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 3 

Abstract: We use input–output analysis and Levinson’s structural decomposition method to 4 

measure China’s CO2 emissions under the no-trade hypothesis, to calculate how international trade 5 

affects China’s emissions. We also analyze the driving factors of the difference between 6 

hypothetical no-trade CO2 emissions and actual emissions and discuss the existence of “pollution 7 

haven hypothesis” (PHH) in China. The results show that (1) from 2000 to 2017, the hypothetical 8 

no-trade CO2 emissions are 2.43%–14.67% lower than actual emissions. The scale effect is the 9 

main cause of this difference, while the composition effect fluctuates and has little impact. (2) 10 

Although exports make other economies’ CO2 emissions transfer to China, imports also help avoid 11 

China’s emissions from some carbon-intensive sectors. (3) International trade has little impact on 12 

the cleanliness of China’s industry composition. The no-trade industry composition is slightly 13 

cleaner than the actual one before 2010, after which trade improves the cleanliness of industry 14 

composition to a small extent. PHH is invalid for China in recent years, and results for most 15 

developing countries do not support PHH. (4) The relationship between no-trade effects and 16 

income per capita for all the economies does not also support PHH. Most economies reduce 17 

emissions, and their industry compositions are cleaner because of trade, regardless of their 18 

development degree. 19 

 20 

Keywords: CO2 emissions; international trade; pollution haven hypothesis; industry composition; 21 

China 22 

 23 

1. Introduction 24 

China’s CO2 emissions account for almost 30% of global emissions and this is a great challenge 25 

for global environment. To date, China’s carbon emissions are the highest in the world, but 26 

statistical data shows that the growth of emissions has slowed since 2016. International trade is the 27 

main link of different countries’ economies and significantly affects countries’ emission patterns 28 

and global emission patterns. Because energy use is embodied more and more in trade products, 29 

CO2 emissions embodied in trade are increasing, and most main economies’ carbon reliance on 30 

trade products has been higher in recent years (Andrew, Davis, and Peters 2013).  31 

One quarter of global carbon emissions are related to export activities, and emissions 32 

embodied in products transfer among different countries (Davis and Caldeira 2010). One region’s 33 

emission reduction may lead to other regions’ emission increasing, defined as “carbon leakage” 34 

(Babiker 2005; Branger and Quirion 2014). This type of carbon transfer is also defined as 35 

“outsourcing of emissions”, while imports and exports correspond to outsourcing and insourcing, 36 

respectively. When a country’s outsourcing emissions are larger than insourcing emissions, it is a 37 

net outsourcer because it avoids emissions that should have been produced domestically through 38 

imports (Baumert et al. 2019). A similar term is “emission displacement”, indicating that keeping 39 

domestic and external demand unchanged and comparing with no-trade scenario, a country 40 

reduces its emissions through international trade but increases foreign emissions (Jiborn et al. 41 

2018).  42 

Methods of CO2 emissions accounting are based mainly on input–output analysis, including 43 

production-based accounting and consumption-based accounting. Production-based accounting 44 

focuses on territorial emissions and pays less attention to the original source of emissions. 45 

Consumption-based accounting can improve the understanding of countries’ responsibility for 46 

global emissions but focuses little on the difference in technologies and emission efficiencies in 47 

different economies (Pan, Phillips, and Chen 2008; Peng, Wencheng, and Wei 2016; Peng, Zhang, 48 

and Sun 2015; Peters and Hertwich 2008). Taking technology differences in export sectors into 49 

consideration, Kander et al. propose a technology-adjusted consumption-based accounting method 50 

based on the world-average technology level, which can reflect how national policy changes affect 51 

total global emissions more accurately (Kander et al. 2015).  52 

However, because of technology differences across countries, the effect of international trade 53 

on global emissions remains controversial. On the one hand, pollution haven hypothesis (PHH) 54 

indicates that production tends to be transferred to regions with relatively lax environmental 55 

regulations, and pollution is transferred as a result. Although some developed countries’ territorial 56 
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emissions decrease, their consumption-based emissions increase, and sectors that successfully 57 

lower domestic emissions usually increase their import of embodied emissions. This type of 58 

pollution displacement leads to an increase in global total air pollution, and the legislation and 59 

policies of major emitters on environmental improvement have not played positive roles in the 60 

global environment (Aichele and Felbermayr 2015; Jakob, Steckel, and Edenhofer 2014; 61 

Kanemoto et al. 2014; Peters et al. 2011). On the other hand, free trade seems to be good for the 62 

environment as a trade-induced technique, and scale effects imply a net reduction in pollution 63 

(Antweiler, Copeland, and Taylor 2001). International trade can also induce more advanced and 64 

clean technologies that lead to a cleaner domestic environment, and trade liberalization reduces 65 

emissions as a result (Gill, Viswanathan, and Karim 2018; Jebli, Youssef, and Ozturk 2016).  66 

