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Abstract

The temporal change of embodied CO, emissions in the Russia-China trade was examined using
a multiregional input-output model. Results revealed that Russia had a large amount of net embodied
CO, emissions owing to its trade with China at the country level, which increased from 1405.03 Mt
in 2000 to 500.61 Mt in 2014. The top five sectors of embodied CO, emissions in exports from Russia
to China are the manufacture of coke and refined petroleum products, production of basic metals,
production of chemicals and chemical products, electricity and gas, and mining and quarrying. Besides,
the two sectors, the manufacture of coke and refined petroleum, and mining and quarrying, contribute
to embodied CO, emissions in per unit exports significantly due to their high energy intensities.
Conversely, the emission embodied values in unit export are relatively small for basic metals, electricity
and gas, and chemicals and chemical products because of their relatively low energy intensities.
Furthermore, by decomposing carbon terms of trade using structural decomposition analysis, the results
reveal that the main reason for the increase in embodied CO, emissions in Russia’s exports to China
is the increase in the scale of exports. The intensity effect has weak restraints on the increase of
embodied CO, emissions in exports of coke and refined petroleum products, and mining and quarrying
sectors, while strong restraints exist in electricity and gas, manufacturing of chemical products, and
basic metals sectors. Accordingly, our findings have practical significance and propose targeted policies
to reduce embodied CO, emissions.

Keywords: multiregional input-output model, embodied CO, emissions, Russia-China trade, structural
decomposition analysis
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Introduction

Rapid development of international trade leads to the
growth of CO, emissions embodied in trade, which can
be defined as the amount of carbon emissions produced
by a country in international trade in order to meet the
needs of other countries [1, 2]. Transfer of embodied CO,
from exporting country to importing country results in
significant environmental pressures of different trading
nations, particularly in export-oriented countries [3-5].

As the world’s fourth-largest CO, emitter since
2010, Russia has approved a strategy for the country’s
socio-economic development to lower greenhouse gas
emissions by 2050. In this strategy, the government
made an ambitious plan to reduce 80% of greenhouse
gases by 2050 compared to 1990 and achieve carbon
neutrality by 2060. Meanwhile, Russia’s export-related
CO, emission ranks second globally and accounts for
86% of the nation’s total emissions [6]. Therefore, to
achieve the emission reduction target, it is necessary to
explore related controlling measures to reduce embodied
CO, emissions in Russia’s exports.

The trade between Russia and China has rapidly
expanded in recent years. According to UN Comtrade,
and the General Administration of Customs of
China, China has been the largest trading partner of
Russia since 2010. The trade volume increased from
57.1 billion US dollars in 2010 to 107.8 billion US dollars
in 2020, of which 64.5% was contributed by energy and
chemical-related products. As stated in Russia’s Energy
Strategy-2035, this volume will continue to increase
since the Asia-Pacific region will be the most promising
energy market in the near future. Nevertheless, the
quantity, sectoral structure and driving force of
embodied CO, emissions in the Russia-China trade is
still unclear, hindering the formulation of policies to
reduce embodied CO, emissions in Russia’s exports.

Previous studies have extensively considered
the quantification and driving force analysis of CO,
emission embodied in trade [7-10]. For emission
quantification of carbon emission embodied in trade,
the multi-region input-output (MRIO) model was
widely used in previous work to estimate the national
and sectoral scale of CO, emission embodied in trade
[11-13]. For example, Peters and Weber concluded
that export is the primary contributor of Chinas’ CO,
emissions, annually about 1700 Mt of CO, emissions
caused by exports [16]. Besides, Russia is the second-
largest exporter of embodied emissions, the total volume
increased from 474 MMT in 1995 to 793 MMT in 2008,
and electricity, Gas and Water Supply are the largest
emitter sector [14, 15]. In addition, Sanchez-Choliz
and Duarte indicated the sectors transport material,
mining and energy, non-metallic industries, chemical
and metals are the most relevant CO, exporters, and
other services, construction, transport material and
food are the biggest CO, importers in Spain [16]. Other
scholars have focused on the responsibility of emission
reduction in trade [17]. For instance, Meng et al.

designed a new method based on input-output analysis
to identify and distinguish self-responsibility and shared
responsibility for CO, emissions along global value
chains, and they found that developing countries have
undertaken more responsibility in emission reduction
than developed countries since 2012 [18]. Embodied
carbon in Russia’s trade was mainly exported to all
trading partners. However, few were related to the
bilateral trade, particularly the transfer of CO, emissions
in Russia-China trade from a sectoral perspective.

With regard to the driving forces analysis,
scholars have found that many factors could lead to
the increase in embodied CO, emissions by using the
structural decomposition analysis (SDA) mode [19,
20]. For example, Deng and Xu revealed that carbon
intensity, trade scale, and structure effects can affect
the changes in embodied carbon emissions in China,
India, Japan, and the US, and the reduction of carbon
emission intensity coefficient could effectively mitigate
the embodied carbon emissions in exports [21]. For
Russia, exporting CO, emissions are principally from
basic resource and energy sectors, and a fossil fuel
endowment effect can lead to a specialization in “dirty”
sectors and an increase in emissions per unit. Therefore,
energy structure and trading effect play an important
role in exporting embodied CO, emissions [22, 23].

Based on MRIO, the transfer route of embodied
emission among different countries can also be
investigated. Previous studies have found that
developing countries are generally net CO, emissions
exporters, whereas developed countries are generally
net CO, emissions importers. That is, more CO,
emissions are transferred from developed countries
to developing countries [24, 25]. Furthermore, as the
largest net exporter of embodied CO, emissions, the
transfer of embodied CO, emissions between China
and the USA, Japan, India, Germany, South Korea,
and other countries is relatively active, and agriculture,
mining, manufacturing, eclectricity, heat, gas, water
production and supply, and transportation, storage,
and postal services are the major sectors [26]. Besides,
manufacturing of commodities in India that are exported
to the UK generates 1.053 kilo-tonnes of CO, emission
per million dollars annually, while manufacturing
of commodities in the UK that are exported to India
generates only 0.141 kilo-tonnes of CO, emission per
million dollars annually [27]. In addition, the US-Japan
trade transfers carbon emissions from the US to Japan,
which reduced the embodied carbon emissions of the
US by 14.6 Mt, whereas Japan increased the embodied
carbon emissions by 6.7 Mt [28]. Considering the
carbon terms of trade (C77) indicator is irrelevant to
the volume of exports and imports, and appears more
appropriate as a long-run structural indicator, Wang and
Xue introduced the CTT to measure the relative scale of
CO, emissions caused by China-India trade, indicating
that carbon emissions transfer from India to China [29].

Based on the existing literature, there was still
a lack of analysis of studies that considered embodied
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CO, emissions in the Russia—China trade at the country
and sector levels. Besides, most of the literature has
focused on the difference between emissions embodied
in exports and imports, while the balance of embodied
carbon emissions measure is subject to trade imbalance,
which may disappear or reverse over time [30].
Consequently, it is unstable for a long-run analysis.

