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Abstract
We explore the carbon emissions of the world’s five highest carbon emitters by applying the
shared responsibility (SR) criterion, under which both producers and consumers share the
responsibility for emissions. Using the SR method based on the value-added approach, we can
investigate carbon emissions at both national and sectoral levels. Between 2002–2014, carbon
emissions in China and India grew dramatically. SR increased by 157% in China and 116% in
India. The main driving force of China’s carbon emissions was the rapid growth of its exports,
and the main driver of India’s carbon emissions was its high carbon-intensive production
technologies. Although carbon emissions had a declining trend in the USA and Japan, it could
have resulted from cross-border carbon leakage. More than 40% of the five countries’ national
carbon emissions under SR were attributed to “electricity, gas, steam and air conditioning supply”.
This overwhelming share was attributable to their large amounts of production and high carbon
emission intensity.
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1. Introduction
Climate change caused by greenhouse gas (GHG) emissions is a global challenge that is not
directly linked to national borders. The United Nations Framework Convention for Climate
Change considers that global climate change is a common problem but differentiated
responsibility should be assigned in proportion to the contributions of each economy. To
measure the impact of human activities on climate change, many improvements have been
made; however, less has been achieved in the allocation of responsibility. Recently, three
methodologies were developed to measure a country’s responsibility for emitting GHGs:
producer responsibility (PR), consumer responsibility (CR), and shared responsibility (SR).1
The PR criterion has been widely adopted in climate policies, although it may enhance
cross-border carbon leakage. That is, under the PR criterion, regulations on carbon emissions
in one country decrease emissions in that location, but it may increase emissions in other
countries. This is typically caused by the relocation of production through foreign direct
investment and offshore outsourcing. The CR criterion has been argued in many studies to
solve the carbon leakage problem; however, it is difficult to conduct and enforce. SR is an
intermediate method that attempts to neutralize the shortcomings of PR and CR. However, the
relevant empirical studies are limited.
Against this backdrop, this study aims to explore the SR of the world’s five largest carbon
emitters (China, the USA, India, Russia, and Japan) in the period of 2002–2014. As total
carbon emissions are more than half of the global emissions, these countries have a significant
impact on global climate change. Thus, to tackle global warming, analyzing their structure of
carbon emissions and driving forces is necessary. In our analysis, we focus on the impact of
international trade as a large amount of carbon is embodied in traded products.
Our analysis is based on input-output analysis (IOA), which has been recognized as a
useful top-down method for measuring pollution and energy usage during production (Leontief,
1970; Miller and Blair, 2009). Particularly, it has been widely adopted to estimate the GHGs
embodied in international trade flows. IOA can be applied in the analysis of national and global
carbon emissions through both the single-region input-output (SRIO) and multi-region
input-output (MRIO) models.
In the SRIO model, imported goods and services are assumed to be produced using the same
technology as domestic products. However, products imported to one country often originate
from several countries with different technologies and industry structures. SRIO cannot reflect
these differences in the calculation procedure. Conversely, the MRIO model can distinguish
among countries and internalize international trade flows into the model (Haukland, 2004;
1
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Peters and Hertwich, 2006; Proops et al., 1999). Our study adopts the MRIO model and
distinguishes between different technologies across countries.
Our results show that for the USA and Japan, CR was higher than PR, implying that they
are net carbon importers. The USA’s contribution to global carbon emissions kept decreasing
under all three criteria during 2002–2014; however, Japan’s contribution under CR and SR
increased slightly during 2008–2011. Conversely, for China, India, and Russia, PR was
higher than CR. Thus, they are net carbon exporters. China and India showed similar trends.
In particular, the three aforementioned responsibility criteria, and hence their contribution to
GHG emissions, increased dramatically. The SR of China and India increased by 157% and
116%, respectively, in 2002–2014. On factors influencing carbon emissions under SR,
international trade volumes as well as economic growth had significant impact on China and
the USA. Carbon intensity markedly influenced the SR of India, Russia, and Japan.
With respect to sectoral SR, we examine 56 sectors listed in the World Input-Output
Database (WIOD) for the five countries. The SR of “electricity, gas, steam and air
conditioning supply” is by far the largest. In 2014, more than 40% of the national carbon
emissions under the SR criterion came from this sector. Its share is almost 50%, particularly
in the USA and Russia. Heavy industries such as “manufacture of basic metals,”
“manufacture of other non-metallic mineral products,” and “manufacture of chemicals and
chemical products” also accounted for relatively large emissions. For the sectoral SR, the
sector’s carbon emission intensity, value added, and the amount of production play crucial
roles.
The remainder of this paper is organized as follows. Section 2 discusses the three
responsibility criteria: producer, consumer, and shared responsibilities. Section 3 presents our
methodology based on the MRIO model. Section 4 presents the results. Section 5 provides
discussions. Section 6 concludes.

2. Three Responsibility Criteria and Related Literature
2.1 Producer Responsibility
PR criterion has been adopted in global climate policies, such as the Kyoto Protocol and the
Paris Agreement. Under PR, carbon emissions embodied in all goods and services produced
within the jurisdiction are considered (Task Force on National Greenhouse Gas Inventories,
1996). However, it has some limitations. Some countries have refused to make a commitment
to carbon reduction targets. For example, developing countries had no obligation to the
reduction in the Kyoto Protocol. Developing countries assert that it is unfair to be forced to
set a carbon reduction target because it hinders their economic growth. Countries that are
highly dependent on their exports, such as China, also claim that they should not be responsible
for carbon emissions associated with foreign consumption. On the other hand, developed
2

countries are afraid that their economic competitiveness will be eroded if they comply with any
emission target that is not applied to other economies. The USA and Canada withdrew from the
Kyoto Protocol, while Russia and Japan refused to sign the second commitment period for the
Kyoto Protocol (UNFCCC, 2012).
Considering how emission regulations impact the economy, it would draw away investors,
which could enhance relocation of industries to less-regulated economies, following the
so-called pollution haven hypothesis, and enlarge the possibility of cross-border carbon
leakage (Stern, 2007). Since measurement of carbon emissions in a geographic region does not
consider the transfer of emissions through international trade flows, PR has enhanced the
problem of cross-border carbon leakage (Pedersen and de Haan, 2006; Peters et al., 2011) and
made assigning the emissions in the activities of international trade difficult (IPCC, 2007).

2.2 Consumer Responsibility
Many studies have discussed the CR as an alternative to PR, because of the limitations of PR,
especially for the problem of cross-border carbon leakage (Ahmad and Wyckoff, 2003;
Andrew and Forgie, 2008; Bastianoni et al., 2004; Eder and Narodoslawsky, 1999; Davis and
Caldeira, 2010; Peters and Hertwich, 2008).
Applying the IOA, the criterion of CR can be calculated by excluding emissions embodied
in exports from PR and adding emissions associated with imports to PR.2 Therefore, CR can be
considered a form of carbon trade balance (Serrano and Dietzenbacher, 2010, Kanemoto et al.,
2012). Thus, CR has certain advantages over PR. Under CR, not only emissions are linked to
international trade but also cross-border carbon leakage can be taken into account (Ferng,
2003). Moreover, CR contains more items associated with emissions not included in the Kyoto
Protocol, hence, has relatively more potential applications (Peters, 2008). According to CR,
countries may have incentive to import low-carbon-content products and transfer low-carbon
technologies to supplier countries, which would have a significant impact on low-income
economies such as China and India.
Compared with PR, the CR criterion seems more feasible for allocating responsibilities for
carbon emissions; however, several drawbacks can be found. First, the CR criterion requires
countries to make decisions on economic activities that occur beyond their jurisdiction (Peters,
2008). Because the governments have difficulty managing GHGs emitted in other jurisdictions,
commitments and climate policies cannot be easily fulfilled or enforced. Second, the
requirement only for consumers would impair producers’ incentive to reduce carbon emissions
in the production process; hence, the development of a clean technology adoption may be
discouraged (Bastianoni et al., 2004; Kander et al., 2015). Moreover, a country may have
2

Owing to our definition of CR, our model is also known as the emissions embodied in bilateral trade (EEBT)
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incentive to produce and export more emission-intensive products and import less
emission-intensive products to decrease its CR for carbon emissions. Therefore, carbon
leakage may not be mitigated and may even deteriorate (Afionis et al., 2017).

2.3 Shared Responsibility
The criterion of responsibility shared between producers and consumers has been proposed in
the literature to mitigate some of the problems discussed above.
Several studies analyze different methods about SR between producers and consumers
(Ferng, 2003, Bastianoni, 2004; Gallego and Lenzen, 2005; Wiedmann and Lenzen, 2006;
Lenzen et al., 2007; Peters, 2008; Cadarso et al., 2012; Zhu et al., 2018; Piñero et al., 2019; Xu,
2021). One proposed by Ferng (2003) emphasizes analysis at the national level and considers
international trade flows. In the context of this study, a country should be responsible for some
of the domestic emissions driven by foreign demand and a part of the emissions imported from
other countries. Ferng (2003) establishes a sharing method based on a benefit criterion and
considers both producer and consumer impact. It requires the net amount of carbon emissions
sequestered by domestic ecosystems to be subtracted from estimated emissions and
subsequently propose an SR criterion including 50% of these two items. However, the
calculations are at the macroeconomic level; hence, the details at the sectoral level cannot be
analyzed.
Similar to Ferng (2003), Xu et al. (2021) also adopt a sharing method of 50% between
producers and consumers. Shared responsibility with equal weight is considered fairer than PR
and CR, as it ensures that the sector- and nation-level SR for carbon emissions is always in
between two other criteria, which is easily accepted by the countries. However, this approach
cannot reflect any characteristic of a country’s or a sector’s production, such as its emission
intensity and extent of participation in global supply chains. Zhu et al. (2018) propose an
emission-intensity-based SR under which the emissions are allocated between importing and
exporting countries based on the sectoral difference of emissions intensity.
Another approach focuses on supply chains. Bastianoni et al. (2004) argue that the last stage
of the supply chain influences emissions most in the global supply chain. In their analysis,
consumers and the final production stage can put pressure on upstream emissions from the
demand side. They divide the sum of upstream emissions at every stage by the total cumulative
emissions in the supply chain for designing the sharing percentage.
Similarly, the approach proposed by Lenzen et al. (2007) and Piñero et al. (2019) aims to
allocate emissions to producers in proportion to the value that they add to the supply chains.
They are concerned with economic agents, such as sectors, producers, and consumers. Lenzen
et al. (2007) state that in the supply chain, agents who add more value to the product are those
controlling the chain. Hence, they have more responsibility for the emissions. This allocation
method requires that prices all along the supply chain are known and the value added is
4

calculated as percentages of the whole price. The percentage of value added is multiplied by
emissions produced plus incorporated in each stage to determine sharing percentage, and the
remaining emissions would proceed to the next stage. The main advantage of the value-added
method is that the sharing percentage is independent of sector classification, as the total
value-added at the end of the supply chain is always stable. Hence, a participant controlling
production to a large extent has a greater share of the responsibility for the emissions. High
control for production holds for high value added, while low-value-added participants act more
like “agents” of their inputs under the value-added SR (Lenzen et al., 2007).
Our study applies the methodology proposed by Cadarso et al. (2012), who combined the
macro-level method of Ferng (2003) and the sector-level approach of Lenzen et al. (2007).
Cadarso et al. (2012) simultaneously consider international trade and sector structure by
applying the value-added method to calculate the sharing percentage among inter-sectoral
emissions associated with exports and imports in an open economy. Hence, this approach
simultaneously allocates carbon emissions at both the national and sectoral levels, widening
the scope of analysis. Cadarso et al. (2012) applied SR to the Spanish economy and focused on
case studies within Spain. However, they did not discuss the relationship between countries.
Moreover, they adopted the SRIO model. Our study extends research scope to more economies
and focuses on carbon emissions embodied in international trade.