China has been highly integrated into the global production system after entering WTO, and 67 

its CO2 emissions have been growing more strongly. Many studies have discussed the impact of 68 

international trade on China's carbon emissions in different periods. Net trade has little impact on 69 

China's CO2 emissions from 1992 to 2002, as emissions increased by exports are almost the same 70 

as those reduced by imports (Peters et al. 2007). From 2002 to 2007, the surge of China's exports 71 

is an important reason for the increase in China's CO2 emissions and global emissions. However, 72 

due to the improvement in export structure and production technology after the financial crisis, 73 

China's exported CO2 emissions tend to stabilize, and the carbon intensity of exports declined 74 

(Pan et al. 2017; Yin 2019). Provincial research has demonstrated the following: international 75 

trade increases China's carbon emissions and negatively affects China's environment, the 76 

downward trend of China's carbon intensity from 1997 to 2008 is mainly attributed to the 77 

improvement in income level, trade opening increases CO2 emissions and carbon intensity at the 78 

provincial level (Li and Qi 2011; Ma and Shi 2016; Sun, Li, and Wang 2015; Wang and Xu 2015), 79 

and carbon intensity of China's export during this period is much higher than that of developed 80 

countries (Jiang and Liu 2013).  81 

Furthermore, disputes continue over “whether PHH is valid in China” from the perspective of 82 

CO2 emissions. A large amount of China's production-based emissions come from the demand of 83 

developed countries, and there exists a serious problem of "consumption in developed countries 84 

and pollution in China”, especially after China’s accession to WTO (Peng et al. 2015). China 85 

allowed itself to become a pollution haven from 1990 to 2010, for example, the United States 86 

transferred high-carbon industries such as the machinery and transportation manufacturing 87 

industry to China (Zhao, Wang, and Yan 2013). Rui and Zhao examine the cleanliness of import 88 

and export products and demonstrate that China's imports are cleaner than exports from 1995 to 89 

2009 and that PHH is valid in China (Rui and Zhao 2016). International production division 90 

makes the pollution haven effect increasingly complex, although it effectively reduces total global 91 

emissions (Zhang, Zhu, and Hewings 2017). China's CO2 emissions embodied in exports are 92 

growing rapidly, and China is a pollution haven for developed economies (Fei et al. 2020; Liu, 93 

Guo, and Xiao 2019; López et al. 2018).  94 

The aforementioned studies have proved the negative effects of trade on China's emissions and 95 

pointed out that PHH is valid in China, but some researchers have continued to hold various 96 

perspectives. A study based on regression analysis shows that although international trade 97 

increases CO2 emissions in high-carbon sectors, it benefits overall manufacturing industries’ 98 

emissions from 1998 to 2006 (Fu and Zhang 2014). When developed countries transfer polluting 99 

industries to China, they also transfer clean industries. From 1998 to 2006, international trade 100 

reduced the total CO2 emissions and carbon intensity of industrial sectors and did not make China 101 

become a pollution haven (Li and Lu 2010). In addition, foreign investment brought by 102 

international trade is one of the important ways to improve the environment; thus, PHH is not 103 

valid in China in the long run (Shao et al. 2019).  104 

To further investigate the accurate degree of international trade’s impact on China's carbon 105 

emissions, the technical level of China’s imports should be considered. Compared with the 106 

assumption that all the imports are produced by China itself, whether a sector’s actual import 107 

increases or decreases emissions is still uncertain (Ahmad and Wyckoff 2003). Because of 108 

technical differences and different environmental policy constraints, carbon intensity of the same 109 

sector on both sides of trade is not usually the same. Jiborn and Kander have taken technological 110 

differences between trading partners into account in the emissions accounting process (Kander et 111 

al. 2015). However, the accounting based on the global average technological level cannot 112 

accurately reflect the carbon efficiency and technological differences of specific sectors in specific 113 
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countries. The aforementioned definition of "emission displacement" also proposes to assess the 114 

trade effect on the environment by comparing actual emissions with no-trade emissions, but there 115 

is still a lack of research on emissions under this type of no-trade scenario.  116 

To fill this gap in the literature, this paper suggests a no-trade hypothesis in which 117 

international trade is extracted, and all countries produce their imports domestically in terms of 118 

their technology and emission intensity to meet their own demands. Under this type of no-trade 119 

hypothesis, the difference between China’s no-trade CO2 emissions and actual emissions is 120 

discussed. Based on the aforementioned discussion, this paper uses input–output analysis and 121 

structural decomposition method to analyze the following research questions: (1) To what extent 122 

does international trade affect China's carbon emissions, and what explains the difference between 123 

no-trade emissions and actual emissions? (2) In the process of China's high involvement in 124 

international trade, which sectors’ emissions are influenced most by international trade? (3) From 125 

the perspective of CO2 emissions, how does international trade affect the cleanliness of China's 126 

