Mt in 1995 and 532.35 Mt in 2006,
accounting for 2.99% and 8.85 % of China’s CO, emissions respectively. On the other hand, those of the
EU’s exports to China were only 5.78 Mt in 1995 and 26.05Mt in 2006, accounting for only 0.17% and
0.73% of the EU’s emissions respectively. The paper also shows that the scale effect caused the increase of
emissions embodied in China’s exports to the EU, while the technology effect and the composition effect
offset some of the increases. In terms of sectoral composition, the exports from China to the EU in “fabri-
cated metal products, machinery and equipment”, “basic metals and other non-metallic mineral products”,
“rubber, plastics products, and other manufacturing” and “chemicals and chemical products” accounted for a
substantial proportion of China’s trade-embodied emissions. The paper concludes that the present trend is
unsustainable and leads to ever-increasing trade distortions with environmentally counter-productive incen-
tives. Policy responses are needed, first and foremost a continual carbon footprint accounting system between
the EU and China. Finally three policy options to gradually lower imbalances and distortions are outlined.

Keywords: China-EU Trade, Climate Change, Input-output approach (I0A)

I. Introduction

The past ten years have been marked by an unprecedented expansion of the trade between
China and the European Union (EU). Trade in goods between the two reached EUR 326 billion
in 2008, which was 4.5 times larger than in 1999; thus, the China-EU trade relationship has grown into
one of the largest and most important in the world. In 2008, the China-EU trade deficit in commodi-
ties reached EUR 169.2 billion. This imbalance has triggered several trade disputes, but rela-

tively little attention has been paid to its environmental impacts.

International trade has serious environmental impacts. Trade results in a geographic separation
of consumers and the pollution associated with the consumption of goods, which creates a
mechanism for consumers to shift this pollution to other countries. This could substantially
complicate efforts aimed at addressing the problems of climate change by merely shifting, for

example, emission of greenhouse gases (GHGs) to other countries. The Kyoto Protocol set
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legally binding commitments for industrialized countries to reduce their overall emissions of
six GHGs by 5.2% below the 1990 level during the years 2008-2012. The EU has ratified the
Kyoto Protocol and committed to reducing its GHG-emission by at least 20% by 2020 com-
pared to 1990 levels. However, if the EU reaches its emissions targets by importing
CO,-intensive products from China or other developing countries, achieving this goal will be

less meaningful in global terms.

In this study, we analyze the impact of China-EU trade on climate change, focusing on CO;
emissions embodied in international trade. “Carbon leakage” in China-EU trade could be a
noteworthy feature, given the carbon-intensive industries in China and the growing volume of
trade between China and the EU, likely adding to future disputes between the two parties for
years to come. Besides, CO; is by far the largest GHG by volume, representing about 71.4% of
the total emissions of the six gases (WRI, 2010).

Several previous studies have established theoretical models to analyze the environmental ef-
fects of trade. Copeland & Taylor (1994, 1995) and Chichilnisky (1994) developed the
North-South trade model to examine linkages between pollution and international trade. They
argued that free trade deteriorates the environment. It was Grossman and Krueger (1991) who
developed a conceptual framework to examine how trade may actually affect the environment.
This framework breaks down the environmental impact of the North American Free Trade
Agreement (NAFTA) into three “effects”: the scale effect, the composition effect and the
technology effect. More and more studies use this analytic framework to investigate the link
between trade and climate change. For example, Antweiller et al. (2001) estimate the scale,
composition and technology effects of SO, emissions using a general equilibrium model of
trade and environment. Peters et al. (2007) and Guan et al. (2008) analyze the drivers of China’s

growing CO, Emissions using the same framework.

Due to rapidly expanding foreign trade and the continuing deterioration of its environmental
conditions, China has attracted many studies in recent years, and a number of these have found

a positive correlation between trade and CO, emission.

Shui and Harriss (2006) estimated that about 7% in 1997 and 14% in 2003 of China’s CO,

emissions are the results of producing goods for export to the USA.

