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Abstract: Traditional Production-Based Accounting (PBA) principle does not consider 23 

the embodied carbon emissions in export and import trade. A multiregional input-output 24 

(MRIO) model is constructed to estimate the embodied carbon dioxide emissions of 41 25 

countries and regions worldwide, based on the PBA and shared responsibility approach 26 

in this paper. The results indicate that the embodied carbon emissions in 2018 in China's 27 

export trade were 1326.1 million tons higher than that of import trade. Through the 28 

empirical analysis of the embodied carbon emissions in China's import and export trade, 29 
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it can be seen that China is a major producer of carbon emissions, not a consumer 30 

country, and has taken more carbon emissions responsibility for the world. And it is 31 

more reasonable and impartial to assign developed and developing country’s carbon 32 

emissions responsibility in the light of the shared responsibility method. 33 

Keywords: Embodied carbon, Producer responsibility, Shared responsibility, Input-34 

output analysis, China, US 35 

1 Introduction 36 

China has become the second-largest economy in the world since 2010, while it is 37 

also the biggest carbon emitter since 2006 (Cao, 2010). The rapid growth of import and 38 

export trade are two of the main reasons for the increase in China's carbon emissions 39 

(Chou et al., 2021). From Fig. 1, it can be seen that China's total export volume in 2020 40 

was US$ 259,038 million, and in 1995 it was US$1,488 million. China and the U.S. are 41 

crucial trading partners and the total bilateral trade volume between these two nations 42 

hit 586.7 billion dollars in 2020. Meanwhile, China and the United States are the top 43 

two countries on the global carbon emission list.  44 

 45 

Fig. 1. China-US import and export and its carbon emissions from 1995 to 2020 46 

The 21st United Nations Climate Change Conference, held in Paris in 2015, 47 

required signatories to meet the Paris Agreement's national contribution to carbon 48 
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emissions, or INDCs, to meet the goal of global temperature rises of no more than 2 49 

degrees Celsius. Both the Paris Agreement and Kyoto Protocol define the carbon 50 

emission responsibilities that a country needs to assume as carbon dioxide produced 51 

and emitted within a country's territory, an accounting standard known as Production-52 

Based Accounting (PBA) (Wang and Yang, 2021). Carbon emissions calculations, 53 

based on territorial scope and national boundaries, do not take into account issues such 54 

as carbon transfer, carbon concealment and carbon omissions arising from the division 55 

of labor in global value chains and the globalization of trade.  56 

Countries around the world have been working to come up with a convention that 57 

would reduce global greenhouse gas and properly allocate global carbon emissions 58 

responsibilities. But the only outcome of the idea so far has been the United Nations 59 

Conference on Climate Change, the Kyoto Protocol, signed in 1997, which requires 60 

developed countries to establish a greenhouse gas emission inventory (Yona et al., 61 

2020). For countries in Annex I of the Kyoto Protocol, there is a need to reduce carbon 62 

emissions by 5 per cent relative to 1995. Since China is not a country in Annex I of the 63 

Kyoto Protocol, it is not included in the mandatory carbon reduction. Against the 64 

background of the many problems and deadlocks in international climate negotiations 65 

(Franzen and Mader, 2018), how to construct a more equitable and effective new 66 

international climate regime is an urgent and serious challenge facing the international 67 

community(Ravindranath, 2010).  68 

2 Literature review 69 

Foreign trade and global warming are important issues of concern to the whole 70 

world today (Cui et al., 2015). According to the World Trade Organization, China has 71 

become the world's largest exporter and second-largest trade importer for 12 72 

consecutive years as of 2020, while the USA is the global second biggest exporter and 73 

top one importer. However, from the perspective of global value chain, China's position 74 

and income in the global value chain is not high, and it has become a safe haven for 75 

carbon emissions in developed countries. Since the current global carbon emissions 76 

accounting standards are based on carbon dioxide produced and emitted within a 77 

country's territory, carbon emissions are implied and transferred in the context of trade 78 
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globalization and international industrial division of labor. In particular, as the world's 79 

largest exporter of commodity trade, China has borne the carbon emissions of many of 80 

the world's trading imports, and there is a "Pollution Heaven" hypothesis (Nasir et al., 81 