industry composition and is PHH valid in China? (4) For other developing economies, is PHH 127 

valid? 128 

The remaining sections are arranged as follows: the second section presents the research 129 

methods and data sources, the third section presents the results and analysis, the fourth section 130 

furtherly discusses PHH in other economies, and the final section presents conclusions and policy 131 

recommendations. 132 

 133 

2. Method and Data 134 

2.1 Measurement of value added and CO2 emissions under the no-trade hypothesis 135 

Based on an input–output database and input–output analysis, value added, value-added export, 136 

and value-added import are measured. Assuming that there are m countries and n sectors, the 137 

world input–output table can be expressed as equation (1). X denotes the mn×1 vector of gross 138 

output and A is the mn×mn technical coefficient matrix. Y denotes the mn×1 vector of final 139 

demand and L=(I-A)-1 is the mn×mn Leontief inverse matrix, which directly reflects the 140 

relationship between final demands and gross output. Taking three countries r, s and t as an 141 

example, a specific expression can be expressed as equation (2). Xc and Yc are both n×1 vectors, 142 

denoting gross output and final demand of different sectors in country c, respectively. Fc 143 

comprises Ycc and Ycd, denoting country c’s domestic final demand and country d’ s final demand 144 

from country c, respectively. 145 𝑋 = 𝐴𝑋 + 𝑌 = (𝐼 − 𝐴)−1𝑌 = 𝐿𝑌 (1) 146 

X
r

X
s

X
t

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

=
A
rr

A
rs

A
rt

A
sr

A
ss

A
st

A
tr

A
ts

A
tt

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

X
r

X
s

X
t

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

+
Y
r

Y
s

Y
t

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

=
L
rr
L
rs
L
rt

L
sr
L
ss
L
st

L
tr

L
ts
L
tt

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

Y
rr +Y rs +Y rt

Y
sr +Y ss +Y st

Y
tr +Y ts +Y tt

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

 (1) 147 

With reference to previous research (Stehrer 2012), and by using one country as an example, 148 

country r’s value-added exports VAXr and imports VAXm can be expressed as equations (3) and (4). 149 

Vr is the n×1 vector, indicating value added caused by per unit of output at the sector level in 150 

country r. When calculating one country’s value-added export, other countries’ value-added rate 151 

row vectors are all set as zero. When calculating one country’s value-added import, its own 152 

value-added rate row vector is set as zero. VA is a country’s actual value added, and VA* is value 153 

added under the no-trade hypothesis, as shown in equation (5). 154 
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𝑉𝐴∗ = 𝑉𝐴 − 𝑉𝐴𝑋 + 𝑉𝐴𝑀 (5) 157 



 5 

Then, CO2 emissions under the no-trade scenario can be calculated by using sectoral emission 158 

intensity of value added. Here, we do not calculate hypothetical emissions by multiplying the 159 

emission intensity of value added with the hypothetical value added directly, because emission 160 

intensity is zero or not related to output directly in a few sectors. Instead, we multiply the net 161 

value-added import with emission intensity and add this number to actual emissions (denoted as 162 

E), obtaining CO2 emissions under the no-trade scenario (denoted as E*). In other words, when 163 

sectoral emissions or value added is zero, we set the emission intensity of this sector as zero and 164 

assume that no-trade emissions are the same as actual emissions. Based on the aforementioned 165 

discussion, no-trade CO2 emissions at the country level can be expressed as follows, where fi is the 166 

emission intensity of value added in sector i. 167 𝐸∗ = 𝐸 + ∑ (𝑉𝐴𝑀𝑖 − 𝑉𝐴𝑋𝑖) ∙ 𝑓𝑖𝑖 (6) 168 

2.2 Assessment of the scale effect and composition effect 169 

Based on the conventional decomposition method in Levinson’s study, changes in total pollution 170 

can be divided into three sources: the economic scale, the composition of the economy, and 171 

technological progress (Levinson 2009). By referring to this theory, the change in CO2 emissions 172 

can also be divided into three effects: scale effect, composition effect, and technique effect. 173 

However, actual emissions E and no-trade emissions E* in this study occur in the same year, and 174 

emission intensity remains constant. Thus, the technique effect is zero, and we only focus on the 175 

previous two effects. CO2 emissions at the country level can be expressed as equation (7), where S 176 

is total value added at the country level, ei is sector i’s CO2 emissions, and vi is sector i’s value 177 

added. fi=ei/vi presents the emission factor of sector i, reflecting the sector’s technological level. 178 

ci=vi/S is the industry share of value added in the country’s total. 179 𝐸 = ∑ 𝑒𝑖 =𝑖 ∑ 𝑣𝑖∙𝑓𝑖 = 𝑆 ∙ ∑ 𝑐𝑖∙𝑓𝑖𝑖𝑖 (7) 180 

