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Abstract 

Chinese input-output tables and data on Chinese energy consumption for 1995 and 2005 have 

been used to investigate the link between China’s spectacular trade performance and its 

environmental impact. The results suggest that although China’s ever increasing trade surplus 

is contributing to environmental degradation through the increased scale of energy demands, 

this deterioration has, to some extent, been offset by both trade induced changes in 

technology and by changes in the composition of trade. The results provide little support for 

the pollution haven hypothesis and indicate that this is an inappropriate argument to be used 

against the introduction of pollution abatement measures in developed economies.  

 

 

 

Key words: input-output; pollution haven; scale effect; technique effect; composition effect; 

trade; energy 

 

  



1 Introduction 

 

Since the opening up its economy in the late 1970s China has greatly increased its production 

and exports, lifting millions out of poverty. Between 1995 and 2005, its trade grew at an 

average of 20 percent per annum and its share in world merchandise trade rose from just over 

2 percent to 13 percent. This spectacular trade performance and the resulting decline in 

poverty in China has led to a massive increase in China’s use of metals, minerals and energy 

for both domestic consumption and exports and elevated China to the world’s leading  

consumer of most of the main metals (about one quarter of world imports) and a major 

consumer of energy, and many other minerals and primary commodities (Coxhead and 

Jayasuriya, 2010). As China opened up its economy for trade and foreign investment, its 

exports, as a percent of GDP, reached 33 percent by the mid 2000s compared to an average of 

about 10 percent for the major economies, including US, Japan, India and Brazil. A notable 

features of China’s spectacular export performance is a dramatic rise in the share of 

manufactured goods in total exports, increasing from 40 percent in the late 1970s to 92 

percent by 2005 (Athukorala, 2009)
2
. However, the industrialization of China has not been 

without cost – particularly to the environment. It has been argued that the environmental costs 

of China’s rapid growth following its accession into the World Trade Organization (WTO) 

have been significant and have been exacerbated by the migration of pollution-intensive firms 

to China as environmental standards rose in the West (Jahiel, 2006). In relation to this 

perceived phenomenon, one of the arguments put forward against taking action designed to 

improve environmental outcomes in developed economies has been the claim that such action 

will simply shift the polluting activity offshore to developing economies like China with no 

progress in reducing world pollution levels. This, for example, has been the key argument 

presented to the Australian public against the Labour Government’s proposed carbon tax. 

  

The aim of this paper is to shed light on this debate, utilizing the Chinese input-output tables 

for 1995 and 2005, together with energy consumption for the same years. In particular the 

                                                           
2 As Athukorala (2009) convincingly demonstrates international fragmentation of production brought about by economic 

globalisation has played a major role in China’s export success. Although in recent years China has significantly increased its 

exports of high-tech products, its actual value added is in labour intensive exports not in high-tech assessable when trade in 

components are netted out (p.259)   



paper seeks to investigate the environmental implications of trade-led growth in China. The 

research question proposed is ‘Was China’s extraordinary trade growth achieved by accepting 

more than its fair share of pollution?’ That is, did China become a pollution haven? The paper 

is organized as follows. Section 2 briefly reviews the theoretical and empirical literature, 

while section 3 proposes a methodology. Results are presented in section 4 and discussed in 

section 5. The paper concludes with policy remarks in section 6. 

 

2  Analytical Framework 

Following rapid economic growth in a number of developing countries, debate began to 

emerge in the 1990s over the impact of such growth on the environment. Grossman and 

Krueger (1991, 1993, 1995), sought to test the relationship between economic growth and 

pollution emissions and found that, for some pollutants, there existed an inverted U-shaped 

relationship between environmental quality and income level. At low levels of economic 

activity pollution emission was also low but increased as economic growth accelerated. 

However, they observed, continued economic growth eventually resulted in emissions falling. 

(It should be noted that more recent evidence has suggested that this ‘environmental Kuznets 

curve’ is not as common as Grossman and Krueger had found (Bradford et al 2005)). 