To this end, this paper tries to construct an
environmental extended multi-region input-output
(MRIO) model to measure the CO, emissions embodied
Russia-China trade at country and sector level. The
carbon terms of trade (C7T) index will be calculated
to examine whether sectors’ exports to China cause
environmental degradation, and identify which sectors’
exports to China cause more environmental degradation.
Then, the structure decomposition analysis (SDA)
model is used to evaluate the factors that may cause
environmental degradation. The marginal contributions
of this study include: (1) To the authors’ knowledge,
this is the first study that quantify the CO, emissions
embodied in the Russia-China trade at the country and
sector levels. (2) The study further identifies sector
contributors to the increase in embodied CO, emissions
are identified as well as the relevant driving forces to
formulate the evidence-based polices.

The rest of this paper is arranged as follows.
In section 2, we introduce material and methods. Section
3 presents the results and discussion of analyzing
embodied CO, emissions in the Russia-China trade
and the driving forces. Finally, section 4 provides the
conclusion and policy implications.

Material and Methods
Model Construction

Environmental Extended Multiregional Input-Output
Model (EE-MRIO)

According to the statement of the noncompetitive
input-output table, the MRIO model can distinguish
between different flows of goods traded and show a
relatively complete industrial chain between different
countries and sectors. Based on this, the relationship
between the final demand and total output of » countries
could be expressed as follows:

m n
x{:ZZ +zy“ r=12..,n)

where X" is the monetary value of total output of sector
i in region r; x,” is the monetary value of products
produced from sector i in region r and consumed as
intermediate input of sector j in region s, whereas y”
represents the monetary value of products produced
from sector i in region r and used as final demand in
region s.

ey

Equation (1) can be rewritten using matrix form as
follows:

X=0U- A)_IY )

where A4 is the direct consumption coefficient matrix
of intermediate goods produced domestically, and
its element a, = X,»/X,- indicates that the department j
needs to directly consume the quantity product in the
department i to produce one unit product. (I — 4)7' is
Leontief’s inverse matrix that captures the direct and
indirect requirement in the supply chain of goods used
as final demand. Using this model to calculate CO,
emissions, let C be the vector of direct CO, emission
coefficient, and its elements represent the direct CO,
emissions per unit output of the sector; then the complete
CO, emissions to meet the final use Y can be expressed
as follows:

CE=C(-A)" 3)

Based on the above model, for bilateral trade
between Russia and China, the embodied CO, emission
in export and import, respectively, can be represented as
follows:

EXC =C.(I—A)"'EX @
IMC = C,(I —A)~*IM )

Among them, C and C, are the direct carbon
emission coefficients for Russia and China, respectively.
A, and A, are the direct consumption coefficient matrix
of intermediate goods produced by Russia and China,
and EX and /M are the vectors of Russia’s sectoral
exports to and imports from China. The EXC and IMC
are the embodied CO, emissions in Russia’s export and
import, respectively. Therefore, the net embodied CO,
emissions in the Russia-China trade (NCE) can be
calculated as Eq. (6). A positive NCE, value implies that
Russia is a net exporter of CO, emission in Russia-China
trade. Otherwise, it is a net importer of CO, emission.

NCE, = EXC —IMC 6)
CO, Emission Transfer in Russia-China Trade

In the Russia-China trade, the status quo of CO,
emission transfer in different sectors, along with its
changing trend forms the basis for formulating carbon
emission reduction policies. For this purpose, CO,
emission transfer analysis is essential.

Antweiler [31] proposed the pollution terms of trade,
which aims to identify the environmental gains or losses
a country sustains from engaging in international trade.
Based on this, the CTT can be measured by the ratio
of embodied CO, emissions in per unit of export and
per unit of import (see Eq. (7)). Let Russia’s CTT be
formulated as follows:
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~IMC /Yy 7)

where Y, _and Y, are the monetary value of products of
Russia’ s export to and import from China, respectively.
When EXC, Y , and IMC, Y, are the embodied CO,
emissions at the country level, CTT is the value of
Russia-China at the country level. When EXC, Y , and
IMC, Y, are the embodied CO, emissions at the sector
level, CTT, is the value of Russia—China at the sector
level. The value of CTT, at the country and sector levels
has similar meanings. When C7T>1, it indicates that
Russia may be responsible for a significant quantity of
CO, emissions because of exports to China. That is to
say, exports may lead to the deterioration of Russia’s
carbon emissions. When C77T <1, it indicates that China
may be responsible for a significant quantity of CO,
emissions owing to exports to Russia. Imports may lead
to deterioration of China’s carbon emissions.

Structure Decomposition Analysis Model of CTT,

Leontief’s inverse matrix can be rewritten as follows:
I-A)" =1L, ®)
(I-A)" =L )

Therefore, Equation (4) and (5) used for calculation
of embodied CO,emissions in trade can also be rewritten
as follows:

EXC = C,LEX (10)

IMC = C.L.IM (11)

Additionally, EX and IM can be rewritten as follows:
EX = Sex X Yex (12)

IM = Sy X Yim (13)

Where S, denotes the vector of export structure
from Russia to China, i.e., the proportion of different
sectors’ export amount in the totals. S, denotes the
vector of import structure from China to Russia, i.e.,
the proportion of different sectors’ import amount in the
totals.

By substituting formula (12) and (13) into formula
(10) and (11) respectively, EMC and IMC can be
rewritten as follows:

EXC = CrLySexYex (14)

IMC = CchSiin‘m (15)

By substituting formula (14) and (15) into formula
(7), the CTT can be rewritten as follows:

CrLySex

CTT, =
" CchSim (16)

First, by using the SDA model to decompose ACTT,
in the base period [32, 3], the following formula can be
obtained:

_(CrLISE  CPLYSEx CHLYSY:  CRLYSOx CPLYSE,  CRLYSS:
ACTTT_ 000_000+000_000+000_000
c212s%,  c219s2,) \cLls?, ¢cf1es,) \clLosd, cQLisP,

(C%L%Séx C%L%selx) +(C%L%Séx C%L%Séx) +(C%L%Séx crlL%sgx)

0 0 0 0 1 0
crdsh, cQuish. ) \ciitsd, cirlsp.) \ciiist, ciLisp,

a7)

Second, by using the SDA model to decompose
ACTT in the calculation period, the following formula
can be obtained:

cliist C0L1$1 C0L151 COL()Sl C0L051 COLOSO
ACTTr:(rrex_ riroex + rordex _ “riroex + rordex  riroex

ciiist, ciutst,) \cditst, ciiist,) \ciiisk, ciList,
(CSLQSSX CSLﬁsé?x) +(C$L2$8x CBL‘lSSx) +(C$L?“ng CSL‘%SSX)

171¢l 071c¢l O7lcl 070¢1 070¢1 070¢0
ciitst, cliist,) \cliist, cQList,) \cQList,  cLes%,

(18)

Considering the average of formulas (17) and (18),
the SDA model of the change in CTT, can be obtained
as follows:

ACTT. = 1[(CILISE:  CRLYSH CILYSS:  CALISY
r—2(\ciLLst,  ciiist, Co10SO  co10s0
! (cr Lisd, LY L°sex) " <crL%Sex CrLgsex)
2 | \cdLis} clList c21%s? c21%s?
4L (crLrsex _cf L?sex) " (CrLrSex _ C%L%sex)'
2 |\ciList, cirList o19s?. ¢c212s? /|
4L (Cr 19SS CALY L°sex) " (crb%sgx crL%sex)'
2 [\ciList cdLtst ctLls? coL2s?
# (Cr Lrsex _ CrLy Losex) + <CrLrSex _ CrLrSex>-
2 |\clLtst,  clLis} cliis? ctios?
4L (cr L‘%sex c? L?sex) " <Cr LESdy C%L%sex)'
2 |\c2Lost,  c2Lls? cirtst,  ciLis?