Vector notation is shown as equation (8). S is the total GDP of each economy, and C and F are 181 

column vectors representing the market shares of each sector and their emission intensities, 182 

respectively. As mentioned earlier, F is constant in the same year and F* is equal to F. The 183 

difference between E* and E is shown as below. All the variables with “*” represent items under 184 

the hypothetical no-trade scenario.  185 ∆𝐸 = 𝐸∗ − 𝐸 = 𝑆∗𝐶∗′𝐹∗ − 𝑆𝐶𝐹′ (8) 186 

To eliminate the residual in traditional decomposition methods, the polar decomposition method 187 

is applied in input–output analysis (Miller and Blair 2009). Different decomposition forms can be 188 

obtained in terms of different factors. One form is shown as equation (9). Taking the average of 189 

equation (9) and equation (10), assessments of the scale effect and composition effect are shown 190 

as equation (11), in which the first term represents the scale effect and the second term represents 191 

the composition effect. Two types of effects explain how the change in economic scale and 192 

industry composition affect CO2 emissions. 193 𝐸∗ − 𝐸 = 𝑆∗𝐶∗′(𝐹∗ − 𝐹) + 𝑆∗(𝐶∗′ − 𝐶′)𝐹 + (𝑆∗ − 𝑆)𝐶′𝐹= 𝑆∗(𝐶∗′ − 𝐶′)𝐹 + (𝑆∗ − 𝑆)𝐶′𝐹 (9) 194 

The other form is shown as equation (10). 195  𝐸∗ − 𝐸 = 𝑆∗𝐶′(𝐹∗ − 𝐹) + 𝑆(𝐶∗′ − 𝐶′)𝐹∗ + (𝑆∗ − 𝑆)𝐶∗′𝐹∗= 𝑆(𝐶∗′ − 𝐶′)𝐹∗ + (𝑆∗ − 𝑆)𝐶∗′𝐹∗ (10) 196 

Taking the average of equation (9) and equation (10), assessments of the scale effect and 197 

composition effect are shown as equation (11), in which the first term represents the scale effect 198 

and the second term represents the composition effect. Two types of effects explain how the 199 

change in economic scale and industry composition affect CO2 emissions. 200 ∆𝐸 = 12 (𝑆∗ − 𝑆)(𝐶′ + 𝐶∗′)𝐹 + 12 (𝑆 + 𝑆∗)(𝐶′ − 𝐶∗′)𝐹 = 𝐸𝑠 + 𝐸𝑐 (11) 201 

∆E represents the effect of no-trade on production-based emissions, and this can be regarded 202 

as the total effect, the sum of Es and Ec. ∆E >0 indicates that moving to the no-trade scenario 203 

would increase emissions, and the observed trade flows reduce emissions. ∆E <0 indicates that 204 

moving to the no-trade scenario would reduce emissions, while the observed trade flows are 205 

increasing emissions. Es is the scale effect, representing the impact of balanced trade on emissions. 206 

In trade-deficit countries’ production, the associated emissions would have to increase to meet 207 

domestic demand; thus, Es>0. In trade-surplus countries’ production, the associated emissions 208 

would have to decrease to adjust to domestic demand; thus, Es<0. Ec represents the impact of the 209 

no-trade composition on emissions. Similarly, Ec>0 indicates that the no-trade industry 210 

composition would increase emissions, and the observed industry composition is cleaner. 211 
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2.3 Data 212 

The World Input-output Database (WIOD) Release 2016 covers 56 sectors and 43 countries from 213 

2000 to 2014 (in million dollars) (Timmer et al. 2015). WIOD Environmental Accounts (Corsatea 214 

et al. 2019) consistent with the World Input-Output Database Release 2016 from 2000 to 2016 are 215 

also published in 2019, in which sectoral CO2 emissions (in million tons) corresponding to sectors 216 

in WIOTs are provided. China’s Input-output Database of 2015 and 2017 are collected from China 217 

Statistical Yearbook, covering 42 sectors. China’s emission data of 2015 and 2017 are collected 218 

from CEADS(Shan et al. 2017, 2020), covering 45 sectors. After corresponding sectors in national 219 

input-output database to sectors in CEADS database, 28 sectors are finally got. In this way, sectors 220 

in 2015 and 2017 have little difference with sectors in previous years. Household emissions are 221 

not considered in this study. Based on the three databases, our research period is from 2000 to 222 

2017, and the research objects cover the whole world and 43 economies. Under the no-trade 223 

hypothesis, all the sectors would produce their domestic final demands on the basis of the 224 

domestic technological level. As an economic power, China has sufficient resources and products 225 

in all sectors. It can fulfill the requirement of the no-trade hypothesis. Data of income per capita 226 

are calculated by using population data and GDP data collected from PWT 9.1, and its unit is 227 