 

In order to explain their observations, Grossman and Krueger (1991) decomposed the impact 

of economic growth on the environment into three separate effects - scale effect, composition 

effect and technique effect. Scale effects occur when the expansion of economic activity 

causes an increase in pollution and a depletion of resources. Scale effects have an 

unambiguous negative impact on the environment. Composition effects occur when increased 

economic activity and an accompanying rise in international trade leads to structural 

adjustment in the economy. Composition effects can have a positive impact on the 

environment if they do not give rise to the phenomenon of a pollution haven - where a 

country derives its comparative advantage from relatively lax environmental regulations 

which encourages the inward migration of polluting industries. Finally, technique effects 

occur when economic growth is associated with an improvement in resource extraction and 

production technologies. Technique effects will have a positive impact on the environment 



and can potentially lead to a decline in pollution per unit of output. The overall impact of 

economic growth on the environment depends on the combined magnitude of the above 

effects.  

 

A number of writers have subsequently made use of this categorization in their own work. 

Copeland and Taylor (1994) adopted the above classification and developed a simple static 

two-country general equilibrium model. Using this model they were able to demonstrate that, 

assuming national governments set pollution taxes at socially optimal levels (so that the 

pollution tax equals the damage done by pollution at the margin), the scale effects of an 

expansion in economic activity (a rise in pollution) will be offset by the fall in pollution 

resulting from the adoption of new techniques (encouraged by the imposition of an 

appropriate level of pollution tax). These results held whether the economic expansion took 

place in the absence of trade (autarky) or were the result of the growth of trade. 

 

When considering the possibility of introducing trade, the additional impact of the 

composition effect needs to be taken into account. In their model, the impact of trade ensured 

that the net impact of the scale effect and the technique effect were dominated by the 

composition effect. In the absence of any other factors, the composition effect of the 

expansion in trade was most likely to give rise to a pollution haven outcome.  

 

Figure 1 captures the essence of the model presented by Copeland and Taylor (1994) and is 

based on their Figure III. In this model there are only two countries, the well developed North  

and the much less developed South (the variables for which are designated by an asterisk *). 

The vertical axis of figure 1 represents the ratio of the government imposed pollution tax (τ) 

to the return to an effective unit of labour (ωe). The ratio, τ/ωe, is the relative price of 

pollution. The horizontal axis is the aggregate level of pollution (D) for one country. The 

higher the relative cost of pollution (the greater τ/ ωe), the lower the demand for pollution. 

However, the higher τ/ωe, the greater the supply of pollution as consumers are assumed to 

receive all of the proceeds of the pollution tax, and therefore the higher the relative price of 



pollution, the more pollution they are prepared to accept. Indeed, income in each country is 

equal to the sum of the wage rate times the (fixed) labour supply plus τ times D. 

 

Figure 1 about here 

 

In the absence of trade, equilibrium for North is found at the intersection of the supply and 

demand curves Ns and Nd with a relative price of τ/ωe and pollution of D
a
. The difference 

between North and South is that the labour force in the latter has acquired a lower level of 

human capital. Copeland and Taylor (1994) explain that lowering the level of human capital 

will shift both the pollution demand and supply curves down by the same proportion to give 

Ss and Sd, the supply and demand curves for South. Lowering human capital has this impact 

because it implies a lower effective labour supply (even though the number of workers is 

unchanged) which raises the wage rate, increasing the share of income going to labour and 

lowering the share going to pollution for a given level of pollution. Thus, for a given 

equilibrium value of D , τ/ωe  must be lower. Therefore, the equilibrium level of pollution for 

South is the same as for North but the relative cost of pollution, τ
*
/ωe

*
 is lower.  

