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ABSTRACT

Despite rapid economic growth from 2007 to 2010, China has experienced a continuous drop 
in the emission of three in four manufacturing pollutants. !is paper decomposes the change in 
Chinese manufacturing pollution into scale, composition and technique. !e results show that 
Chinese manufacturing industries achieved pollution abatement by specializing in producing clean 
goods. !e decomposition of Chinese international trade also "nds evidence that China satis"es its 
demand for polluting intensi"ed goods by trading with other countries. !is evidence is contrary 
to the conventional wisdom that China provides dirty goods to developed countries like the US 
and the EU. It might suggest that China is under the transition from polluting goods supplier to 
polluting good consumer.

MANUFACTURING POLLUTION IN CHINA: 
THE ROLES OF COMPOSITION CHANGE AND TECHNIQUE 

IMPROVEMENTS
Rui Wang

INTRODUCTION

Over the last decades, China’s economy has expanded dramatically, with 
the total output increasing from US $2,729 billion in 2006 to US $10,866 billion 
in 2015, representing a GDP growth rate of more than 6 %. According to the data 
from China Statistical Yearbook (shown in Table 1), China’s total manufacturing 
output expanded 63% from 2007 to 2010, but most of the manufacturing 
pollutants emission decreased. For example, industry dust emission decreased by 
36% from 2007 to 2010.

Improvement of production techniques and switching from producing 
dirty to clean goods in China’s manufacturing sectors might explain this decrease, 
despite the lack of empirical evidence. In this paper, I explain the potential reasons 
behind the decrease in manufacturing pollutants in China from 2007 to 2010. To 
do so, I evaluate the e!ects of composition change and technique improvement in 
the emission reduction, and further investigate the compositional change to test the 
“pollution haven hypothesis” using China’s trade data.

In this paper, I replicate the methodology of Levinson (2010, 2014) and 
Brunel (2016) by decomposing Chinese manufacturing output and international 
trade into three parts: “technique e!ect” (the change of pollution emission intensity), 
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“composition e!ect” (change of the mix of manufacturing output) and “scale 
e!ect” (the change of manufacturing output value). In section two, I provide a brief 
literature review on studies of industry pollution and Chinese industry pollution 
reduction. Section three provides a detailed description of decomposing methods 
for domestic goods, including China-speci"c data issues. #e decomposition results 
support the dominance of composition e!ect in China’s manufacturing pollution 
cleanup. In section four, I turn to international trade. #e pollution intensity 
embodied in China’s exports and imports is calculated separately to examine the 
pollution haven hypothesis, with pollution intensity embodied in China-US trade 
and China-EU trade. Sections "ve and six provide the limitations and conclusions of 
this paper.

LITERATURE REVIEW

In environmental economics research, pollution emission can be 
decomposed into three parts: scale e!ect, technology e!ect and composition e!ect 
(Copeland & Taylor, 2013; Grossman & Krueger, 1991; Hettige, Lucas, & Wheeler, 
1992; Kahn, 2003).

Intuitively, with the increase of production scale, the total pollution would 
increase. However, if industries begin to adopt more energy e$cient techniques 
or improve the recycle rates of industrial wastes, total pollution would decrease. 
#erefore, the technique e!ect could lead to a decrease in manufacturing pollution 
despite the expanding scale of total manufacturing output and a potential shift 
towards polluting goods production in its manufacturing industries. Composition 
e!ect refers to the change in the mix of goods produced by a country. And countries 
could achieve cleanup by specializing in producing clean goods. 

To study the change of air pollutant emissions in the US, Selden, Forrest 
and Lockhart (1999) decompose the air pollutant emissions into scale, composition, 
energy intensity, energy mix, and other technique e!ects. #ey "nd that energy 
intensity, energy mix, and other technique e!ects rather than composition change 
are the main forces behind the US air pollution reduction from 1970 to 1990. After 
studying the emission of anthropogenic pollutants for 64 countries between 1972 
and 1990, Stern (2002) also "nds that the technique e!ect explains more pollution 
change. For developing countries, Paul and Bhattacharya (2004) decompose energy 
use in India and "nd that the energy related to CO2 emissions is more related to the 
energy technique.