19)

Formula (19) shows that the ACTT can be
decomposed into six effects: Russia’s carbon emission
intensity, Russia’s production intermediate input,
Russia’s export structure, China’s carbon emission
intensity, China’s production intermediate input, and
China’s export structure effects. In this study, as we
focus on the embodied CO, emissions of Russia’s
exports, only three effects of Russia will be calculated
and analyzed. When C, and C, are row vectors, the
values of these effects are calculated at the country
level. When C and C, are diagonalizing matrices and
the export structure is the proportion of a particular
sector’s exports to total exports, the values of these
effects are calculated at the sector level. The carbon
emission intensity effect reflects the demand for
energy for economic growth. The intermediate input
effect reflects the production technology and manner
of organizing, the export structure effect reflects the
proportion of sectoral exports to total exports, and the
export structure of a single sector is the scale of exports.
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Data Source and Processing

The MRIO tables referenced in this study were
obtained from the World Input-Output Database
(WIOD) 2016 release, which contains noncompetitive
input-output tables from 2000 to 2014 and related
satellite accounts including CO, emissions.

Additionally, the Russia-China bilateral trade data
were sourced from the international supply and use
tables, which were considered to construct the WIOD
[34]. These data are based on official and publicly
available data from statistical institutes; they can ensure
a high level of data quality and coordinate with the
sectors in the world input—output tables. Simultaneously,
the industries in world input-output tables, CO,
emissions, and the international supply and use tables
are merged to form 32 sectors, which are represented in
Appendix A. Moreover, data were deflated by using the
GO-P index to remove the interference of various prices
between 2000 and 2014.

Results and Discussion

Embodied CO, Emissions in Russia-China Trade

at the Country Level

Fig. 1 shows the scale and trend of Russia’s exports
to China from 2000 to 2014. The figure also highlights
the impact of Russia’s exports to China on Russia’s CO,
emissions. Russia’s exports to China revealed significant
growth over the study period, from 100.22 million
dollars in 2000 to 201.92 million dollars in 2014. Energy
exports occupy the core position of Russia’s exports in
the long term and are considered as the main driving
force for Russia’s economic growth. Energy exports
from Russia to China have steadily increased since the
end of the Asian financial crisis in 1998, declining only
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because of the 2008 financial crisis. Exports grew as the
economy recovered until economic sanctions triggered
by the Ukraine crisis in 2014 blocked Russia’s exports
again. Embodied CO, emissions in Russia’s exports to
China demonstrated an overall downward trend during
this period, rapidly declining from 1405.03 Mt in 2000
to 513.37 Mt in 2007 and gradually declining to 500.61
Mt in 2014. From 2000 to 2007, the increase in the
value of Russia’s exports to China was accompanied
by a decline in the embodied CO, emissions in
Russia’s exports to China. This demonstrates Russia
has benefited economically from its trade with China
while successfully avoiding an increase in domestic
CO, emissions. Thus, Russia has not sacrificed
environmental benefits in exchange for economic
benefits during this period. Following the transition
crisis, since 1999, the Russian economy has started to
recover, and the utilization of idle production capacity
will not initially lead to high energy consumption.
Moreover, a series of relevant laws and regulations have
also played a key role in reducing carbon emissions
[35]. These regulations include the 1994 Federal Energy
Strategy, the 1996 Federal Law on Energy Conservation,
the 1998 Federal Program on Energy Conservation, and
the 1998 Additional Measures to Encourage Energy
Conservation. Additionally, energy exports account for
a significant percentage, and the low-carbon energy
measures help control carbon emissions.

However, from 2007 to 2014, the increase in the
value of Russia’s exports to China was accompanied by
an increase in the embodied CO, emissions in Russia’s
exports to China. In particular, Fig. 2 shows the scale
and trends of Russia’s net exports to China and the net
embodied CO, emissions in exports from 2000 to 2014.
From 2007 to 2014, Russia experienced a trade surplus
with China. During this period, Russia was considered
a CO, emission surplus country, which is consistent
with previous studies [36]. From 2007 to 2014, Russia
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Fig. 1. Russia’s exports amount to China and its embodied CO, emissions.
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Fig. 2. Russia’s net exports amount to China and its net embodied CO, emissions.

exchanged economic interests at the expense of
environmental interests and gradually became a net
embodied CO, emitter in Russia-China trade.

Fig. 3 shows the carbon intensity of Russia’s export
in the Russia-China trade and Russia’s CTT (CTT).
Russia’s carbon intensity of export shows a downward
trend over the study period, indicating that the overall
energy input has been declining in per unit exports.
However, the rate of decline has slowed since 2010. The
CTT, describes the relative value of carbon coefficient
efficiency of Russia’s exports and imports. During the
study period, the CTT was reported to be consistently
greater than 1 (also shown in Table 1). Moreover,
Fig. 3 also shows the embodied CO, emission per unit
product exported by Russia is higher than the embodied
CO, emission per unit product exported by China
(imported by Russia), thus indicating that CT77, are
generally not conducive to Russia’s carbon emission

reduction. However, the continuous decline of the CT7,
shows that the situation is constantly improving. We
noticed that since 2013, the C7T, has shown an upward
trend, indicating that the embodied CO, emissions
per unit of Russian exports have started to increase,
primarily with the increase in Russia’s exports to China
in recent years. The improvement of the CTT, has
entered a bottleneck period. Therefore, it is necessary
to examine this changing trend to achieve the expected
goal of controlling carbon emissions.

Embodied CO, Emissions in the Russia-China
Trade at the Sector Level

Fig. 4 shows eight sectors with the largest export
embodied CO, emissions in Russia and their export
value (the CO, emissions and export value of the
remaining 24 sectors are combined as other). Refer to
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Fig. 3. Carbon intensity of export and CTT (the ratio of carbon intensity of export of Russia and China) in the Russia-China trade.
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Appendix B for data on embodied CO, emissions from
exports for all sectors. Fig. 4 presents two distinct
features. First, among these eight sectors, the vast
majority of exports embodied CO, emissions come
from the energy sector (7, 11, 16, 8, 2), which is not
only Russia’s resource endowment but also consistent
with Russia’s single export structure to China. Thus,
this research discusses these five sectors. Second, the
export volume of these five sectors reveals an increasing
trend while their export embodied CO, emissions show
an evident change process of first decreasing and then
increasing. Before 2007, exports of these five sectors
generated several economic benefits for Russia without
increasing the domestic CO, emission burden. After
2007, the increase in the export volume of the five
sectors was accompanied by different trends in the
embodied CO, emissions of exports, indicating that the
carbon emission intensity of these five sectors differed.
For increasing export, different sectors have different
energy consumption inputs. Embodied CO, emissions in
exports of the mining and quarrying (2) sector increased
from 27.75 in 2000 to 45.07 Mt, and the growth rate was
62.41%. Besides, embodied CO, emissions in exports
of the coke and refined petroleum products
manufacturing (7) sector increased from 128.85 Mt in
2000 to 129.84 Mt in 2014 after repeated fluctuations;
this sector also witnessed growth. Before 2007, the
transformation of the energy structure led to a certain
decrease in energy intensity. However, post 2007, the
energy intensity has remained relatively fixed, which
has led to an increase in energy consumption and
contributed to a large amount of CO, emissions from
the production processes of these sectors [37, 38].
Conversely, embodied CO, emissions in exports of the
electricity and gas (16) sector decreased significantly,

