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The Dividend of a Pollution Haven 

Jintao Xu and Xin Tian* 1 

 

Abstract 

In this paper, we provide new insights into the drivers of China’s strong economic growth, especially after 

its entry into the WTO in 2001.  Using synthetic control methods, we demonstrate strong pollution haven 
effects in China due to trade liberalization (WTO entry), by showing carbon emissions increasing in 

China, while those of major trade partners like the US decrease due to China’s WTO entry. We also 

resolve the apparent paradox that China’s trade growth has been led by moderately capital-intensive 
industries despite its labor abundance. This is explained through the country’s lack of effective 

environmental regulation at the time of trade liberalization, and the consequent high pollution levels and 
high carbon footprint. We further examine the contribution of environmental factors to trade growth for 

the period of interests by conducting an export growth accounting exercise, which shows that the carbon 

footprint’s contribution, though always important, became greater after 2001. Future economic growth 
should be regulated by a policy framework ensuring continued reduction in emissions and carbon 

footprint. 
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1. Introduction 

Between the start of China’s economic reforms in 1978 (National Bureau of Statistics, 

1978-2015) and its accession to the WTO in 2002, its economy grew at an average annual rate of 

9.79%. In the next seven years, its annual growth increased to 10.07% (National Bureau of 

Statistics, 1978-2015). WTO entry particularly boosted China’s exports, whose value growth rate 

increased from 16.98% before 2002 to 24.74% thereafter (National Bureau of Statistics, 1978-

2015). In subsequent years, when growth slowed down, changing economic growth patterns 

became a hot topic. Many leading economists have argued that China’s strong economic growth, 

especially after WTO entry, was driven by heavy use of cheap labor (Cai, 2010). When the share 

of working age laborers in the population declines, according to this argument, the economy will 

have to make adjustments and embrace industrial upgrades toward a more capital-intensive 

industrial economy.  

If this were the entirety of the issue, the economic transition would be smooth and could 

be directed by the market alone. What is missing from the mainstream discussion is the importance 

of the environmental deterioration that followed WTO accession, when emissions of major 

pollutants accelerated, paralleling the changes in GDP and exports. The role of environmental 

factors (air, water and land) in China’s economic growth after WTO entry has not been well studied. 

Environmental degradation and resource depletion are non-marketed factors of production whose 

costs should not be overlooked.  

Krugman (1994) has characterized the growth patterns of South East Asia and China as 

“driven by extraordinary growth in inputs like labor and capital rather than by gains in efficiency.” 

Young (1995) provided empirical support for Krugman’s assertion, but failed to note that China 

was becoming the world’s largest CO2 emitter and was suffering from severe air and water 

pollution. 

Copeland and Taylor (1994) suggested that trade liberalization affects a nation’s 

environment through three channels: the technology channel, the scale channel, and the 

composition channel, each offering both negative and positive impacts. In China’s case, it seems 

that the scale and composition channels are dominant. China’s environmental changes, together 

with its export-oriented economic strategy, suggest that its entry to the WTO has engendered a 

“pollution haven effect”1. If China is to address economic transition through an environmental lens, 

it remains an important empirical task to measure the magnitudes and sources of the pollution 

haven effects, their impacts on China’s growth patterns, and their implications for economic policy.  

 
1 https://insideclimatenews.org/news/20140306/us-trade-deals-90s-set-china-pollution-haven. 



Environment for Development   Tian and Xu 

2 
 

The pollution haven effect relies on the assumption that the stringency of environmental 

regulation affects production costs; consequently, trade induces the relocation of pollution-

intensive production to economies with weaker environmental regulations. These become 

“pollution havens” (Managi et al., 2009; Lin et al., 2014; Tao et al., 2018). 

How important the pollution haven effect is remains an elusive empirical question. 

Levinson and Taylor (2008) found no evidence of it across states inside the USA, and Ederington 

et al. (2005) found no sign of it in the behavior of USA-based multinationals. Indeed, some 

scholars contend that trade liberalization brings advanced production technologies that are more 

efficient and less polluting (Antweiler et al., 2001; Chai, 2002).  

Although China seems an ideal case for the study of the pollution haven effect and its 

impacts on future economic transitions, few rigorous analyses have been performed on the links 

between Chinese trade and environmental changes. Lin et al. (2014), using atmospheric modelling, 

studied the impacts of trade liberalization on China’s smog incidence and corresponding effects 

along the USA west coast. Their findings indicate that exports increased China’s polluting 

emissions, with 21% of the increase coming from exports to the USA. Shan et al. (2018) estimated 

China’s carbon emissions by sector for the period 1997 to 2015, showing the changes to CO2 

emissions as a result of China’s WTO entry. The website of ClimateParis (https://climateparis.org/) 

indicates a major jump in world CO2 emissions observed starting in 2002. By 2010, this change in 

the trend had amounted to 5 billion tonnes of extra CO2 emissions. The same abnormal trend was 

noted in China’s CO2 emissions, its increment contributing 80% of the world’s extra emissions in 

2010. Nevertheless, rigorous economic analyses relating China’s WTO accession to a “pollution 

haven effect” remain limited, as do estimates of the magnitude and structure of the effect in China’s 

export and GDP growth.  

This paper first investigates the pollution haven effect in China. Using WTO accession as 

an identifying tool and applying synthetic control methods, we compare the net growth in carbon 

dioxide emissions for China and its major trade partners. Secondly, we investigate the trade pattern 

and attempt to identify any links between the greater carbon emissions and the expansion of 

China’s trade volume. We group leading exports into capital-intensive, medium capital-intensive 

and labor-intensive sectors, and calculate within-country carbon footprints for these different 

categories (Guan et al., 2009; Mi et al., 2018).  Finally, we conduct export growth accounting 

(Bovenberg and Smulders, 1993; Stokey, 1998) to separate the contributions of different factors 

(capital, labor, carbon footprints and total factor productivity) to export growth.    