Li and Hewitt (2008) found that China—UK trade resulted in an additional 117 Mt of CO, to
global CO; emissions in 2004. Wang & Watson (2008) concluded that net exports from China
accounted for 23% of its total CO, emissions in 2004. Similarly, Weber et al. (2008) found that

in 2005, around one-third of Chinese CO, emissions were generated by the production of goods
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for export; this proportion has risen from only 12% in 1987 and up from only 21% as recently as
2002. Yan & Yang (2010) also argued that 10.03% in 1997 and 26.54% in 2007 of China’s
annual CO; emissions are produced during the manufacture of its exports. On the other hand,
focusing on the EU, Kornerup et al. (2008) found that global CO, emissions caused by total
consumption in the EU were 12% higher than the total CO, emissions that occurred within the

EU in 2001.

While the studies mentioned here provide useful insights into China-EU bilateral trade, none
has examined China-EU trade and CO, emissions. However, a growing awareness of the
problems posed by climate change has drawn attention to the environmental implications of
trade in recent years. Using Input-Output approach, this paper not only estimates the quantity of
CO, embodied in China-EU trade, but also decomposes the emission changes into three effects:
the scale effect, technology effect and composition effect. Moreover, the paper identifies the

sectors contributing most to these embodied CO, emissions.

II. China-EU trade and the CO, Emissions

China’s accession to the WTO in 2001 resulted in a surge in trade between it and the EU. Since
then, the trade imbalance between the two has quickly widened, resulting in several trade fric-

tions between them (see Figure 1).

Figure 1: Trade balance of EU-27 with China
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Source: Eurostat (2011)

Apart from trade itself, global climate change has become one of the most serious international
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issues. Having already increased from 20.9 gigatonnes (Gt) in 1990 to 28.8 Gt in 2007, global
CO, emissions are projected to reach 34.5 Gt in 2020 and 40.2 Gt in 2030 in a reference sce-
nario'. Both China and EU are major contributors to CO; emissions. There is, however, a sig-
nificant difference between the two parties’ CO; emissions trends. China’s CO, emissions in-
creased sharply over the past decade, but especially in recent years. It overtook the EU in 2004
and overtook the US in 2006, becoming the world’s highest-emitting economy. Between 2000
and 2007, China’s total energy-related CO, emissions doubled to be 6.1 Gt in 2007. Neverthe-
less, the EU energy-related CO, emissions decreased from 4.1 Gt in 2000 to 3.9 Gt in 2007.
Given its rapid economic development, China’s emissions have grown very quickly over recent
decades. This is a trend that is expected to continue. According to the International Energy
Agency (IEA) estimation, China’s emissions will continue to increase rapidly, reaching 11.6 Gt
in 2030 — this is an increase of over 90% over the given period. By 2030, China will account
for 29% of the world’s emissions. The EU’s CO, emissions, on the other hand, are expected to

fall from 3.9 Gt in 2007 to 3.5 Gt in 2030 in the Reference Scenario (see Figure 2) (IEA, 2009).

Figure 2: Annual energy-related CO, emissions in the reference scenario
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Source: 1EA, 2009, World Energy Outlook

When comparing their potential contributions to climate change, it is important to consider
China and the EU’s historical contributions to global emissions and per capita emissions. China

currently accounts for 20% of the world’s annual CO, emissions. However, its contribution to

" A reference scenario published by IEA provides a baseline picture of how global energy markets would
evolve if governments make no changes to their existing policies and measures (WEQO, 2009).



the stock of emitted CO, as a whole is notably smaller when the time period under consideration
is extended back to the beginning of the 1990s. In this case, China accounted for only 8.92% of
the world’s cumulative emissions. The EU-27 accounts for 25.07% of the world’s historical
emissions on this basis (see Table 1). In terms of cumulative emissions per capita, the gap
between China and the EU is wide. China’s cumulative per capita emissions from 1990 to 2005
is 76 MtCO; at the rank of 88, while the EU’s per capita emissions are almost 8 times greater

that of China’s.

Table 1: Cumulative energy-related CO, Emissions (1900-2006)

Country Mt CO, Rank % of World Total Mt CO, Per Rank
Person
United States of America 3239163 (1) 29.12% 1,0924 (2
European Union (27) 278,828.1  (2) 25.07% 569.0 (16)
China 99,204.1  (3) 8.92% 76.0  (88)
Russian Federation 92,6475 (4 8.33% 647.2  (11)
Germany 74,552.5  (5) 6.70% 904.0  (6)
United Kingdom 55,492.8  (6) 4.99% 9214 (4
Japan 44,5352 (7) 4.00% 348.5  (36)
France 29,0182  (8) 2.61% 476.7  (24)
India 27,321.0 (9) 2.46% 25.0 (123)
Ukraine 24,998.0 (10) 2.25% 530.7  (21)

Source: World Resources Institute, Climate Analysis Indicators Tool (CAIT) Version 7.0. Washington, DC:,
2010.