1,000 dollars at the constant price of 2011. 228 

 229 

3. Results 230 

3.1 Results at the country level 231 

Fig 1 compares China's actual CO2 emissions E and emissions under the no-trade hypothesis E* 232 

from 2000 to 2014, as well as the variation trend of their difference. China's no-trade emissions 233 

during the calculation period are much lower than the actual emissions. The bar chart below the 234 

horizontal axis in Fig 1 directly reflects the difference between E* and E. In 2000, no-trade 235 

emissions are 109.59 million tons lower than the actual emissions, and the difference widens to a 236 

maximum of 1041.39 million tons in 2007, decreases to 216.52 million tons in 2017. This result 237 

suggests that China's CO2 emissions would be significantly reduced under the no-trade hypothesis. 238 

In other words, international trade increases China's CO2 emissions. Combined with China's 239 

economic development, by 2007, China's net exports are increasing annually, and exports have 240 

become the main pillar of China's economic development, and emissions caused by foreign 241 

demand are increasing as a result. Affected by the global financial crisis after 2007, the volume of 242 

international trade has decreased dramatically, slowing the increase in CO2 emissions.243 

 
Fig 1. Actual CO2 emissions and no-trade 
CO2 emissions in China (in mt) 

 
Fig 2. Total effect, scale effect and 
composition effect of China 

More precisely, the difference between hypothetical CO2 emissions and actual emissions E*-E 244 

is analyzed. Fig 2 shows the ratio of no-trade emissions E*, emissions with only composition 245 

effect Ec, and emissions with only scale effect Es to actual emissions E. Comparing these numbers 246 

with 1, the direction and degree of different effects can be observed directly. A positive effect 247 

means increasing emissions, and a negative effect means reducing emissions. No-trade CO2 248 

emissions in 2000 are 3.25% lower than actual emissions, and this number reaches a maximum of 249 

14.67% in 2007, and 2.43% in 2017. As can be seen from Fig 2, the overall trend of the scale 250 

effect, composition effect, and total effect are consistent. The scale effect mainly explains why 251 

no-trade emissions are lower, and the reduction of production scale under the no-trade scenario 252 

leads to emission reduction. More precisely, the scale effect helps reduce 3.55%, 10.65%, and 1.76% 253 

of CO2 emissions in 2000, 2007, and 2017, respectively. The change in composition effect is not 254 

obvious, and the composition effect would reduce approximately 0.57% to 4.58% of CO2 255 
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emissions from 2001 to 2009, during which the no-trade industry composition is slightly cleaner 256 

and exports tend to focus on sectors with high carbon intensity. From 2010 to 2017, we observe a 257 

turning point: the composition effect increases CO2 emissions by a small amount and actual 258 

industry composition is cleaner, indicating that China’s export becomes cleaner. Although the 259 

composition effect reduces emissions again in 2014 and 2017 (both less than 1%), the cleanliness 260 

of the no-trade industry composition is almost the same as the actual one.  261 

3.2 Results at sector level 262 

The previous section has shown that no-trade CO2 emissions are lower than actual emissions in all 263 

the years. This section further analyzes the hypothetical emissions at the sector level. Figs 3 and 4 264 

respectively present the sectors with the largest reduction or increase in CO2 emissions under the 265 

no-trade hypothesis. 266 

 267 

Fig 3. Sectors with the largest reduction of CO2 emissions under the no-trade scenario (mt) 268 

As shown in Fig 3, the total reduction of CO2 emissions in 2000 is 109.59 million tons, and the 269 

sectors that make the biggest contribution include the manufacturing of other non-metallic mineral 270 

products and electricity, gas, steam, and air conditioning supply, accounting for 43.26% and 21.58% 271 

of total reduction, respectively. Transportation sectors including water transport and air transport 272 

also play important roles to reduce emissions. The structures of emission reduction under the 273 

no-trade scenario in 2007 and 2014 are similar, but there are some changes compared with 2000. 274 

Transportation sectors, evidently, no longer reduce emissions, and the reduction effects of the 275 

manufacture of chemicals and chemical products and the manufacture of rubber and plastic 276 

products become significant. Result of 2017 has little difference with that of previous years, as 277 

service sectors are divided in detail in previous years, and sectors in 2017 are more general. 278 

Wholesale, retail trade and catering services reduces most emissions, accounting for 31.69% of 279 

total reduction, and the trade scale of this sector is quite large. The other sectors are quite similar 280 

to previous years. From an overall perspective, sectors with the largest reduction of CO2 emissions 281 

under the no-trade scenario remain focused on the following three sectors. In other words, 282 

international trade increases most emissions in these sectors: (1) For manufacture of other 283 

non-metallic mineral products, its emission reduction accounts for 12.51% and 26.66% of the total 284 

reduction in 2007 and 2017, respectively. Emission intensity of this sector is the second highest 285 

among all the sectors in China, and its export would greatly increase China’s CO2 emissions. (2) 286 

For manufacture of basic metals, in 2007 and 2014, emission reduction in this sector account for 287 