This paper contributes to the literature by providing a clear strategy for the identification 

of a pollution haven effect. It shows that, following China’s WTO entry, its carbon dioxide 
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emissions rose while those of its main trade partners declined. Further, it shows that the sectors 

that grew most after China’s WTO entry were not labor-intensive but medium capital-intensive, 

despite China’s putative comparative advantage in labor-intensive production. However, as the 

estimated carbon footprints indicate, these medium capital-intensive sectors have far greater 

carbon emissions than the labor-intensive ones. This indicates that the large use of environmental 

factors is one reason that the moderately capital-intensive sector has led trade growth. This is 

supported by an export growth accounting exercise that shows that carbon footprints and total 

factor productivity (TFP) have been dominant factors contributing to growth in the major export 

sectors. The exercise suggests that, following WTO entry, the importance of carbon footprints rose 

while the contribution of capital declined, while labor was not a significant contributor to export 

growth. This suggests that future policy should target a reduction in the use of environmental inputs, 

as well as higher total factor productivity growth. 

The paper is organized as follows. Section 2 tests the pollution haven effect by examining 

the impacts of China’s WTO entry on its carbon emissions and those of its major trading partners. 

Section 3 examines China’s export trends by sector and calculates carbon footprints for the 

country’s major export sectors. In Section 4, export growth accounting is discussed. The final 

section summarizes the analytical results and provides a policy discussion.  

2. China’s Accession to the WTO: Are There Pollution Haven Effects? 

China’s accession to the WTO triggered parallel growth in trade value, GDP and CO2 

emissions. The growth of GDP and import and export values are shown in Figure 1A. Figure 1B 

compares GDP growth between China and her principal trade partners, as identified by China’s 

Ministry of Commerce, namely the United States, Japan, the European Union (EU), the 

Association of Southeast Asian Nations (ASEAN), South Korea, Australia, Russia and Canada. 

China’s CO2 emissions have risen sharply since 2001 while those of her principal trade partners 

have stabilized or decreased, as shown in Figure 1C. China’s annual CO2 emissions rose from 15% 

of the world total in 2002 to 28.48% in 2014 (Figure 1D). China’s rapid growth was fueled by an 

energy structure heavily reliant on coal. High CO2 emissions have therefore been accompanied by 

high emissions of air pollutants and severe health damages2. 

 
2 April 2013 New York Times article. 
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A                                      B 

 
C                                      D 

Figure 1 A: China’s GDP and trade; B: GDP of China’s principal trade partners; C: CO2 emissions of China and its 

principal trade partners; D: China’s share of global CO2 emissions (Data sources: World Bank) 

Based on Figures 1 A-D, it is obvious that WTO accession presented China a tremendous 

opportunity for economic growth. It is clear that China’s CO2 emissions accelerated while those 

of her principal trade partners stabilized or fell. Correlation is not enough. The important question 

remains: is there a causal relation between China’s increasing emissions and the emissions declines 

observed in its trading partners? Put differently, is this sufficient to prove that China’s 

attractiveness as a pollution haven was enhanced by its entry to the WTO? 

2.1 The Effect of China’s Accession to the WTO on CO2 Emissions of China 

We use the synthetic control method (Abadie and Gardeazabal, 2003) to examine the effect of 

China’s WTO accession on her own CO2 emissions and those of her main trade partners. The 

method synthesizes a counterfactual China (the weighted average of properly chosen economies 

from a pool of countries and economies), whose CO2 emissions before 2002 match reasonably 

well with China’s real emissions in that period. The differences between China’s real CO2 

emissions post-2002 and the counterfactual emissions for the same years from the synthetic control 

then show the effect of China’s WTO entry on her CO2 emissions. Based on previous literature 

(Wang et al., 2005), our predictors of CO2 emissions are: per capita GDP (log), energy structure 

(log), energy intensity (log) and forest coverage.  

Abadie and Gardeazabal (2003) propose the “Synthetic Control Method” to construct a 
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synthetic control region by a proper linear combination of several countries, in order to compare 

real areas with synthetic regions. The advantage of synthetic control is that the optimal weight of 

the linear combination can be selected according to data, in order to avoid researchers’ subjectivity 

in choosing the control group. We choose the weights to best reproduce the values of predictors of 

CO2 emissions in China before China’s accession to WTO. 

The data is annual national panel data for the period of 1978 to 2013. During this period, 

data is available for all control countries and regions and can be downloaded from the website of 

the World Bank, including GDP, export, carbon dioxide emissions, etc. China formally joined the 

WTO in December 2001 and began to see the impact in 2002. Our data includes 24 years before 

and 12 years after China’s accession to the WTO. Our data begins in 1978, because China 

implemented its reform and opening policies to develop foreign trade in 1978. The data ends in 

2013, because this is the last year that data is available for the donor pool countries and regions. A 

decade after China’s accession to the WTO is a reasonable period to forecast “synthetic” China 

(Abadie et al., 2010).  

Because the purpose of “synthetic” China is to recreate China’s carbon dioxide emissions 

had it not joined the WTO, we eliminate the countries in the control group that joined the WTO 

after 2001. We also eliminate China’s principal trade partners influenced by China’s accession to 

the WTO. Moreover, country groups in the donor pool also exclude China and the above-

mentioned countries. Finally, our donor pool contains 96 countries and areas. Our results are robust, 

even though the countries mentioned are deleted from the donor pool. 

The outcome variable is country-level environmental indicators, which are measured in 

terms of carbon dioxide emissions in our dataset. We use carbon dioxide emissions data published 

by the World Bank, which are calculated by the Carbon Dioxide Information Analysis Center, 

Environmental Sciences Division, Oak Ridge National Laboratory, Tennessee, United States. The 

data includes carbon dioxide emissions from fossil fuel combustion and cement production, but 

excludes emissions from land use such as deforestation. This data is widely used in the literature 

and has a long period of data for most countries. 

The variables that are typically associated with carbon dioxide emissions are energy 

structure, energy intensity, and GDP per capita (Wang et al., 2005). Our predictors of carbon 

dioxide emissions are: per capita GDP (logged), energy structure (logged), energy intensity (logged) 

and forest coverage, following Wang et al. (2005). Energy structure is defined as the proportion of 

fossil fuels to total energy consumption. Energy intensity is the total energy consumption per unit 

GDP. Forest coverage is calculated by the ratio of forest area to land area. We average the 

predictors over the 1978-2001 period and add two years of lagged carbon dioxide emissions to 
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augment the results (1992 and 1997). We assess the impact of China’s accession to WTO on carbon 

dioxide emissions. According to Table 1, the “synthetic” China reflects its carbon dioxide 

emissions before accession to the WTO. 