III. Methodology: the input-output framework and Structural Decomposi-
tion Analysis (SDA)

The input—output analysis (IOA) was first applied in 1972 by Leontef to describe econom-
ic-environmental relationships. It recent years it has been widely used to assess the impact of
trade on global CO; emissions. Using input—output analysis (IOA), the total output of an economy is

expressed as:

X=(UI-47"Y
In the above expression, X is the vector of output, and 7 is the identity matrix, which is a di-
agonal matrix with the diagonal elements one and others zero. The term A4 is a matrix of direct

requirements, and (/ — A)~' is Leontief inverse, which represents total requirements matrix

(direct plus indirect). Y is the vector of final demand.



Appropriate extensions of the input-output system allow us to evaluate the direct and indirect
impacts of economic policies on other economic variables such as labor, capital, energy and
emissions. Most of these policy issues have to be analyzed with macroeconomic models that
provide a minimum of sectoral disaggregation. So, CO, emissions embodied in international
trade can be assessed by multiplying the CO, emissions factor using foreign trade figures (ex-

port and import vectors).

IfE 1is direct CO, emission factors, the total emissions F' generated by the final demand Y are

given by:
F=EI-A)"Y

Then, the CO; emission embodied in exports can be acquired by multiplying the CO, emissions

factor by export and vector Y
F=EI-A)7Y" @3

However, a portion of China’s and the EU’s exports are imported from other countries before
they are reprocessed for final export. Therefore, we distinguish between domestically produced
and imported products. 4 is broken into two components representing the inter-industry re-

quirements of domestically produced products and the inter-industry requirements of imported

products, 4 = A“ + A™ (United Nations, 1999). The equation (2) is written as:
F=EI-A)"'Y" @

With A = A— A™ , it is important to note that the requirement matrix should be 4¢ and not 4.
A represents the technology used in the total economy, while 4“represents the amount of

domestic inputs used. 4" is obtained by: 4™ = M * A, where M is import coefficient, which
is the share of imports in the supply of products to each sector. M is a diagonal matrix with

components 71, .

im,

m, =———"—(i=12,..., n)ifi# j,m, =0
X; +im, —ex;

So, the emissions embodied in exports can be shown to be equal to:
F=E[I-(I-MA'Y" 5

To know the major source contributing to increasing CO, emissions, we can decompose the

trade-induced CO, emissions by scale, composition and technology effects. To do this, we



further decompose Y* into Ye":[Y“"/(i'Ye")](i'Y”) , where i = (L,1,...1)", When

Y& = [Y"X /(i'Y“X)], Y =i'y® and L=[I —(I - M)A]"', Eq. (5) can be summarized as follows:
F=ELY®Y" (6

A structural decomposition of the change of CO, emissions embodied in trade between two

periods (0) and (1) can be derived as follows:
AF =F(1) - F(0) = EQ)LMYT MY (1) - E(0)L(0)Y,(0)Y(0) (7

When conducting a structural decomposition analysis SDA), it is possible to compare terms
relative to the start or end of each time-period. However, this does lead to a non-uniqueness
problem (Dietzenbacher, 1998). A common solution to this problem is to use the average of the

two polar decomposition forms.

If it is decomposed from period (0), Eq. (7) is written as:

AF = AEL(0)y* (0)y (O)+E(WALy (0)y7 (0)+E(MLMDAY v (0+EWLD) Y (DAY (8)

If it 1s decomposed from period (1), Eq. (7) can be written as:

AF = AEL(D)y{ () )+ EO)ALy )y D+ E0)LO)AY! v () +E(0)L(0)y; (0)Ay" (9)

Then, the total changes of CO, emissions embodied in trade AF can be calculated as the average
of Eq. (8) and Eq. (9)

AF = %[AEL(O)YS“ OYF(O)+AELY ()Y (D]Jr%[E (MALY(0)Y7 (0)+E(0)ALY™ (DK”(D]

+ % [EQLOAYSY 0+ E(O)LO)AY Y (1)]+ % [E) LY AT+ EO) L)Y (0)AY] (10D

Eq. (10) can be written simply as below:
AF = f(AE) + f(AL) + f(AYT) + f(AY) (11)

The first and second terms are the changes of embodied CO, emission factors (direct and in-
direct factors). With improvements in carbon efficiency and production technology, emissions
produced during the whole production process decline. We call this the “technology effect”.
The third term is the “composition effect”, which represents changes in the trade structure. The
composition effect refers to each sector’s share in a country’s total trade, resulting in the ex-
pansion of some sectors and the contraction of others. The resulting increase or decrease of CO,
emissions will depend on whether the emission-intensive sectors are expanding or contracting.