17.51% and 24.75% of total emission reduction, respectively, and its emission intensity is also at a 288 

high level. Smelting and pressing of metals also belongs to manufacture of basic metals, and 289 

emission reduction in this sector accounts for 26.78% of total reduction in 2017. (3) For electricity, 290 

gas, steam, and air conditioning supply, emission intensity is the highest among all the industries 291 

and the reduction accounts for 12.51% and 28.47% of total reduction in 2007 and 2017 under the 292 

no-trade scenario.  293 
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  294 

Fig 4. Sectors with the largest increase in CO2 emissions under the no-trade scenario (mt) 295 

Although most sectors would reduce their CO2 emissions to some extent under the no-trade 296 

hypothesis, some sectors would increase their emissions. However, the increase in emissions of 297 

these sectors is much lower than the emissions reduced by other sectors. As shown in Fig 4, 298 

manufacture of chemicals and chemical products under the no-trade hypothesis would increase 299 

CO2 emissions by 11.46 million tons in 2000, accounting for -10.45% of the total reduction, 300 

followed by warehousing and support activities for transportation and mining and quarrying. 301 

Notably, mining and quarrying is the sector that increases emissions most under the no-trade 302 

scenario in most years, namely, 22.91 million tons in 2007 and 57.65 million tons in 2017, 303 

indicating that international trade helps reduce most emissions in this sector. As mining and 304 

quarrying is related to the exploitation of raw materials, for the mining of coal, oil, natural gas, 305 

and other energy and ancillary services activities, the emission intensity is relatively high; thus, its 306 

import and export would largely influence the sector’s CO2 emissions. China also avoids some of 307 

its own emissions through the net import of mining and quarrying. Additionally, emissions in 308 

sewerage; waste collection, treatment, and disposal activities; materials recovery; and remediation 309 

activities and other waste management services would also increase to a small extent under the 310 

no-trade scenario. Similar sectors include warehousing and support activities for transportation, 311 

scientific research and development, and administrative and support service activities, whose 312 

impacts are minimal. 313 

3.3 Structure of CO2 emissions embodied in trade 314 

Figs 3 and 4 list the sectors influenced most by international trade. More precisely, this section 315 

respectively analyzes emissions embodied in value-added export and emissions avoided by 316 

value-added import. 317 

  318 

Fig 5. CO2 emissions embodied in value-added export and emissions avoided by value-added 319 
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import (mt) 320 

Emissions embodied in value-added export are actual emissions embodied in value-added 321 

export, while emissions avoided by value-added import are calculated based on domestic emission 322 

intensity hypothetically. Fig 5 presents the main results in four years. The structures of CO2 323 

emissions embodied in trade are quite stable. Emissions embodied in either value-added export or 324 

avoided by value-added import mainly focus on five sectors, the emissions of which account for 325 

more than 80% in total emissions embodied in trade. These five sectors are electricity, gas, steam, 326 

and air conditioning supply; manufacture of other non-metallic mineral products; manufacture of 327 

basic metals; manufacture of chemicals and chemical products; and mining and quarrying. 328 

Emissions embodied in the trade of electricity, gas, steam, and air conditioning supply are highest 329 

in all the years, and its emissions embodied in exports account for more than 40% of total 330 

exported emissions. Correspondingly, if this sector’s imports are produced domestically, this 331 

would induce the largest amount of emissions among all the sectors. In other words, the emissions 332 

avoided by imports in this sector are also the highest. Overall, structures of CO2 emissions 333 

embodied in both export and import are consistent, but the export volume of major sectors remains 334 

much higher than that of import, which also explains the decline in domestic final demand under 335 

the no-trade hypothesis, thus reducing domestic CO2 emissions. 336 

 337 

4. Discussion of PHH 338 

4.1 Discussion of PHH in developing economies 339 

Our results have shown that China's CO2 emissions would decrease if trade is excluded. No-trade 340 

emissions reduce more in the years with more net export. From the perspective of total CO2 341 

emissions, international trade transfers emissions of other countries to China. More precisely, this 342 

section also discusses the condition of other typical developing countries that are also large 343 

emitters including India, Russia, Mexico, Indonesia, and Brazil. Fig 3 shows the no-trade 344 

emissions of these countries and their scale effects and composition effects. Additionally, the 345 

result at the world level is provided for detailed analysis.  346 

As shown in Fig 6, global CO2 emissions would substantially increase under the no-trade 347 

hypothesis, that is, international trade promotes emission reduction at the world level. As 348 

production scale is not changed at the world level, this type of emission reduction occurs because 349 

international trade improves the overall cleanliness of global production composition. In the 350 

investigation of other developing countries, only the result of Russia is similar to that of China, 351 

namely, no-trade emissions would be reduced sharply. However, Russia’s reduced emissions are 352 