 
Table 1. Pretreatment characteristics of CO2 

Variables China “Synthetic” China 

Ln(GDP per capita) 6.02  6.69  

Ln(Fossil structure) 4.33  6.62  

Ln(Energy intensity) 1.06  2.68  

Forest coverage 0.18  0.29  

CO2 emission 1992 2695.98  2835.53  

CO2 emission 1997 3469.51  3216.02  

Note: All variables except lagged CO2 emissions are the average of 

1981-2001 (forest coverage is averaged 1990-2001). 

The economies of MIC (Middle-Income Countries), LMC (Low Middle-Income Countries) 

and SAS (South Asian countries) receive non-zero weights in the process of synthesizing a 

counterfactual China whose emissions match those of China before its entry to the WTO; see Table 

2.  
 

Table 2. Weights in the “synthetic” China 

Area Weight 

MIC 0.639 

LMC 0.323 

SAS 0.038 

Note: MIC represents middle-income countries aggregate 
except countries deleted from the donor pool LMC represents lower-middle income countries aggregate 
except countries deleted from the donor pool SAS represents South Asia 

The pollution haven effect of China’s WTO membership is then proxied by the divergence 

between its real emissions and those of the “synthetic” counterfactual; see Table 3 and Figure 2.  
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Table 3. Estimated results: Difference between real and synthetic 

Year Real CO2(Mt) Synthetic CO2(Mt) 
Difference between real 

and synthetic(Mt) 
Difference ratio 

(Difference/Real-CO2) 

2002 3694.24  3690.47  3.77  0.10% 

2003 4525.18  3859.74  665.44  14.71% 

2004 5288.17  4040.62  1247.55  23.59% 

2005 5790.02  4197.37  1592.65  27.51% 

2006 6414.46  4421.96  1992.51  31.06% 

2007 6791.80  4641.69  2150.11  31.66% 

2008 7175.66  4960.21  2215.45  30.87% 

2009 7618.68  5101.05  2517.63  33.05% 

2010 8767.88  5205.94  3561.94  40.62% 

2011 9724.59  5472.67  4251.92  43.72% 

2012 10020.75  5774.50  4246.24  42.37% 

2013 10249.46  5743.45  4506.01  43.96% 

 

 

 

Figure 2: CO2 Emissions for China 

 

By making use of the relationship between the carbon dioxide emission gap (actual vs. 

“synthetic” China) and the export volume in the sample period, we can make statistical inferences 

about the environmental impact of China’s accession to the WTO. In Figures 3 and 4, we find that 

both exports and the gap between real CO2 and synthetic CO2 increase rapidly after 2002.  
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Figure 3. Carbon dioxide emissions gap between real China and “synthetic” China 

 

 

Figure 4: Exports and estimated gap of CO2 

The resulting estimate of the environmental impact of China’s WTO entry is unexpectedly 

large. In 2008, China emitted about 3 billion more tons of CO2 than suggested by the counterfactual 

baseline.  

2.2 Robustness (placebo) tests 

To verify our results, we put forward the question of whether the gap between real and 

synthetic CO2 emissions actually reflects the environmental impact of China’s accession to the 

WTO. Similarly to Abadie and Gardeazabal (2003), Abadie et al. (2010), and Abadie et al. (2014), 

we solve this question by a placebo test, applying the synthetic method to the control group. To 

test from a time perspective, we select a year of treatment other than 2002. Testing from a spatial 

perspective, we compare the environmental situation of regions that are similar to China but did 

not join the WTO during the relevant period. 

In the time placebo study, we first choose 1989, which is the middle year of the pre-

treatment period, and is 13 years prior to the policy shock. We use the same samples for synthetic 
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control and adopt lagged predictor variables. The results of the “in-time placebo” study are shown 

in Figure 5.  

 

Figure 5: In-time placebo study in 1989--CO2 emission for China 

We find that the “synthetic” China accurately reproduces the trend of real China’s carbon 

dioxide emissions over 1978-1989. More importantly, after the 1989 node, the “synthetic” China 

and the real China do not diverge. The placebo test in 1989 means that carbon dioxide emission 

does not change significantly this year. We have chosen other time placebos, such as 1985 and 

1992, and the results remain similar to those for 1989. This shows that the disparity estimated in 

Figure 3 reflects the impact of China’s entry into the WTO, and that the synthetic control has 

predictive power.  

We also run a regional placebo study, in which we measure the impact of China’s accession 

to the WTO on all countries and country groups in the donor pool via the synthetic control method. 

We assume that one of the members in the donor pool would have had a policy shock in 2002 if it 

had joined the WTO in that year. We calculate the estimated effect of each placebo region in the 

donor pool and get a distribution of these gaps between real CO2 and synthetic CO2. If the 

estimated effect for China is much larger than that of placebo effects, the impact of China’s 

accession to the WTO on its carbon dioxide emissions is significant.  

The results of the regional placebo study are shown in Figure 6. The estimated gap between 

the placebo region and China is the black line. The gray lines display the estimated gap in carbon 

dioxide emissions between the 95 real control areas and its synthetic value. Because the gaps of 

the donor pool are smaller than China’s gap, the 95 gray lines are concentrated together and overlap 

a lot. The estimated gap for China in 2002-2013 is unusually large compared to the gaps for the 

donor pool.  
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Figure 6: Gaps in China and placebo gaps in control countries 

2.3 The Effect on China’s Principal Trade Partners 

The same synthetic control method was used to study the effects of changing patterns of 

trade with China and the CO2 emissions of two of China’s primary trade partners: the USA and 

South Korea. According to data published by the General Administration of Customs of the 

People’s Republic of China in 2017, the United States is China’s largest export market and South 

Korea is China’s largest source of imports. In this section, our predictors of carbon dioxide 

emissions are: per capita GDP (logged), energy structure (logged), energy intensity (logged) and 

forest coverage, still following Wang et al. (2005).  The pretreatment characteristics and weights 

for the actual and synthetic USA and South Korea are shown in Tables 4-7. 