2019). 82 

Wang and Yang (2021) compare the PBA carbon emission responsibility between 83 

China and Germany from 2000 to 2014, and they find that the consumption structure is 84 

the most significant decomposition factor for China and the per capita consumption is 85 

the largest contributor for Germany. According to the ratio of benefits gained by global 86 

value chain, Zheng (2021)builds a non-differentiated producer responsibility method to 87 

estimate the carbon emission responsibility of 186 countries with MRIO model. Shared 88 

responsibility is employed to analyze the embodied carbon emissions between China 89 

and South Korea from 2000 and 2014, the result suggests that traditional statistical 90 

method overestimates embodied carbon emissions with 60% (Zhang et al., 2021). Jiang 91 

et al. (2021) investigate the embodied carbon emissions between China and the 92 

countries along the Belt and the Road by MRIO approach, the result shows that shared 93 

responsibility changes mainly between these two sides. From the viewpoint of carbon 94 

outflow and inflow, Zhu et al. (2018) explore embodied carbon in international trade 95 

between China-EU, Russia-EU, and China-Japan, which indicate the USA and the EU 96 

the biggest carbon importers and China and Russia the biggest carbon exporters and the 97 

manufacturing industry is the primary sector of carbon outflows for China. 98 

Environmental costs and real economic profits are calculated by embodied carbon 99 

emission and value-added trade between China and US, according to gross import and 100 

export trade overestimate China's benefits in China-US trade as high as 20% (Xiong 101 

and Wu, 2021). Due to Sino-US trade frictions, China’s export carbon emissions have 102 

fallen sharply, but the imports and exports volume of China have not changed 103 

significantly (Chou et al., 2021). Dai et al. (2021) employ the hypothetical extraction 104 

method to estimate the embodied carbon emission between China and US from 1996 to 105 

2005 from a global value chain perspective. Their findings show China shifts 6.4% of 106 

its carbon emission overseas for the goods of its exports to US, while US shifts 19% of 107 

its export to China. 108 
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Zhao et al. (2016) used the structural decomposition analysis to investigate the 109 

driving factors of carbon emissions embodied in China-US trade and the results indicate 110 

that export market shares of final products at home and the trade structure of 111 

intermediate products at home are the two biggest factors to increase carbon emissions 112 

embodied in Chinese exports to the US. Du et al. (2011) employ the structural 113 

decomposition analysis to explore the carbon emissions embodied in China-US trade. 114 

The results demonstrate the export volume was the main reason for the growth in 115 

embodied carbon emissions from 2002 to 2007. 116 

The production, manufacture and transportation of any commodity require energy 117 

and produce carbon emissions. First, the globalization of trade is not only a cross-border 118 

trade in goods, but also the transfer and concealment of carbon emissions between 119 

different countries (Khan and Ozturk, 2021). China has borne a lot of carbon emissions 120 

for consumers in developed countries such as the European Union, the United States 121 

and Japan. Secondly, import and export trade occupies a significant proportion of 122 

China's economic development and efforts to achieve low-carbon trade will help China 123 

achieve the goal of carbon emission reduction (Zhang et al., 2018), so it is necessary 124 

and urgent to analyze and study the distribution and accounting principles of carbon 125 

emission responsibility between countries (Wei et al., 2014). According to income-126 

based and consumption-based carbon accounting, Zhang et al. (2020) trace the 127 

embodied carbon emission along production chains from 1995 to 2009 and they find 128 

25% of embodied emissions crossed national boundaries more than 2009. 129 

Compared with the existing literature research, the main contribution of this paper 130 

is in two aspects: First, based on systematically combing the current single-liability 131 

carbon emission accounting indicators and carbon emission responsibility sharing 132 

scheme, break through the limitations of the SRIO model, in the unified MRIO analysis 133 

framework of the existing carbon accounting scheme has been modified and expanded, 134 

so that these programs can consider the impact of the international supply chain, 135 

applicable to the analysis of the global carbon emissions liability distribution. Second, 136 

based on the principle of shared responsibility, this paper examines the carbon emission 137 

responsibilities of the world's major economies and major emitters, and uses a global 138 
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input-output model of 41 countries that better depicts the global production, trade and 139 

carbon emission patterns, makes the results more objective and accurate, and allows us 140 

to compare the impact of different accounting schemes on the carbon emission 141 

responsibilities of major economies. 142 

3 Methodology and data 143 

3.1 Methodology 144 

From the domestic technology hypothesis model of single-regional input-output 145 