Changes in the structure of a liberalizing country’s production will depend on where the
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country’s “comparative advantage” lies. If its comparative advantage is in sectors that are less
emission-intensive, then opening trade will lead to lower emissions. If the comparative ad-
vantage is in the more emission-intensive sectors, however, then liberalization will lead to
greater emissions. The fourth term is the “scale effect”, which represents the change in emis-

sions resulting from a change in the trade volume.

IV. Data source and adjustment

Most of the data used in the study have been gathered from the estimates from the OECD’s
international harmonized database. The sector classification of OECD input-output table, bi-
lateral trade database (BTD), and the IEA CO, emissions from fuel combustion are formatted
and harmonized following the sector classification of “International Standard Industrial Clas-
sification of All Economic Activities” (ISIC Revision 3). Due to the limitations of detailed
emission factors by sector, 15 aggregated sectors (see Table 2) are used in this study. Further,
the empirical analysis of EU is limited to the EU-15 due to their economic weight in EU, as well

as a lack of data for many of the other EU countries.

Table 2: Sector Classification

Sector ISIC Rev. 3
1 Agriculture, hunting, forestry and fishing 1+2+5

2 Mining , quarrying and petroleum refining 10-14, 23

3 Food products, beverages and tobacco 15+16

4 Textiles, textile products, leather and footwear 17+18+19

5 Wood and products of wood and cork 20

6 Pulp, paper, paper products, printing and publishing 21+22

7 Chemicals and chemical products 24

8 Basic metals and other non-metallic mineral products 26+27

9 Fabricated metal products, machinery & equipment 28-32

10 Transport equipment 34+35

11 Rubber and plastics products and other manufacturing 25,33, 36, 37
12 Utilities 40+41

13 Construction 45

14 Transport and storage 60-63

15 All other services 50-55, 64-99

Source: Nakano et al., 2009.



Input-output tables: Included in the latest version of the OECD Input-Output database (2009
Edition) are input-output tables for China and EU-15 for the years 1995, 2000, and 2005. For
the missing years, we filled the table with data from the closest years with the most available
data. In so doing, we assume that production technologies and relative prices (hence 10 coef-

ficients) remain constant for short periods of time (Ahamad & Wyckoft, 2003).

Trade data: To link with the input-output tables, the latest OECD structural analysis bilateral
trade database (STAN BTD) is used, which is based on ISIC Rev.3 and similar to the OECD

Input-Output database. Trade refers to that which occurs between EU-15 and mainland China.

CO; emission factors: The CO, emission factor is the average unit of CO, emitted per unit of
sectoral output. As the data are not directly available, it is constructed from IEA’s CO, Emis-
sions from Fuel Combustion data, which is also based on ISIC Rev.3. Direct CO, emission
factor by sector for each country is simply calculated through dividing emissions to sector by
output (Nakano et al. 2009). The data of CO, emissions by sectors is obtained from IEA CO,

Emissions from Fuel Combustion.

V. Results

The total CO; emissions embodied in China’s exports to the EU can be obtained from Equation
11. With the growth of China’s commodity exports to EU, the embodied CO, emissions rose
sharply, especially after 2001. Our calculations show that in 2006, approximately 532.35 Mt or
8.85 % of China’s CO, emissions were caused by exports to the EU-15, increasing from 95.04
Mt or 2.99% in 1995. By contrast, the CO, emissions embodied in the EU’s exports to China
were much lower. Using Eq. (13), we found that the EU’s exports to China produced emissions
of 26.05 Mt in 2006, which was an increase from the 5.78 Mt generated in 1995; this accounts
for only 0.17% in 1995 and 0.73% in 2006 of EU’s annual emissions. The EU has a large and
growing emissions deficit with China. From 1995 to 2006, the emission deficit rose from 89.26
Mt to 506.31 Mt, or from 3.07% to 8.41% of China’s total CO, emissions for those years re-
spectively (see Figure 3).