 

As Copeland and Taylor (1994) point out, the fact that τ/ωe > τ
*
/ωe

*
 generates opportunities 

for trade in pollution when trade is introduced into the model. The relative cost of pollution 

being higher in North means that North will be willing to shift production into the production 

of goods that intensively use effective labour services. They will then export these goods to 

South. South, on the other hand, will tend to increase the production of goods that are 

pollution intensive and export them to North. Thus North will move down Ns and South will 

move up Ss. The introduction of trade will increase pollution in South as production shifts 

towards ‘dirty’ industries and reduce pollution in North. The net impact on world pollution 

will be an increase in world pollution. 

 

However, this need not be the end of the story. The growth in income in South raises the 

possibility of South increasing their investment in human capital. To the extent that they 



choose to do so, both their pollution supply curve and their pollution demand curve will move 

up in proportion to the rise in human capital. In figure 1, we show the impact of the former 

only with the pollution supply curve for South shifting to Ss’. The growth in trade between 

the two countries will tend to continue so long as the relative cost of pollution in North 

remains above that in South. North will continue to move down Ns – reducing pollution in 

North. However, South will now converge to a point on Ss’. South’s economy is continuing to 

grow as its exports grow, but because of the increase in human capital, the industries it is now 

attracting from North are less pollution intensive than existing industries in South and 

pollution there falls as a result of the composition effect. At the extreme, the world will have 

less pollution than when trade got underway and pollution in South may be no greater. 

 

The theoretical model of Copeland and Taylor (1994) has two important implications for 

empirical work related to the pollution haven hypothesis. First, the scale effect, which 

inevitably results in more pollution, is irrelevant because, in equilibrium, it will be offset by 

the technique effect as rational action by governments will be taken to raise the cost of 

pollution. Second, the composition effect will not always result in a shift in industrial 

structure that results in higher levels of pollution as trade proceeds. If significant increases in 

human capital accompany trade induced economic growth in less developed countries, the 

outcome may be no additional pollution in that country and a lower level of pollution for the 

world as a whole. 

 

A range of researchers have undertaken empirical investigation of the impact of trade on 

pollution. Antweiler et al. (2001) expanded upon the work of Copeland and Taylor (1994) to 

show that trade openness affects pollution concentrations favorably. They developed a 

theoretical model to divide pollution caused by trade into scale, technique and composition 

effects, which was then tested using data on sulfur dioxide concentrations from the Global 

Environment Monitoring Project. The authors found that international trade creates relatively 

small changes in pollution concentrations. Their estimate of the associated technique and 

scale effects created by trade implies a net reduction in pollution from these sources. 



Combining their estimates of scale, composition, and technique effects, the authors concluded 

that freer trade is good for the environment. 

 

Turning specifically to an analysis of China, Dean (2002), using the pooled provincial data on 

Chinese water pollution, has demonstrated that freer trade aggravates environmental damage 

via the terms of trade, but mitigates it via income growth. She found the net effect to be 

beneficial. Junyi (2008), using the Chinese provincial data from 1993 to 2002, empirically 

investigated the link between trade expansion and environment. He examined whether the 

composition effects arising from increasing trade originated from differences in capital-labor 

endowment (a factor endowment hypothesis) and/or differences in environmental regulations 

accompanied by income growth (pollution haven hypothesis) in China. The results supported 

the factor endowment hypothesis for most of the pollutants studied. On the other hand, he 

found no support for the pollution haven hypothesis. In addition, for air pollutants (such as 

SO2 and dust fall) the growth in trade appears to lead to more emissions, whilst for water 

pollutants (COD, arsenic and cadmium) trade liberalization tended to decrease emissions. 

Yang et. al. (2004), using a mathematical model and the Chinese data for 1990-2002, 

investigated the interaction between trade, foreign direct investment, economic growth and 

environmental pollution. His results indicated that the fast increase in foreign trade in China 

has no obvious impact on pollutant discharges. Similarly, Peng and Zhang (2005) examined 

the impact of economic globalization on China’s industry pollution. They concluded that 

foreign direct investment and foreign trade had little impact on environmental pollution in 

China.  