(SRIO), to the bilateral trade input-output model (BTIO) which does not take into 146 

account intermediate input, to the multi-regional input-output model (MRIO), which 147 

focuses on both technical differences and intermediate inputs, this is the three main 148 

stages of development experienced by the theory of environmental input output. And 149 

from a producer, consumer or shared point of view, the MRIO model is considered to 150 

be a better tool for analyzing carbon content in international trade. 151 

The MRIO model can measure the number of carbon emissions implied in the 152 

import and export trade between countries and show the relationship between economic 153 

demand and supply between countries. Therefore, this paper uses the EU World Input 154 

and Output Table to construct a transnational input and output model of 41 countries 155 

and regions that can describe the overall international economic environment, and 156 

conduct the analysis and study of carbon emissions. 157 

Table 1 Multi-regional input-output framework 158 

Outputs Inputs 
Intermediate demand Final demand 

Output 
Country A … Country N Country A … Country N 

Intermediate 

Inputs 

Country A X11 … X1n Z11 … Z1n Y1 

Country B X21 … X2n Z21 … Z2n Y2 

… … … … … … … … 

Country N Xn1 … Xnn Zn1 … Znn Yn 

Value-added Va1 … Van —— — —— —— 

Output Z1 … Zn —— — —— —— 

This paper employs a multi-regional input-output model (MRIO) to estimate trace 159 

trade-related emissions and the MRIO framework is shown in Table 1. Production 160 

technology and trade models for countries or regions within the MRIO model. In the 161 

case of three countries, the formula (1) is a basic expression of the MRIO model: 162 𝑋 = 𝐴𝑋 + 𝑌 163 
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(𝑥1𝑥2𝑥3) = (𝐴11 𝐴12 𝐴13𝐴21 𝐴22 𝐴23𝐴31 𝐴32 𝐴33)(𝑥1𝑥2𝑥3) + (𝑌11 + 𝑌12 +𝑌13𝑌21 +𝑌22 +𝑌23𝑌31 +𝑌32 +𝑌33)   (1) 164 

[𝑋1𝑋2⋮𝑋𝑛] = [𝑍11 + 𝑍21 +⋮𝑍𝑛1 +
𝑍12 + ⋯ +𝑍22 + ⋯ +⋮𝑍𝑛2+ … +

𝑍1𝑛𝑍2𝑛⋮𝑍𝑛𝑛] + [𝑌11 + 𝑌21 +⋮𝑌𝑛1 +
𝑌12 + ⋯+𝑌22 + ⋯ +⋮𝑌𝑛2+ … +

𝑌1𝑛𝑌2𝑛⋮𝑌𝑛𝑛] 165 

[𝑋1𝑋2⋮𝑋𝑛] =  [𝐴11  𝐴21 ⋮𝐴𝑛1 
𝐴12𝐴22⋮𝐴𝑛2   

…  𝐴1𝑛… 𝐴2𝑛… ⋮𝐴𝑛𝑛] [𝑋1𝑋2⋮𝑋𝑛] + [𝑌11 + 𝑌21 +⋮𝑌𝑛1 +
𝑌12 + ⋯+𝑌22 + ⋯+⋮𝑌𝑛2+ …+

𝑌1𝑛𝑌2𝑛⋮𝑌𝑛𝑛] 166 

[𝑋1⋮𝑋𝑛] =  [𝐴11 ⋯ 𝐴1𝑛⋮ ⋱ ⋮𝐴𝑛1 ⋯ 𝐴𝑛𝑛] [𝑋1⋮𝑋𝑛] + [  
   𝑌11 + ∑𝑌1𝑠𝑠≠1⋮ ⋮ ⋮𝑌𝑛𝑛 ⋯ ∑𝑌𝑛𝑠𝑠≠𝑠 ]  

    167 

𝑋 = (𝐼 − 𝐴)−1𝐹   (2)  168 

In formula (1), xi is the total output vector of the country i (i=1,2,3). The matrix 169 

on the right side of the equation (1) consists of matrix Aii and Aij reflects the production 170 

technology and industrial linkages of the world production system, the sub-matrix Aii is 171 

the input coefficient matrix of the national i production sector for domestic intermediate 172 

products, and Aji (i≠ j) is the input coefficient matrix of the intermediate product 173 

produced by the national i j, i.e. the sub-matrix Aji (i≠j)depicts the intermediate product 174 

trade between the country and the country j. Yii is the national i demand vector for final 175 

domestic products, i.e. domestic final use, fixed capital formation and inventory growth. 176 

yji (i≠j) is the national i demand vector for the final product produced by the country j, 177 

i.e., the vector yji (i≠j) depicts the trade of the final product between the country i and 178 

the country j. Model (1) can easily be extended to a general model that contains n 179 

countries. 180 𝑃𝑇𝑅1 = 𝐹1𝑋1 181 

In accordance with the basic connotation of total production emission liability, the 182 

foreign emission component of a country's total production emissions (e.g., a country 183 