More recently, Levinson (2009, 2015) and Brunel (2016) decompose the 
industrial air pollution emission for the US and the EU separately. Both of them 
distinguish composition from technique by categorizing industry output into more 
than four hundred manufacturing sectors. According to their analyses, technique 
accounts for more than 70% of reduction in industry pollution for both the US and 
the EU.

#e existing body of research focuses on developed countries rather than 

developing countries. One exception is a paper by Zhang, Mu, Ning and Song 
(2009), which examines energy use in di!erent Chinese industries, and concludes 
that technique improvements account for most of the energy-use-related CO2 
emissions. However, they study the manufacturing pollution indirectly through 
calculation manufacturing energy consumption. What’s more, in their paper, China’s 
economy is only divided into four industries, which is particularly problematic for 
identifying composition change. My paper studies the decomposition of the change 
in emissions of four major pollutants in China’s 37 manufacturing sectors.

For international trade, Levinson (2009) and Brunel (2016) "nd little 
evidence supporting the outsourcing of polluting industries in the US and the EU. 
For China, however, most researchers "nd evidence in support of the pollution 
haven hypothesis (Baek, Koo, et al., 2009; Dean, Lovely, & Wang, 2009; He, 2006; 
Wei & Bi, 2011). For example, He (2006), in studying sulfur dioxide emission in 
29 Chinese provinces, "nds Foreign Direct Investment (FDI) increases industry 
sulfur dioxide emission in China by increasing the economy’s scale and changing the 
composition.

#is paper, by decomposing pollution embodied in the international trade 
of China, "nds that China’s imports becomes more pollution intensi"ed during 
2007 to 2010 and it might suggest that polluting industries are moving out of China 
to other countries. 

DECOMPOSITION OF DOMESTIC INDUSTRY OUTPUT

METHODS

To decompose the pollution emission for Chinese manufacturing industries, 
I follow the methodology developed by Levinson (2009) and Brunel (2016). In this 
way, total pollution can be written as:

Pt = ∑Pit = V∑ivi /V*pi/vi = Vt∑θitzit    (1)

Where P is total manufacturing pollution of year t, Pit refers to pollution 
from industry i in year t, vit is the value of production for industry i in t year, and 
zi is the emission intensity of industry i, which means the pollution associated with 
one unit of output value is: (zi = pi /vi ). �i is the share value production of industry i 
(vi) in total output (Vi). In vector form, Equation (1) becomes:

P = V θ' z                                                               (2)

Totally di!erentiating Equation (2), the e!ects of scale, technique and 
composition on total pollution become clearer:

dP = θ' zdV + Vz’ dθ + V θ’ dz                                               (3)

In this way, the total pollution is decomposed into the standard approach 
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used by environmental economics researchers (Ang & Zhang, 2000; Brunel, 2016; 
Copeland & Taylor, 2004; Levinson, 2009, 2015; Selden et al., 1999). #e scale 
e!ect is captured by the "rst term. #e more output produced by the manufacture 
industries, the more pollution would be emitted, holding composition and 
technology constant. #e second term (Vz’, dθ) pulls out the composition e!ects for 
total pollution (P). #erefore, V z’’ dθ represents how pollution will change when 
the proportion of “clean industries” and “polluting industries” change, holding total 
industry output and technique constant. #e technique e!ect is the third term “Vθ’ 
dz” standing for the pollution intensity or the pollution emitted for every one unit 
increase of output, holding scale and composition constant.

#e total pollution P used in this paper is compiled from manufacturing 
pollution emission data from the China Statistical Yearbook from 2008-2010 
(Yearbook et al., 2008, 2009, 2010, 2011) published by the China Statistical Bureau 
(CSB). Every year, CSB reports the total emissions of waste air, soot meeting, sulfur 
dioxide (SO2) and industrial dust for domestic manufacturing sectors. Although 
the pollution data is ready to use, one needs to be careful about its precision. #e 
manufacture pollution data is compiled in two ways, “focus investigation” and 
“estimation.” #e pollution emissions are reported to CSB directly by factories, 
whose pollution emission accounts for 85 % of all pollution emissions within a 
region. For the remaining factories, however, the pollution emission is estimated 
indirectly by computing the total economic indicators and total pollution emissions 
of the region (Yearbook et al., 2011).