from 150.45 Mt in 2000 to 52.54 Mt in 2014, and the
decline rate was 65.08%. Renewable energy is being
supported by the Russian government in this sector.
Renewable energy mainly includes wind energy, solar
energy, and hydropower. Green electricity reduces CO,
emissions by 53,000 tons and reduces nitrogen oxide
emissions by 110 tons [39]. Embodied CO, emissions of
chemical products manufacturing (8) also experienced
a significant decline, from 117.29 Mt in 2000 to
36.89 Mt in 2014, and the decline rate was 68.55%.
Besides, the embodied CO, emissions of manufacture
of basic metals (11) decreased from 189.03 Mt in 2000
to 130.32 Mt in 2014, and the decline rate was 31.06%.
These two sectors mainly include several energy-
intensive companies that are in the center of a relatively
complete supply chain and have certain competitive
advantages. The primary goal of these sectors is to
reduce energy consumption costs. Although reducing
CO, emissions is not their main goal, the pursuit of
energy conservation has objectively led to a substantial
reduction in CO, emissions [40].

Fig. 5 shows the export carbon intensity and C77 for
five sectors with the largest export CO, emissions (CTT).
The export carbon intensity for the five sectors showed
a downward trend over the study period, indicating
that their energy input use was declining in per unit
exports. However, the relative export and import carbon
intensity values differ for various sectors. The CTT, for
the manufacture of coke and refined petroleum products
(7) among them was the highest from 2004 to 2014
(1.81 on average, see Table 1), indicating its unfavorable
performance. This sector has caused the most serious
deterioration of Russia’s trade environment. The CT7,
of mining and quarrying (2) followed closely with an
average value of 1.48 from 2004 to 2014.
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2013 & EE 4 EE e
2012 B O EEsE e _
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2010 & B 4 EEEE N =
2000 4 [ D N T >
2008 S - - R e 2
2007 S 2 EE 1B = &
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Fig. 4. Sectoral structure of exports and embodied CO, emissions in exports
(2) Mining and quarrying, (7) Manufacture of coke and refined petroleum products, (8) Manufacture of chemical products, (10)
Manufacture of other nonmetallic mineral products, (11) Manufacture of basic metals, (13) Manufacture of machinery and equipment,

(16) Electricity and gas, and (17) Construction.
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Compared with the above two sectors, the export
carbon intensity for the electricity and gas (16) and
the manufacture of chemical products (8) sectors is
lower than the import carbon intensity. The average
CTT, values from 2004 to 2014 for these two sectors
were 0.87 and 0.77, respectively, indicating that the
CTT, in these two sectors were more conducive to
improving Russia’s trade environment than that of other
sectors. Additionally, the export carbon intensity for
the manufacture of basic metals (11) sector is generally
consistent with the import carbon intensity. Its average
CTT, value from 2004 to 2014 was 1. If the scale of
imports and exports of the manufacture of basic metals
(11) sector can maintain the balance, this sector will not
cause a deterioration of the Russian trade environment.
Sectoral analysis reveals that the CO, emission
reduction pressure in Russia is primarily generated by
the manufacture of coke and refined petroleum products
(7) and the mining and quarrying (2) sectors. Reducing
embodied CO, emissions in exports from these two
sectors initially requires determining the reasons for
the deterioration of CTT. The CTT, for electricity and
gas (16), the manufacture of chemical products (8), and
the manufacture of basic metals (11) are conducive to
improving the trade environment. However, it is also
necessary to recognize the drivers of embodied CO,
emissions in the exports of these three sectors to avoid
deterioration in their CTT.

Decomposition of Embodied CO, Emission

in the Russia-China Trade

Table 2 shows the results of the decomposition of the
overall CTT in the Russia-China trade. Russia’s carbon
emission intensity effect was negative, with a total
numerical value of —2.36, which indicates that it has
played a positive role in curbing the deterioration of the

Sectoral C77,

Mt

Carbon intensity of export
Mt CO; per dollar
=

Carbon

CTT between Russia and China. Russia’s intermediate
input effect was also negative but its numerical value of
—0.07 was too low to have any noticeable effect on the
improvement of C77. It indicates that the production of
intermediate products in Russia’s exports is inefficient
and consumes high energy. The development of related
technology was limited during this period. Additionally,
Russia’s export structure effect was positive and its total
numerical value was 0.12, indicating that high-carbon
products comprised a significant proportion of Russia’s
exports to China, thereby exacerbating the deterioration
of the environment in Russia. In conclusion, the carbon
emission intensity effect does not completely offset the
export structure effect. However, to further explore
the influencing effect of the sectors with the largest
embodied CO, emissions in exports, this study further
decomposed the CTT, changes in the top five sectors,
thereby hoping to propose corresponding carbon
emission reduction policies for different influencing
factors.

The decomposition results of changes in the embodied
CO, emissions of exports for five sectors are presented
in Appendix C. Fig. 6 shows the effect decomposition of
CTT, changes. Regarding the intermediate input effect,
the absolute value in manufacture of coke and refined
petroleum products sector (7) was small during this
period (Fig. 6a), which demonstrates that production
techniques do not reduce CO, emissions effectively
[41]. As for the intensity effect, its numerical value
was negative for most of this period while the absolute
value consistently decreased, thereby indicating that the
intensity effect plays a key role in energy conservation
and emission reduction. However, its strength gradually
weakened [42], indicating that this sector’s demand for
energy production cannot continue to decline and offset
the increase in embodied CO, emissions caused by
increasing exports. For example, from 2013 to 2014, the

Sectoral C77
Ratio

Mt C

Carbon

—&— carbon mtensity of export

Fig. 5. Carbon intensity of export and CT7' in sectoral trade.

—s—gsectoral C11r

a) Mining and quarrying (2), b) Manufacture of chemical products (8), ¢) Manufacture of basic metals (11), d) Manufacture of coke and

refined petroleum products (7), and e) Electricity and gas (16).
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Table 1. CTT, of Russia-China at the country and sector levels.