1) should include not only emissions (direct trade effects) caused by the direct import 184 

of intermediate products by one country, but also foreign emissions (indirect trade 185 

effects) indirectly caused by the import of these intermediate products by the exporting 186 

country from other countries. As all these emissions are to meet the production and 187 
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income generation of country 1. 188 

𝑅𝑠 = [  
  𝑌1𝑠⋮𝑌𝑠𝑠⋮𝑌𝑛𝑠]  

  
 189 

𝑄𝑠 = 
[  
   

0⋮𝑌𝑠𝑠 + ∑ 𝑌𝑠𝑛𝑛≠𝑠⋮0 ]  
    190 

𝑆𝑅 = (1 − 𝛼)𝑃𝑅 + 𝛼𝐶𝑅 191 

The structural decomposition analysis (SDA) was first proposed by Leontief (1982). 192 

SDA can decompose the changes in export embodied carbon into scale effect, structural 193 

effect, energy efficiency effect and input-output coefficient effect. Since the use of SDA 194 

will produce non-uniqueness problems, if there are n variables, there will be n! of 195 

decomposition forms. Therefore, the polar decomposition method is used for 196 

decomposition.  197 

P=P(Ed) +P(R) +P(Ys) +P(Yv) 198 

P(Ed) =12 (Ed1 − Ed0)(X0 + X1) 199 

P(R) =
14 (Ed1 + Ed0)(R1 − R0)(Y0 + Y1) 200 

P(YS) =18 (Ed1 + Ed0)(R1 + R0)(YS1 − YS0)(Yv1 + Yv0) 201 

P(Yv) =18 (Ed1 + Ed0)(R1 + R0)(YS1 − YS0)(Yv1 + Yv0) 202 

P(ΔEd) is an energy efficiency effect that indicates a change in CO2 emission 203 

intensity due to changes in the energy structure and energy efficiency of the country, 204 

which in turn leads to a change in embodied carbon. P(ΔYs) is the structural effect, 205 

which means the change in embodied carbon caused by changes in the export structure. 206 

P(Yv) is the scale effect, which represents the embodied carbon change caused by the 207 

change in export scale. P(ΔR) is the input-output coefficient effect, which represents 208 

the embodied carbon change caused by the change of the input-output coefficient.  209 

Using the Hypothetical Extraction Method (HEM) to further decompose the input-210 
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output coefficient, the input-output coefficient. 211 𝑅 = 𝑀 + 𝐹 + 𝐵 212 

P(R) =P(M) +(M) +(F) +(B) 213 

P(M) =
14 (Ed1 + Ed0)(M1 − M0)(Y0 + Y1) 214 

P(F) =
14 (Ed1 + Ed0)(F1 − F0)(Y0 + Y1) 215 

P(B) =
14 (Ed1 + Ed0)(B1 − B0)(Y0 + Y1) 216 

P(ΔM) is the domestic multiplier effect, which is the change in CO2 emissions 217 

caused by the change in the input ratio of intermediate products caused by domestic 218 

technological changes. P(ΔF) is the feedback effect caused by exports. P(ΔB) regional 219 

spillover effect (spillover effect), which reflects the changes in embodied carbon caused 220 

by the deepening of economic ties or industrial interdependence in the region. 221 

3.2Data 222 

The WIOT and CO2 emission data used in this paper are derived from WIOD. 223 

WIOT contains 27 members of the European Union and 13 main economies outside the 224 

EU and all other countries were placed in the ROW region. Each country has 35 225 

departments. 226 

4 Results 227 

4.1Test 228 

To avoid the multicollinearity problem and secure the effectiveness of the results, 229 

two statistical analyses were made, namely; ADF and VAR tests.  230 

4.1.1 ADF test 231 

CIC represents the carbon emissions implied in China’s import trade, and CEC 232 

represents the carbon embodied in China’s export trade. AIC represents the carbon 233 

emissions implied in the US import trade, and AEC is the carbon emissions implied in 234 

the US export trade. Take the logarithm of the above data to get its LN form. Among 235 

them, the ADF test of LNCEC and LNAIC is not stable. Therefore, take the first 236 

difference of LNCEC and LNAIC to perform ADF test again. The expressions are 237 

LNCEC and LNAIC, and the ADF test is stable. The results are shown in Table 2. 238 

Table 2 ADF test 239 
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 ADF 1% threshold 5% threshold 10% threshold P-Value 