 

Zhang (2011) points out that little research has been undertaken in western academic journals 

relating the scale, technique and composition effects to China’s trade. In the Chinese 

literature, Ye Ji-ge and Yu Dao-Xian (2007) have investigated the link between 

environmental pollution and trade expansion. Their results suggested that trade expansion has 

actually contributed to a deterioration in environment. Similar results were obtained by Zhu 

(2007) who found that a rapid expansion in export trade did bring some negative impact on 

the Chinese environment, but this varies between the regions. The research by Yang and Li 



(2007) indicated that the negative scale effect of foreign trade on environment had gone far 

beyond the positive composition effect and the technique effect. The authors note that 

although China had made significant development in reducing water, air and solid pollutant 

discharge due to the structure effect and the technique effect, the scale effect was so strong 

that the net effect was negative. Yin and Li (2008) empirically investigated the relationship 

between the discharge of industrial wastes and foreign trade in the main manufacturing 

industries in China, and found a positive link between the discharge of industrial wastes and 

growth in foreign trade sector. 

  

Lan (2004), using 1995-2001 data for 30 provinces, found that the scale effect would further 

aggravate China's environmental pollution, but that the composition effect and the technique 

effect would contribute to the improvement of the quality of the environment. He concluded 

that, in general, free trade should be beneficial to the improvement of China’s environment. 

Dang and Wan (2007) argue that the environment in China did deteriorate with the 

development of trade in the short run, but that there were signs that it might improve in the 

medium and long-run as the composition and technique effects began to outweigh the scale 

effects.  

 

Zhang (2011) chose to utilize an input-output model to investigate the scale, technique and 

composition effects of Chinese trade on carbon emissions. However, he did not directly 

address the pollution haven hypothesis. The following analysis adopts a less complex input-

output approach and places the findings in the context of the theory developed by Copeland 

and Taylor (1994) and the pollution haven argument that has been invoked as one of the 

counter arguments to the proposed carbon tax in Australia. 

3 Methodology 

Following the methodology developed by Grossman and Krueger (1991) economic growth is 

decomposed into the scale effect, composition effect and technique effect to investigate 

whether trade-led growth in China was associated with pollution migration. The research 



employs energy usage as a proxy for pollution and the Chinese input-output tables (for 1995 

and 2005) to investigate the issue at hand. 

 

The methodology involves the following steps. First, using the input-output tables for China 

the increase in energy consumption for exports and imports, including multiplier effects, for 

the period 1995 to 2005 is estimated. This is (for exports) 

 

Where: 

 X2005n = total exports in 2005 for each of the 17 industry sectors 

E2005n = the total energy consumption by exports, including the Type I multiplier, 

for 2005 

X1995n = total exports in 1995 for each of the 17 industry sectors 

E1995n = the total energy consumption by exports, including the Type I multiplier, 

for 2005 

A similar calculation applies for imports. 

 

Next, the scale effect on exports and imports in terms of energy consumption is calculated. 

This is done by assuming that industry composition and technique are at 1995 levels in 2005. 

It is calculated by multiplying the increases in exports and imports by the respective ratios of 

total value of 2005 exports to 1995 value of exports and 2005 value of imports to 1995 value 

of imports. 

 

The composition effect of exports and imports on energy usage is then estimated. This is done 

by assuming that scale is at 2005 values for the two periods. It is calculated by deducting the 



sum of energy usage for each industry based on the 1995 industry structure from the sum of 

the energy usages of each industry based on the 1995 industry structure. 

 

Finally, the technique effect of exports and imports on energy usage is calculated. This is 

done by assuming that scale and composition are at 2005 levels for the two periods with the 

difference between the energy usage determined only by the difference in the energy usage 

coefficients. 