Estimated factories tend to be small in size and have low e$ciency (Price 
et al., 2002), which suggests that reported values of actual pollution might be 
underestimated, and possibly lead to the overestimation of “technique e!ect.”

For total output data, I use the annual manufacturing output (vit) data from 
Chinese Statistical Yearbooks. #ese data are organized in 37 manufacturing sectors 
based on China Industrial Classi"cation Code (2002).

#e industries-speci"c “pollution intensity” or zi = pi /vi is calculated using 
pollution emission data from China Environmental Statistical Yearbook (CESYB) 
and the annual manufacturing output data from China Statistical Yearbook.

DATA ISSUES
 

I collect data from 2007 to 2010 for two reasons. Firstly, during 2007 
to 2010, China was experiencing a massive transition in its industries. China’s 
manufacturing output grew from 251 trillion Chinese yuan to 699 trillion Chinese 
yuan – more than double over these four years. Implicitly, such an increase of 
industrial output means more industrial pollution. However, as shown in Table 
1, only the emission of waste air increased dramatically, while the emission of 
other pollutants remained constant, and some even decreased. By examining the 
role of scale e!ect, composition e!ect and technique e!ect for the emission of 
di!erent pollutants, future policy suggestions could be made to help reduce China’s 

environmental degradation.
Secondly, the availability of data restricts my analysis from 2007 to 2010.

Although the data for pollution emission and total output by industry are available 
before 2007 and after 2010, the de"nition of “above-designed size” enterprise is 
di!erent. Before 2007, “above-designed size” enterprises included all state-owned 
enterprises and private enterprises whose revenue was above 5 million Chinese yuan. 
However, after 2010, “above-designed size” enterprises are de"ned as enterprises with 
revenue above 20 million yuan. #e output data are no longer reported after 2011. 
Only during 2007 to 2010 does the de"nition of “above-designed size” enterprises 
remain consistent. #erefore, to keep my analysis consistent, I have used only data 
from 2007 to 2010.

Due to the choice of data, technique e!ect is likely to be overestimated, and 
composition e!ect is likely to be underestimated for two reasons. #e "rst reason 
is due to the omission of small enterprises in the raw data. Both the total pollution 
data and total output data omit small enterprises. For example, the total output data 
only includes the output of “above-designed size” enterprises, while small enterprises 
whose revenue is below 5 million yuan are not included in the total manufacturing 
output.

Also, as mentioned above, the total pollution is only directly included 
the pollution data of the enterprises whose pollution accounts for 85 % of the 
total pollution of the region – while the rest are estimated using economic and 
pollution indicators. In these cases, small enterprises would be excluded from our 
data. However, in reality, these small enterprises usually adopt outdated techniques 
and are more polluting than larger enterprises (Wang, Webber, Finlayson, & 
Barnett, 2008), and my estimation of technique e!ect would be larger than the real 
technique e!ect. Additionally, unlike the analysis of Levinson (2009, 2015) and 
Brunel (2016), whose manufacturing industry data are available at four SIC and 
NAICS code and are separated into 450 di!erent categories, my data only divide 
the manufacturing sector into 37 categories using the China Industry Classi"cation 
2002. #e aggregation of manufacturing industries would attribute some within 
industry composition change to the reduction of pollution intensity. For instance, 
“Perfume Industry”,” Explosive Industry” and “Fertilizer Industry” are all categorized 
as “Chemical Raw Materials and Chemical Product Industry”, and a reduction in 
pollution intensity in “Chemical Raw Materials and Chemical Product Industry” 
may not come from improvement of technique but is due to a shift from “dirty” 
products to “clean” products within the manufacturing sectors. For these two 
reasons, the technique e!ect in the research would be overestimated.