Overall 7) 1n (16) )] ?2)

2000 3.25 2.99 2.13 2.74 1.78 5.65
2001 3.38 2.52 1.96 2.38 1.71 4.83
2002 2.86 2.21 1.84 2.06 1.62 4.02
2003 2.33 2.46 1.60 1.41 1.36 3.17
2004 1.92 1.93 1.23 1.14 1.06 2.40
2005 2.17 2.32 1.12 1.10 0.87 1.91
2006 1.83 2.28 1.02 0.96 0.82 1.48
2007 1.53 1.80 0.86 0.87 0.77 1.43
2008 1.47 2.01 0.84 0.75 0.63 1.15
2009 1.77 1.93 1.09 0.83 0.81 1.42
2010 1.50 1.50 0.99 0.77 0.72 1.24
2011 1.53 1.51 0.96 0.73 0.63 1.20
2012 1.55 1.44 0.89 0.75 0.64 1.24
2013 1.55 1.46 0.90 0.74 0.67 1.27
2014 1.87 1.77 1.11 0.88 0.87 1.54
Average 2.03 1.81 1.00 0.87 0.77 1.48

Note: (2) Mining and quarrying, (7) Manufacture of coke and refined petroleum products, (8) Manufacture of chemical products,

(11) Manufacture of basic metals, (16) Electricity and gas.

Table 2. CTT, of Russia-China and the effect decomposition.

Intensity Intermediate Export
effect input effect structure effect

2004 —0.66 0.05 0.02
2005 —0.43 0.05 0.16
2006 —0.40 0.01 0.06
2007 —0.46 —0.02 -0.24
2008 -0.31 0.05 0.13
2009 0.42 —0.04 —-0.04
2010 -0.29 —0.01 —-0.06
2011 -0.24 —0.01 0.02
2012 —0.04 —0.04 0.07
2013 —0.08 —0.02 —0.01
2014 0.13 0.01 0.01
Total -2.36 —0.07 0.12

absolute value of the intensity effect has increased, but
the increase in exports may still lead to deterioration of
the environment. Therefore, the export structure effect
is dominant in reducing CO, emissions if the other two
effects are insufficient. The change trend for its three
effects of the mining and quarrying sector (2) is similar
to that of the manufacture of coke and refined petroleum
products (7) (Fig. 6b). The strength of the intensity effect
and intermediate input effect has gradually weakened. It
is increasingly evident that increased exports led to the

increase in embodied CO, emissions. Since China joined
the World Trade Organization (WTO) in 2001, China’s
rapid economic growth has led to a continuous increase
in the demand for energy. Most of the energy is mainly
derived from Russia’s exports. This has resulted in large
amounts of continuous energy input in the production of
these two sectors, which gradually exceeded the rate of
technological update and led to an increase in embodied
CO, emissions from exports. For the manufacture of
basic metals sector (11) (Fig. 6¢), its intermediate input
effect has been negative since 2010, which has played
an active role in reducing CO, emissions; however,
the effect is limited. Export structure effect of this
sector has little impact on increasing CO, emissions.
For example, the proportion of exports in 2012 and
2013 was larger than that in 2014, but the C7T in these
two years was smaller than that in 2014. The intensity
effect’s numerical value was negative during most of
this period and became positive in 2014. Although
the CTT in 2014 did not significantly worsen the trade
environment (CT7, 1.11), the Russian government
should be concerned about its possible negative impact
on CO, emissions. With regard to the electricity and gas
sector (16) and the manufacture of chemical products
sector (8) (Fig. 6d and 6¢), whether positive or negative,
few changes have occurred in the intermediate input
effect since 2010. Thus, the effect is limited in improving
the CTT . The export structure effect may not exacerbate
the environmental deterioration in recent years. For
example, the export structure effect of manufacturing
chemical products (8) was 0.04 in 2013 while its CTT
was 0.67. The export structure effect of electricity and
gas was 0.06 in 2012 while its CTT was 0.88. Both were
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a) Manufacture of coke and refined petroleum products (7), b) Mining and quarrying (2), ¢) Manufacture of basic metals (11), d)
Electricity and gas (16), and e) Manufacture of chemical products (8).

lower than 1 and neither contributed to the deterioration
of the trade environment. In other words, there is still
a possibility for increase in the proportion of exports
if the other factors remain unchanged. Although the
CTT in 2014 did not significantly deteriorate the trade
environment, the intensity effect of both these sectors
became positive in 2014 (CTT, was 0.88 and 0.87,
respectively). However, the Russian government should
be concerned about the probable negative impact on
CO, emissions. The production and export to China in
the above three sectors (manufacture of basic metals,
electricity and gas, manufacture of chemical products)
also require a large amount of energy input; however,
the intensity effect was mostly negative before 2014.
The reduction in CO, emissions per unit of output
reflects the reduction in energy demand and the
adjustment of the energy structure. For example, in the
electricity and gas (16) sector, Russia has continuously
provided policy support to promote the replacement of
polluting energy with clean energy, including the growth
of the nuclear and renewable energy power plants,
increased proportion of natural gas in thermal power
plants, and development of hydropower plants [43].
Additionally, compared to mineral resources, exports
from these sectors were limited. Thus, it did not lead
to a substantial increase in embodied CO, emissions in
exports.

Conclusions and Policy Implications

Conclusions

In this study, an MRIO model was applied to
measure embodied CO, emissions in the Russia-China

trade at the country and sector levels from 2000 to 2014.
Moreover, a structure decomposition analysis model
was used to measure the driving forces of the change
in embodied CO, emissions at the country and sector
levels. The main findings are as follows:

First, at the country level, since 2007, Russia has
been both a net exporter of embodied CO, emissions
and a net exporter in the trade between Russia and
China. While exports boost economic growth, they also
increase environmental costs. Since 2014, Russia’s net
embodied CO, in exports has shown an upward trend.
It is foreseeable that this trend may not significantly
change as China’s import demand for Russia’s energy
increases. Additionally, the overall CTT between Russia
and China shows that Russia’s exports to China bring
additional embodied CO, emissions. The higher the scale
of Russia’s exports, the more serious to the detriment of
Russia’s CO, emissions.

Second, at the sector level, most of the embodied
CO, emissions in exports come from the energy sector.
However, since 2007, although the scale of exports
from these sectors has increased in varying degrees,
embodied CO, emissions in exports have shown the
opposite trend. Among them, the mining and quarrying
sector witnessed the highest increase in embodied
CO, emissions in exports, whereas the manufacture of
chemical products sector witnessed the highest decline
in embodied CO, emissions in exports. Additionally,
as shown in the sectoral CT7T, CTT for the manufacture
of coke and refined petroleum products and mining
and quarrying sectors were greater than 1, indicating
that exports from these two sectors will exacerbate the
deterioration of the trade environment. The CTT for the
electricity and gas, manufacture of chemical products,
and manufacture of basic metals sectors were less
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than 1, indicating that the exports from these sectors do
not worsen the trade environment.

Third, the results of structural decomposition
indicate that the main reason for the increase in
embodied CO, emissions in Russia’s exports to China
is the increase in the scale of exports. That is, China’s
economic growth increases the import demand for
Russia’s energy. Although the intensity effect has played
a key role in restraining the increase in embodied
CO, emissions in exports, its role varies depending
on the sector. It plays a small role in the manufacture
of coke and refined petroleum products and mining
and quarrying sectors and a relatively large role in the
electricity and gas, manufacture of chemical products,
and manufacture of basic metals sectors. However,
reducing embodied CO, emissions in exports by
reducing the scale of energy sectors’ exports to China
will inevitably lead to a slowdown in Russia’s economic
growth.