3. Methodology
This section introduces the methodology of input-output analysis for estimating carbon
emissions embodied in trade flows and the calculation procedures of PR, CR, and SR based on
the value-added approach.
Table 1 describes the world input-output table (WIOT) for Countries 1 and 2. We use 𝑖
and 𝑗 to denote the countries. In our analysis, Country 1 represents one of the five countries
--- China, the US, Russia, India, and Japan, and Country 2 represents the rest of the world
(RoW). There are 𝑛 sectors in each country. The rows in Table 1 describe the distribution of
the output of sectors over the user categories. For instance, the outputs of Sector 1 in Country
1 are used as intermediate inputs in the 𝑛 sectors in both Countries 1 and 2 and are sold to
consumers as final goods in Countries 1 and 2. The columns of Table 1 describe the
production processes of the sectors. For instance, the production of Sector 1 in Country 1
requires intermediate inputs from 𝑛 sectors in Countries 1 and 2.
We can describe the WIOT with the following equation:
11
12
11
12
1
11
[𝑋 2 ] = [𝑍21 + 𝑍 22 ] + [𝑌21 + 𝑌 22 ] = [𝐴21
𝑍 +𝑍
𝑌 +𝑌
𝑋
𝐴
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𝐴12 ] [𝑋1 ] + [𝑌11 + 𝑌12 ] .
𝑌 21 + 𝑌 22
𝐴22 𝑋 2

(1)

For 𝑖, 𝑗 = 1, 2, 𝑋 𝑖 is the 𝑛 × 1 vector of country 𝑖’s total output, 𝑍 𝑖𝑗 is the 𝑛 × 𝑛 matrix of
country 𝑗’s intermediate demand for products from country 𝑖, 𝑌 𝑖𝑗 is the 𝑛 × 1 vector of
country 𝑗’s final demand for products from country 𝑖, and 𝐴𝑖𝑗 is the input coefficient matrix
that represents country 𝑗’s intermediate use of the goods produced in country 𝑖; and 𝐴𝑖𝑗 =
𝑍 𝑖𝑗 (𝑋̂𝑗 )

−1

where 𝑋̂𝑗 is the diagonalization of 𝑋𝑗 .

From Equation (1), we can obtain the following input-output linkage for each country 𝑖:
𝑋 𝑖 = 𝐴𝑖𝑖 𝑋 𝑖 + 𝑌 𝑖𝑖 + 𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ,

𝑖 ≠ 𝑗.

(2)

Therefore,
−1

𝑋 𝑖 = (𝐼 − 𝐴𝑖𝑖 ) (𝑌 𝑖𝑖 + 𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ),
where 𝐼 denotes the identity matrix and (𝐼 − 𝐴𝑖𝑖 )

−1

(3)

represents the 𝑛 × 𝑛 matrix of the

Leontief inverse. The total output of a country can be decomposed into two parts: (𝐼 −
−1

𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 represents the output that is used to produce final goods 𝑌 𝑖𝑖 , including both the
values of 𝑌 𝑖𝑖 itself and all the domestic intermediate inputs used along the production chain of
−1

𝑌 𝑖𝑖 . (𝐼 − 𝐴𝑖𝑖 ) (𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ) represents the output used to produce exports of 𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 .

3.1 How to Calculate Producer and Consumer Responsibility
Assume that 𝑓 𝑖 is the 𝑛 × 𝑛 diagonal matrix of country 𝑖’s direct carbon emission intensities,
whose element represents the CO2 emissions per unit of total domestic output of the
corresponding sector:
𝑒1𝑖
𝑓1𝑖
𝑖
𝑓 =[⋮
0

⋯ 0
𝑥1𝑖
⋱ ⋮]= ⋮
⋯ 𝑓𝑛𝑖
0
[

⋯

0

⋱

⋮ .
𝑒𝑛𝑖

⋯

(4)

𝑥𝑛𝑖 ]

Here, 𝑒𝑘𝑖 denotes sector 𝑘 ’s total emissions in country 𝑖 , 𝑘 = 1, 2, … , 𝑛 . 𝑓 𝑖 is mainly
influenced by factors such as production technology and energy efficiency.
Thus, the total emissions associated with domestic production within a country, that is, PR,
are calculated as follows:
−1

𝑃𝑅 𝑖 = 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) (𝑌 𝑖𝑖 + 𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ),

𝑖 ≠ 𝑗.

(5)

A country’s PR for total emissions can be decomposed into emissions associated with domestic
final demand and emissions associated with exports.
6

Conversely, CR includes the emissions associated with domestic production consumed
within a country plus emissions associated with products produced in other countries and then
imported to the country as final and intermediate goods. CR is calculated using the following
expression:
−1

−1

𝐶𝑅 𝑖 = 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 + 𝑓 𝑗 (𝐼 − 𝐴𝑗𝑗 ) (𝑍𝑗𝑖 + 𝑌𝑗𝑖 ),

𝑖 ≠ 𝑗.

(6)

where 𝑓 𝑗 indicates the amount of emissions per unit of production of country 𝑗, 𝐴𝑗𝑗 denotes
the 𝑛 × 𝑛 local input coefficient matrix of country 𝑗, and 𝑍𝑗𝑖 + 𝑌𝑗𝑖 represents the 𝑛 × 1
vector of intermediate and final demand for goods imported from country 𝑗.

3.2 How to Calculate Shared Responsibility
SR allocates emissions to make each country accountable for all the emissions associated with
the goods it produces and consumes domestically and for part of the emissions incorporated
into goods consumed but not produced (imports) and produced but not consumed (exports).
The expression for the SR criterion for country 𝑖 (𝑖 = 1, 2; 𝑖 ≠ 𝑗 ) in a single-region
input-output model is
𝑆𝑅 𝑖 = 𝜙𝑃𝑅 𝑖 + (1 − 𝜙)𝐶𝑅𝑖
−1

−1

−1

= 𝜙 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) (𝑌 𝑖𝑖 + 𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ) + (1 − 𝜙) [𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 + 𝑓 𝑗 (𝐼 − 𝐴 𝑗𝑗 ) (𝑍𝑗𝑖 + 𝑌𝑗𝑖 )]
−1

−1

−1

𝑖
𝑖𝑖
𝑖𝑗
𝑖𝑗
𝑗
𝑗𝑗
𝑗𝑖
𝑗𝑖
=⏟
𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 + 𝜙
⏟ 𝑓 (𝐼 − 𝐴 ) (𝑍 + 𝑌 ) + (1
⏟ − 𝜙)𝑓 (𝐼 − 𝐴 ) (𝑍 + 𝑌 ) .
7.1

7.2

(7)

7.3

A country is responsible for all the emissions produced within the country and consumed
domestically (7.1). This also includes part of emissions incorporated into exports (7.2), plus
part of emissions incorporated into imports (7.3).
Two criteria are used to determine an adequate sharing percentage 𝜙: to establish a sharing
percentage that on the one hand distributes responsibility for export and import emissions
properly between countries and on the other hand helps spread responsibility adequately at the
sector level. The procedure for calculating the sharing percentage satisfying both criteria is
proposed by Lenzen et al. (2007). The sharing percentage is dependent on the value added
withheld by suppliers divided by net production (total production less intra-industrial
consumption). Emissions transferred to consumers would therefore be (1 − 𝜙). Cadarso et al.
(2012) apply this intersectoral emission criterion based on the value-added approach to the
calculation of SR in an open economy, considering emissions associated with exports and
imports.
We extend this method to a multi-region input-output model to distribute responsibility
between countries and sectors. Specifically, the SR expression for country 𝑖 is:
7

−1

−1

−1

𝑆𝑅 𝑖 = ⏟
𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 + ⏟
𝜙 𝑖 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) (𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ) + ⏟
(1 − 𝜙 𝑗 )𝑓 𝑗 (𝐼 − 𝐴𝑗𝑗 ) (𝑍𝑗𝑖 + 𝑌𝑗𝑖 ) , (8)
8.1

8.2

8.3

where
𝑣1𝑖
𝜙1𝑖
𝜙𝑖 = [ ⋮
0

⋯
⋱
⋯

𝑖𝑖
𝑥1𝑖 − 𝑧11
0
⋮ ]=
⋮
𝑖
𝜙𝑛
0
[

⋯

0

⋱

⋮
𝑣𝑛𝑖

⋯

.

(9)

𝑖𝑖
𝑥𝑛𝑖 − 𝑧𝑛𝑛
]

Here, 𝜙 𝑖 is an 𝑛 × 𝑛 diagonal matrix with the elements being the quotients of value added to
the net product of sectors of activity in country 𝑖. Expression (8.2) quantifies that part of the
responsibility for emissions associated with exports from country 𝑖 that remain within that
country proportional to 𝜙 𝑖 . Responsibility for the rest of the emissions is allocated to country
𝑗, which consumes these exports. Expression (8.3) measures the emissions for which country 𝑖
is responsible, resulting from imports purchased from country 𝑗, proportional to (1 − 𝜙 𝑗 ).
Country 𝑗 is responsible for part of the emissions generated by industries producing goods
exported to country 𝑖, depending on country 𝑗’s value added to net production 𝜙 𝑗 . The
method explained makes a country accountable for the part of emissions attributable to its
consumption, either at the aggregate level or by sectors.
Before moving on, we distinguish between the models in Cadarso et al. (2012) and our study.
Cadarso et al. (2012) assume that 𝜙 𝑖 = 𝜙 𝑗 holds, which implies that a sector’s SR is always
between its PR and CR. However, we relax this assumption so that 𝜙 𝑖 and 𝜙 𝑗 are different
across countries. As a result, the sector-level and aggregate-level SRs are not necessarily
between PRs and CRs.