 
Table 4. Pretreatment characteristics of USA 

Variables USA “Synthetic” USA 

Ln(Fossil structure) 4.46 4.32 

Ln(GDP per capita) 10.19 8.15 

Ln(Energy intensity) -1.23 -0.88 

Ln(Forest coverage) -1.11 -0.95 

CO2 emission 1989 4955.08 4949.83 

CO2 emission 1992 4911.10 5094.84 

CO2 emission 2000 5701.83 5480.08 

Note: All variables except lagged CO2 emissions are the average of 

1985-2001 (forest coverage is averaged 1990-2001). 
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Table 5. Weights in the “synthetic” USA 

Area Weight 

LMY 0.35 

EUU 0.34 

LCN 0.31 

LMY represents low & middle income countries  
EUU represents European Union  

LCN represents Latin America & Caribbean  
China’s principal trade partners and countries that joined 

WTO after 2001 are omitted. 
 

Table 6. Pretreatment characteristics of Korea 

Variables Korea “Synthetic” Korea 

Ln(Fossil structure) 4.45 4.38 

Ln(GDP per capita) 8.90 7.45 

Ln(Energy intensity) -1.05 -0.53 

Ln(Forest coverage) -0.42 -0.79 

CO2 emission 1987 192.66 201.33 

CO2 emission 1997 430.03 402.82 

Note: All variables except lagged CO2 emissions are the average of 

1981-2001 (forest coverage is averaged 1990-2001). 

 

Table 7. Weights in the “synthetic” Korea 

Area Weight 

Malaysia 0.703 

South Asia 0.283 

Japan 0.015 

The estimated CO2 emissions of the “synthetic” USA are close to those of the real USA 

before 2002 (Figure 7). After 2002, the real emissions of the United States were considerably less 

than those in the counterfactual “synthetic” United States. Emissions from the real USA rose only 

slowly after 2002, and then begin to decline, suggesting that China’s membership in the WTO 

reduced CO2 emissions in her largest export market. 
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Figure 7: CO2 Emissions for USA 

Next, we display the synthetic control results for South Korea. The predictors of “synthetic” 

South Korea are much closer to the real South Korea before 2002 (Table 5, Table 6). The real 

emissions of South Korea are lower than those of the “synthetic” South Korea after 2002 in Figure 

8. The emissions of the real South Korea increase slowly after 2002. The gap between the real 

South Korea and the “synthetic” South Korea is large after 2002. The growth rate of CO2 emissions 

in South Korea declined after China’s entry to the WTO. 

 

 

Figure 8: CO2 Emissions for South Korea 

 

To sum up, according to the synthetic results for the United States and South Korea, both 

of their CO2 emissions decreased after China’s accession to the WTO, suggesting that its 

membership promoted China as a pollution haven. 
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3. Unbundling a Trade Puzzle: Carbon Footprint of Export Products in China  

3.1 China’s Export Situation 

Next, we will take a look at the export industrial structure to understand drivers of the 

economic and trade booms following China’s WTO entry. The export data is acquired from 

Chinese Customs statistics. According to the National Industrial Classification Standard issued by 

China, the Harmonization System Code (HS-Code) of the export products and their industry 

numbers are matched to get the export volume of various industries. The data is the Annual Census 

of Enterprises collected by the Chinese Bureau of Statistics. The time range of the data is 1998-

2013. Data for 2010 is missing from the dataset provided to us and therefore excluded from the 

analyses. The number of enterprises in 1998 is 165,118 and this number increases to 344,875 in 

2013. Each enterprise has at least 100 variables contained in the dataset, such as ownership, capital, 

labor force and exports. The sum of enterprise data is highly consistent with that of the China 

Statistical Yearbook (Tian and Yu, 2013; Brandt et al., 2012). The total exports of these enterprises 

account for 98% of the total export volume of China’s manufacturing industry (Brandt et al., 2012; 

Dai et al., 2014).3 

Based on the export product data classified by HS code from China Customs, we list the 

top ten export products in Figure 10, including electrical machinery, machinery, knit apparel, 

woven apparel, furniture and bedding, optical instruments, iron and steel products, plastic, vehicles 

and footwear. Before 2002, the export volumes of these products are relatively small and they grow 

slowly. But with WTO entrance, the growth rate of electrical machinery products becomes far 

larger than that of other export products, and the export of electrical machinery is about five times 

as much as other products. The export of ordinary machinery is more than four times as much as 

other products. Knit apparel is the third largest export product. Although knit apparel exports grow 

year by year, the growth rate is far lower than that of electrical and ordinary machinery. The 

maximum export volume of other products is below 100 billion dollars. As shown in Figures 9 and 

10, before China’s WTO entry, the largest export industry was textiles. Since 2002, China’s largest 

export industries have been electrical and telecommunications equipment. Smelting and pressing 

of ferrous metals grew rapidly between 2002 and 2008 and reached seventh place in the export 

industry in 2008. Due to the financial crisis in 2008, the exports of many industries declined in 

2009. At present, the top five export industries are electrical equipment and telecommunications 

 
3 Data quality and consistency are issues for some enterprises in our dataset. Following the approaches from Cai et 

al. (2005), Dai et al. (2014), and the Generally Accepted Accounting Principles (GAAP), we exclude enterprises that 

meet any of the following criteria: (1) At least one of capital, industrial sales, employment, or exports is negative or 

missing. (2) Employment of the enterprise is fewer than ten (Brandt et al., 2012; Dai et al., 2014).  (3) Exports 
exceed total sales; (4) Current assets are larger than total assets; (5) Fixed assets are larger than total assets. 
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equipment, ordinary machinery and equipment for special purposes, textiles, metal products, and 

transportation equipment.  
 