Like Levinson (2009, 2015) and Brunel (2016), I use industry-speci"c 
PPI from CSB to adjust all the data into the current price, which could avoid over-
de%ation or under-de%ation which are possible using overall PPI since the price 
for di!erent products changes di!erently (Levinson, 2009). For example, the PPI 
for “Communication Device, Computer and Other” decreased by 8 %, while for 
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“Petroleum processing, Coking and Nuclear Fuel Processing Industry,” the PPI 
increased by 29 % during 2007 to 2010, during which the overall PPI only increased 
by 6%.

In next section, I am going to discuss the results of the decomposition of the 
domestic manufacture production and explain where the reduction comes from, and 
how the technique e!ect and composition e!ect could interact with each other.

RESULT

In this section, I will present the decomposition result of China 
manufacturing pollution emission. Figure 1 presents the change of SO2 emission, 
and Table 1 and Table 2 show the change of emission for all industry pollutants.

In Table 1, column (1) presents the total pollution change over the four 
years. A negative value refers to a reduction of total pollution and a positive means 
an increase in total pollution. Taking waste air, for example: during 2007 to 2010, 
the emission of waste air increases by 250180 million liters, while the total emission 
of soot meeting decreased by 3.457 million ton. Column (2) of Table 1 depicts the 
change of pollutants emissions in the percentage value of the 2007 year pollution 
emission. As it shows, the emission for three of the four pollutants decreases by 12% 
to 35%, while waste air increases by more than 33%.

Column (3) and (4) shows the increase total manufacturing output both 
in monetary value and in percentage value. During 2007 to 2010, China’s total 
manufacturing output increased by 40500 trillion Chinese yuan, an increase of 
63%.

#e total cleanup is shown in the last column by subtracting the scale 
e!ect by pollution emission change in column (2), which represents the pollution 
emission avoided due to technique and composition change without the change of 
total manufacturing output. For waste air, the total cleanup is 28% while the total 
cleanup for SO2 is more than 84%.

Figure 1 presents the change of SO2 emission over the four years. As shown 
in Figure 1, the total SO2 emission falls by 13% during 2007 and 2010, while the 
total manufacturing output increased by 63%. Line (1) presents the change of total 
industry output or scale e!ect. #e output in 2007 is set as base year (V2007 = 100). 

Table 1: Change of Pollution and Output

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/) and China Statistical Yearbook 

If both the manufacturing composition (dθ) and production technique (dz) remain 
constant after 2007, the predicted pollution will increase by 63 % as depicted by 
Line (1). Intuitively, line (1) just says that if the value of manufacturing output 
increases by 63%, the total manufacturing pollution emission is also expected to 
increase by 63%. However, such a prediction is di!erent from the real pollution 
emission, given the downward slope of Line (2). 

Line (2) is the real change of SO2 emission over the four years. Comparing 
with the SO2 emission in 2007, the total SO2 emission decreases by 13% over the 
four years. Although the reduction is not large, compared with the dramatic increase 
in scale, a 13% drop other than an increase is encouraging enough for a developing 
country with fast economic growth. Additionally, the di!erence between Line (1) 
and Line (2) is the total cleanup by composition e!ect and technique e!ect, which is 
75% of SO2 emissions in 2007.

Line (3) is calculated by holding the production technique at 2007 level, 
but let scale and composition change over time. #erefore, Line (3) is a combination 
of scale e!ect and composition e!ects. It depicts how SO2 emission would evolve if 
manufacturing sectors maintain the technique of 2007. #erefore, technique e!ect 
is measured by the di!erence between Line (3) and Line (2). Technique e!ect, as a 
residual, was estimated to cleanup SO2 emission by 10 % of the total emission in 
2007. In other words, 13% of total cleanup is due to technique e!ect.

#e di!erence between Line (1) and Line (3), therefore, is the composition 
e!ect. Line (1) predicts how the SO2 emission would evolve if there is no 
composition change, and line (3) predicts how SO2 emission would change with 
both scale change and composition change, without the change in technique. #us, 
the di!erence captures how composition contributes to clean up. #e composition 
e!ect is estimated to cleanup SO2 emission by 65% of SO2 emission in 2007, which 

Figure 1: China Manufacturing Output and SO2

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/) and China Statistical Yearbook 
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accounts for 83% of total SO2 cleanup over the four years.