3.3 Data Sources
The input-output tables of the top five carbon emitters (China, the USA, India, Russia, and
Japan) are obtained from the World Input-Output Database (WIOD) 2016 Release for 56
sectors for the years 2002, 2005, 2008, 2011, and 2014 (Timmer et al., 2015). The World
Input-Output Tables (WIOT) in WIOD include data on each sector’s value added, production
of intermediate inputs and total output, as shown in Table 1.
The CO2 emissions accounts of the top five carbon emitters for 56 sectors are obtained from
the Environmental Accounts WIOD 2016 Release for the same 5 years, which covers the total
annual CO2 emissions for each sector (Corsatea et al., 2019). Moreover, the sector
classification of CO2 emission accounts is consistent with the WIOT. Equation (4) can help
calculate the emission intensity of each sector in each country.
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4. Results
4.1 National Level
Fig. 1 presents each economy’s total carbon emissions under three criteria (2002, 2005, 2008,
2011, and 2014). Fig. 1 shows that each country’s SR is between PR and CR, except India’s SR
in 2011. Moreover, in the same year, PR was higher than CR for China, India, and Russia.
Conversely, the emissions under CR are higher than those under PR for the USA and Japan.
The most dramatic changes have been observed in China. China’s responsibility has
increased sharply under every criterion. Between 2002–2005, China’s PR increased the most,
with a rate of 51.68%, and CR and SR increased by 36.86% and 42.02%, respectively. The
increases in China’s emissions under the three criteria slowed down, but still were at a rate of
more than 20% (2005–2008). During 2008–2011, China’s PR, CR, and SR all increased faster
than in the previous period; particularly, CR rose most dramatically with a rising rate of
43.01%. However, during 2011–2014, the increase in China’s emissions slowed down again,
with the rates being 6.98% under PR, 9.81% under CR, and 8.53% under SR. China, surpassing
the USA, has become the world’s largest carbon emitter under the three criteria in 2008, with
7.25 billion tons of emissions under PR, 5.53 billion tons of emissions under CR, and 6.03
billion tons of emissions under SR.
In the USA, PR leveled off from 2002 to 2005, but fell by 4.17% and 6.88% in 2005–2008
and 2008–2011, respectively. CR peaked in 2005 with an increasing rate of 4.50% but dropped
by 12.47% during 2005–2008. The SR showed a trend similar to that of PR, with a rising rate of
2.90% in 2002–2005 and a decline of 8.74% and 1.41% in 2005–2008 and 2008–2011,
respectively. In 2011–2014, the USA’s emissions increased slightly, with a rate of less than 0.2%
under PR and 2% under CR and SR.
The three criteria of India grew rapidly, especially for 2005–2011, resulting in a change
surpassing Russia and becoming the world’s third largest carbon emitter in 2011. Specifically,
in 2005–2008 and 2008–2011, PR increased by 22.71% and 25.37%, CR rose by 19.90% and
33.98%, and SR increased by 21.32% and 30.13%, respectively. Similar to China, the increase
in India’s emissions also slowed down under the three criteria during 2011–2014, with growth
rates of 19.38%, 12.90%, and 15.16% under PR, CR, SR, respectively.
Japan’s PR decreased during 2002–2008 but rebounded during 2008–2014. Its CR and SR
fluctuated in a similar way, both increasing during 2002–2005 with a rate less than 1%,
decreasing during 2005–2008 with a rate of around 12%, increasing again during 2008–2011
with a higher rate of more than 10% and decreasing again during 2011–2014 with a lower rate
of less than 3%.
For Russia, the three criteria presented a similar trend, increasing during 2002–2011, while
falling by around 5% under every criterion during 2011–2014.
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Table 2 shows each economy’s contribution to the total global carbon emissions in each
year under the PR, CR, and SR, respectively. In the column of PR, the percentages of China
and India increased in 2002–2014. Conversely, the shares of the USA, Russia and Japan
decreased steadily. Especially after 2011, the share of China’s PR became more than 30% of
the global carbon emissions.
Regarding CR, China and India showed a similar trend of growth, increasing steadily during
2002–2014; in contrast, the USA dropped gradually. Russia’s CR continued increasing until
2011 but decreased slightly during 2011–2014. Japan’s CR decreased smoothly, except during
2008–2011. Under CR, the USA once accounted for over a quarter of the world’s emissions in
2002. However, it was surpassed by China and accounted for less than 20% in 2008.
The SR of China, the USA, Russia, and Japan were between their PR and CR. Whereas the
SR of China and India rose every 5 years, the SR of the USA decreased steadily. The SR of
Japan displayed a similar tendency with its CR, dropping gradually during 2002–2008 and
2011–2014 while increasing slightly during 2008–2011. Russia’s SR fluctuated between 4%
and 5%, with a decreasing tendency, especially after 2008.
In summary, with respect to SR, China and India had a similar growing tendency, while the
USA, Japan, and Russia had a similar declining tendency. Note that the carbon emissions of
these five countries accounted for over 50% of global emissions during 2002–2014 and under
every criterion, implying a dominant impact on the global climate change from these large
carbon emitters.
Fig. 2 illustrates the share of each source of SR (domestic final demand, exports, and
imports) in 2014. The largest share is the domestic final demand in all countries. Among five
countries, China had the largest share of domestic final demand (86.30%), Japan had the
smallest share of domestic demand (63.50%), the largest share of imports (28.05%), and
Russia had the largest share of exports (16.46%). While China has the smallest share of
imports (6.32%), the USA has the smallest share of exports (4.80%).
Since China surpassed the USA and became the largest carbon emitter in the world under
the three criteria in 2008, and the emissions driven by exports account for 7.38% of SR, it is
worth examining by which countries carbon emissions for China’s exports are driven. We can
answer this question using an input-output analysis. Fig. 3 shows that the EU was the largest
market for Chinese exports, leading to 14.80% of carbon emissions from China’s exports. The
USA was the second-largest driver, accounting for 14.59% of the total. Japan and Korea
accounted for 7.27% and 5.18% of the total, respectively. These four economies accounted for
more than 40% of the carbon emissions associated with China’s exports.
We also investigate foreign countries that contributed to carbon emissions from Russia’s
exports, Japan’s imports, and US imports (Fig. 3). For Russia’s exports, the EU’s
contribution (29.56%) was much greater than that of other countries. This is because the EU
imported a lot of natural resources, such as natural gas and oil from Russia. For Japan’s
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imports, China’s contribution (19.11%) was the largest, followed by the EU (8.42%) and the
USA (6.86%). Japan imported manufactured and agricultural products from these countries.
For US imports, the EU’s contribution was the largest (18.65%), followed by Canada
(16.14%), China (15.05%), and Mexico (11.15%).

4.2 Sectoral Level
The sector’s SR is likely to be larger: i) when its amount of production is large, ii) when its
carbon emissions intensity is high, and iii) when its share of value added is large. A large
𝑗

share of value added implies that both 𝜙𝑛𝑖 and (1 − 𝜙𝑛 ) in sector n in country i are large. Each
country’s SR of 56 sectors in 2014 is listed in descending order in Table A.1 in Appendix A.
“Electricity, gas, steam and air conditioning supply” has the largest SR among all countries.
More than 40% of the five countries’ national carbon emissions that fall under the SR originate
from this sector. This overwhelming share is attributable to both a large amount of production
and high carbon emission intensity. Carbon emissions intensity is the largest among all
sectors except Russia. The heavy industries such as “manufacture of basic metals,”
“manufacture of other non-metallic mineral products,” and “manufacture of chemicals and
chemical products” tend to appear in the top. Conversely, service sectors and the light
industries tend to be concentrated at the bottom of the order. The total share of “electricity, gas,
steam and air conditioning supply,” “manufacture of basic metals,” “manufacture of other
non-metallic mineral products,” and “manufacture of chemicals and chemical products” is
significantly high in all countries: over 70% in China, India, and Russia, and over 60% in the
USA and Japan.
As can be seen, the carbon emissions attributed to imports dominate those attributed to
exports in the USA and Japan. This feature is observed in the sectors with high SR, such as
“electricity, gas, steam and air conditioning supply,” “manufacture of basic metals,”
“manufacture of other non-metallic mineral products,” and “manufacture of chemicals and
chemical products.” Particularly, the feature is prominent in the US “manufacture of basic
metals,” as the carbon emissions attributed to imports and exports have a 16 times difference.
Moreover, in that sector, carbon emissions assigned to imports are more than twice those
assigned to domestic final demand.
We can also observe the following from Table A.1. The transport sectors including “water
transport” and “air transport” tend to have higher carbon emissions because of their high
carbon emission intensities. “Crop and animal production, hunting and related service
activities” accounts for a relatively large portion in China, India and Russia, which conforms to
their national production pattern as large agricultural countries. Surprisingly, the third largest
carbon-emitting sector in the USA is “public administration and defense and compulsory social
security,” which covers the activities of national defense and the administration of government
programs. Although the carbon emissions intensity is significantly low, the amount of
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production is huge, and the share of value added is relatively large. Moreover, the amount of
“manufacture of motor vehicles, trailers and semi-trailers” is large in China, the USA, and
Japan, but its share in the national SR is significantly small. This result originates from the
small carbon emission intensities and the relatively low shares of value added.

5. Discussions
China and India increased carbon emissions remarkably between 2002 and 2014. All three
responsibility criteria drastically increased during this period. Particularly, China’s SR
increased by almost 157%, and India’s SR grew by 116%. Rapid growth is likely to be
associated with economic growth, leading to growing energy use in sectors such as electricity,
mining, and basic and fabricated metals. In addition to the effect of economic growth, the high
carbon intensity also contributed to the large volume of carbon emissions for both China and
India.
However, some differences between China and India exist in structure of carbon emissions.
The main driving force of China’s carbon emissions comes from the rapid growth associated
with international trade flows, especially exports. In India, the main driver for high carbon
emissions is high energy-intensive production technologies.3
The difference in carbon intensity between China and India may originate from the majority
of energy sources. The majority of India’s energy use comes from coal. About 42% of India’s
total energy consumption resulted from the use of coal (EIA, 2013), which emitted a large
amount of CO2. China’s relatively low carbon intensity may be because of efforts to expand
the use of renewable and clean energy sources. For example, China built the Three Gorges
Dam hydropower plant, the largest hydropower facility in the world (EIA, 2013). More than
half of the new wind power in the world (Hallding, 2011) and over half of the world’s nuclear
capacity belong to China (EIA, 2013).
The USA and Japan show similar trends in many aspects. Both Japan and the US were net
importers of embodied carbon, implying that they have displaced part of the carbon emissions
originating from their consumption in the rest of the world. Some studies find that Japan is a net
importer of embodied carbon from lower-income countries. For example, Ackerman et al.
(2007) show that Japan displaced a significant amount of pollution to other countries through
international trade flows. Cole (2004) finds that the USA has imposed a significant
environmental burden on its trading partners, and the growth in the volume of net imports has
outpaced the decline in pollution intensity of both imports and exports.
Between 2002 and 2005, the USA’s CR increased faster than its PR. Japan’s CR increased,
while its PR decreased. Thus, both the USA and Japan restrained their carbon emissions from
3