 

 

4 Results  

This section reports the results and interprets the findings of the research. As discussed 

earlier, China produces a large number of goods for exports mainly due to lower production 

costs. Globalization of the world economy, together with the advancement in transport and 

communication systems, has further facilitated this process. As shown in Table 1, the energy 

consumption in the production of exports has increased in China by 375 million tonnes 

between 1995 and 2005. China also imports a large number of final goods and intermediate 

inputs which are consumed in China but produced offshore. Table 1 shows China saved 317 

million tonnes of standard coal equivalent (MSCE) by increasing its imports between 1995 

and 2005. Therefore the net energy trade effect of the growth of trade between 1995 and 2005 

was 57 million tonnes or 2.6 per cent of total energy usage in 2005. 

 

Table 2 reports the results of the scale, technology and composition effects based on the 

methodology developed by Grossman and Kruger (1991). On the export side, the scale effect 

is an increase of plus 839 MSCEs’s. This is the largest effect reflecting the extraordinary 

growth of exports and imports following the opening up the Chinese economy. 

 



The technique effect for exports is negative 374.9 MSCE’s offsetting around 50 percent of the 

scale effect. The technique effect is even greater at minus 437 MSCE’s for imports. This may 

reflect China being somewhat less competitive in industries that have achieved the most 

technological change in the period. 

 

The composition effect is negative 48.4 MSCE’s for exports which shows the structural 

change associated with exports was a small change towards less energy intensive industries. 

The composition effect for imports is positive 14.8 MSCE’s which shows China’s imports 

shifted slightly towards more energy intensive industry sectors thereby providing a small 

energy /pollution saving to China. 

 

Tables 1 &2 about here 

 

5 Discussion 

The model presented by Copeland and Taylor (1994) argues that each nation’s government 

will set its pollution tax at a level that just equals the pollution damage (in their own country) 

at the margin. As incomes in a country rise, the level of the tax will also rise given that a 

society regards a cleaner environment as a normal good. The imposition of a carbon tax in 

Australia should be regarded in this light. That is, if it is to be imposed in Australia, it should 

be imposed because of the benefit it will bring to Australia by way of the salubrious impact 

on our environment. Concern over how other countries will respond is misplaced. 

 

Clearly, in China there has been a substantial increase in environmental degradation resulting 

from the scale effect associated with trade. However, as theory suggests, the scale effect has 

been offset, at least in part, by the technique effect. That the offset has not been 100 percent is 

not a matter of major concern. There is substantial evidence from China that the ‘pollution 

tax’ has been raised throughout China’s period of amazing growth.  

 



First, the opening-up of the Chinese economy enhanced China’s consciousness of the need 

for environmental protection. As the largest developing country in the world, China’s exports 

had been confronted with more and more environmental obstacles, or green obstacles in the 

developed countries, as well as environment pressure from the outside world and in particular 

from the WTO. This forced China to pay increasing attention to the issue of environmental 

protection. Second, China’s WTO accession and its accumulated foreign exchange reserves 

increased the possibility and availability to import the most advanced pollution abatement 

equipment and thus reduce the pollution intensity of production domestically. Third, along 

with the liberalization of trade, China has made better use of its comparative advantage in 

labour-intensive products, which tend to be less pollution-intensive, and reduced pollution 

costs have also became possible due to the economies of scale created by the world market. 

 

Specifically, during the Ninth and Tenth Five-Year Plan period (1996-2005), the State closed 

down 116,600 enterprises that had caused both serious waste and pollution. Eight industries 

that consumed large amounts of resources and caused serious environmental pollution, i.e. 

those producing iron and steel, cement, electrolytic aluminum, iron alloy, calcium carbide, 

coking, saponin and chromic salt, were targeted by the government to bring about a reduction 

in their pollution. In the event, the construction of over 1,900 projects was either stopped or 

postponed. Between 1996 and 2004, China's investment in environmental pollution control 

reached 952.27 billion Yuan, amounting to one percent of that period's GDP. In 2006, 

expenditure on environmental protection was formally itemized in the State's financial 

budget. Chinese data shows that even though the total volume of industrial waste water and 

waste gas were still increasing, the amount of industrial solid waste and the main pollutants 

such as sulphur dioxide, industrial soot and industrial dust all show a downward trend.  

