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Abstract: China has become the world’s second largest crude oil importer and consumer.
Meanwhile, China has also become the world workshop and the world’s largest exporter of
commodities. The globalization of production and consumption has important impact on
China’s oil consumption, which can’t be adequately assessed only through checking China’s
direct imports and exports of crude oil. Based on a global multi-regional input-output model,
this article examining both China’s direct trade of crude oil and embodied crude oil in China’
exports and imports of goods and services during 1995-2011. The results showed that about
one fifth to one third of imported oil is used to producing exports in China. Therefore, China
is playing the role as a transit hub of crude oil from extraction places to global final
consumers, particularly those in advanced countries. Foreign consumers actually benefit from
China’s global hunt for natural resources, a fact usually overlooked by critics of China’s oil
thirst. China was net exporter of embodied oil. Net exports of embodied oil increased after
China’s entry into the World Trade of Organization in 2001, but decreased quickly after the
financial crisis starting in 2008 due to weak foreign demand and aggressive economic
stimulus in China. In addition, China’s oil demand from production was greater than that from
consumption, whereas the gap has shrunk quickly in recent years. We also found that China’s
oil import dependence assessed from consumption end was higher than import dependence
assessed from production end, a traditional indicator often discussed in the context of energy
security. We discussed various policy implications of these results in context of China’s recent
reforms in economic and environmental governance.

Keywords: Embodied crude oil; Multi-regional input-output analysis; Oil demand from
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1. Introduction

According to the statistics from BP energy review, China overtaking Japan became the
world’s second largest oil consumer in 2002, and also became the second largest oil importer
in 2009 (BP, 2016). The tremendous amount of oil consumption and imports and their rapid
growth in China has aroused concern over China’s energy security (e.g., Ge and Fan, 2013;
Leung, 2011; Wu et al., 2007; Zhang, 2011). Meanwhile, China’s efforts to securing foreign
oil through supporting its state-owned oil companies in oil seeking and exploitation globally,
particularly in Africa and South America, have drawn criticism and concern from some
western countries (Chen, 2006; Deepak, 2014; Marton and Matura, 2011; Daojiong, 2006;
Zweig and Jianhai, 2005). Therefore, the massive and increasing consumption of oil in China
has become not only a domestic challenge but also an international issue.



In the context of energy security, researchers have paid special attention to the trade in
crude oil of China. However, in order to get more detailed picture of China’s oil consumption,
we need not only to consider the direct trade flows of oil, but also analyze indirect oil flows
embodied in China’s trade of final goods and services. On the one hand, as a major world’s
workshop, China needs not only labor and capital but also tremendous natural resources
including oil to produce its exports. During 1995-2015, the commodity export value of China
increased by over 14 times, which makes China the world biggest commodity exporter.
China joined the World Trade of Organization (WTQO) in 2001, which gave Chinese firms
great opportunity to expand their exports. The ratio of export value to Gross Domestic
Product (GDP) rose up from 20% in 2001 to 35% in 2007,% due to the upsurge of exports in
this period. Previous studies have shown that huge amounts of energy were used to producing
exports of China (Cui et al., 2015; Liu et al., 2010; Yang et al., 2014). Therefore, a great deal
of crude oil, as one key source of energy, may be exported indirectly when they are used in
export production in China; although China’s direct exports of crude oil are very limited
nowadays. Quantifying the crude oil embodied in China’s exports would help reveal the
contribution of export production to the mammoth oil consumption in China. Moreover, since
China imports a great deal of oil, it’s interesting and significant to explore how many oil
imports are ‘re-exported’ by producing non-oil goods and services consumed by the other
countries. On the other hand, China’s direct import of crude oil cannot reveal the indirect
demand for foreign oil by consuming imported goods and services, which can be assessed by
calculating the crude oil embodied in China’s imports of finished products.

While direct trade of crude oil of China was widely discussed in previous studies, studies
on embodied crude oil in China’s trade of goods are rare. As one exception, Tang et al.(2012)
estimated oil embodied in China’s exports and imports using a single region input-output
(SRI10) model based on Chinese input-output tables of 1997, 2002, and 2007. Compared with
the SRIO model, one major advantage of the multi-regional input-output MRIO model is the
estimation bias of emissions or materials embodied in imports can be reduced significantly as
differences in production technology between China and its trade partners are modeled
directly (Andrew et al., 2009; Lenzen et al., 2004). Thanks to new development of MRIO
databases (Tukker and Dietzenbacher, 2013), MRIO models have been widely used to analyze
various emissions embodied in international trade and final consumption (e.g., Arto et al.,
2014; Dauvis et al., 2011; Kanemoto et al., 2014; Moran et al., 2013; Peng et al., 2016; Peters
et al., 2011; Tukker et al., 2014; Wiebe et al., 2012a). Meanwhile, MRIO models are often
used to quantify nature resources embodied in international trade and final consumption, such
as water (e.g., Chen and Chen, 2013; Lutter et al., 2016; Moran et al., 2013; Tukker et al.,
2014), and raw materials including fossil fuel (e.g., Bruckner et al., 2012; Giljum et al., 2014;
Tukker et al., 2014; Wiebe et al., 2012b; Wiedmann et al., 2015).