LNCIC -1.0591 -2.6021 -3.02997 -2.655194 0.0236 

LNCEC -3.4249 -3.8315 -4.3017 -3.6954 0.0963 

LNAIC -3.7695 -4.2019 -3.9624 -3.8862 0.0862 

LNAEC -1.7962 -3.7529 -2.9981 -2.6387 0.0361 

(LNCEC) -1.7895 -3.6451 -3.4521 -3.2213 0.0301 

(LNAIC) -3.422 -3.7695 -3.0048 -2.6422 0.0212 

4.1.2 VAR test 240 

The VAR test was carried out on the time series data of implied carbon emissions 241 

in the import and export trade of China and the United States from 1995 to 2018. The 242 

results are shown in the Fig. 2. 243 

 244 

 245 

Fig. 2. VAR test 246 

4.2 Carbon emission coefficient  247 

Carbon emission coefficient of China and three other countries in 1995 and 2009 248 

are shown in Fig. 3 and Table 3, respectively. 249 
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 250 

Fig. 3. China’s carbon emission coefficient   251 

 252 

 253 

  254 

Table 3 China, India, Japan and the United States carbon emission coefficient 255 

(Unit: million tons/ billion US dollars). 256 

Code 
China 

1995 

India 

1995 

Japan 

1995 

US 

1995 

China 

2009 

India 

2009 

Japan 

2009 

US 

2009 

S1 0.44 0.29 0.15 0.26 0.13 0.18 0.10 0.15 

S2 1.65 2.98 0.44 0.89 0.42 2.63 0.68 0.32 

S3 0.65 0.34 0.04 0.11 0.09 0.53 0.03 0.08 

S4 0.53 0.27 0.05 0.15 0.08 0.12 0.05 0.15 

S5 0.16 0.13 0.04 0.09 0.03 0.04 0.03 0.06 

S6 0.45 0.12 0.04 0.20 0.07 1.07 0.04 0.18 

S7 1.13 0.65 0.11 0.19 0.22 0.43 0.10 0.14 

S8 1.54 0.90 0.33 1.42 0.39 0.43 0.16 0.39 

S9 2.71 1.49 0.21 0.43 0.33 0.54 0.18 0.22 

S10 0.66 0.17 0.03 0.05 0.07 0.11 0.02 0.03 

S11 4.55 4.55 0.87 1.61 1.77 2.46 0.94 1.20 

S12 1.99 1.14 0.24 0.51 0.48 0.76 0.22 0.21 

S13 0.55 0.12 0.03 0.07 0.06 0.11 0.01 0.06 

S14 0.17 0.07 0.02 0.04 0.01 0.07 0.02 0.02 

S15 0.34 0.08 0.01 0.05 0.05 0.15 0.01 0.03 

S16 0.96 0.07 0.06 0.07 0.07 0.01 0.07 0.03 

S17 29.92 14.26 0.96 7.69 6.90 12.49 1.23 5.25 

S18 0.11 0.12 0.04 0.08 0.05 0.04 0.04 0.04 

S19 0.00 0.08 0.02 0.06 0.00 0.04 0.01 0.03 

S20 0.17 0.03 0.03 0.07 0.01 0.01 0.02 0.03 

S21 0.26 0.08 0.06 0.14 0.06 0.03 0.05 0.07 
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S22 0.21 1.72 0.04 0.17 0.08 0.43 0.04 0.08 

S23 0.96 0.67 0.15 0.70 0.36 0.17 0.15 0.56 

S24 3.64 2.40 1.28 2.47 0.92 1.75 1.05 1.66 

S25 2.45 4.43 1.23 1.64 1.79 0.83 0.57 1.17 

S26 0.25 0.73 0.02 0.24 0.28 0.29 0.02 0.29 

S27 0.11 0.28 0.02 0.06 0.03 0.08 0.02 0.05 

S28 0.06 0.01 0.01 0.04 0.01 0.01 0.01 0.01 

S29 0.25 0.03 0.01 0.01 0.01 0.00 0.00 0.00 

S30 0.24 0.15 0.03 0.10 0.06 0.05 0.02 0.04 

S31 0.30 0.07 0.04 0.25 0.08 0.01 0.03 0.09 

S32 0.72 0.07 0.03 0.15 0.07 0.03 0.02 0.07 

S33 0.30 0.04 0.04 0.13 0.09 0.02 0.03 0.05 

S34 0.88 0.29 0.09 0.21 0.15 0.12 0.08 0.05 

S35 0.04 0.03 0.06 0.07 0.03 0.02 0.05 0.04 

4.3 Empirical results 257 

4.3.1 The embodied carbon emissions of imported trade 258 

From the perspective of the embodied carbon emissions in China’s imported trade, 259 

the embodied carbon emissions in China’s imported goods trade were 26.9 million tons 260 

in 1995, and the embodied carbon emissions in China’s imported goods trade were 261 