Wang and Li (2016) show that there is a strong relationship between China’s carbon emissions and
international trade, but no evidence of direct correlation for India.
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production within their own jurisdictions; however, they expanded carbon emissions from
production for these two countries, implying cross-border carbon leakage.
Between 2005–2008, the USA and Japan showed a decline in carbon emissions under all
three criteria. This may be because of reduction of foreign carbon intensities, the improvement
of production technologies, and slowdown of economic growth due to the financial crisis
triggered by the bankruptcy of Lehman Brothers in September 2008. The shares of the USA
and Japan in global emissions became smaller. In addition to the three reasons stated above, it
can also be attributed to the increases in carbon emissions in other countries.
However, note that the trade structure of the USA is different from that of Japan. Japan is a
net importer of embodied carbon, despite a substantial trade surplus, because its imports are
much more carbon intensive than its exports. This indicates that Japan, by implementing clean
energy, energy conservation measures, and improvements in energy efficiency, is successful in
reducing CO2 emissions. This could also be attributed to the continuous efforts for improving
energy efficiency through technological innovation. Japan has successfully shifted from the
manufacture of carbon-intensive products to high-technology and knowledge-intensive
industries (Warr et al., 2010). Conversely, the USA has relatively carbon-intensive exports, but
it is also a net importer of embodied carbon because of the large trade deficit.
Russia has unique characteristics. Russia has shown a decline in its PR and SR contributions
to global carbon emissions over the period 2002–2014. This may have resulted from two
aspects: carbon intensity and Russia’s economic growth. In Russia, the carbon intensity effect
is a key driver of the reduction in CO2 emissions. Russia’s carbon intensity is the highest
among the five countries. Its value was more than twice that of India in 2002, but it became
lower than India’s in 2014. This result could be related to Russia being endowed with
enormous reserves of natural gas for use in domestic energy generation and for some export
purposes (EIA, 2013). However, natural gas is a fossil fuel that releases a much lower amount
of CO2 than coal and other carbon-intensive energy sources in the production process (EPA,
2013). Countries like China imported a large amount of natural gas from Russia, resulting in a
large proportion of Russia’s export-driven responsibility. Economic growth is another reason
for the relatively slow growth of shared responsibility compared to China and India. Cowan et
al. (2014) argued that a positive correlation between CO2 emissions and economic growth
exists in Russia. In 1998, Russia faced a ruble crisis and went through a long and slow
economic growth, resulting in a low demand for energy consumption. Therefore, dramatically
decreasing carbon intensity and slow economic growth jointly determined the decline in SR in
Russia.
Since “electricity, gas, steam and air conditioning supply” is overwhelming in all countries,
we explore this sector in the rest of this section. Hence, we decomposed the carbon emissions
under SR. Table 3 illustrates the decomposition of 2014, which divides SR into carbon
emissions driven by domestic final demand, exports, and imports. Fig. 4 shows the share of
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each component of “electricity, gas, steam and air conditioning supply” for each economy in
2014.
In China, most emissions were driven by domestic demand (87.19%) and exports (7.60%).
The USA had a higher share of import-driven carbon emissions (15.22%) than export-driven
carbon emissions (3.03%), which implies that it was a net carbon importer. Comparing the
decomposition procedure of the two largest carbon emitters, the USA had a higher emission
intensity. Although domestic final demand for China was about twice as much as that for the
USA, Chinese export volume was more than ten times that of the USA, and the import volume
was about half that of the USA. Considering both emissions intensity 𝑓 𝑖 and value added 𝜙 𝑖 ,
the gap between the two countries’ export-driven emissions was alleviated. Hence, China
emitted export-driven carbon emissions four times. However, the difference in import-driven
emissions increased further. Therefore, the main reason for the difference between China and
the USA was the structure of imports and exports.
Fig. 4 shows that both India and Russia were net carbon exporters, while India had a higher
proportion of domestic demand-driven emissions and Russia had the highest share of
export-driven SR. India had the largest carbon emission intensity, almost three times as much
as Russia’s (Table 3). This resulted in the fact that although the volume of domestic demand
was less than Russia’s, the emissions driven by domestic final demand exceeded Russia’s.
Moreover, the gap in export-driven SR between India and Russia is much smaller than that of
export volume. In import-driven SR, every item has a similar value. Therefore, comparing
India and Russia, a significant feature of India is the high-carbon and low-efficiency emission
technologies.
Japan was the smallest carbon emitter, with the lowest emission intensity and the largest
proportion of carbon emissions driven by imports among the five countries. This results in the
status of the main consumer in the global value chain. Although Russia’s domestic final
demand was far less than Japan’s, Russia’s domestic demand-driven emissions were much
more than Japan’s (Table 3).

6. Concluding Remarks
To achieve emission reduction goals of global climate policy, establishing an adequate
responsibility criterion to allocate emissions across countries is necessary. We have derived the
PR, CR, and SR of the world’s five largest carbon emitters (China, the USA, India, Russia, and
Japan) based on input-output analysis, which is widely used to estimate pollutions embodied
in international trade.
The USA and Japan are net carbon importers, whose CR is higher than PR, while China,
India, and Russia are net carbon exporters that have a higher PR. Between 2002–2014, the
three responsibilities of China and India increased drastically. They are expected to continue
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growing, which would result in commensurate growth in their energy consumption. Therefore,
China and India are key to the mitigation of climate change.
Two key factors determine carbon emissions for each economy: carbon intensity and
economic growth. Compared with the USA and Japan, the carbon intensity of China, India, and
Russia is higher. For India, the main driving force for a large amount of carbon emissions is
carbon-intensive products that satisfy domestic use and exports. Some specific performance of
economic growth is reflected in international trade. Particularly, China has shown a dramatic
growth in exports, resulting in a remarkable increase in export-driven carbon emissions.
Among the three responsibility criteria, we have mainly focused on SR, which links
domestic producers to foreign consumers through international trade. Although the PR in the
USA and Japan remained rather stable, it may have resulted from cross-border carbon leakage.
Applying SR, a country is partly responsible for carbon emissions associated with its
consumption. Hence, SR considers the impact of both exports and imports on carbon emissions.
Adopting the SR criterion instead of the PR criterion may create incentive for developed
countries to transfer low carbon-intensive technologies to developing countries, reducing
cross-border carbon leakage, and hence the global GHGs.
Investigating the SR of each sector, we can determine which sector is more responsible
for carbon emissions. More than 40% of the five countries’ national carbon emissions under
SR were attributed to “electricity, gas, steam and air conditioning supply.” This huge share
was attributable to both its large amount of production and high carbon emission intensity.
Furthermore, we can determine the sources of carbon emissions at the sectoral level. Carbon
emissions are attributed to the domestic final demand in most sectors. However, some sectors
in which either exports or imports are the largest source of carbon emissions exist.
We focused on emissions from production and service and did not consider the emissions
from the household sector, such as the GHG emissions from cooking, heating, and personal
car use. However, as an essential source of GHG emissions, household emissions are covered
by both the Kyoto Protocol and the Paris Agreement. Therefore, we investigate and compare
the national emissions of the five countries, including those emitted from the household
sector in Appendix B. Even if household emissions are included, results remain the same,
except that the contributions of China, India, and Japan to the global emissions decrease
under the three criteria for all 5 years, and the US contribution increases under the three
criteria except 2002. This implies that the USA has consumed more energy in the household
sector than the other four countries.
We conclude by discussing two important issues for future research: this study aimed to
investigate SR and compare it with PR and CR. Although we considered bilateral trade
between countries, our model could not describe the input-output linkages in current global
value chains wherein inputs may be transported across borders several times before being
assembled into final products. A number of papers have studied PR and/or CR along global
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value chains (e.g., Zhang et al., 2017; Meng et al, 2018; Zhang et al., 2020). However, their
focus is on the decomposition of carbon emissions embodied in gross exports, and less
attention is paid to the comparison between PR, CR, and SR. To fill this gap, SR for carbon
emissions at the national and sector levels along the global value chains should be explored.
Additionally, our purpose was to develop fairer and more effective sharing percentages
under SR. The value-added method used in our model reveals a sector’s control over the
global value chains. The more value a sector adds, the more responsibility for its emissions
the sector should take. However, a sector’s high value-added may originate from its high
productivity (Piñero et al., 2019). A more productive sector’s emissions intensity may hence
be lower because of abatement activities (Forslid et al., 2018). Therefore, designing a sharing
percentage that reflects not only the sector’s position and extent of participation in the global
value chains but also its productivity is warranted.
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Fig. 1: Producer, consumer, and shared responsibility for each economy. CO2 million tons
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Fig.2: Three components of each country’s SR in 2014
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Fig. 3: Components of carbon emissions in terms of exports and imports in 2014
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Fig.4: Three components of “electricity, gas, steam and air conditioning supply” in 2014
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Table 1: World input-output table (millions of US$)
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Table 2: Each economy’s contribution to the global carbon emissions under different principles
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Table 3: Decomposition of the SR of “electricity, gas, steam and air conditioning supply” for each economy in 2014
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Appendix
A. Descending Order of SR at Sector Level
The following tables describe the descending order based on the SR of each sector for the five countries in
−1

2014. SR for emissions caused by domestic final demand is 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) 𝑌 𝑖𝑖 , SR for emissions embodied in
−1

exports is 𝜙 𝑖 𝑓 𝑖 (𝐼 − 𝐴𝑖𝑖 ) (𝑍 𝑖𝑗 + 𝑌 𝑖𝑗 ) , SR for emissions embodied in imports is (1 − 𝜙 𝑗 )𝑓 𝑗 (𝐼 −
−1

𝐴𝑗𝑗 ) (𝑍𝑗𝑖 + 𝑌𝑗𝑖 ) (unit: kt).
Table A.1 (a): Descending order of China’s SR for sector level in 2014

Code

Description of the Sectors

Domestic
final demand

Exports

Imports

Electricity, gas, steam and air

4.05*793570

0.3*4.05*228132

0.56*2.41*142121

conditioning supply

=3216538

=280518

=192001

Manufacture of other

2.05*770642

0.3*2.05*121771

0.64*1.01*34600=

non-metallic mineral products

=1576692

=75926

22410

0.75*132053

0.22*0.75*49115

0.74*0.52*286313

6=987559

8=79269

=110237

Manufacture of chemicals and

0.51*908279

0.23*0.51*45303

0.66*0.26*263701

chemical products

=460851

8=53948

=44194

0.19*917415

0.51*0.19*31021

0.33*0.2*534558=

=171402

5=29582

36277

Manufacture of coke and refined

0.22*636938

0.14*0.22*22249

0.84*0.23*121581

petroleum products

=139661

6=6852

=23464

0.1*1205825

0.69*0.1*191091

0.35*0.13*108198

=119727

=13042

=4988

Manufacture of rubber and

0.3*331013=

0.23*0.3*200894

0.67*0.41*68885=

plastic products

100093

=13982

19226

Land transport and transport via

0.18*466445

0.54*0.18*12635

0.49*0.31*99318=

pipelines

=82904

8=12057

14985

C10-

Manufacture of food products,

0.06*158747

0.3*0.06*220234

0.7*0.04*94526=

C12

beverages and tobacco products

2=101370

=4234

2851

H50

Water transport

0.79*87254=

0.44*0.79*55824

0.62*1.09*22167=

69078

=19635

15071

F

Construction

0.02*299717

0.24*0.02*36760

0.57*0.03*39507=

8=70765

=210

782

D35

C23

C24

C20

B

C19

Manufacture of basic metals

Mining and quarrying

Crop and animal production,
A01

hunting and related service
activities

C22

H49

29

SR

Shares

3689057

41.26%

1675028

18.74%

1177066

13.17%

558993

6.25%

237261

2.65%

169977

1.90%

137758

1.54%

133302

1.49%

109945

1.23%

108454

1.21%

103784

1.16%

71757

0.80%

Q

Human health and social work

0.12*541431

0.35*0.12*4387=

0.38*0.04*5013=

activities

=62958

177

68

0.08*753365

0.56*0.08*10030

0.33*0.06*22300=

=60707

=449

436

0.12*461353

0.48*0.12*58810

0.39*0.05*44519=

=56521

=3455

899

0.09*599743

0.59*0.09*6652=

0.25*0.04*8201=

=56016

364

82

0.3*50269=

0.3*0.3*34466=

0.65*1.13*48695=

15208

3097

35917

1.27*32417=

0.37*1.27*8829=

0.53*0.34*18847=

41105

4092

3347

Public administration and
O84

defence; compulsory social
security

R_S

Other service activities

P85

Education

H51

Air transport

63203

0.71%

61591

0.69%

60875

0.68%

56462

0.63%

54221

0.61%

48545

0.54%

42631

0.48%

42334

0.47%

37824

0.42%

36858

0.41%

32122

0.36%

31925

0.36%

19841

0.22%

19099

0.21%

17877

0.20%

17465

0.20%

Sewerage; waste collection,
E37E39

treatment and disposal activities;
materials recovery; remediation
activities and other waste
management services