Table 2 presents results for all the pollutants. Column (1) shows the total 
cleanup by subtracting the change of pollution emission predicted by our scale 
e!ect, column (5) in Table 1 and the change of real pollution emission column (2) 
in Table 1. It turns out that industry dust cleanup was almost 100% of industry 
dust emitted in 2007, with all other pollutants being cleaned up by more than 70%, 
except waste air, which increased its emission by 36% compared to 2007.

Column (2) in Table 2 is the estimation of technique e!ect, in which the 
cleanup from technique e!ect reduced manufacturing emissions by 10 to 25% 
compared with pollution emissions in 2007. #e share of cleanup from technique 
e!ect is presented in column (3), with three pollutants below 30%.

Column (4) and column (5) present the estimation of composition e!ect. 
Column (4) is the amount of cleanup due to composition e!ect, and column (5) 
is the share of composition cleanup in total cleanup. For example, over the four 
years, composition e!ect cleanups wasted air by 10% of the total emissions in 2007, 
and it accounts for 36% of the total cleanup of waste air. As shown in column (5), 
the composition e!ect is responsible for more than 75% cleanup for three of four 
pollutants.

In this section, the decomposition results show that despite the increase in 
total manufacturing output, the emission for three of four pollutants is decreasing 
and the waste air also grows slower than output growth. However, technique e!ect 
only accounts for a small fraction of total cleanup, most of which comes from 
composition change. In the next section, I will look at how the international trade 
a!ects China’s total manufacturing pollution emission.

INTERNATIONAL TRADE

METHODS

For China, composition e!ect accounts for more than half the amount of 
cleanup for most manufacturing pollutants. Given the fact that composition changes 
could come from two sources, I cannot – with the above analysis – distinguish 

Table 2: !e Estimation of Technique Cleanup (2007-2010)

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/) and China Statistical Yearbook

whether the composition change comes from domestic demand change or 
international trade change. Domestically, composition changes could be due to a fall 
in demand for polluting goods and as for the fact that polluting goods consumed by 
Chinese industries are now imported. In other words, by outsourcing the production 
of polluting goods to other countries, China decreases its domestic production of 
polluting goods. From this perspective, the increase of pollutants, such as waste air, 
could either come from the rise of domestic demand or the rise in international 
demand for polluting goods. To answer the question of how international 
consumption a!ects the pollution emission in China, I decompose the pollution in 
China’s trade.

For import goods, Pm denotes the pollution that would be emitted in China 
if these goods are produced domestically. For export goods, PM indicates the amount 
of pollution that could be reduced if the export goods are produced outside China.

PM = ∑iPi
M = VM∑iθiM * zi                                              (5)

Unlike Equation (2), which uses the domestic industry output (V ), 
Equation (4) uses the amount of international trade (VM ). θ

M
 is the share of imports 

(exports) for industry i in total imports (exports), and z is the domestic pollution 
intensity for industry i. Instead of using pollution intensity of the destined country, 
I use the domestic pollution intensity because my interest lies in the pollution 
emissions that are avoided by importing goods from other countries, and the 
amount of pollution emissions that are produced within China due to demand from 
other countries. #erefore, using domestic technique coe$cients help us to focus on 
the in%uence of international trade on China manufacturing pollution emission.

It should be noted that the trade data only provides information on 
the quantity of goods traded across countries and does not tell us how many 
intermediate goods need to be produced if the import (export) goods are produced 
in China. For example, if a car is produced domestically instead of being imported, 
the pollution not only comes from assembling the car, but also comes from the 
relevant materials required to produce the car such as steel and rubber. #ese 
intermediate inputs also contribute to the pollution emission (Levinson, 2009).