227.6 million tons in 2018. In 24 years, the embodied carbon emissions in China’s 262 

imported goods trade increased by 200.7 million tons. The embodied carbon emissions 263 

of the 2018 imported goods trade were 8.5 times that of 1995. 264 

From the perspective of the embodied carbon emissions in the U.S. imported goods 265 

trade, the embodied carbon emissions in the U.S. imported goods trade in 1995 was 366 266 

million tons, and in 2018 the embodied carbon emissions in the U.S. imported goods 267 

trade was 824 million tons. In the past 24 years, the embodied carbon emissions in the 268 

US imported goods trade increased by 458 million tons. The embodied carbon 269 

emissions of 2018 in the US imported goods trade were 2.3 times that of 1995. 270 

4.3.2 The embodied carbon emissions of exported trade      271 

From the perspective of the embodied carbon emissions in China’s export 272 

merchandise trade, the embodied carbon emissions in China’s export trade in 1995 were 273 

314.7 million tons. The embodied carbon emissions in China’s export trade in 2018 274 

were 1553.7 million tons. In 24 years, the embodied carbon emissions in China’s export 275 

merchandise trade have increased by 1239 million tons. The embodied carbon 276 

emissions of 2018 in China’s export trade were 4.9 times that of 1995. 277 
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From the perspective of the embodied carbon emissions in the U.S. export 278 

merchandise trade, the embodied carbon emissions in the U.S. export merchandise trade 279 

in 1995 were 170.7 million tons. The embodied carbon emissions in the U.S. export 280 

merchandise trade in 2018 were 255.3 million tons. In past 24 years, the embodied 281 

carbon emissions of the US export merchandise trade increased by 84.6 million tons. 282 

4.3.3 The difference of embodied carbon emissions between import and export 283 

trade 284 

A comparative analysis is used to explore the embodied carbon emissions in 285 

China's import and export trade. The embodied carbon emissions of 1995 in China’s 286 

export merchandise trade were 287.8 million tons higher than that of import trade. The 287 

embodied carbon emissions of 2018 in China's export merchandise trade were 1326.1 288 

million tons higher than that of import merchandise trade. 289 

A comparative analysis is used to explore the embodied carbon emissions in US 290 

import and export merchandise trade. The implied carbon emissions of 1995 in the US 291 

import merchandise trade were 195.3 million tons higher than that of export 292 

merchandise trade. The embodied carbon emissions of 2018 in the U.S. import 293 

merchandise trade were 568.7 million tons higher than that of the export merchandise 294 

trade. 295 

According to Fig. 4, it can be found that from 1995 to 2018, the embodied carbon 296 

emissions in China's imported goods trade grew slowly, and the increase was not large. 297 

However, from 1995 to 2018, the embodied carbon emissions in China's export 298 

merchandise trade increased significantly, especially after China's accession to the 299 

World Trade Organization in 2001, export trade rose rapidly, and embodied carbon 300 

emissions were noteworthy in China's foreign exports. When the global financial crisis 301 

broke out in 2008, China’s embodied carbon emissions from foreign trade showed a 302 

downward trend. 303 

According to Fig. 5, it can be found that from 1995 to 2018, the embodied carbon 304 

emissions in the US export merchandise trade grew slowly. However, from 1995 to 305 

2009, the embodied carbon emissions of US imported goods increased significantly. 306 

When the global financial crisis broke out in 2008, the embodied carbon emissions of 307 
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imports in the US foreign trade showed a downward trend and continued to rise after 308 

2010. 309 

Consequently, from 1995 to 2018, the embodied carbon emissions of US imports 310 

of goods have been greater than the embodied carbon emissions of exports. The United 311 

States enjoys the benefits of economic globalization and international trade and is a 312 

major consumer of carbon emissions rather than a producer. 313 

 314 

Fig. 4. China import and export embodied carbon emissions from 1995 to 2018 315 

 316 

Fig. 5. US import and export embodied carbon emissions from 1995 to 2018 317 

5 Production-Based Accounting and shared responsibility 318 

According to producer and shared carbon emission responsibilities, using data 319 

provided by the WIOD, the MRIO model is employed to calculate the carbon emissions 320 

of 41 countries and regions worldwide in 2005 and 2009, as shown in Table 4.  321 
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5.1 Production-Based Accounting responsibility 322 

In the viewpoint of Production-Based Accounting (PBA) principle in 2005, the 323 

United States was the world's biggest carbon emitter with 6,019 kilotons carbon 324 

emissions and 1155 kilotons higher than the rest of the world (ROW). China ranks 325 

second in the world with a carbon emission of 4,636 kilotons. Japan, India and Russia 326 

were in the third, fourth and fifth with 1351, 1203 and 1120 kilotons of carbon 327 

emissions, respectively. 328 

Based on the PBA method in 2009, China was the world's biggest carbon emitter 329 

with 6319 kilotons carbon emissions and 833 kilotons higher than the rest of the world 330 