C31_

Manufacture of furniture; other

0.3*68409=

0.4*0.3*110630=

0.61*0.18*77758=

C32

manufacturing

20788

13422

8420

C13-

Manufacture of textiles, wearing

0.05*656129

0.36*0.05*61859

0.63*0.05*55644=

C15

apparel and leather products

=30485

2=10225

1624

Manufacture of paper and paper

0.19*158431

0.28*0.19*69194

0.65*0.15*38317=

products

=30347

=3735

3741

0.38*83650=

0.46*0.38*25152

0.31*0.13*27356=

31449

=4354

1056

Manufacture of machinery and

0.03*829996

0.27*0.03*35641

0.62*0.02*183398

equipment n.e.c.

=26271

0=3015

=2835

Wholesale trade, except of motor

0.02*998788

0.63*0.02*38487

0.37*0.03*181220

vehicles and motorcycles

=24182

8=5870

=1873

0.04*442200

0.22*0.04*19825

0.61*0.05*85634=

=15605

4=1539

2697

Warehousing and support

0.12*127392

0.39*0.12*42423

0.47*0.07*42114=

activities for transportation

=15634

=2025

1441

Manufacture of electrical

0.02*646539

0.19*0.02*40946

0.69*0.02*110697

equipment

=14824

7=1759

=1294

0.05*307587

0.38*0.05*93091

0.62*0.07*23511=

=14737

=1696

1032

C17

A02

C28

G46

Forestry and logging

Manufacture of fabricated metal
C25

products, except machinery and
equipment

H52

C27

Manufacture of wood and of
C16

products of wood and cork,
except furniture; manufacture of

30

articles of straw and plaiting
materials
C29

M69
_M7
0

I

Manufacture of motor vehicles,

0.01*106396

0.31*0.01*18067

0.67*0.01*136797

trailers and semi-trailers

8=14658

9=760

=1114

activities of head offices;

0.03*413837

0.36*0.03*19367

0.38*0.02*130267

management consultancy

=12230

8=2047

=1018

Accommodation and food

0.03*471268

0.38*0.03*61060

0.5*0.06*45240=

service activities

=12008

=586

1312

0.04*266014

0.5*0.04*33427=

0.37*0.03*17707=

=10809

680

166

Manufacture of computer,

0.01*554993

0.27*0.01*10280

0.54*0.01*537767

electronic and optical products

=3952

68=1944

=3052

Manufacture of other transport

0.03*297348

0.27*0.03*91719

0.62*0.02*49609=

equipment

=7543

=631

624

0.05*152278

0.61*0.05*12870

0.33*0.14*4009=

=7112

=366

178

Retail trade, except of motor

0.02*206625

0.63*0.02*79622

0.35*0.04*55644=

vehicles and motorcycles

=5003

=1214

868

0.01*628035

0.76*0.01*14777

0.3*0.01*73465=

=5789

4=1029

230

0.01*655061

0.85*0.01*44999

0.2*0.01*33943=

=5768

=338

48

Scientific research and

0.08*63475=

0.44*0.08*21727

0.44*0.03*13456=

development

5139

=770

181

Administrative and support

0.02*87684=

0.46*0.02*7810=

0.33*0.04*80713=

service activities

2189

90

958

Water collection, treatment and

0.09*30314=

0.37*0.09*4579=

0.43*0.1*5156=

supply

2657

150

229

Printing and reproduction of

0.03*92253=

0.29*0.03*27038

0.57*0.03*9445=

recorded media

2313

=200

186

0.06*27053=

0.56*0.06*4043=

0.45*0.06*8233=

1604

135

226

_M7

technical activities; veterinary

5

activities

A03

G47

Fishing and aquaculture

Financial service activities,
K64

except insurance and pension
funding

L68

M72

N

E36

C18

15295

0.17%

13906

0.16%

11655

0.13%

8948

0.10%

8798

0.10%

7656

0.09%

7084

0.08%

7048

0.08%

6154

0.07%

6090

0.07%

3238

0.04%

3037

0.03%

2699

0.03%

1965

0.02%

1465

0.02%

activities

Other professional, scientific and

C30

0.18%

Legal and accounting activities;

M74

C26

16532

Real estate activities

H53

Postal and courier activities

J61

Telecommunications

0*305707=
1305

0.7*0*25298=76

31

0.4*0.01*25448=
84

Manufacture of basic
C21

pharmaceutical products and
pharmaceutical preparations

0*271172=

0.32*0*32768=

0.54*0.01*32103=

966

37

188

1191

0.01%

1084

0.01%

675

0.01%

304

0.00%

232

0.00%

117

0.00%

107

0.00%

52

0.00%

13

0.00%

Computer programming,
J62_J

consultancy and related

0.01*139843

0.4*0.01*22444=

0.36*0.02*38383=

63

activities; information service

=796

51

237

activities
Insurance, reinsurance and
K65

pension funding, except
compulsory social security

0*109939=
539

0.4*0*19131=38

Wholesale and retail trade and
G45

repair of motor vehicles and

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0.4*0*7812=12

12

0.00%

0*0=0

0*0*0=0

0.23*0*1443=0

0

0.00%

0*0=0

0*0*0=0

0.84*0*0=0

0

0.00%

analysis
M73

C33

K66

Advertising and market research
Repair and installation of
machinery and equipment
Activities auxiliary to financial
services and insurance activities

0.4*0.04*21198=

0*0*0=0

Architectural and engineering
activities; technical testing and

98

0*0=0

motorcycles

M71

0.43*0.01*20854=

304

0.4*0.03*21383=
232
0.53*0.02*12628=
117
0.52*0.02*9139=
107
0.45*0.01*10993=
52

Motion picture, video and
television programme
J59_J

production, sound recording and

60

music publishing activities;

0.39*0.01*6673=
13

programming and broadcasting
activities
J58

Publishing activities
Activities of households as
employers; undifferentiated

T

goods- and services-producing
activities of households for own
use

U

Activities of extraterritorial
organizations and bodies

32

Table A.1 (b): Descending order of the USA’s SR for sector level in 2014

Code

Description of the Sectors

Domestic
final demand

Exports

Imports

Electricity, gas, steam and air

5.18*382963

0.68*5.18*21013

0.62*2.52*237467

conditioning supply

=1985536

=73637

=369621

0.4*181090=

0.27*0.4*100815

0.76*0.62*371758

72995

=11081

=176192

0.07*338768

0.67*0.07*50478

0.35*0.05*23941=

5=238859

=2379

454

Land transport and transport via

0.48*421007

0.48*0.48*90076

0.48*0.26*124595

pipelines

=203359

=20829

=15676

Manufacture of chemicals and

0.27*422810

0.5*0.27*174025

0.73*0.35*395758

chemical products

=113653

=23512

=99844

1.03*134005

0.45*1.03*54753

0.69*1.04*49149=

=138301

=25161

35451

Manufacture of other

0.99*95859=

0.44*0.99*20574

0.67*1.51*65702=

non-metallic mineral products

94557

=8845

66491

0.2*530222=

0.72*0.2*136317

0.37*0.2*607341=

104028

=19255

45940

Manufacture of coke and refined

0.16*632463

0.21*0.16*18581

0.86*0.24*236775

petroleum products

=103328

7=6483

=49935

Human health and social work

0.04*208339

0.59*0.04*3709=

0.4*0.04*10013=

activities

7=84255

89

175

Manufacture of rubber and

0.13*174609

0.34*0.13*56544

0.71*0.42*145981

plastic products

=22756

=2529

=43212

1.02*43061=

0.29*1.02*19929

0.6*1.03*25847=

43859

=5971

15866

0.05*119309

0.55*0.05*10934

0.64*0.03*50651=

1=62371

=315

961

Retail trade, except of motor

0.05*128770

0.63*0.05*10362

0.34*0.04*83918=

vehicles and motorcycles

1=60924

=309

1216

Accommodation and food

0.07*872025

0.55*0.07*20651

0.54*0.05*44568=

service activities

=59672

=779

1171

C10-

Manufacture of food products,

0.06*859198

0.31*0.06*11110

0.7*0.05*159603=

C12

beverages and tobacco products

=52373

6=2086

5202

D35

C24

Manufacture of basic metals
Public administration and

O84

defence; compulsory social
security

H49

C20

H51

C23

B

C19

Q

C22

Air transport

Mining and quarrying

H50

Water transport

F

Construction

G47

I

33

SR

Shares

2428794

47.56%

260268

5.10%

241693

4.73%

239864

4.70%

237008

4.64%

198913

3.90%

169892

3.33%

169222

3.31%

159746

3.13%

84519

1.66%

68497

1.34%

65696

1.29%

63648

1.25%

62450

1.22%

61622

1.21%

59662

1.17%

Administrative and support

0.05*933796

0.65*0.05*15298

0.33*0.03*193149

service activities

=51292

6=5482

=1779

0.12*340657

0.48*0.12*95118

0.32*0.12*140651

=41551

=5610

=5567

Manufacture of paper and paper

0.17*145305

0.35*0.17*48618

0.67*0.16*67433=

products

=24313

=2871

7140

0.04*733258

0.61*0.04*20913

0.42*0.07*38594=

=31384

=543

1097

Wholesale trade, except of motor

0.02*126880

0.68*0.02*30800

0.38*0.03*254746

vehicles and motorcycles

6=21638

4=3574

=2911

C31_

Manufacture of furniture; other

0.04*194335

0.46*0.04*44819

0.62*0.24*116885

C32

manufacturing

=7452

=787

=17100

Manufacture of machinery and

0.06*271934

0.4*0.06*133114

0.66*0.02*265259

equipment n.e.c.