To account for the pollution from intermediated inputs, I use Leontief ’s 
(1970) total consumption coe$cient in an input-output framework to construct the 
domestic pollution intensity for trade. Taking xi as the total output of industry i, D 
is a direct requirement coe$cients matrix, which for this research is a 37 * 37 matrix 
from CSB. dij represents for every one Chinese yuan’s output of industry j, amount 
to dit Chinese yuan’s input from industry i would be needed. y is the import (export) 
value I get from BACI trade data1 (Gaulier & Zignago, 2010). Equation (6) shows 

1 Since goods in BACI data are categorized using HS6 1992 code at six digits level, I trans-
ferred the data into CIC in two steps: !rst I used the H0 to ISIC Rev 3 concordance from 
WITS H0 to ISIC Rev 3 table (Available at http : //wits.worldbank.org/data/public/concor-
dance/ConcordanceH 0toI 3.zip) to transfer the goods code from HS6 1992 code into ISIC 
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how to include intermediate goods.

x = Dx + y       (6)

To get the total among of China’s manufacturing output, I rearranged the 
equation. Matrix T = [I # D]-1 represents the Leontief ’s total requirements matrix. 
I is the identity matrix. In the matrix of T , tij captures the total monetary value of 
output in industry i, which needs to be devoted to industry j in order to produce 
one Chinese yuan’s output of industry j. Unlike xi above, this new xi includes the 
amount of output from industry i devoted directly to industry j, but also includes 
the output of industry i devoted to other industries which produce intermediate 
input to produce one Chinese yuan’s output for industry j.

x = [I # D]#1y       (7)

Substituting x and y with pollution intensity z, Equation (7) is the pollution 
intensity embodied in trade goods.

z*= z’ T = z’ [I # C]#1                                                          (8)
 
Although the new z* is more comprehensive than z, it, however, tends to 

overstate the pollution embodied in the import and export goods because some of 
the intermediate goods are produced in other countries, no matter whether goods 
are produced within China or not (Levinson, 2009). #is problem is solved by 
constructing a total domestic requirement matrix through multiplying the direct 
requirements coe$cients with the share of goods that are produced domestically, 
rather than outside for each industry, which is a n*1 vector d.

z** = zi[I # diag(d)D]                                                       (9)

RESULT FOR TRADE

In this section, I will analyze the manner in which international trade a!ects 
manufacturing pollution in China. To understand how China’s trade with the US 
and the EU a!ects manufacturing pollution levels, I "rst look at the net export of 
China’s international trade and then research the pollution intensity embodied in the 
goods within the US and the EU trade

Rev 3 code. Second, I constructed a concordance between ISIC Rev 3 code and CIC code. 
Finally, I aggregated the trade data into 37 CIC industries and used annual interest rate to 
exchange the data from US dollar into Chinese yuan, which are de"ated using industries 
speci!c PPI.

Figure 2 presents how international trade a!ects China’s pollution emission. 
Line (1) denotes the change of the net export value of goods in China by subtracting 
the total value of import goods using total value of export goods and indexing the 
total value of import goods in 2007 as 100. In Line (1), the gap between China’s 
imports and exports was almost constant in my research period (only 2009 saw a 
signi"cant decrease of 20%). In 2010, the net exports were reduced by 9 %.

Line (2) is calculated by subtracting the SO2 pollution embodied in China’s 
exports by the SO2 pollution embodied China’s import and indexing 2007 as 100. 
#erefore, Line (2) captures the change of pollution generated by international 
trade, in which a positive value means that the pollution generated within China due 
to export is larger than the pollution displaced by imports. As shown in Figure 2, in 
2009, for the "rst time, SO2 pollution embodied in China’s imports was larger than 
the SO2 pollution embodied in exports. One explanation for the dramatic change 
is the global economy crisis. In 2009, the world economy went down quickly and 
China, as the largest exporter, experienced a drastic decrease in its international trade 
– and SO2 intensive goods proved to be the most vulnerable to international trade.

Table 3 shows the change of manufacturing pollution with the trade 
during 2007-2010. In the table, both the total trade and the emission levels of all 
four pollutants are decreasing. However, the decrease of emission is signi"cantly 
larger (more than 40%) than the decrease of the net export (6%). #is di!erence 
has two sources. It could be that net exports decreased or China was exporting 
relatively cleaner goods. Since the decrease of net exports is only 6%, the decrease 
of pollutants emission is most likely because China was exporting relatively cleaner 
goods. Table 4 provides details about this.