 
 

Figure 9: Exports by industry 
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Figure 10: Top ten export products 

Then we categorize the export industries into labor-intensive industries, medium capital-

intensive industries and capital-intensive industries, according to their capital-labor ratios; see 

Table 8. We use firm-level data to calculate capital-labor ratios for the main export industries. 

Based on Lu et al. (2010) and Dai et al. (2014), we use the median of the capital-labor ratio of all 

enterprises in each industry as the capital-labor ratio of this industry, and then use the 1/3 quantile 

and 2/3 quantile of the industry’s capital-labor ratio as the dividing line between three categories 

of industries (labor intensive, medium capital intensive, and capital intensive). However, unlike 

the method described above, we use the export enterprises in the Annual Census of Enterprises 

instead of the general enterprises. We calculate the capital to labor ratio of all export enterprises. 

The median capital-labor ratio of each industry is the capital-labor ratio of this industry. 
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Table 8. Export Industry classification 
 

Labor-intensive industry Medium capital-intensive industry Capital-intensive industry 

Coal Mining and Dressing                                  Metals Mining and Dressing  Petroleum and Natural Gas Extraction                      

Nonmetal Minerals Mining and Dressing                     Food Processing                                           Beverage Production 

Other Minerals Mining and Dressing                        Food Production                                           Tobacco Processing                                        

Logging and Transport of Wood and Bamboo                  Papermaking and Paper Products                            Printing and Record Medium Reproduction                   

Textile Industry                                          Plastic Products                                          Petroleum Processing and Coking                           

Garments and Other Fiber Products                         Nonmetal Mineral Products                                 Raw Chemical Materials and Chemical Products              

Leather, Furs, Down and Related Products                  Ordinary Machinery                                        Medical and Pharmaceutical Products                       

Timber Processing, Bamboo, Cane, Palm Fiber & 
Straw Products 

Equipment for Special Purposes                            Chemical Fiber                                            

Furniture Manufacturing                                   Transportation Equipment                                  Smelting and Pressing of Ferrous Metals                   

Cultural, Educational and Sports Articles                 
Electric Equipment&Machinery, 
Electronic&Telecommunications Equipment  

Scrap and waste 

Rubber Products                                           
Instruments, Meters, Cultural and Office 
Machinery     

Production and Supply of Electric Power, Steam 
and Hot Water    

Metal Products                                            Production and Supply of Tap Water                        Production and Supply of Gas                              

Handicrafts and other manufacturing      

 

 



Environment for Development   Tian and Xu 

17 
 

 

 

 
 

Figure 11: Exports of industry according to the factor intensive types 

As shown in Figure 11 and Figure 12, before 2001, labor-intensive industries had the highest export value. Exports of medium 
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capital-intensive industries grew rapidly after 2001 and exceeded those of labor-intensive industries. This result indicates that it has been 

the medium capital-intensive industries that have reaped the greatest benefit from trade since China’s accession to the WTO. 

 

 

Figure 12: Exports of Different Factor Intensive Industries 

This seems to be a puzzle in that China has long been seen as a country with abundant cheap labor that should have increasingly 

exported labor-intensive products after WTO entry. Instead, the medium capital-intensive products gain the most after WTO entry. What 

are the reasons? 

Putting this issue under an environmental lens gives us a compelling explanation. A Chinese leader has admitted that before 2006 

China had failed to achieve most of her environmental protection goals. And China had no climate policy implemented before 2009. At 

the same time, most capital-intensive industries are highly polluting, with high carbon footprints, manifested in Figure 1 by the parallel 

trends of GDP, trade and carbon emissions. Lack of effective environmental regulation might give China’s (medium) capital-intensive 

sectors a competitive advantage in international trade, especially when facing the world market. We use data to demonstrate our 

conjecture. 
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3.2 The Carbon Footprints of China’s Exports  

In this part, we measure CO2 emitted from the production chains of export products in China. Our method of calculation differs 

from that used in previous studies. We calculate CO2 emissions by combining the direct emissions of various industries along the 

production chains with consumption coefficients in the input-output table (Su and Ang, 2014). Many studies do not consider the 

distinction between domestic and imported intermediate inputs (Mi et al., 2018); thus, they overestimate the CO2 embodied in exports 

(Dietzenbacher et al., 2012). Since imported intermediates are not produced in China, their associated carbon footprints are excluded. 

The specific calculation method will be introduced in the following content. 
 

3.2.1 Method 
 

The Input-Output analysis (IOA) is a common method to calculate embodied carbon dioxide emissions in international trade. 

Ren et al. (2014) use IOA to calculate embodied carbon dioxide emissions in exports after China’s entry into the WTO and find that FDI 

and comparative advantages increase carbon dioxide emissions in China, while trade openness and technological progress reduce the 

growth rate of embodied carbon dioxide. Guo et al. (2012) use the multi-regional Input-Output Model to calculate embodied carbon 

dioxide in 28 sectors of 30 provinces in China. The results show that the eastern part of China accounts for a large proportion of China’s 

embodied carbon dioxide. By using the Environmental Input-Output Life Cycle Assessment (EIO-LCA) model, Tao et al. (2018) show 

that China’s accession to the WTO in 2001 has increased the energy embodied in China’s exports to the EU. The two factors affecting 

the energy embodied in China’s exports are the export sectoral structure and energy consumption intensity. Current studies lack a 

comparison between the long-term effects before and after China’s accession to the WTO. Furthermore, literature on the embodied 

carbon dioxide emissions in different factor-intensive industries is lacking. Ren et al. (2014) and Mi et al. (2018) calculate embodied 

CO2 emissions through a combination of fossil energy’s CO2 emission factor and energy consumption in various industries. Their 

calculation of the embodied CO2 includes the production process of the all intermediate inputs (including imported and domestic 

intermediate inputs) and the final product. 

Environmentally extended input-output analysis is a common method to calculate carbon dioxide emissions embodied in trade 
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(Ren et al., 2014; Mi et al., 2018). The next part introduces the model.  

 The total output (X) is equal to the sum of all intermediate inputs (AX) and final demand (Y), as shown in formula (1). The 

economy’s direct requirements matrix is represented by A, and aij is the technical coefficients (0 ≤ aij ≤ 1).  