=15543

=3016

=4100

0.07*312476

0.61*0.07*7436=

0.26*0.05*11870=

=21421

309

147

Warehousing and support

0.11*157877

0.58*0.11*37967

0.5*0.07*58650=

activities for transportation

=17104

=2393

2150

activities of head offices;

0.02*978331

0.64*0.02*15793

0.46*0.02*124670

management consultancy

=17473

2=1796

=1374

Water collection, treatment and

1.34*13085=

0.67*1.34*717=

0.46*0.05*8123=

supply

17585

648

197

0.09*60961=

0.5*0.09*30832=

0.55*0.47*30005=

5225

1334

7711

N

Crop and animal production,
A01

hunting and related service
activities

C17

R_S

G46

C28

P85

H52

M69
_M7
0

E36

Other service activities

Education

58552

1.15%

52728

1.03%

34323

0.67%

33025

0.65%

28123

0.55%

25339

0.50%

22659

0.44%

21877

0.43%

21647

0.42%

20643

0.40%

18429

0.36%

14269

0.28%

14138

0.28%

13864

0.27%

Legal and accounting activities;

activities

Sewerage; waste collection,
E37E39

treatment and disposal activities;
materials recovery; remediation
activities and other waste
management services
Computer programming,

J62_J

consultancy and related

0.03*507907

0.62*0.03*53015

0.38*0.01*57615=

63

activities; information service

=13020

=840

278

0.03*279577

0.43*0.03*99475

0.67*0.05*162789

=7192

=1090

=5583

activities
Manufacture of fabricated metal
C25

products, except machinery and
equipment

34

Wholesale and retail trade and
G45

repair of motor vehicles and
motorcycles

L68

Real estate activities
Architectural and engineering

M71

activities; technical testing and
analysis

0.03*367421

0.68*0.03*7621=

0.44*0.04*37888=

=12510

178

595

0*2727406=

0.78*0*50587=

0.19*0.01*44128=

12678

184

70

0.03*388243

0.6*0.03*57892=

0.41*0.03*48846=

=11140

997

520

C13-

Manufacture of textiles, wearing

0.05*74030=

0.34*0.05*20302

0.63*0.05*286117

C15

apparel and leather products

3549

=336

=8304

0.02*610470

0.76*0.02*94246

0.3*0.01*126088=

=9966

=1167

345

0.01*944883

0.68*0.01*53018

0.53*0.01*70649=

=9674

=368

417

Manufacture of other transport

0.03*196305

0.42*0.03*14986

0.68*0.02*76864=

equipment

=5791

5=1839

1011

Manufacture of motor vehicles,

0.01*459098

0.28*0.01*13698

0.68*0.01*431967

trailers and semi-trailers

=4234

2=358

=3815

Manufacture of computer,

0.01*249829

0.72*0.01*13726

0.62*0.01*547746

electronic and optical products

=3162

2=1256

=3000

0.06*82206=

0.36*0.06*15630

0.62*0.06*52881=

4963

=335

2001

Scientific research and

0.03*208799

0.59*0.03*31575

0.48*0.04*23319=

development

=5991

=537

432

0.03*210242

0.59*0.03*31794

0.64*0.01*27186=

=6032

=541

146

0.06*84514=

0.56*0.06*25793

0.45*0.06*8508=

5446

=925

228

Manufacture of electrical

0.03*82906=

0.44*0.03*42690

0.75*0.02*187916

equipment

2688

=615

=2670

0.08*24693=

0.75*0.08*8242=

0.38*0.21*26724=

2066

518

2151

Financial service activities,
K64

except insurance and pension
funding
Insurance, reinsurance and

K65

pension funding, except
compulsory social security

C30

C29

C26

13283

0.26%

12931

0.25%

12656

0.25%

12189

0.24%

11478

0.22%

10459

0.20%

8642

0.17%

8407

0.16%

7418

0.15%

7299

0.14%

6960

0.14%

6719

0.13%

6599

0.13%

5973

0.12%

4735

0.09%

Manufacture of wood and of
products of wood and cork,
C16

except furniture; manufacture of
articles of straw and plaiting
materials

M72

M73

Advertising and market research

H53

Postal and courier activities

C27

A02

Forestry and logging

35

K66

J61

C18

C33

Activities auxiliary to financial

0.01*410341

0.55*0.01*68723

0.46*0.01*15456=

services and insurance activities

=3749

=344

86

0.01*605599

0.57*0.01*43930

0.37*0.01*31959=

=3424

=141

100

Printing and reproduction of

0.03*74329=

0.46*0.03*11231

0.61*0.03*19155=

recorded media

2562

=176

376

Repair and installation of

0.08*36870=

machinery and equipment

2786

Telecommunications

M74

Other professional, scientific and

_M7

technical activities; veterinary

5

activities

A03

Fishing and aquaculture
Manufacture of basic

C21

pharmaceutical products and
pharmaceutical preparations

0.6*0.08*946=43

0.54*0.02*11825=
96

0.03*68700=

0.59*0.03*10298

0.4*0.03*38584=

1971

=173

456

0.05*15153=

0.74*0.05*4961=

0.36*0.1*11090=

828

200

410

0*143012=

0.47*0*70299=

0.59*0.01*69267=

672

156

405

4179

0.08%

3665

0.07%

3114

0.06%

2925

0.06%

2600

0.05%

1437

0.03%

1234

0.02%

235

0.00%

104

0.00%

Motion picture, video and
television programme
J59_J

production, sound recording and

0*287632=

0.68*0*35588=

0.45*0.01*17087=

60

music publishing activities;

155

13

67

0*275372=43

0.73*0*55142=6

0*20295=0

0.59*0*518=0

0.2*0*1889=0

0

0.00%

0*0=0

0*0*0=0

0.84*0*0=0

0

0.00%

programming and broadcasting
activities
J58

Publishing activities

0.52*0.01*13875=
55

Activities of households as
employers; undifferentiated
T

goods- and services-producing
activities of households for own
use

U

Activities of extraterritorial
organizations and bodies

36

Table A.1 (c): Descending order of India’s SR for sector level in 2014

Code

D35

C23

Description of the Sectors

0.59*2.59*40338=

conditioning supply

=779198

1=67221

61246

Manufacture of other

4.46*49223=

0.31*4.46*5778=

0.66*1.39*8712=

non-metallic mineral products

219445

8106

8034

1.26*125099

0.17*1.26*42439

0.75*0.59*84394=

=157070

=9133

37080

3.13*29922=

0.76*3.13*20909

0.36*0.18*202581

93799

=49506

=12969

0.19*339472

0.86*0.19*29874

0.35*0.12*15215=

=65972

=4980

615

Land transport and transport via

0.27*243066

0.42*0.27*27849

0.48*0.29*20690=

pipelines

=64475

=3067

2875

Manufacture of chemicals and

0.49*83954=

0.29*0.49*48275

0.68*0.33*73530=

chemical products

41200

=6960

16521

0.72*51763=

0.23*0.72*14490

0.65*0.03*22301=

37077

=2400

418

Accommodation and food

0.46*82796=

0.34*0.46*4739=

0.52*0.04*5003=

service activities

37928

741

113

Manufacture of coke and refined

0.28*97870=

0.11*0.28*55457

0.84*0.23*35837=

petroleum products

26964

=1725

6804

0.04*385034

0.39*0.04*7778=

0.62*0.03*8340=

=14197

113

164

0.5*23554=

0.41*0.5*4009=

0.62*0.05*6916=

11864

831

207

Mining and quarrying
Crop and animal production,
hunting and related service
activities

Manufacture of fabricated metal
C25

products, except machinery and
equipment

I

C19

F

Imports

0.46*12.87*1131

B

C20

Exports

12.87*60556

Manufacture of basic metals

H49

final demand

Electricity, gas, steam and air

C24

A01

Domestic

Construction

SR

Shares

907665

45.65%

235585

11.85%

203283

10.22%

156274

7.86%

71568

3.60%

70417

3.54%

64681

3.25%

39895

2.01%

38782

1.95%

35493

1.79%

14473

0.73%

12902

0.65%

12189

0.61%

12024

0.60%

Manufacture of wood and of
products of wood and cork,
C16

except furniture; manufacture of
articles of straw and plaiting
materials

C10-

Manufacture of food products,

0.06*175170

0.16*0.06*23489

0.69*0.05*19369=

C12

beverages and tobacco products

=11295

=247

647

Retail trade, except of motor

0.05*219502

0.85*0.05*30497

0.36*0.04*9332=

vehicles and motorcycles

=10622

=1256

146

G47

37

2.82*471=

0.65*2.82*3449=

0.61*1.02*6294=

1325

6348

3895

Manufacture of textiles, wearing

0.09*108810

0.3*0.09*45638=

0.62*0.04*13705=

apparel and leather products

=9497

1212

371

Manufacture of paper and paper

0.57*14575=

0.22*0.57*2584=

0.66*0.15*8929=

products

8304

321

900

Wholesale trade, except of motor

0.05*134422

0.85*0.05*18676

0.37*0.03*35929=

vehicles and motorcycles

=6505

=769

361

Manufacture of rubber and

0.07*39468=

0.18*0.07*11784

0.7*0.39*14602=

plastic products

2796

=154

3956

C31_

Manufacture of furniture; other

0.03*96087=

0.28*0.03*27016

0.58*0.22*20033=

C32

manufacturing

3115

=249

2521

Manufacture of machinery and

0.09*53500=

0.28*0.09*15200

0.65*0.03*39998=

equipment n.e.c.

4660

=365

677

0.18*26590=

0.97*0.18*1804=

4756

312

0.08*48415=

0.83*0.08*13926

0.42*0.06*7718=

3685

=885

201

0.03*139913

0.92*0.03*659=

=4509

20

Manufacture of motor vehicles,

0.04*83013=

0.19*0.04*21016

0.67*0.01*18338=

trailers and semi-trailers

3671

=178

145

0.25*2622=

0.63*0.25*2394=

0.66*1.05*4254=

645

372

2924

H50

Water transport

C13C15
C17

G46

C22

C28

A02

Forestry and logging

R_S

Other service activities

L68

Real estate activities

C29

H51

Air transport

P85

Education
Architectural and engineering

M71

H52

A03

0.28*0.05*2756=
38

0.61*0.11*21340

0.4*0.02*11088=

2030

=1386

107

Water collection, treatment and

0.46*6608=3

0.62*0.46*227=

0.45*0.09*1116=

supply

030

64

48

Warehousing and support

0.2*11616=

0.61*0.2*3130=

0.49*0.08*8784=

activities for transportation

2324

381

329

0.15*15465=

0.98*0.15*2156=

2269

310

Fishing and aquaculture
Public administration and

O84

3648

0.9*0.04*924=33

0.2*0.01*6391=9

0.11*18972=

activities; technical testing and
analysis

E36

0.04*91608=

0.4*0.2*3613=290

defence; compulsory social
security

0.02*141013

1*0.02*0=0

=2374

38

0.37*0.1*647=24

0.35*0.06*4682=
100

11568

0.58%

11080

0.56%

9525

0.48%

7635

0.38%

6906

0.35%

5885

0.30%

5702

0.29%

5358

0.27%

4770

0.24%

4537

0.23%

3995

0.20%

3941

0.20%

3719

0.19%

3523

0.18%

3142

0.16%

3035

0.15%

2603

0.13%

2474

0.12%

C27

Q

Manufacture of electrical

0.05*36028=

0.25*0.05*10006

0.74*0.02*20019=

equipment

1748

=120

282

Human health and social work

0.03*47204=

0.63*0.03*593=

activities

1484

12

0.01*97286=

0.88*0.01*12379

0.3*0.01*17670=

1245

=140

53

Manufacture of other transport

0.1*6943=

0.3*0.1*14673=

0.64*0.02*20210=

equipment

682

427

267

Financial service activities,
K64

except insurance and pension
funding

C30

0.4*0.04*753=13

2149

0.11%

1509

0.08%

1438

0.07%

1376

0.07%

1246

0.06%

993

0.05%

983

0.05%

981

0.05%

804

0.04%

636

0.03%

576

0.03%

568

0.03%

184

0.01%

Computer programming,
J62_J

consultancy and related

0.01*35429=

0.86*0.01*56217

0.39*0.02*6218=

63

activities; information service

509

=697

39

Manufacture of computer,

0.03*21131=

0.22*0.03*6696=

0.56*0.01*47577=

electronic and optical products

703

48

241

0.05*17302=

0.85*0.05*2404=

0.41*0.04*3265=

837

99

47

0.04*22386=

0.84*0.04*5325=

0.39*0.01*4699=

807

161

13

0*0=0

0*0*0=0

0.02*23420=

0.78*0.02*3976=

0.44*0.01*4070=

545

72

19

activities of head offices;