It is essential to examine the cause of the emission imbalance of China and the EU. Since the
EU-15 cannot be decomposed by country, and the emissions embodied in EU’s exports are
much lower than China’s, using SDA, we can only decompose the changes of emissions em-

bodied in China’s exports to the EU. Figure 4 shows a decomposition of these CO, emissions



Figure 3: Balance of trade embodied CO; emissions between EU and China (Mt)
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Source: Own calculations with data as mentioned in [V

from 1995 to 2006 into the three effects. During the 11 years from 1995 to 2006, the CO,
emissions embodied in China’s exports to EU increased by 460%. The SDA shows that the
scale effect drove the increase, while the technology effect and the composition effect were
somewhat offset by the former effect.. If China’s technology and economic structure had re-
mained constant, export growth (scale effect) would have caused the CO, emissions embodied
in China’s export to the EU to increase by 584 Mt (614%) between 1995 and 2006 (instead of
460% in reality). The improved emission factors and structural changes in production tech-

nology effect) led to a 144 Mt decrease (-151%). The composition effect led to a 2.48 Mt
decrease (-2.6%).

Figure 4: Decomposition of the changes of embodied CO; emissions in China’s

exports to the EU
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The technology effect was the main cause of the positive effects, which is verified by the im-
provement of the embodied CO, emissions factors. All the sectors saw improvements in em-
bodied emissions factors in 2005 compared to 1995 (see Table 3), which helped to offset parts

of emissions embodied in China’s exports to EU.

Table 3: The embodied CO, factors by sector in China (kg/US-$ output)

1995 2000 2005

1 Agriculture, hunting, forestry and fishing 1.58 1.19 1.26
2 Mining , quarrying and petroleum refining 5.37 291 3.67
3 Food products, beverages and tobacco 2.41 1.38 1.52
4 Textiles, textile products, leather and footwear 2.66 1.40 1.83
5 Wood and products of wood and cork 4.73 2.03 2.32
6 Pulp, paper, paper products, printing and publishing 4.87 2.64 2.81
7 Chemicals and chemical products 6.63 3.84 4.20
8 Basic metals and other non-metallic mineral products 8.92 6.08 7.01
9 Fabricated metal products, machinery & equipment 4.32 2.51 2.75
10 Transport equipment 3.44 2.18 2.63
11 Rubber and plastics products and other manufacturing 4.39 2.87 3.49
12 Utilities 31.11 13.49 15.48
13 Construction 4.31 2.72 2.53
14 Transport and storage 2.15 1.60 1.86
15 All other services 2.31 1.40 1.48

Source: Own calculations with data as mentioned in IV

It is useful to break down the emissions embodied in China’s exports to EU by sectors to further
analyze the composition effect. Figure 5 shows a breakdown of the growth in emissions by
sector. In 2006, “Fabricated metal products, machinery and equipment” generated 239 Mt CO,
emissions, accounting for approximately 44.59% of all emissions embodied in exports to the
EU. The other sectors that contributed most directly to the embodied emissions were “[b]asic
metals and other non-metallic mineral products” (13.41%), “[r]ubber, plastics products and
other manufacturing” (13.27%) and “[c]hemicals and chemical products” (11.78%). The more
contentious sector of textiles, however, accounted only for an estimated 9.42% of CO, emis-
sions embodied in exports to the EU. The evidence suggests that the recent growth in ex-
port-generated emissions resulted from an increase in China’s export of advanced products
when compared to previous years. The different composition of the major sectors of export

emissions in 1995 shows this clearly: specifically, “[c]hemicals and chemical products”
11



(28.36%), “[f]abricated metal products, machinery and equipment” (23.45%), “[t]extiles, tex-
tile products, leather and footwear” (14.51%), “[r]ubber, plastics products and other manu-

facturing” (13.2%) and “[b]asic metals and other non-metallic mineral products” (10.42%).