Figure 2: China’s Trade and SO2 Emission
Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/), China Statistical Yearbook, BACI Database 
(http://cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=1).
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Table 4 presents the change of pollution intensity of SO2 from 2007 
to 2010. Row (1) and row (2) are import and export pollution intensity of SO2 
during 2007 and 2010, respectively. In 2007, the pollution intensity of China’s 
import goods SO2 was 165.9 kg per thousand yuan, while, in 2010, SO2 pollution 
intensity in import goods decreased to 157.5 kg per thousand yuan. On the other 
hand, the pollution intensity of export goods decreased from 96 kg per thousand 
yuan to 91 kg per thousand yuan. Both the decrease of SO2 pollution intensity 
for import goods and export goods implicates the contributions of manufacturing 
technology advancement to the reduction of SO2 pollution. However, the SO2 
pollution intensity of import goods is larger than export goods, which means that 
the pollution in imports was larger than the pollution embodied in the exports 
during 2007 to 2010. But since the pollution intensity is decreasing slightly, both 
Chinese exports and imports become cleaner as well and this may due to the evolve 
of technology all over the world.

Regarding the prediction that China, as the global factory, is manufacturing 
polluting goods and exports these goods to other countries, the evidence in Table 4 
shows that China is increasingly specializing in clean goods production.

Does the evidence above contradict the pollution haven hypothesis? To 
answer this question, I look at the trade between China and the EU, and China and 
the US.

In Table 4, column (5) and column (6) present the pollution intensity 
embodied in the trade between China and the US. Surprisingly, the pollution 
intensity of the export goods to the US is smaller than the pollution intensity of 
the import goods. For example, in 2010, the SO2 pollution intensity of export 
goods was 75 kg per thousand Chinese yuan, while the SO2 pollution intensity of 

Table 3: China Trade and Pollution Emission

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/) and China Statistical Yearbook

Table 4: Change in SO2 Intensity

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/), China Statistical Yearbook, BACI Database 
(http://cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=1).

import goods was 146 kg per thousand Chinese yuan. Import and Export from 
the EU in column (3) and column (4) show similar results. In other words, with 
the growth of China’s economy, China is demanding more polluting goods but 
pollution abatement is achieved by importing polluting goods from elsewhere. Other 
pollutants in Table 5 show similar results.

Also, the pollution intensity pattern shows another interesting fact – China’s 
imports from the US and the EU are cleaner than the general imports from the 
world. #is di!erence implies that the dirty industries are partly relocated in the EU 
and US, but countries other than the US and the EU are providing dirtier goods 
to China. In other words, the developing countries are still the victims of pollution 
outsourcing. 

Table 5 provides all four pollutants: waste air, soot meeting, SO2 and 
industry dust. China, instead of serving as a pollution haven for developed countries, 
is specializing in producing less polluting goods.

According to the trade detail in 2010, shown in Table 6, the top three 
Chinese export industries were: Computers and other electronic equipment 
manufacturing industries, Instrumentation and o$ce machine industries, and 
Electrical equipment industries. #e top three Chinese import industries were: 
Computers and other electronic equipment manufacturing industries, Oil and gas 
extraction industries, and Chemical materials and chemical products manufacturing 
industries. China’s exports were machine and equipment products, while its imports 
were energy and chemical products, which require more emission. Similar patterns 
exist with regard to trade with the US and the EU. #ere is no doubt that, from 
2007 to 2010, China was importing dirty goods but exporting clean goods, which is 
more labor-intensive.

In this section, I presented three facts for China’s international trade. First, 
China is the largest exporter of the world, and manufacturing pollution for exports 
is larger than that for import goods. Second, China’s import goods were dirtier than 
export goods, which signi"es that China is under way of reducing manufacturing 
pollution. #ird, I looked at the pollution intensity speci"cally for the China-EU 
and China-US trade. #e evidence does not support China as the pollution haven 
for the US and the EU.

Source: China Statistic Bureau (http://www.stats.gov.cn/ztjc/ztsj/hjtjzl/), China Statistical Yearbook, BACI Database 
(http://cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=1).

Table 5: Pollution Intensity of 2010
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LIMITATIONS

#e analysis in this paper faces limitations in tow aspects. First, Chinese 
industries data are only available at two digits level, which only enables analysis to be 
carried out at the level of 37 manufacturing sectors, which could hide composition 
change within industries and lead to underestimations of the composition e!ect.