mainly because of the composition effect, indicating that the no-trade industry composition is 353 

much cleaner. The result of Russia effectively supports the idea mentioned in PHH, that is, 354 

pollution-intensive industries are transferred to Russia, and its industry composition has been 355 

polluted by international trade. Notably, the main reason why China’s no-trade emissions are 356 

lower than those of Russia is the change in production scale, and the cleanliness of industry 357 

composition in China is not influenced so much. In previous years before 2010, China’s industry 358 

composition is slightly polluted, increasing emissions to a small extent, but is cleaned by 359 

international trade after 2009, and this result is a weak argument in support of PHH. As PHH 360 

mentions, if polluted industries are transferred to China, China’s pollution intensity would 361 

increase. 362 

 363 
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 364 

Fig 6. Typical developing countries’ scale effects and composition effects 365 

In addition to Russia and China, other developing countries’ no-trade emissions all increase 366 

substantially. This finding means that the environment of most developing countries benefits from 367 

international trade. In India, for example, its no-trade CO2 emissions are 30% higher than its 368 

actual emissions since 2007. The influence degree of the scale effect is small; thus, its hypothetical 369 

production scale is similar to the actual scale. The difference between no-trade emissions and 370 

actual emissions is mainly because of the composition effect, indicating that international trade 371 

makes India’s actual industry composition cleaner to a large extent. Indonesia and Mexico's results 372 

are similar to India, and their no-trade emissions are approximately 10% higher than actual 373 

emissions. Indonesia’s scale effect is negative, and the composition effect is positive; thus, actual 374 

production composition is much cleaner than the no-trade composition. There are fluctuations in 375 

the results of Brazil. No-trade emissions are lower than actual emissions in most years before 2006, 376 

after which no-trade emissions are approximately 5% higher, and the composition effect 377 

dominates in this period, reflecting the improvement in the cleanliness of industry composition. 378 

The aforementioned discussion shows that international trade does not worsen the environment of 379 

developing countries in terms of CO2 emissions; by contrast, it promotes the emission reduction of 380 

most developing countries and improves the cleanliness of their industry composition, contrary to 381 

the PHH.  382 

4.2 Scale effect, composition effect, and income per capita 383 

The prior subsection has discussed PHH in China and other developing countries, and this section 384 

further examines PHH from a wider scope. As income per capita can reflect the development 385 

degree of each economy, we investigate the relationship between different effects and income per 386 

capita and build simple regression models to test whether richer economies are polluting poorer 387 

economies. Fig 7 presents a scatter plot of different effects and income per capita in specific years. 388 
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 389 

Fig 7. No-trade effects and income per capita 390 

Most economies’ no-trade scenario would increase emissions in all the years, because most 391 

E*/E are smaller than 1, indicating that most economies benefit from international trade in terms 392 

of reducing emissions. A slightly negative relationship is observed between E*/E and income per 393 

capita, but the slope becomes smaller from 2000 to 2014. In 2000 and 2007, low-income 394 

economies’ no-trade scenario would increase a larger percentage of emissions (or reduce a smaller 395 

percentage of emissions). In 2014, this relationship weakens, and it is difficult to observe a 396 

significant association between these two items. An obvious negative relationship between 397 

(E+Es)/E and income per capita can be obtained. We cannot get an obvious relationship between 398 

(E+Ec)/E and income, and the composition effect may not be highly related to income per capita. 399 

However, most economies’ composition effects are positive, indicating that the no-trade industry 400 

composition is dirtier.  401 

To obtain the exact statistical relationship between no-trade effects and income per capita, we 402 

build simple OLS regression models by using the following steps. Outliers are excluded from the 403 

samples using the BACON algorism (Billor, Hadi, and Velleman 2000; Weber 2010), setting p as 404 

0.15 to obtain most a more accurate result. PHH suggests that developed economies transfer their 405 

emissions to developing economies through trade and pollute developing economies’ industry 406 

composition. If PHH is valid, low-income economies would reduce emissions while rich 407 

economies would increase emissions under the no-trade scenario, and no-trade industry 408 

composition in low-income economies would be cleaner.  409 

Table 1 shows that as income per capita increases, E*/E decreases, and low-income economies’ 410 

no-trade scenario would increase a larger percentage of emissions. This finding is opposite to PHH. 411 

For (E+Es)/E, the scale effect would reduce a larger percentage of emissions in rich countries than 412 

in poor countries, and this model is more persuasive because R2 is not as small as in the other two 413 

models. As rich economies such as those of oil producers tend to have large export surpluses, the 414 

no-trade scenario would significantly reduce their production scales, reducing emissions as a 415 

result. (E+Ec)/E slightly increases with the increase in income per capita, indicating that richer 416 
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economies’ no-trade industry composition would increase a larger percentage of emissions, but R2 417 

is too small to explain the model very well. 418 

Table 1. Regression results 419 

 (1) (2) (3) 