 

X = AX + Y                      (1) 

 

The total output is shown in formula (2): 
 

X = (I − A)−1Y           (2) 
 

I represents the identity matrix. (I − A)−1 is the “Leontief’s inverse matrix”. When the matrix X is multiplied by the industry’s 

direct carbon dioxide emission coefficient e (carbon dioxide emissions per US dollar of each industry), the total carbon dioxide emissions 

are obtained as: 

 

 

E = e(I − A)−1Y          (3) 

 

Dietzenbacher et al. (2012) find that, without distinguishing between processing exports and general exports, we overestimate 

embodied carbon emissions. Martin’s (2004) study indicates that 41% of the imported products are used in export processing in 2000. 

Therefore, when calculating the carbon footprint of export products in China, it is necessary to remove the carbon dioxide emissions 

from the imported intermediate inputs. The model we use is as follows.  

Denote imported intermediate input as m and keep the other variables the same as those in the previous model. 

  
X +m = AX+ Y            (4) 

 

The left-hand side of (4) represents the sources of all the products, including domestic production and imported intermediate 
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inputs. The right-hand side represents the use of all products, including intermediate inputs and final demand. This formula does not 

include imported products for domestic final demand, because we subtract this imported product from both sides to simplify the 

calculation. 

Suppose the imported ratio of intermediate inputs is expressed in Am; then we get the following formula: 

 
m = AmX = MAX           (5) 

M represents the imported ratio in the direct demand coefficient. Suppose that the imported ratio of the intermediate inputs from 

one industry to all other industries is equal, so that M is a diagonal matrix. The diagonal element of M is mii: 

 

 

mii =
imi

xi+imi−exi
               (6) 

 

We substitute equation (5) into equation (4) and get the formula as follows: 
 

X = [I − (I − M)A]−1Y   (7) 
 

X includes all final demand produced by domestic and imported intermediate inputs and intermediate inputs from domestic 

production. Therefore, the carbon dioxide emissions produced by export products in China are shown in equation (8). This equation 

represents the carbon footprint of export products in China. 

  

E = e[I − (I − M)A]−1Y   (8) 
 

China published the Input-Output Table in 1997, 2000, 2002, 2005, 2007, 2010, 2012, and 2015. Because the 2000 Input-Output 

Table only published data for 17 departments and the divisions are not unified, while the Input-Output Tables of 1997, 2002, 2005, 2007, 

2010, 2012, and 2015 include all 42 departments, we do not use the 2000 Input-Output Table. We adopt the following equation (9) to 
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account for the years without the Input-Output Table (Mi, 2018).  

 

Eexp =

{
 
 
 
 
 
 

 
 
 
 
 
 
e𝑡[I − (I − M𝑡)A𝑡]

−1𝑌𝑡                                𝑖𝑓 𝑡 = 1997,2002,2005,2007,2010,2012,2015
4

5
e𝑡[I − (I − M𝑡−1)A𝑡−1]

−1𝑌𝑡 +
1

5
e𝑡[I − (I − M𝑡+4)A𝑡+4]

−1𝑌𝑡    𝑖𝑓 𝑡 = 1998                      

3

5
e𝑡[I − (I − M𝑡−2)A𝑡−2]

−1𝑌𝑡 +
2

5
e𝑡[I − (I − M𝑡+3)A𝑡+3]

−1𝑌𝑡     𝑖𝑓 𝑡 = 1999                     

2

5
e𝑡[I − (I − M𝑡−3)A𝑡−3]

−1𝑌𝑡 +
3

5
e𝑡[I − (I − M𝑡+2)A𝑡+2]

−1𝑌𝑡     𝑖𝑓 𝑡 = 2000                     

1

5
e𝑡[I − (I − M𝑡−4)A𝑡−4]

−1𝑌𝑡 +
4

5
e𝑡[I − (I − M𝑡+1)A𝑡+1]

−1𝑌𝑡    𝑖𝑓 𝑡 = 2001                      

2

3
e𝑡[I − (I − M𝑡−1)A𝑡−1]

−1𝑌𝑡 +
1

3
e𝑡[I − (I − M𝑡+2)A𝑡+2]

−1𝑌𝑡    𝑖𝑓 𝑡 = 2003,2008,2013
1

3
e𝑡[I − (I − M𝑡−2)A𝑡−2]

−1𝑌𝑡 +
2

3
e𝑡[I − (I − M𝑡+1)A𝑡+1]

−1𝑌𝑡    𝑖𝑓 𝑡 = 2004,2009,2014

1

2
e𝑡[I − (I − M𝑡−1)A𝑡−1]

−1𝑌𝑡 +
1

2
e𝑡[I − (I − M𝑡+1)A𝑡+1]

−1𝑌𝑡    𝑖𝑓 𝑡 = 2006,2011           

                  (9) 

 

3.2.2. Data 
 

Our study uses four main data sets: carbon dioxide emissions of industries, output of industries, export value and Input-Output 

Tables. Carbon dioxide emissions of various industries are derived from the China Emission Accounts & Datasets (CEADs) database. 

Since the database only publishes carbon dioxide emissions of industries for 1997-2015, our time period is 1997-2015. The output data 

of industries are derived from the China Industrial Statistics Yearbook and China Statistical Yearbook. The export data come from the 

Chinese customs agency. The Input-Output Tables of each year are published by the National Bureau of Statistics of China. We use the 

Input-Output Tables of 1997, 2002, 2005, 2007, 2010, 2012, and 2015. 

The time period is 1997-2015, corresponding to the published database of CO2 emissions by industry. An industry’s direct CO2 

emission coefficient (CO2 emissions per 1000 US dollars of each industry’s production), e, is the CO2 emissions of each industry divided 

by the output value of the industry, as shown in Figure 13. We mark the industries with a large direct emission coefficient, as illustrated 

by legend in Figure 13. As time goes on, the direct emission coefficients of all industries are decreasing.  
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Figure 13: Direct emission coefficient 

Based on the direct emission coefficient, we calculate the complete emission coefficients of industries, which represent the CO2 

emitted from the entire production chain when producing a unit of final product. The method for calculating the complete emission 

coefficients is shown in equation (10) (Wang et al. 2018), as shown in Figure 14. 
 

e1 = e[I − (I − M)A]−1       (10) 

 

Figure 14: Complete emission coefficients 
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Table 9 displays the mean value of the direct emission coefficients and the complete emission coefficients of main export industries. 