 

The policy actions described above and many similar actions taken in China indicate the way 

in which the pollution tax in China has effectively been raised and have assisted in bringing 

about the technical changes that have partially offset, and will continue to offset, the scale 

effect of trade growth on pollution. Given the evidence, we conclude that the dynamics of the 

changes taking place in China are in accordance with the outcomes predicted by a static 

theory and that, in time, the technique effect will eventually match the scale effect. 



 

According to the theory considered in this paper, it is the composition effect on which we 

should focus when trying to determine whether or not China has become a pollution haven. 

Our results clearly indicate that this has not occurred. Over the period considered, the changes 

in the structure of Chinese export industries has resulted in a decline in the level of pollution 

generated by exports. This suggests that we are looking at a period in which the Chinese 

pollution supply curve has been shifting inward. We have previously noted that this occurs as 

a result of growth in the human capital of the labour force. Estimates of the contribution of 

growth in Total Factor Productivity (to which growth in human capital can be a major 

contributor) to the growth in output per head were substantial for the period under review 

(Bosworth and Collins, 2008) and have subsequently become even more important (Hicks et 

al 2010). This lends further support to the theoretical model developed by Copeland and 

Taylor (1994) and its relevance in explaining the relationship between trade expansion and 

pollution in China. 

 

6 Concluding Remarks 

This paper contributes to the ongoing debate about the environmental implications of trade-

led growth in China. In the 10 year period 1995-2005, China achieved phenomenal growth 

largely driven by the rapid growth of international trade. While the economy grew by 168 per 

cent, total trade grew by 316 per cent. The analysis presented in this paper, based on the 

Chinese input output tables for 1995 and 2005 and energy consumption data, suggests that 

contrary to the argument of some, China has not become a pollution haven. Decomposition of 

the trade data indicates that trade led to substantial energy saving technology gains. It 

suggests that if China had grown, to the same extent, without the growth of international trade 

energy consumption and therefore pollution would have been far greater (in China) than has 

occurred under the by growth fueled by international trade. Further, the analysis indicates that 

the scale effect is being offset by the technique effect and that we can expect this to continue 

as China imposes stricter environmental requirements in keeping with it growing income. The 

composition effect has resulted in a fall in pollution and is consistent with a movement 

inward of China’s pollution supply curve. This shift has been generated by increased human 



capital in China. Because China’s human capital is expected to grow strongly over the next 

decade, it is to be expected that China’s pollution supply curve will continue to move further 

to the left. Under such circumstances, developed countries like Australia should be 

encouraged by the fact that optimally raising their own pollution abatement measures (by, for 

example, the introduction of a carbon tax) will not result in a pollution haven outcome, but 

will, on the contrary, contribute not only to a reduction in pollution domestically, but also to a 

reduction in pollution in China and in the world as whole. 
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Table 1: Change in energy consumption, exports and imports, China, 1995 and 2005 

 

 1995 2005 Change 

Energy consumption for exports† 249.6 624.5 374.9 

Energy consumption saved by 

imports† 251.3 568.2 317.0 

†Energy consumption, including flow-on effects (Type 1 multipliers) measured in 

 million tons standard coal equivalent. 

Sources:NBSC, 1997, 1998, 2006 and 2008. 

 

 Table 2: Components of change in energy consumption, exports and imports, China, 

1995 and 2005 

 

Scale 

effect 

Composition 

effect 

Technique 

effect Total 

Energy consumption for 

exports† 839.4 -48.4 -416.2 374.9 

Energy consumption saved by 

imports† 739.4 14.8 -437.2 317.0 

†Energy consumption, including flow-on effects (Type 1 multipliers) measured in  

million tons standard coal equivalent. 

Sources:NBSC, 1997, 1998, 2006 and 2008. 

 

  



Figure 1 Pollution Supply and Demand 
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