 E*/E (E+Es)/E (E+Ec)/E 

Income per capita -0.003*** -0.004*** 0.001* 

 (0.001) (0.000) (0.001) 

Constant 1.172*** 1.102*** 1.074*** 

 (0.020) (0.008) (0.017) 

Observations 612 638 607 

R-squared 0.026 0.259 0.006 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 420 

When we combine the figures and regression results, PHH is not fully supported. Not only 421 

developed economies but most economies benefit from international trade in terms of reducing 422 

emissions. Richer countries’ no-trade scale effects tend to be negative because of their larger 423 

export surpluses. Composition effects are not sensitive to income per capita, but most economies’ 424 

composition effects are positive, indicating that the no-trade industry composition would induce 425 

more emissions. 426 

 427 

5. Conclusion and Policy Implications 428 

This paper calculates China’s CO2 emissions under the no-trade hypothesis from 2000 to 2017 by 429 

using input–output analysis. We also discuss the driving factors of the difference between 430 

hypothetical and actual emissions, based on Levinson’s decomposition method. The paper further 431 

examines whether PHH is valid in China and other economies. Our main conclusions are as 432 

follows: 433 

International trade increases China’s CO2 emissions. From 2000 to 2017, no-trade CO2 434 

emissions are approximately 2.43%–14.67% lower than the actual emissions. Trade induces the 435 

largest increase in CO2 emissions in 2007, in which China's CO2 emissions under the no-trade 436 

hypothesis would reduce 15% compared with that of the actual scenario. The difference between 437 

no-trade emissions and actual emissions widens before the global financial crisis and then narrows. 438 

The scale effect is the main reason for China's hypothetical CO2 emissions’ reduction, because 439 

China's production scale decreases after excluding imports and exports. The composition effect 440 

plays a minimal role, and China’s no-trade industry composition is cleaner before 2010, after 441 

which there is no obvious difference between hypothetical composition and actual composition. 442 

From 2010 to 2017, the actual industry composition is a little cleaner than the hypothetical one, 443 

indicating that international trade has improved the cleanliness of China’s industry composition in 444 

recent years. 445 

International trade leads to the largest increase in CO2 emissions in China in three sectors: 446 

manufacture of other non-metallic mineral products; manufacture of basic metals; and electricity, 447 

gas, steam, and air conditioning supply. Among these sectors, electricity, gas, steam, and air 448 

conditioning supply and manufacture of other non-metallic mineral products have the highest and 449 

second highest emission intensity among all industries in China, respectively; thus, net exports of 450 

these sectors will substantially increase China's carbon emissions. By contrast, mining and 451 

quarrying has the largest reduction in CO2 emissions because of international trade, and China has 452 

also avoided part of its own emissions through mining and quarrying’s net import. In addition, 453 

sectors such as sewerage; waste collection, treatment, and disposal activities; materials recovery; 454 

remediation activities, and other waste management services have also achieved smaller 455 

reductions of emissions because of international trade. Sectors with higher CO2 emissions 456 

contained in exports and imports are similar, but the export volume is relatively higher than that of 457 

imports, explaining the decline in domestic carbon emissions. 458 

International trade does not substantially affect the cleanliness of industry composition in 459 

China, and China’s situation does not support PHH strongly in recent years. The increase in CO2 460 

emissions is mainly because of the expansion of the production scale. Production composition 461 

only increases emissions to a small extent before 2010 and helps to reduce emissions in recent 462 
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years. Results of other typical developing countries are also contrary to PHH. For India, Mexico, 463 

Indonesia, and Brazil, international trade significantly reduces carbon emissions and increases the 464 

cleanliness of production composition in these countries. By contrast, international trade has 465 

increased Russia's total CO2 emissions and significantly polluted its industry composition, a result 466 

that is a powerful argument for making Russia a "pollution haven."  467 

Furthermore, based on the relationship between no-trade effects and development degree for 468 

43 economies, the support for PHH cannot be fully from an overall perspective. Most economies 469 

would reduce emissions when moving to the no-trade scenarios, and their no-trade industry 470 

compositions would be cleaner than actual ones. Both developed economies and developing 471 

economies benefit from international trade in terms of reducing CO2 emissions. The no-trade 472 

production scale tends to decline because of larger export surpluses in rich economies. Trade also 473 

improves the cleanness of most economies’ industry composition. 474 

China’s future reduction of reliance on exports will play a positive role in reducing domestic 475 

CO2 emissions directly. Adjusting the export structure and improving export quality can also 476 

effectively promote emission reduction. What is of great significance is to improve carbon 477 

utilization efficiency through technological innovation, especially to reduce the carbon intensity of 478 

high-carbon sectors, so as to improve the cleanliness of local production composition and the trade 479 

structure. In addition, the utilization of clean energy can be strengthened to reduce the dependence 480 

of economic development on carbon-based energy. 481 
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