Policy Implications

Our results shed light on the directions on the
formulation of policies and measures to mitigate CO,
emission embodied in Russia-China trade.

First, at the country level, Russia’s future reduction
policy should consider the relationship between CO,
emissions and industrial structure. Embodied CO,
emissions in exports are largely determined by the
industrial structure in Russia. The government should
promote the transformation of the economic and
industrial structure, by increasing the share of low-
energy-consuming industries and reducing the share
of traditional industries. With the decarbonization of
the global economy and the energy transition, Russia
must gradually mitigate its high dependence on energy
exports, and shift to the path of clean and low-carbon
industrial development. Afterward, Russia should
participate actively in the international trade, which
are supposed to coordinate environmental costs and
economic benefits, particularly for its future industrial
upgrading.

Second, in the bilateral trade, embodied CO,
emissions can be controlled through the cooperation
between importers and exporters [44]. Specifically,
Russia will still be the significant energy and resource
exporters in present and future. To control the CO,
emission embodied in energy exports, the cost of
embodied CO, emissions can be internalized through
energy pricing. That is to say, the responsibility of
embodied CO, emissions can be transferred directly to
the consumption side by internalizing carbon costs via
products and services pricing in the Russia-China trade.
Additionally, the cooperation can be extended to the
technology exchange. Advanced technology from those
consumption countries that are more developed can be
imported to exchange the exports from less-developed
countries. Higher level of technique in China can be
used in the manufacture of coke and refined petroleum

products, and mining and quarrying sectors of Russia,
which can also improve energy efficiency and reduce
CO, emissions embodied.

Third, although the carbon intensity decreased in
studying sectors, the increase in the scale of exports
to China will offset the intensity effect in reducing
embodied CO, emissions. Carbon emission intensity
can be reduced by adjusting the energy structure in
the exporting sectors. The decreasing consumption of
coal, increasing consumption of natural gas, nuclear
energy, and other renewable energy has already been
observed over this period [45]. Russian government
should encourage the development of combined cycle,
nuclear and renewable electricity generation to meet the
growing demand for electricity while minimizing the
use of coal-fired energy. For the long run, enhancing the
development of renewable energy to make the energy
structure cleaner is necessary for maintaining increasing
export scale and controlling CO, emission. Furthermore,
improving the technology of intermediate processing
to obtain higher energy efficiency is important for CO,
emission reduction. To be specific, Russian government
can encourage the development of energy transformation
technologies (e.g. coal washing, petroleum refining, and
power generation) by providing financial subsidies and
tax incentives.

Acknowledgment

The authors thank all researchers in ISA, School
of Physics, USYD, and appreciate the reviewer’s
comments.

Conflict of Interest

The authors declare no conflict of interest.

References

1. ARCE G., LOPEZ L.A., GUAN D. Carbon emissions
embodied in international trade: The post-China
era. Applied Energy, 184, 1063, 2016.

2. SAKAI M., BARRETT J. Border carbon adjustments:
Addressing emissions embodied in trade. Energy
Policy, 92, 102, 2016.

3. ZAKHAROVA 0., SUVOROVA L. BOGDANOVA
M., ZAKHAROV A., PERMYAKOV A., MAIYKH
I. Environmental education: Ecological wisdom of
indigenous peoples in western Siberia. Sustainability, 13,
(7), 4040, 2021.

4.  WAN YONGKUN., ZHAO XIAOLIANG., HAI RUXIN.
Research on the Evolution Trend of Carbon Emissions
under Exogenous Shocks: Evidences from Russia. Journal
of Resources and Ecology, 14, (3), 454, 2023.

5. PETERS G., MINX J, WEBER C., EDENHOFER O.
Growth in emission transfers via international trade from
1990 to 2008. Proceedings of the National Academy of
Sciences, 108 (21), 8903, 24 maio 2011.



556

Chen Y, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

EDERINGTON J., LEVINSON A., MINIER J. Trade
Liberalization and Pollution Havens. Advances in
Economic Analysis & Policy, 3 (2), 17 nov. 2004.

KIM D.-H., SUEN Y.-B., LIN S.-C. Carbon dioxide
emissions and trade: Evidence from disaggregate trade
data. Energy Economics, 78, 13, fe 2019.

ERTUGRUL H., CETIN M., SEKER F., DOGAN E.
The impact of trade openness on global carbon dioxide
emissions: Evidence from the top ten emitters among
developing countries. Ecological Indicators, 67, 543, ago.
2016.

SU B., ANG B.W., LOW M. Input-output analysis of
CO, emissions embodied in trade and the driving forces:
Processing and normal exports. Ecological Economics, 88,
119, abr. 2013.

ZHAO Y., WANG S., ZHANG Z., LIU Y., AHMAD A.
Driving factors of carbon emissions embodied in China—
US trade: a structural decomposition analysis. Journal of
Cleaner Production, 131, 678, set. 2016.

PRATIVA S., CHANGYOU S. Carbon emission flow
and transfer through international trade of forest
products. Forest Science, 65 (4), 439, aug. 2019.
TIWAREE R.S., IMURA H. Input-output assessment of
energy consumption and carbon dioxide emission in Asia.
Environmental Systems Research, 22, 376, 1994.

LIN B., XU M. Does China become the “pollution heaven”
in South-South trade? Evidence from Sino-Russian trade.
Science of The Total Environment, 666, 964, maio 2019.
MAKAROV 1, SOKOLOVA A. Carbon Emissions
Embodied in Russia’s Trade: Implications for Climate
Policy. Review of European and Russian Affairs, 11, (2,
1 jan. 2017.

LAIKE., YANG. CO, Emissions Embodied in
International Trade — A Comparison on BRIC Countries.
Berlin Working Papers on Money, Finance, Trade and
Development, 03, 2012.

SANCHEZ-CHOLIZ J., DUARTE R. CO, emissions
embodied in international trade: evidence for Spai(Energy
Policy, 32 (18), 1999, dec. 2004 .

MONGELLI 1., TASSIELLI G., NOTARNICOLA B.
Global warming agreements, international trade and
energy/carbon embodiments: an input-output approach to
the Italian case. Energy Policy, 34 (1), 88, jan. 2006.
MENG B, LIU Y., GAO Y., LI M., WANG Z., XUE J.,
ANDREW R., FENG K., QI'Y., SU(Y., SUN H., WANG K.
Developing countries’ responsibilities for CO, emissions
in value chains are larger and growing faster than those of
developed countries. One Earth, 6 (2), 167, feb. 2023.
ERIK DIETZENBACHER., BART LOS. Structural
Decomposition Techniques: Sense and Sensitivity.
Economic Systems Research, 10 (4), 307, 1998.
XIONGFENG P, YUQING W., ZHIYANG S., MALIN
S. Technological progress on embodied carbon emissions
in G7 countries’ exports: A structural decomposition
analysis. Journal of Cleaner Production, 372 (20), 133800,
oct. 2022.

DENG G., XU Y. Accounting and structure decomposition
analysis of embodied carbon trade: A global perspective.
Energy, 137, 140, out. 2017.

WEBER S., GERLAGH R., MATHYS N., MORAN D.
CO, embodied in trade: trends and fossil fuel drivers.
Environmental Science and Pollution Research, 28 (22),
27712, 29 jun. 2021.