The table is arranged in the order of complete emission coefficients, from small to large. 

Table 9. Emission coefficient of export industries 

 

 

 

 

Industry 
Direct emission coefficient  

(ton/thousand dollars) 

Complete emission 

coefficient (ton/thousand 

dollars) 

Textile shoes, cap products, leather, furs, down and related products 0.049893 1.20298 

Food processing and production, beverage production, tobacco processing 0.19416 1.23224 

Textile industry 0.130029 1.5894 

Instruments, meters, cultural and office machinery 0.035291 1.71997 

Timber processing,bamboo,cane,palm fiber & straw products;furniture manufacturing 0.152524 1.90495 

Handicrafts and other manufacturing industry 0.09701 1.92963 

Papermaking and paper products,printing,cultural,educational and sports articles 0.309163 2.03817 

Electric equipment and machinery,electronic and telecommunications equipment 0.039371 2.06524 

Transportation equipment 0.095721 2.22143 

Ordinary machinery and equipment for special purposes 0.165457 2.64617 

Nonmetal minerals mining and dressing 0.518452 2.7591 

Raw chemical materials and chemical products,medical,rubber and plastic products 0.401574 2.88253 

Petroleum processing and coking 1.18206 2.98319 

Ferrous metals mining and dressing 0.369227 3.62874 

Metal products, smelting and pressing of nonferrous metals 1.27413 4.95872 

Smelting and pressing of ferrous metals 2.42365 6.15885 

Nonmetal mineral products 3.66922 6.91215 
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Using the annual emission coefficients calculated above (as shown in Figure 14), combined 

with the input-output table and export value, CO2 emissions of export products from various 

industries along the production chains are obtained. As shown in Figure 15, machinery products, 

metal products, and textile products are the export industries with the largest emissions. Although 

the emission coefficient of machinery products is not the largest, it has the highest emissions 

because the export value is much larger than any other industry.  

 
 

Figure 15: CO2 emissions from export products of various industries 

Based on Figure 16 and Figure 17, CO2 emissions of medium capital-intensive industries 

increased the fastest and peaked in 2007. Following the financial crisis in 2008, the CO2 emissions 

of major industries stabilized.  
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Figure 16: Carbon dioxide emissions of industries’ export according to the factor intensive types 

 

 

Figure 17: CO2 Emissions of Different Factor Intensive Industries’ Exports 

 

In order to study the overall situation of CO2 emissions from export products, we aggregate 

total export CO2 emissions of all export industries. According to the results in Table 10, the average 

CO2 emissions during 2002-2008 were twice the 1997-2001 average emissions. The average 
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proportion of export emissions in the total increased by 8.6% from the period 1997-2001 to the 

period 2002-2008. 

Table 10. Export carbon dioxide emissions of China 

 

Year 
Export CO2 

emissions(Mt) 

Total CO2 emissions in 

China(Mt) 

Proportion of export 

emissions to total 

1997 747.70  2935.80  25.47% 

1998 744.49  2939.80  25.32% 

1999 742.98  2978.10  24.95% 

2000 850.31  3052.40  27.86% 

2001 854.77  3224.30  26.51% 

2002 1015.14  3515.80  28.87% 

2003 1522.82  4154.00  36.66% 

2004 1424.33  4714.70  30.21% 

2005 2034.11  5566.90  36.54% 

2006 2373.18  6197.80  38.29% 

2007 2574.85  6822.20  37.74% 

2008 2461.74  7205.20  34.17% 

2009 1947.51  7656.00  25.44% 

2010 2257.40  8366.40  26.98% 

2011 2361.32  9245.40  25.54% 

2012 2305.60  9501.70  24.27% 

2013 2231.68  9492.90  23.51% 

2014 2363.27  9639.80  24.52% 

2015 2343.08  9644.00  24.30% 

Mean value(1997-2015) 1745.07  6150.17  28.80% 

Mean value(1997-2001) 788.05  3026.08  26.02% 

Mean value(2002-2008) 1915.17  5453.80  34.64% 

 

The absolute emissions of China’s exports increased significantly, rising from 747.70 Mt 

in 1997 to 2574.85 Mt in 2007. Since emissions began to decline in 2008, the estimated export 

footprint in China peaked in 2007. As shown in Figure 18, China’s growth of CO2 emissions from 

2002 to 2008 is mainly due to the growth of manufacturing; that growth was halted by the 2008 

financial crisis, which reduced demand for Chinese goods. China’s CO2 emissions tended to 

remain stable due to China’s manufacturing slowdown and a slight decrease in coal consumption 

from 2013 to 2015 (Lin et al., 2018). The emissions of these years can be explained by the 

combination of high export volumes and low energy efficiency.  
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Figure 18: Export Emission CO2 and Proportion in China 

 

4. Growth Accounting of Exports 

Previous studies have measured the contribution of environmental factors to economic 

growth by incorporating environmental inputs or pollution into production functions (Bovenberg 

and Smulders, 1993). The proxy variable of commonly used environmental factors is to introduce 

pollution emission as an input factor into production functions (Yuan, 2010; Mohtadi, 1996). 

Bovenberg and Smulders (1993) use an endogenous growth model to study the effect of 

environment on economic growth. Stokey (1998) introduces the cleanliness of production 

technology into the AK expansion model. Yuan (2010) establishes a growth accounting framework 

with environmental factors based on the AK model and shows that the average growth of China’s 

economy in 1978-2010 was 9.5%, of which about 1.3% was attributed to environmental cost. Yuan 
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(2010) also finds that environmental cost accounted for an average of 2% of economic growth in 

2000-2010. However, few studies have been done on the impact of environmental input on export 

growth.  

 

In the framework of growth accounting equations, we add environmental elements along 

with capital and labor to the model. By estimating the impact of environmental factors on export 

growth rate, we get the “dividend of pollution haven” effect. In the standard Cobb-Douglas 

production function, we add human capital variables and environmental factors, as shown in 

equation (11). 