(ROW). The United States ranks second in the world in 2009 with 5,311 kilotons of 331 

carbon emissions. India ranks third with 1,656 kilotons of carbon emissions. Japan 332 

ranks fourth with 1,194 kilotons of carbon emissions. Russia ranks fifth in the world 333 

with 1,185 kilotons of carbon emissions in 2009. 334 

5.2 Shared responsibility 335 

In the viewpoint of shared responsibility in 2005, the United States, with 5,302 336 

kilotons of carbon emissions, remains the world's highest carbon emitter. China ranks 337 

second in the world with a total of 4,050 kilotons of carbon emissions. Japan, India and 338 

Russia were in the third, fourth and fifth with 1208, 1082, 936 kilotons of carbon 339 

emissions, respectively. 340 

China's carbon emissions reached 5,645 kilotons in 2009, according to the shared 341 

responsibility, making it the world's highest carbon emitter. The United States ranks 342 

second in the world with 4,570 kilotons of carbon emission in 2009. India ranks third 343 

with 1,497 kilotons in shared carbon emissions responsibility in 2009. Japan ranks 344 

fourth in the world in 2009 with 1,062 kilotons of carbon emission. Russia ranks fifth 345 

with 1,008 kilotons of carbon emissions. 346 

5.3 The difference between Production-Based Accounting and shared 347 

responsibility  348 

Comparing carbon emissions calculated on the basis of producer and shared 349 

responsibility, we can see that, first of all, the top three countries for carbon emissions 350 

in 2005 were the United States, China, Japan, and the top three countries for carbon 351 
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emissions in 2009 were China, the United States, India. The first place went from the 352 

United States to China, the third from Japan to India, and the fifth place for Russia did 353 

not change. 354 

Secondly, the carbon emissions calculated on the basis of producer responsibility 355 

are greater than those calculated on the basis of shared responsibility. Specifically, the 356 

PBA carbon emissions of China, the United States, India, Japan and Russia in 2009 are 357 

674,741,159,137,177 kilotons higher than those calculated on shared responsibility, 358 

respectively. 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

 367 

Table 4 Producer and shared carbon emission responsibility  368 

Unit: thousands of tons of CO2 369 

 2005 2009 

Code 
Production-Based 

Accounting 

Shared 

responsibility  

Production-Based 

Accounting 

Shared 

responsibility 

AUS 402 376 410 382 

AUT 96 81 83 70 

BEL 152 124 144 117 

BGR 43 37 43 36 

BRA 317 250 350 285 

CAN 529 445 516 439 

CHN 4636 4050 6319 5645 

CYP 10 9 10 9 

CZE 116 101 107 92 

DEU 1012 820 898 730 

DNK 77 66 70 62 

ESP 427 360 348 287 

EST 17 16 14 12 

FIN 72 65 68 62 

FRA 547 432 489 386 

GBR 690 569 595 476 
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GRC 133 123 127 114 

HUN 79 63 61 49 

IDN 326 260 381 317 

IND 1203 1082 1656 1497 

IRL 66 50 59 43 

ITA 616 514 532 442 

JPN 1351 1208 1194 1062 

KOR 553 489 550 480 

LTU 20 17 18 15 

LUX 8 7 7 5 

LVA 11 10 10 9 

MEX 457 392 451 375 

MLT 3 3 3 3 

NLD 233 190 222 182 

POL 314 268 310 261 

PRT 80 72 67 59 

ROU 105 90 995 80 

RUS 1120 936 1185 1008 

SVK 39 35 39 36 

SVN 20 15 20 16 

SWE 85 76 74 67 

TUR 300 254 290 246 

TWN 262 236 231 204 

USA 6019 5302 5311 4570 

ROW 4864 4088 5486 4637 

6 Discussions 370 

We employ the MRIO method to explore the embodied carbon structure of 371 

international trade, focus on analyzing China’s role in foreign trade, and investigate the 372 

embodied carbon emissions of China and the US from an imports and exports 373 

perspective. The results show a prominent disparity between the traditional concentrate 374 

on production-based accounting and shared responsibility accounting. This means that 375 

world leaders should extend their focus on addressing the influence of production in 376 

addition to global energy consumption and emissions. It also indicates that governments 377 

are greatly underrating the influence of consumption and the responses demanded. 378 