0.05*7048=

0.93*0.05*1536=

0.43*0.02*19869=

management consultancy

324

65

186

Printing and reproduction of

0.04*13334=

0.23*0.04*1116=

recorded media

506

10

Administrative and support

0.02*2053=

service activities

32

activities
C26

Wholesale and retail trade and
G45

repair of motor vehicles and
motorcycles

J61

Telecommunications
Sewerage; waste collection,

E37E39

treatment and disposal activities;
materials recovery; remediation
activities and other waste

0.54*0.4*3744=
804

management services
Insurance, reinsurance and
K65

pension funding, except
compulsory social security

M69
_M7
0

C18

N

Legal and accounting activities;

activities

0.9*0.02*174=2

39

0.6*0.03*2713=52
0.33*0.04*12482=
150

Manufacture of basic
C21

pharmaceutical products and
pharmaceutical preparations

M74

Other professional, scientific and

_M7

technical activities; veterinary

5

activities

M72

Scientific research and
development

0.01*17520=

0.23*0.01*2382=

0.57*0.01*3302=

89

3

17

0*0=0

0*0*0=0

0.4*0.03*4144=49

0*0=0

0*0*0=0

0.46*0.04*2381=
39
0.44*0.06*1350=

109

0.01%

49

0.00%

39

0.00%

37

0.00%

19

0.00%

19

0.00%

10

0.00%

H53

Postal and courier activities

0*0=0

0*0*0=0

M73

Advertising and market research

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0.39*0.01*1090=2

2

0.00%

0*0=0

0*0*0=0

0.4*0*1352=2

2

0.00%

0*0=0

0*0*0=0

0.23*0*217=0

0

0.00%

0*0=0

0*0*0=0

0.84*0*0=0

0

0.00%

C33

K66

Repair and installation of
machinery and equipment
Activities auxiliary to financial
services and insurance activities

37
0.53*0.02*2023=
19
0.52*0.02*1589=
19
0.45*0.01*2056=
10

Motion picture, video and
television programme
J59_J

production, sound recording and

60

music publishing activities;
programming and broadcasting
activities

J58

Publishing activities
Activities of households as
employers; undifferentiated

T

goods- and services-producing
activities of households for own
use

U

Activities of extraterritorial
organizations and bodies

40

Table A.1 (d): Descending order of RUS’s SR for sector level in 2014

Code

Description of the Sectors

Domestic
final demand

Exports

Imports

Electricity, gas, steam and air

4.44*116291

0.28*4.44*48975

0.58*2.67*30590=

conditioning supply

=515806

=60275

47342

1.72*73176=

0.37*1.72*70506

0.76*0.57*49144=

125617

=44990

21453

Manufacture of other

2.15*30559=

0.37*2.15*3686=

0.66*1.47*10192=

non-metallic mineral products

65566

2950

9926

0.35*43850=

0.66*0.35*21677

0.37*0.19*43369=

15486

4=50843

3079

Manufacture of chemicals and

1.2*33564=

0.34*1.2*28867=

0.68*0.32*71009=

chemical products

40391

11702

15658

Land transport and transport via

0.57*59235=

0.5*0.57*82558=

0.49*0.28*25543=

pipelines

33895

23629

3461

Manufacture of coke and refined

0.23*103702

0.33*0.23*91639

0.85*0.23*24992=

petroleum products

=23987

=7079

4847

0.22*98877=

0.52*0.22*12984

0.34*0.12*38252=

21844

=1479

1539

5.59*2105=

0.41*5.59*1348=

0.61*1*4446=

11764

3075

2709

0.94*15496=

0.22*0.94*4681=

0.65*1.04*2674=

14570

959

1817

0.06*241136

0.44*0.06*5094=

0.62*0.03*10570=

=13541

125

206

Retail trade, except of motor

0.07*132791

0.67*0.07*27626

0.35*0.04*15406=

vehicles and motorcycles

=8930

=1249

231

C10-

Manufacture of food products,

0.05*129389

0.27*0.05*6054=

0.7*0.05*44444=

C12

beverages and tobacco products

=6841

88

1504

0.03*192026

0.52*0.03*19447

0.34*0.06*3821=

=5329

=280

80

Manufacture of rubber and

0.03*17881=

0.23*0.03*5907=

0.7*0.38*18898=

plastic products

494

38

5084

0.07*75380=

0.67*0.07*444=

0.27*0.05*1704=

5435

22

23

D35

C24

C23

B

C20

H49

C19

Manufacture of basic metals

Mining and quarrying

Crop and animal production,
A01

hunting and related service
activities

H50

Water transport

H51

Air transport

F

Construction

G47

Public administration and
O84

defence; compulsory social
security

C22

P85

Education

41

SR

Shares

623422

48.17%

192061

14.84%

78443

6.06%

69409

5.36%

67750

5.23%

60985

4.71%

35912

2.77%

24861

1.92%

17548

1.36%

17346

1.34%

13871

1.07%

10410

0.80%

8433

0.65%

5689

0.44%

5616

0.43%

5479

0.42%

G46

Wholesale trade, except of motor

0.02*217103

0.59*0.02*11175

0.37*0.03*51817=

vehicles and motorcycles

=3368

2=1021

530

0.04*120312

0.69*0.04*9093=

=4626

241

L68

Real estate activities

C13-

Manufacture of textiles, wearing

0.06*11098=

0.37*0.06*885=

0.63*0.05*140037

C15

apparel and leather products

685

20

=4066

Manufacture of machinery and

0.08*38708=

0.32*0.08*16789

0.65*0.03*69346=

equipment n.e.c.

3120

=434

1191

Warehousing and support

0.08*45730=

0.5*0.08*13580=

0.49*0.08*11205=

activities for transportation

3755

553

424

Human health and social work

0.04*116566

activities

=4626

0.61*0.04*180=4

0.4*0.04*774=13

0.09*49425=

0.51*0.09*3762=

0.41*0.06*5220=

4219

163

133

Administrative and support

0.02*185748

0.77*0.02*33311

0.34*0.04*12600=

service activities

=3752

=518

158

Manufacture of motor vehicles,

0.04*62872=

0.22*0.04*13442

0.67*0.01*113066

trailers and semi-trailers

2428

=113

=923

Manufacture of paper and paper

0.08*15242=

0.39*0.08*12210

0.67*0.16*9764=

products

1229

=384

1049

Accommodation and food

0.06*27922=

0.49*0.06*1473=

0.52*0.05*5739=

service activities

1719

45

158

0.16*7763=1

0.4*0.16*5371=

0.62*0.06*6813=

223

335

253

Manufacture of computer,

0.05*29135=

0.35*0.05*10658

0.56*0.01*34775=

electronic and optical products

1382

=178

172

0.01*103489

0.69*0.01*10417

0.29*0.01*17213=

=1544

=107

50

C28

H52

Q

R_S

N

C29

C17

I

Other service activities

0.2*0.01*7486=10

4918

0.38%

4877

0.38%

4771

0.37%

4745

0.37%

4731

0.37%

4644

0.36%

4515

0.35%

4427

0.34%

3464

0.27%

2662

0.21%

1922

0.15%

1811

0.14%

1732

0.13%

1702

0.13%

1269

0.10%

1002

0.08%

Manufacture of wood and of
products of wood and cork,
C16

except furniture; manufacture of
articles of straw and plaiting
materials

C26

Financial service activities,
K64

except insurance and pension
funding

C31_

Manufacture of furniture; other

0.02*12672=

0.27*0.02*3089=

C32

manufacturing

256

17

0.02*36840=

0.67*0.02*7815=

0.41*0.04*5899=

802

113

86

Wholesale and retail trade and
G45

repair of motor vehicles and
motorcycles

42

0.6*0.2*8299=996

Manufacture of fabricated metal
C25

products, except machinery and

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0.01*45757=

0.68*0.01*8822=

0.39*0.01*6437=

417

54

19

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

equipment
A03

Fishing and aquaculture

0.65*0.05*23563=

0*0=0

728

0.06%

657

0.05%

597

0.05%

491

0.04%

289

0.02%

186

0.01%

178

0.01%

155

0.01%

128

0.01%

0.4*0.03*4790=57

57

0.00%

0.45*0.1*1088=50

50

0.00%

43

0.00%

43

0.00%

42

0.00%

728
0.35*0.1*19541=
657

Sewerage; waste collection,
E37E39

treatment and disposal activities;
materials recovery; remediation
activities and other waste

0.54*0.37*3040=
597

management services
J61

C27

A02

M69
_M7
0

C30

C18

Telecommunications
Manufacture of electrical
equipment
Forestry and logging

activities of head offices;
management consultancy

0.37*0.2*2538=
186

0.43*0.02*18988=
178

activities
Manufacture of other transport
equipment
Printing and reproduction of
recorded media
Other professional, scientific and

_M7

technical activities; veterinary

5

activities

M72

289

Legal and accounting activities;

M74

E36

0.74*0.02*19922=

Water collection, treatment and
supply
Scientific research and
development

0.64*0.02*11131=
155
0.6*0.03*6557=
128

0.46*0.04*2635=
43

Architectural and engineering
M71

activities; technical testing and

0.4*0.03*3914=43

analysis
H53

Postal and courier activities

43

0.44*0.06*1523=
42

Computer programming,
J62_J

consultancy and related

63

activities; information service

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0.38*0.02*5038=

31

0.00%

24

0.00%

22

0.00%

19

0.00%

18

0.00%

0.45*0.01*1960=9

9

0.00%

0*0*0=0

0.39*0.01*1235=2

2

0.00%

0*0=0

0*0*0=0

0.4*0*1378=2

2

0.00%

0*0=0

0*0*0=0

0.23*0*254=0

0

0.00%

0*0=0

0*0*0=0

0.84*0*0=0

0

0.00%

31

activities
C33

M73

Repair and installation of
machinery and equipment
Advertising and market research
Manufacture of basic