 

Y = A(HL)αKβEγμ        (11) 

 

Y represents export value. A represents total factor productivity (TFP). L represents quantity of the 

labor force and H represents human capital. K represents stock of capital. E represents 

environmental factors and is identified in this article by carbon footprint.  
 

ln(Y)𝑖𝑡 = αln (HL)𝑖𝑡 + βln(K)𝑖𝑡 + γ ln(E)𝑖𝑡 + 𝜆𝑖 + ε𝑖𝑡(12) 

 

ε = ln(A) + ln (μ)                          (13) 

 

4.1 Data 
 

The export data of industries comes from Chinese Customs Statistics. The emissions data 

of carbon dioxide from various industries are calculated based on Section 3 above. Because the 

total exports of the Annual Census of Enterprises account for 98% of total exports of China’s 

manufacturing industry (Dai et al., 2014), we use the capital sum of each industry’s export 

enterprises as the proxy variable of the export industry’s capital. Similarly, we use the labor sum 

of each industry’s export enterprises as the proxy variable of the export industry’s labor force. 

Human capital data are derived from Penn World Table 9.0 (Feenstra et al., 2015). Because the 

time range of the Annual Census of Enterprises database is 1998-2013, we are only able to choose 

this time segment as the research sample. We organize data from different industries into panel 

data.  

We use a fixed effects model to estimate the parameters, as follows: 

ln(Y)𝑖𝑡 = αln (HL)𝑖𝑡 + βln(K)𝑖𝑡 + γ ln(E)𝑖𝑡 + 𝜆𝑖 + ε𝑖𝑡 

Y stands for export value; L for quantity of labor and H for human capital. K is the stock 
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of capital. E is an environmental factor represented by carbon dioxide emissions. β is the capital 

parameter, γ is the environmental factor parameter, and α is the labor parameter.  

The estimated results are shown in Table 11. The average growth rate of exports was 10.34% 

in 1998-2013. However, it had only been 5.81% during 1998-2001, before China’s accession to 

the WTO. After joining the WTO in 2001 and before the financial crisis in 2008, the average 

growth rate of exports was 16.11%.  

Next, we study the changes in the parameters of capital, labor and carbon footprint, which 

represents environmental inputs. The elasticity of capital input in 1998-2001 is less than that in 

2002-2008. This means that, after China’s accession to the WTO, elasticity of capital investment 

increased. The elasticity of labor input is negative, indicating over-employment in the export 

industry. Total factor productivity (TFP) increases over time, indicating that technological progress 

improved the productivity of export enterprises.  

During 1998-2001, the elasticity of carbon footprints with respect to export growth is 1.16. 

The elasticity of carbon footprints increases to 1.19 over 2002-2008. The contribution of capital 

input is overestimated if this environmental input is ignored. After joining the WTO, and during 

2002-2008, the contribution of carbon footprints to export growth amounted to 45.50%. This 

shows that increased environmental input has significantly boosted export growth.  
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Table 11. Parameters estimation of growth model and carbon emission accounting 

Time 

Elasticity 
Export 

growth 

rate(%) 

Carbon emission 

contribution(%) 

Capital 

contribution 

(%) 

Labor 

contribution(%) 

TFP 

contribution 

(%) 

Proportion of 

carbon emissions 

contribution γ α β 

1998-2013 

(obs:420) 

1.1095*** -0.6612*** 0.9409*** 10.34 1.27 4.39 -1.79 6.47 12.28% 

1998-2001 

(obs:112) 

1.1554*** -0.1588** 0.4674*** 5.81 -2.58 3.79 -0.53 5.13 -44.44% 

2002-2008 

(obs:196) 

1.1924*** -0.2966*** 0.5592*** 16.11 7.33 3.19 -1.67 7.26 45.50% 

5. Conclusions 

A comprehensive understanding of China’s former economic growth pattern is key to 

drawing a clear roadmap for the country’s economic transition. This paper attempts to link China’s 

environmental changes with the country’s growth. Applying a synthetic control method, we are 

able to find evidence of carbon pollution haven effects between China and her major trade partners, 

due to China’s WTO accession. Further investigation reveals that China’s export growth after 

WTO entry was led by some medium capital-intensive sectors, seemingly contrary to China’s 

perceived comparative advantage in labor. This trade puzzle can be explained by the difference in 

carbon footprints. Those medium capital-intensive industries also had the highest carbon footprints 

in China. Finally, we conduct export growth accounting to disentangle the contributions of regular 

production factors, i.e., capital, labor, and total factor productivity, from environmental factors in 

the form of carbon footprint. Our estimation indicates that the carbon footprint grew substantially 

in parallel with export growth after China’s WTO entry, providing further evidence of a pollution 

haven effect. Meanwhile, labor made a negative contribution to the export boom. This result makes 

one believe that very cheap environmental factors (corresponding to ineffective environmental 

regulation), instead of cheap labor, have been the key to China’s economic growth, especially after 

WTO entry. Our analysis also indicates that total factor productivity has been a positive contributor 

to export growth, and has been a substitute for environmental factors.  

People generally believe that China’s economic growth in the past four decades was driven 

in part by factor market distortion. Existing regulations helped keep prices of the main productive 

factors, such as capital and labor, at low levels, to provide manufacturing sectors extra rent. Our 

analysis indicates that suppressing the prices of environmental factors, such as clean air, water and 

atmosphere, perhaps also played a major role in speeding up China’s growth. Changing this growth 

pattern requires correcting these factor market distortions. Due to the nonexistence of markets for 

environmental factors, prudent economic policies are called for.  
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China introduced an environmental taxation law in early 2018. A nationwide carbon trading 

scheme has been under development. These attempts, if successful, will guide China’s industrial 

upgrading toward a lower carbon and lower emissions path. The success of these economic policies 

will rely on continued monitoring and modifications. Our analysis also points to the fact that efforts 

to reduce carbon emissions will drive up the contribution of total factor productivity. All these 

changes will bring China a more sustainable economic future.  
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