First, the PBA principle does not take complete account of the historical emission 379 

responsibilities of developed countries and ignore the services and production of 380 

commodities satisfying final demand in developed countries. Considering that 381 

historical emission responsibility is an important manifestation of respect for the 382 

development rights and interests of developing countries, the PBA principle is unfair to 383 
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developing countries with low historical emissions, which has prompted many scholars 384 

at home and abroad, especially from developing countries, to propose various carbon 385 

budget programs that reject the PBA principle and integrate the responsibility for 386 

historical emissions(Fan et al., 2016; Harris et al., 2020; Zhang and Peng, 2016). 387 

Second, the Kyoto Protocol uses the PBA principle in accounting for a country's 388 

annual greenhouse gas emissions and emission reductions (Bohringer and Vogt, 2003; 389 

Kander et al., 2015). Countries or regions are only responsible for emissions produced 390 

in their territories. The shortcomings of the principle are increasingly prominent: firstly, 391 

the principle of PBA contributes to carbon leakage (Zhang and Fang, 2019). Under this 392 

principle, to reduce emissions developed countries can shift carbon-intensive products 393 

or production to developing countries, which are not constrained by emission 394 

reductions, reduce their territorial emissions, and then import related products from 395 

developing countries to meet domestic demand. Such a shift could lead to a sharp 396 

increase in emissions from developing countries, resulting in carbon leakage, 397 

weakening emissions reduction policies and even leading to a rise in global carbon 398 

emissions (Tan et al., 2018). Second, the principle of PBA to account for the carbon 399 

emission responsibility of countries to China and other major export countries are unfair. 400 

Studies show that a large proportion of China's production activities and corresponding 401 

carbon emissions are the ultimate needs of other countries, especially developed 402 

countries (Branger and Quirion, 2014). Both producers and consumers are beneficiaries 403 

of carbon emissions and are responsible for them.  404 

PBA responsibility does not take into account the transfer of emissions and 405 

consumer responsibility from international trade, which is not conducive to emission 406 

reduction efficiency and lacks equity. Third, the principle of PBA cannot effectively 407 

guide low-carbon consumption and lifestyle(Zhou et al., 2020). In order to avoid the 408 

above-mentioned deficiencies of the principle of PBA, some scholars have put forward 409 

the principle of shared responsibility. The core idea of this carbon accounting program 410 

is to consider the transfer of carbon emission brought about by international trade, so 411 

that the environmental responsibility is fully reflected. 412 

To sum up, the various carbon accounting schemes that include shared 413 
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responsibility are mainly aimed at realizing the fairness of the allocation of carbon 414 

responsibility and the effectiveness of carbon emission reduction, thus enriching the 415 

essence of the principle of common but differentiated responsibility. In academia, 416 

environmental responsibility and carbon accounting scheme based on the principle of 417 

shared responsibility have developed rapidly in recent years into a new hot research 418 

field. Input-output analysis is a mainstream analytical tool in a carbon accounting 419 

program study based on the principle of shared responsibility (Chang, 2013; Jakob et 420 

al., 2021).  421 

7 Conclusions 422 

Addressing climate change needs the efforts of every country, especially China 423 

and US should cooperate closely in reducing emission transfers. And adopting shared 424 

responsibility can describe a more comprehensive picture of carbon leakage that has 425 

become significant due to international trade. Current researches pay close attention to 426 

either emission caused by the final consumption of each country employing 427 

consumption-based accounting, such as final consumers, or direct emission of each 428 

country employing production-based accounting, such as direct emitters (Liu and Fan, 429 

2017), but does not consider the embodied carbon emissions in export and import trade. 430 

Based on the data provided by WIOD, this paper analyzes the carbon emission 431 

responsibilities of major economies from producer and shared responsibility by using 432 

the MRIO model. The results showed that the shared responsibility enables producers 433 

and consumers to share carbon emissions in the production of traded goods in some 434 

way. Empirical results show that promoting the reform of the traditional carbon liability 435 

accounting scheme based on the principle of PBA and adopting the principle of shared 436 

responsibility is necessary to promote the fairness and effectiveness of global carbon 437 

emission reduction and objectively reduces the pressure on developing countries such 438 

as China, India and Russia. To this end, in the post-Kyoto era of international climate 439 

negotiations, China and other developing countries should not only actively advocate 440 

the rights and interests of developing countries that emphasize the historical emission 441 

responsibility and the difference of per capita emission level, should also emphasize the 442 

developed country consumers to China and other developing countries export 443 
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production of carbon emissions responsibility, and actively promote the reform and 444 

improvement of carbon emission accounting system (Zhu et al., 2018). 445 
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