C21

pharmaceutical products and
pharmaceutical preparations
Insurance, reinsurance and

K65

pension funding, except
compulsory social security

K66

Activities auxiliary to financial
services and insurance activities

0.52*0.02*2041=
24
0.53*0.02*2428=
22
0.57*0.01*3655=
19

0.44*0.01*3848=
18

Motion picture, video and
television programme
J59_J

production, sound recording and

60

music publishing activities;
programming and broadcasting
activities

J58

Publishing activities
Activities of households as
employers; undifferentiated

T

goods- and services-producing
activities of households for own
use

U

Activities of extraterritorial
organizations and bodies

44

Table A.1 (e): Descending order of Japan’s SR for sector level in 2014

Code

D35

C24

C23

H50

C20

B

C19

H49

H51

Description of the Sectors

G47

Q

Exports

Imports

2.5*158369=

0.25*2.5*29815=

0.58*2.73*81997=

conditioning supply

396695

18687

129327

0.49*144582

0.28*0.49*20269

0.76*0.62*126399

=70371

0=27379

=59656

Manufacture of other

0.99*41566=

0.43*0.99*19276

0.67*1.49*21430=

non-metallic mineral products

41160

=8195

21350

1.46*16531=

0.45*1.46*37384

0.62*0.99*21715=

24169

=24743

13240

Manufacture of chemicals and

0.22*96484=

0.19*0.22*11848

0.68*0.34*117526

chemical products

21571

1=5086

=27281

0.83*22379=

0.25*0.83*13033

0.36*0.2*373277=

18515

=2656

26506

Manufacture of coke and refined

0.21*122930

0.33*0.21*43670

0.85*0.23*89856=

petroleum products

=25799

=3022

17485

Land transport and transport via

0.15*168138

0.64*0.15*33722

0.5*0.29*50500=

pipelines

=25451

=3258

7369

0.38*22972=

0.55*0.38*4930=

0.66*1.07*12815=

8639

1024

9055

0.03*549203

0.68*0.03*6007=

0.34*0.06*9698=

=16792

125

209

Manufacture of rubber and

0.04*61049=

0.37*0.04*61896

0.71*0.41*43116=

plastic products

2250

=838

12351

Retail trade, except of motor

0.05*305478

0.7*0.05*14261=

0.35*0.04*25269=

vehicles and motorcycles

=14003

459

387

Human health and social work

0.03*507509

0.59*0.03*2283=

activities

=13858

37

0.07*186077

0.81*0.07*1275=

0.28*0.05*3268=

=13793

76

43

Manufacture of basic metals

Water transport

Mining and quarrying

Air transport

defence; compulsory social
security

C22

final demand

Electricity, gas, steam and air

Public administration and
O84

Domestic

0.4*0.04*1559=27

P85

Education

C10-

Manufacture of food products,

0.03*324116

0.48*0.03*14146

0.71*0.05*98791=

C12

beverages and tobacco products

=10006

=208

3461

F

Construction

0.02*625206

0.44*0.02*10499

0.63*0.03*16937=

=13166

=98

343

45

SR

Shares

544710

43.35%

157406

12.53%

70705

5.63%

62152

4.95%

53938

4.29%

47678

3.79%

46307

3.69%

36077

2.87%

18719

1.49%

17126

1.36%

15438

1.23%

14849

1.18%

13922

1.11%

13913

1.11%

13675

1.09%

13607

1.08%

G46

C17

R_S

I

Wholesale trade, except of motor

0.03*342227

0.7*0.03*123682

0.37*0.03*98543=

vehicles and motorcycles

=9736

=2458

1003

Manufacture of paper and paper

0.15*51845=

0.42*0.15*16913

0.67*0.16*18992=

products

7654

=1050

2037

0.04*221572

0.7*0.04*4761=1

0.42*0.06*12141=

=9728

46

325

Accommodation and food

0.03*281729

0.45*0.03*21981

0.52*0.06*24129=

service activities

=7959

=278

690

0.34*18225=

0.72*0.34*1622=

0.55*0.41*7381=

6164

396

1644

0.03*252856

0.78*0.03*40076

0.46*0.03*15842=

=6619

=813

225

0.04*89292=

0.57*0.04*4320=

0.34*0.12*71831=

3534

98

3000

Other service activities

13197

1.05%

10741

0.85%

10199

0.81%

8927

0.71%

8203

0.65%

7657

0.61%

6631

0.53%

5711

0.45%

5275

0.42%

4040

0.32%

3225

0.26%

2754

0.22%

2510

0.20%

2396

0.19%

2191

0.17%

Sewerage; waste collection,
E37E39

treatment and disposal activities;
materials recovery; remediation
activities and other waste
management services

M74

Other professional, scientific and

_M7

technical activities; veterinary

5

activities
Crop and animal production,

A01

hunting and related service
activities

C13-

Manufacture of textiles, wearing

0.1*26847=2

0.48*0.1*12551=

0.63*0.05*88775=

C15

apparel and leather products

581

580

2551

C31_

Manufacture of furniture; other

0.06*36991=

0.35*0.06*12383

0.6*0.2*22202=

C32

manufacturing

2293

=272

2710

0.02*113567

0.37*0.02*63292

0.66*0.05*53768=

=1892

=394

1753

Manufacture of computer,

0.01*87558=

0.46*0.01*16419

0.57*0.01*198812

electronic and optical products

1177

4=1026

=1022

Manufacture of machinery and

0.01*99602=

0.45*0.01*81471

0.66*0.03*59978=

equipment n.e.c.

1206

=441

1108

Manufacture of fabricated metal
C25

products, except machinery and
equipment

C26

C28

Computer programming,
J62_J

consultancy and related

0.02*133519

0.61*0.02*13363

0.38*0.02*14249=

63

activities; information service

=2283

=140

87

activities
L68

Real estate activities

A03

Fishing and aquaculture

0*653547=
2352

0.85*0*6598=20

0.2*0.01*15831=
24

0.14*14688=

0.53*0.14*1175=

0.35*0.1*3098=

1999

85

107

46

H52

Warehousing and support

0.02*48739=

0.55*0.02*11712

0.49*0.08*22409=

activities for transportation

1083

=143

877

0.01*210520

0.7*0.01*37841=

0.29*0.01*41906=

=1750

219

125

Manufacture of electrical

0.01*62842=

0.29*0.01*71999

0.74*0.02*71783=

equipment

735

=245

1071

Manufacture of motor vehicles,

0.01*104893

0.4*0.01*249779

0.69*0.01*49830=

trailers and semi-trailers

=646

=622

447

Scientific research and

0.06*21251=

0.53*0.06*2352=

0.46*0.03*6209=

development

1336

78

99

0.01*141615

0.66*0.01*11818

0.39*0.01*10653=

=1382

=76

31

Printing and reproduction of

0.03*40084=

0.6*0.03*7885=

0.62*0.03*4885=

recorded media

1207

142

99

0.03*16776=

0.4*0.03*1903=

0.62*0.06*23651=

469

21

906

0.01*100330

0.55*0.01*5076=

0.44*0.01*13790=

=1241

35

64

0.01*95998=

0.43*0.01*17334

0.39*0.04*6999=

1105

=85

102

Administrative and support

0.01*47586=

0.68*0.01*11588

0.33*0.04*30185=

service activities

691

=115

366

Manufacture of other transport

0.01*33882=

0.44*0.01*35037

0.65*0.02*23816=

equipment

384

=173

344

0.04*14732=

0.7*0.04*2147=

0.45*0.06*3439=

632

64

97

0.03*7778=

0.66*0.03*1177=

0.37*0.2*7192=

220

22

540

0.01*56157=

0.18*0.01*13716

0.49*0.02*5621=

668

=29
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Financial service activities,
K64

except insurance and pension
funding

C27

C29

M72

J61

C18

Telecommunications

2104

0.17%

2094

0.17%

2052

0.16%

1716

0.14%

1513

0.12%

1490

0.12%

1448

0.12%

1397

0.11%

1339

0.11%

1292

0.10%

1171

0.09%

902

0.07%

793

0.06%

782

0.06%

747

0.06%

Manufacture of wood and of
products of wood and cork,
C16

except furniture; manufacture of
articles of straw and plaiting
materials
Insurance, reinsurance and

K65

pension funding, except
compulsory social security
Wholesale and retail trade and

G45

repair of motor vehicles and
motorcycles

N

C30

H53

Postal and courier activities

A02

Forestry and logging

M73

Advertising and market research

47

Motion picture, video and
television programme
J59_J

production, sound recording and

0.01*42748=

0.5*0.01*6886=

60

music publishing activities;

435

35

0*0=0

0*0*0=0

0*68542=215

0.49*0*5608=9

Water collection, treatment and

0.01*26685=

0.75*0.01*2379=

0.47*0.11*2351=

supply

213

14

120

Publishing activities

0*29099=129

0.36*0*4862=8

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*0=0

0*0*0=0

0*31522=0

0.1*0*7453=0

0*0=0

0*0*0=0

0.38*0*3054=5

475

0.04%

428

0.03%

370

0.03%

347

0.03%

0.38*0*3183=5

141

0.01%

0.4*0.03*8496=92

92

0.01%

38

0.00%

25

0.00%

0.06*0*5669=0

0

0.00%

0.84*0*0=0

0

0.00%

programming and broadcasting
activities
M69
_M7
0

Legal and accounting activities;
activities of head offices;
management consultancy

pharmaceutical products and
pharmaceutical preparations

E36
J58

428

activities
Manufacture of basic

C21

0.43*0.02*45546=

0.58*0.01*26793=
146

Architectural and engineering
M71

activities; technical testing and
analysis

C33

K66

Repair and installation of
machinery and equipment
Activities auxiliary to financial
services and insurance activities

0.52*0.02*3295=
38
0.45*0.01*5362=
25

Activities of households as
employers; undifferentiated
T

goods- and services-producing
activities of households for own
use

U

Activities of extraterritorial
organizations and bodies
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B. Inclusion of emissions from the Household Sector
In this appendix, we consider the national emissions of the five countries, including those emitted from the
household sector. Following the literature (e.g., Peters and Hertwich, 2008), we simply add the household
emissions to the emissions calculated in the main part under PR, CR, and SR as they are both “domestic
emissions” and “consumption-induced emissions”. Basically, the emissions from the household sector are
attributed to each country without being shared across countries, which is the same as the emissions
associated with domestic final demand.
Fig. B.1 presents each economy’s total carbon emissions under three criteria in 2002, 2005, 2008, 2011,
and 2014. Table B.1 shows each economy’s contribution to the total global carbon emissions in each year
under the PR, CR, and SR, respectively. Compared with the main analysis of this study, the shares of China,
India and Japan are lower while those of the USA are higher (except for CR and SR in 2002).
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Fig. B.1 PR, CR and SR for each country including the emissions from the household sector (unit: million tons)
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Table B.1: Each economy’s contribution to the global carbon emissions under different principles,
including the emissions from the household sector.
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