Figure 5: The emissions embodied in China’s exports to EU by sectors (Mt)
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VI. Conclusion and policy recommendations

Our analysis clearly shows that there is a dangerous and ever-increasing “CO,-deficit” in the
trade between the EU and China, which is considerably higher than the parallel trade deficit,
calculated here as exports to imports ratio in contained CO2 and in US-$ respectively”: China’s
exports to EU had been 2.6fold higher (2009) than imports from the EU, and COs embodied in
China’s exports were 20fold the CO, embodied in the imports from the EU (2006). The EU has
outsourced its energy-related carbon emissions by ca 13.6% 2006/7. An improved bilateral
trade balance that features increased EU exports to China would offer virtually no serious im-
provement in the reduction of the trade-related CO, balance, as production in the EU generates
comparatively little in terms of carbon emissions. However, the increase in China‘s export of
CO,-intensive goods to the EU has contributed heavily to the bilateral trade deficit in recent
years. Indeed, the dynamics of the CO, trade imbalance are even more alarming than the

growing trade imbalance itself. Figures 1, 3, and 4 clearly show that the China-EU trade im-

% With this argument, we do not stipulate that the ideal bilateral trade balance is equal to zero. However, an exploding bilateral
trade deficit can have a macroeconomic impact.
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balance has grown unsustainable as well as the trade-related CO, emissions; policy responses

regarding the environmental implications are urgently needed.

With this in mind, our first policy recommendation is for the creation and implementation of a
new carbon footprint accounting system between China and the EU. Once established, other
countries should also be encouraged to join. Although there are still different views and prac-
tical issues on how to implement such a continual accounting system, we believe this is a move

in the right direction toward a global policy prescription to stabilize greenhouse gas emissions.

Through its ever-increasing imports from China, the EU has effectively outsourced a growing
amount of its CO, emissions and will continue to do so more and more. Indeed, the ecological
footprint of the EU in China with respect to CO, is large and growing. This sheds new light on
the EU-27’s turnaround in CO, emissions “made in EU”, which peaked in 2005 and has de-
clined in the years since. Were its carbon footprint in China to be added — not to mention the
footprints it leaves in its other trading partner countries — the EU’s CO, balance would look
much less green. Not only would this result in the EU’s emissions being some 13% higher, it

would also reveal China to be a little less dirty than it is commonly viewed.

However, there remains the question of whether this approach to looking at CO, emissions is
legitimate and reasonable in a globalized economy. This approach is not meant to fuel a mean-
ingless blame-game of political rhetoric. Rather, it is meant to help inform climate change

mitigation efforts by promoting greater accountability among nations and economic blocs.

The question that underlies this research is that of responsibility. Specifically, should account-
ability for a carbon footprint rest with the country where final consumers reside? This approach
would reflect a consumer-oriented view, which places responsibility for CO, reductions on the
consumer nation. This view is in stark contrast with the traditional producer-oriented view,
which underlies the polluter-pays-principle in environmental economics. In a closed economy,
be it a national economy, the economy of a trading bloc or even the global economy, both views
are identical given that all of what is produced is also consumed where the consumption takes
place. In such a closed economy, at least in an idealized perfect economic world, environmental
regulations are uniform throughout. In the real world, where very different regulations are
found in different countries around the world, this is clearly not the case. As a result, false in-
centives are generated that lead to a large-scale misallocation of capital resulting in huge addi-

tional CO, emissions.

When comparing the two views on emissions responsibility, the producer-oriented view seems

to be the superior one. Those who physically generate emissions, cause damages and harm
13



others are held responsible for their negative externalities. These externalities are internalized
in the cost calculations of producers, and consumers are made to bear these additional costs. In
our case, however, the consumers benefit from lower prices and the costs in the form of global
warming are born by all present and future human beings. Internalization policies are typically
much weaker in developing countries than in developed ones, and this is indeed the case when
comparing China and the EU. Thus, the textbook wisdom of the producer-oriented view does
not apply in reality without problems. If there are vast regulatory differences between devel-
oped and developing countries that cannot be eliminated in the medium term, regulatory arbi-
trage occurs. That is, there is a large-scale outsourcing of CO, intensive production from OECD
countries to developing countries like China. On the other hand, China benefits from the pro-
duction, trade, employment and income effects of producing and exporting goods that generate
large amounts of CO,. China is thus exposed to moral hazard, since greenhouse effect risks are
distributed throughout the global community. Meanwhile, EU producers exploit this moral
hazard by — intentionally or unintentionally — outsourcing environmentally unfriendly produc-
tion to China in order to bypass domestic environmental regulations and benefit from lower
import prices. This problem is further complicated by the fact that the world’s cumulative CO,
balance, the sum of all production emissions since the Industrial Revolution, is clearly tilted
towards OECD countries. Even more so as China can claim that the cumulated CO, balance is
clearly tilted towards the developed countries, and that China is simply trying to catch up with
the level of output of the advanced countries which are the big polluters of the past 150 years.
Overall, there seems to be a tacit collaboration on this type of trade. Under the cover of free

trade it is de facto heavily distorted trade.