SUN C., CHEN L., HUANG G. Decomposition Analysis
of CO, Emissions Embodied in the International Trade of
Russia. Sustainability, 12 (1), 323, 31 dez. 2019.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

43.

ACKERMAN F., ISHIKAWA M., SUGA M. The carbon
content of Japan—US trade. Energy Policy, 35 (9), 4455,
set. 2007.

PETERS G.P., HERTWICH E.G. CO, Embodied in
International Trade with Implications for Global Climate
Policy. Environmental Science & Technology, 42 (5), 1401,
1 mar. 2008.

CHEN J, LIN X.,, WANG X. PENG L., YU A.
Characteristics and transfer paths of CO, emissions
embodied in trade and China’s carbon reduction strategies.
Environmental Science and Pollution Research, 30 (20),
58077, 2023.

BANERIJEE S. Carbon Emissions Embodied in India—
United Kingdom Trade: A Case Study on North-South
Debate. Foreign trade review, 55 (2), 199, may. 2020.
ACKERMAN F., ISHIKAWA M., SUGA M. The carbon
content of Japan—US trade. Energy Policy, 35 (9), 4455,
set. 2007.

WANG Q., YANG X. Imbalance of carbon embodied
in  South-South trade: Evidence from China-India
trade. Science of The Total Environment, 707, 134473,
mar. 2020.

STRAUMANN R. Exporting pollution? : calculating the
embodied emissions in trade for Norway. Report. 17, 2003.
ANTWEILER W. The Pollution Terms of Trade. Economic
Systems Research, 8 (4), 361, dez. 1996.

CHANG N., LAHR M. L. Changes in China’s production-
source CO, emissions: insights from structural
decomposition analysis and linkage analysis. Economic
Systems Research, 28 (2), 224, 2 abr. 2016.

NIE H., KEMP R., VIVANCO D., VASSEUR Structural
decomposition analysis of energy-related CO, emissions in
China from 1997 to 2010. Energy Efficiency, 9 (6), 1351, 8
dez. 2016.

ZHAO Y., WANG S., YANG J., ZHANG Z., LIU Y. Input-
output analysis of carbon emissions embodied in China-
Japan trade. Applied Economics, 48 (16), 1515, 2 abr. 2016.
PORFIRIEV B., SHIROV A., KOLPAKOV A. Low-
Carbon Development Strategy: Prospects for the Russian
Economy. World Economy and International Relations, 64
9), 15, 2020.

LU Q., FANG K., HEIJUNGS R., FENG K., LI J., WEN
Q., LI Y., HUANG X. Imbalance and drivers of carbon
emissions embodied in trade along the Belt and Road
Initiative. Applied Energy, 280, 115934, dez. 2020.

CHEN G.Q., WU X.E. Energy overview for globalized
world economy: Source, supply chain and sink. Renewable
and Sustainable Energy Reviews, 69, 735, mar. 2017.

SUN C., CHEN L., HUANG G. Decomposition Analysis
of CO, Emissions Embodied in the International Trade of
Russia. Sustainability, 12 (1), 323, 31 dez. 2019.

Y.A. NAZAROVA. Analysis of economic factors affecting
development of renewable energy for power service of
remote consumers. The Turkish Online Journal of Design,
Art and Communication, 1511, 22 ago. 2018.

THURNER T.W., ROUD Greening strategies in Russia’s
manufacturing — from compliance to opportunity. Journal
of Cleaner Production, 112, 2851, jan. 2016.

KAPUSTIN N.O., GRUSHEVENKO D.A. Exploring the
implications of Russian Energy Strategy project for oil
refining sector. Energy Policy, 117, 198, jun. 2018.
DENISOVA Energy Efficiency as a Way to Ecological
Safety: Evidence from Russia. International Journal of
Energy Economics and Policy, 9 (5), 32, 1 set. 2019.
VASILEVA E., VIJAINEN S, SULAMAA P,
KULESHOV D. RES support in Russia: Impact on



Research on Embodied COZ Emissions...

557

capacity and electricity market prices. Renewable Energy,

76, 82, abr. 2015. Russia. 2017.
44. GILLENWATER. M., BREIDENICH. C. Internalizing

carbon costs in electricity markets: Using certificates in a

load-based emissions trading scheme. Energy Policy, 37,

290, jan. 2009.

Supplementary Material

Appendix A. Sector classification in WIOD 2016 release.

45. BBP Energy Outlook:

Country and Regional Insights-

(32

Code Sector
(1) Crop and animal production, hunting, and related service activities
2) Mining and quarrying
3) Manufacture of food products, beverages, and tobacco products
4) Manufacture of textiles, wearing apparel, and leather products
5) Manufacture of wood and products of wood and cork
(6) Manufacture of paper and paper products
(7) Manufacture of coke and refined petroleum products
8) Manufacture of chemical products
) Manufacture of rubber and plastic products

(10) Manufacture of other nonmetallic mineral products

(11) Manufacture of basic metals

(12) Manufacture of computer, electronic, and optical products

(13) Manufacture of machinery and equipment

(14) Manufacture of motor vehicles, trailers, and semi-trailers

(15) Manufacture of furniture; other manufacturing

(16) Electricity and gas

(17) Construction

(18) Wholesale trade, except of motor vehicles and motorcycles

(19) Retail trade, except of motor vehicles and motorcycles

(20) Land transport and transport via pipelines

(21) Water transport

(22) Air transport

(23) Warehousing and support activities for transportation

(24) Accommodation and food service activities

(25) Telecommunications

(26) Financial service activities, except insurance and pension funding

(27) Real estate activities

(28) Administrative and support service activities

29) Public administration and defense; compulsory social security

(30) Education

(31) Human health and social work activities

Other service activities
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Appendix B. Sectoral embodied CO, emissions in Russia (Mt)