Second, the highly aggregated industries make it impossible to estimate the 
technique e!ect directly, for the unobserved composition e!ect can be attributed 
to technique e!ect and leaves some concerns regarding the inaccuracy of indirect 
estimation of technique e!ect.

For future research, better quality data which provide more details about 
industry categories and industries-speci"c pollution intensity would help to 
overcome the issues above.

CONCLUSIONS

In this paper, I decompose China’s pollution emission into scale e!ect, 
composition e!ect and technique e!ect. China’s manufacturing scale was expanding 
dramatically from 2007 to 2010, while the pollution emission for three of four 
pollutants was decreased, except waste air. Surprisingly, most of the cleanup comes 
from composition e!ect instead of technique e!ect. In Levinson’s (2009) paper, 
he estimated the technique e!ect contributed to 96% to 88% of SO2 clean up in 
the US. And according to Brunel (2016), technique e!ect accounts for 87% of the 
US SO2 cleanup. Comparing with the US and the EU, Chinese manufacturing 
industries should adopt advanced techniques to conduct emission abatement. It is 
possible, however, that in recent years China has paid more attention to reducing 
pollution through improvement of technique; however, this research fails to capture 
the improvements. According to this study, Chinese manufacturing technology still 
needs to be updated.

In the second section, I look closely at China’s international trade. For 
China, pollution generated by exports activities is larger than its international 
demand. But when looking at the pollution intensity within the trade from 2007 
to 2010, I "nd that the pollution intensity of export was smaller than the import 

Source: BACI Database (http://cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=1)

Table 6. Top !ree Industries for China Export and Import Activities for China, which is a signal that dirty industries were moving out of China. #en, I 
studied the pollution intensity in the EU and the US trade with China. 

Disclaimer: !e views and opinions expressed in this article are those of the author and 
do not necessarily re$ect the o%cial policy or position of any one else’s.
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ABSTRACT

Healthcare’s market failures need to be addressed while seeking solutions for rising healthcare 
costs, a signi"cant portion of which is due to prescription drugs. A recent Department of Health 
and Human Services report, estimates prescription drug spending will continue rising faster than 
overall health spending, with specialty drugs rising above all other types. Current policy, under the 
Patient Protection and A&ordable Care Act made notable changes to coverage, costs, and care, but 
left out making changes to the pharmaceutical industry (largely unregulated), only requiring that 
it pay for some of the law’s increased drug coverage. !e lack of regulations has led to the sick using 
more services, at the expense of the healthy. Possible solutions to this problem include: 1) e%ciently 
using treatments already available, leaving resources for investments and preventative care; 2) 
embracing techniques used by other OECD countries such as health technology assessments, restric-
tions on patients’ eligibility for new drugs, and requiring strict evidence of the value of new drugs; 
3) implementing proposed legislation such as !e A&ordable and Safe Prescription Drug Impor-
tation Act, allowing drug importation speci"cally by wholesalers, licensed U.S. pharmacies, and 
individuals from FDA-inspected sites from Canadian licensed sellers; and 4) compulsory licensing, 
giving third parties permission to make, use, or sell a patented invention without the patentee’s 
consent.

NEGOTIATING PRESCRIPTION DRUG PRICES TO CONTROL
HEALTHCARE COSTS

Paula Acevedo

INTRODUCTION

Health care has a myriad of market failures that arise from moral hazard, 
adverse selection, information asymmetry and negative externalities. On top of 
market failures, the U.S. faces rising healthcare costs, and spends more than twice as 
much per capita on health care as the average developed country (PGP Foundation, 
2015). #e spending per capita measure exceeds all OECD countries except Norway 
and the Netherlands (PGP Foundation, 2015). A signi"cant part of the rising 
healthcare spending is due to prescriptions drugs (OASPE, 2016). While recent 
legislation has made strides in controlling costs, lawmakers still have a long way to 
go.

According to a recent report by the Department of Health and Human 
Services, prescription drug prices, particularly specialty drugs, are expected to 
continue rising faster than overall health spending (OASPE, 2016). #e report 