The consumer-oriented view holds that CO, reduction commitments are the responsibility of
those whose demand leads to production, regardless of where that production takes place. The
major disadvantage of the consumer-based view is that the consumer country faces major
problems when attempting to reduce emissions related to its imports. Measures available to the
importing country are normally labeled as protectionist. Furthermore, responsibility for emis-
sions related to exports is neglected if one follows the consumer-based view. Export-oriented
countries, in this case China, would thus have incentives to lower standards (or withstand

higher standards) for exports.

The consumer view enlarges the EU’s responsibility for CO, reduction efforts. This effort,
though enormous, would reduce China’s own responsibility only by about 8-9% (if only the
impact of China-EU trade is accounted for). To this end, the EU could either cut more CO,

emissions ‘“‘at home” or import less CO,-intensive goods from China. Since marginal
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CO;-reduction costs are generally much higher in Europe than in China, this view advocates

creating incentives for CO; reduction efforts that are not cost-efficient

Regardless of whether one subscribes to the producer view or the consumer view, it is clear that
true progress in combating climate change requires a system that addresses the current problem
of differing regulatory standards at the international level. At first glance, a global system of
tradable CO,-emission certificates seems the best way to achieve uniform environmental
regulation worldwide. However, this solution does pose many questions. For example, there
will no doubt be controversy as to how the initial endowments of emissions certificates should
be allocated. There is also the question of whether all countries, at least all emerging econo-
mies, can or should be included. Thus, if we rule out this “first best” system for reasons of

political realism, only national climate change policies remain.

In principle, we see three possible alternatives to maintaining the status quo with respect to the

China-EU trade. These alternatives are as follows:

- China embarks on a strategy focused more on domestic demand than on export-led devel-
opment. In this option, China follows an ambitious policy of increasing the CO; efficiency of its
production. Thus, the CO, content of its exports falls considerably resulting in the technology
and composition effects having a greater impact. To this end, China could introduce a general
carbon tax on energy, though not necessarily the same as in the European market. Even without
any specific trade regulations between the EU and China, the CO, imbalance would be miti-
gated somewhat. However, the basic problem of regulatory differences and false incentives is

likely to remain.

- China and the EU agree to continually report on the CO, emissions resulting from exports and
imports, and then use these reports to establish a bilateral agreement on trade embodied CO,
emissions. Hence, China would have to lower CO,-emissions incorporated in its exports to the
EU and gradually lowering the gap in the emission standards vis a vis the EU. This would
presumably make Chinese exports more costly and diminish their scale and dynamics, as well
as increase costs for EU consumers. To enforce the agreed standards, the EU needs a monitor-
ing system and the power to assign penalties. A bilateral agreement could include financial and
technology transfer support from the EU, allowing China to upgrade its production standards.
Of course, a bilateral agreement can lead to further trade distortions — the EU might outsource

towards other countries — and can only be a first step towards global regulation.

- The EU could introduce tariffs on CO;-intensive Chinese imports, perhaps using a progressive

rate, in order to tax outsourced CO,-emissions. Ideally, this should be accomplished within the
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framework of a bilateral agreement. Gros/Egenhofer (2010) argue that such carbon taxes can be
made compatible with WTO law and are technically feasible. In the absence of a global emis-
sion trading system, this may be the “second best” option available. Priewe (1998, p.104 ft.)
noted in an earlier work that national or EU-wide energy taxes can be supported by taxing en-
ergy-intensive imports to avoid international distortions, and that such taxes would be com-
patible with EU and international law. In the end, imports would be taxed with respect to CO; to
the same level as those produced domestically. Part of the revenues generated from the CO, tax
or tariff that applies to Chinese imports could then be given to China to support technology
upgrading. If applied, this regulation should eventually be extended to all EU trading partners.

All of the proposed options are difficult, requiring major policy changes on both sides. The
implementation of any of these should be done gradually, and kept in line with any future
changes to the global trading system that may incorporate environmental protection. At present,
no such environmental requirements exist in the trading system at all. Despite the difficulties
involved in putting any of these alternatives into action, continuing business as usual is the

worst option of all.
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