2000 2001 2002 2003 2004 2005 2006
1 26.89 23.93 21.28 14.76 11.48 11.03 7.70
2 27.75 35.13 33.73 42.94 36.08 48.95 50.48
3 12.80 10.83 10.56 10.43 7.49 7.702 7.83
4 24.24 19.99 18.16 17.43 11.02 13.72 13.15
5 11.90 13.72 16.32 22.52 23.86 22.46 24.73
6 43.31 38.60 33.49 29.88 22.06 19.91 17.71
7 128.85 319.49 389.59 238.09 215.74 162.51 180.01
8 117.29 110.329 89.85 95.59 84.01 94.19 88.11
9 39.60 32.75 30.77 26.73 19.96 18.76 16.24
10 51.50 49.25 33.58 45.24 39.66 48.02 53.90
11 189.03 180.69 158.14 221.29 169.25 195.12 192.09
12 22.37 21.60 16.02 20.75 15.74 18.35 12.03
13 100.35 71.08 57.44 66.37 43.29 36.48 25.34
14 34.55 16.17 14.11 18.08 10.17 9.32 5.73
15 19.42 15.11 12.47 9.65 4.65 6.49 6.56
16 150.45 251.10 214.58 149.65 122.82 148.39 152.18
17 98.58 87.18 95.70 107.39 68.99 57.47 46.11
18 8.37 7.37 6.67 491 3.32 1.49 1.37
19 2.09 1.84 1.66 1.23 0.68 0.30 0.27
20 12.25 13.75 10.93 9.80 8.67 8.88 7.59
21 6.07 6.89 4.99 4.16 3.96 3.11 2.68
22 1.99 3.12 1.87 1.77 1.94 1.49 1.37
23 0.64 0.50 0.45 0.90 2.06 2.13 2.08
24 3.74 3.40 2.82 3.09 2.31 2.581 2.33
25 0.21 0.38 0.31 0.35 0.21 0.36 0.32
26 1.26 1.31 1.26 1.18 0.79 0.65 0.54
27 3.43 3.28 227 1.75 1.27 0.96 0.74
28 0.33 0.34 0.29 0.28 0.36 0.69 0.67
29 11.84 9.16 7.48 5.96 4.97 4.23 3.96
30 27.49 21.21 12.69 10.07 6.24 432 3.36
31 5.55 4.53 3.06 3.03 2.57 4.61 3.32
32 38.74 31.02 20.88 11.67 7.19 7.04 4.98
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Appendix B. Continued.
2007 2008 2009 2010 2011 2012 2013 2014
4.85 5.08 3.53 4.05 4.62 3.86 2.52 1.97
22.07 42.18 41.60 39.84 64.84 57.24 39.97 45.07
6.47 4.98 3.50 3.70 4.27 3.41 2.97 3.27
8.63 8.01 5.11 5.13 5.32 4.05 2.79 2.57
26.88 14.70 14.82 13.63 14.75 9.96 8.45 8.63
14.42 11.56 10.82 11.186 13.43 10.11 7.04 8.24
97.17 103.91 130.57 141.43 209.73 199.17 125.54 129.84
51.04 50.06 47.02 41.13 59.33 55.15 39.88 36.89
14.13 12.85 10.43 10.95 12.48 9.62 6.66 6.37
25.06 30.72 35.10 31.35 4891 48.02 33.19 35.68
95.49 127.09 153.00 115.86 165.13 180.23 133.27 130.32
8.03 6.88 5.40 5.31 4.72 3.31 2.49 2.54
17.87 15.75 22.59 12.68 10.45 7.43 5.44 5.38
4.81 4.19 7.63 5.99 4.56 3.44 2.82 2.83
5.67 2.95 2.92 2.17 2.34 1.99 1.54 1.64
61.20 74.51 62.03 53.36 71.08 73.74 47.85 52.54
28.07 26.73 41.04 34.00 27.17 20.47 16.25 17.40
1.19 0.99 0.91 0.86 1.08 0.80 0.80 0.68
0.24 0.20 0.15 0.18 0.21 0.14 0.12 0.11
3.65 3.11 2.01 1.68 2.92 2.78 1.56 1.19
1.40 1.19 0.81 0.60 0.79 0.74 0.36 0.33
0.92 0.88 0.70 0.73 1.29 1.28 0.97 0.84
1.26 1.04 0.72 0.69 1.21 1.04 0.70 0.55
1.43 1.15 0.70 0.59 0.61 0.43 0.35 0.33
0.18 0.17 0.14 0.13 0.17 0.14 0.12 0.12
0.49 0.34 0.27 0.36 0.44 0.37 0.34 0.34
0.45 0.26 0.19 0.21 0.24 0.17 0.16 0.14
0.58 0.35 0.23 0.24 0.30 0.29 0.19 0.16
2.93 2.60 1.95 2.02 2.29 1.66 1.43 1.33
2.33 2.14 1.84 2.124 2.67 2.10 1.64 1.67
1.55 1.40 1.06 0.80 0.82 0.59 0.44 0.45
291 2.75 1.88 1.88 1.94 1.53 1.04 1.19
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Appendix C. Sectoral CTT, of Russia-China and the effect decomposition.

Mining and quarrying (2) Manufacture of chemical products (8)
Intensity Intermediate | Export structure Intensity Intermediate | Export structure
effect input effect effect effect input effect effect
001 —0.06 0.2 0.11 2001 —0.58 0.3 0.5
2002 —0.07 —0.003 0.03 2002 —0.12 —0.03 —0.24
2003 -0.22 0.1 0.1 2003 —0.36 0.12 0.3
2004 —0.47 0.11 0.05 2004 —0.67 —0.07 0.15
2005 —0.45 0.003 0.16 2005 —0.67 0.004 0.15
2006 -0.21 0.02 0.07 2006 —0.19 0.01 -0.05
2007 —0.14 0.23 -0.17 2007 —0.28 —0.07 0.06
2008 -0.42 —0.26 0.45 2008 —0.65 0.1 -0.12
2009 0.13 0.13 —0.05 2009 0.56 0.03 —0.15
2010 -0.23 0.05 0.08 2010 —0.04 —0.06 —-0.01
2011 —0.4 —0.02 0.18 2011 —0.4 —0.01 0.08
2012 0.01 —0.002 —0.04 2012 0.03 —-0.05 —0.02
2013 —0.08 0.07 —-0.03 2013 0.05 0.02 0.04
2014 —-0.07 —-0.05 0.09 2014 0.36 —0.03 -0.12
Manufacture of coke and refined petroleum products (7) Manufacture of basic metals (11)
Intensity Intermediate | Export structure Intensity Intermediate Export
effect input effect effect effect input effect | structure effect
2001 —0.66 0.14 222 2001 =0.79 0.46 -1.14
2002 0.24 —0.09 1.51 2002 —0.18 —0.06 -0.34
2003 -3.02 0.59 -1.99 2003 -1.22 0.42 2.31
2004 —-1.57 —0.07 0.43 2004 —-2.39 —0.06 —0.28
2005 -2.11 0.15 -0.75 2005 —-1.06 0.15 0.64
2006 -0.51 0.03 0.26 2006 —0.81 —0.03 0.02
2007 —0.82 —-0.06 —0.12 2007 -1.24 —0.11 —0.35
2008 —0.78 0.08 0.01 2008 —0.68 0.29 0.69
2009 0.72 —0.02 0.26 2009 3.15 —0.34 0.6
2010 —0.61 —0.06 0.43 2010 -1.52 —0.03 —0.85
2011 -1 0.06 0.21 2011 -0.22 0.08 0.15
2012 —0.04 -0.05 0.01 2012 —0.35 —-0.17 0.63
2013 —0.09 —0.03 —0.21 2013 —0.13 0.05 0.33
2014 -0.56 —-0.03 0.03 2014 0.88 —0.04 -0.25
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Appendix C. Continued.

Electricity and gas (16)
Intensity Intermediate Export
effect input effect | structure effect

2001 -1.18 0.1 1.26
2002 —0.86 —0.01 —0.31
2003 -0.73 0.27 —0.53
2004 —0.74 —0.06 0.07
2005 -0.5 0.08 0.33
2006 —0.68 0.03 0.14
2007 —0.63 —0.02 —0.54
2008 —0.37 0.06 0.19
2009 0.07 —0.06 0.21
2010 —0.22 0.02 —0.003
2011 —-0.14 0.04 0.02
2012 —0.01 —0.03 0.06
2013 —0.12 —0.03 —0.06
2014 0.03 —0.01 0.05