In the present article, we assess crude oil embodied in trade and final demand of China
using a global MRIO model, which relates most closely to the strand of literature on
embodied material flows reviewed above. First, we analyze the (direct) oil exports and
imports of China in the period of 1995-2015. We show the changes of sources of China’s oil
imports in this period. Second, we analyze the embodied crude oil in China’s exports and

! Calculation based on data from UN Comtrade Database, https://comtrade.un.org/data/
2 Calculation based on data from online database of China’s National Bureau of Statistics (CNBS),
http://data.stats.gov.cn/easyquery.htm?cn=C01



imports in the period of 1995-2011. We estimate how much oil imported is re-exported by
producing exports in China. Third, we estimate China’s oil demand from the consumption
perspective, that is, crude oil embodied in China’s final consumption. The oil ‘consumption’
of China analyzed in previous studies generally refers to domestic oil use by production,
which reflects China’s oil dependence from the production. On the contrary, the analysis on
crude oil embodied in China’s final consumption help reveal the China’s oil dependence from
the consumption. Finally, we compare oil import dependence of China from consumption
perspective and that from production perspective. Oil import dependence from production,
reflected by the share of imports in domestic oil consumption, is widely discussed in the
context of energy security (e.g., Alhajji and Williams, 2003), whereas import dependence
from consumption is rarely analyzed.

The article is structured as follows. Section 2 describes the MRIO methodology,
indicators, and dataset used in the empirical section. Section 3 reports and discusses main
results from our calculation. Section 4 concludes the article.

2. Methodology and Data

2.1 Estimating the crude oil embodied in trade in MRIO framework

An MRIO model covering the global economy is used in the present study. Suppose
there are m countries/regions in the world, the general identity in the MRIO model can be
written as follows.

X A11 A12 Alm X Zi Yii
X, - A21 Azz o A2m X, " Zi Yoi (1)
Xm Aml Amz Amm Xm Ziymi

where x; (i=12,---,m)is the vector of total output in country i. y, is the vector of final

products (or final output) supplied by country i and also consumed in country i. Yy (i # j) is
the vector of final products supplied by country j but consumed in country i, which reflects
the import of final products from country j to country i. (Y3, Y5, = Ye) is the final demand

of country i. The block matrix on the right hand side reflects the inter-industry requirements

for intermediate inputs. The diagonal matrix, A, is the requirement from sectors in country i

for domestic intermediate inputs to produce one unit of output. The off-diagonal matrix, A;

(i # j), is the requirement from sectors in country i for imported intermediates from sectors

in country j. Therefore, the off-diagonal matrices represent bilateral trade in intermediates
between any two countries on the sectoral level.

In the MRIO model, the coefficient matrices of inter-industry requirements are fixed for
a given period. Therefore, given arbitrary final demand, the total output can be solved readily



from equation (1) when the block matrix on the right hand side is nonsingular.
By using equation (1), we can decompose the total output in each country into
components corresponding to the final demand they support as follows.

-1
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where x; is the output induced by the final demand,y; . The inversed matrix is called

Leontief inversed matrix. The total output equal the sum of induced output, that is,

X, =X; +2.,..%; - We call the block matrix on the left hand side induced output matrix.

The crude oil embodied in exports of country i, OEE;, is defined as the crude oil used by
sectors within country i to produce final demand of the other countries, that is,

OEE =) X (3)

where the vector fj is the physical quantity of crude oil (from domestic extraction and import)
used to produce one unit of output in each sector in country i.

On the contrary, the crude oil embodied in imports of country i, OEI;, is defined as the
crude oil used by sectors outside country i to produce the final demand of country i, or,

OEl, =), fix; )

Definitions above have been widely used in MRIO literature analyzing emissions or raw
material embodied in trade (e.g., Arto et al., 2014; Bruckner et al., 2012; Davis and Caldeira,
2010; Peters et al., 2011; Mufioz and Steininger, 2010; Wiebe et al., 2012a).

2.2 Construction of crude oil use intensity vector

In their study, Bruckner et al.(2012) used material domestic extraction data to construct
the vector f;, which is appropriate to explore the impact of consumption on raw material
extraction. Based on equations (3) and (4), we see that there will be little crude oil embodied
in imports of country i from those countries with scarce crude oil reserve or low extraction
activities, when only domestic extraction data is used in the vector f;. For example, even
though there are large imports of China from Japan and South Korea, the crude oil embodied
in imports of China from these two countries could be very little since most crude oil they
used are from importing rather than domestic extraction. Then it would be difficult to see how
the active trade relation between China and Japan affect the crude oil consumption in China.
To deal with this disadvantage in analysis, we first adjust the domestic exaction quantity using
physical trade data of crude oil to obtain domestic crude oil use by production of country i, u;.
That is, u; equals domestic extraction of crude oil, d;, subtracting crude oil export, e;, then
adding up the import, m;, that is,

U = di —€+m, (5)

Therefore, the meaning of vector fj, in the present study is different from that in Bruckner



et al.(2012). f; in the present study should be interpreted as crude oil use intensity, whereas it’s
extraction intensity in Bruckner et al.(2012). However, this trade adjustment does not affect
the global total, because global export of crude oil equals global import. In other words, the
summation over u; in every country still equals the global extraction of crude oil.

We use the data of domestic extraction in the environmental accounts of the WIOD
(Genty et al., 2012). The domestic extraction of crude oil is allocated to the single aggregated
extraction sector, i.e. Mining and Quarrying, in the environmental accounts. To carry out
trade-adjustment, we firstly allocate the imported crude oil to the oil processing sector in the
importing country, i.e. Coke, Refined Petroleum and Nuclear Fuel using the sector
classification of WIOD. In addition, Genty et al.(2012) recommend to re-allocate the crude oil
extraction from sector Mining and Quarrying to processing sector Coke, Refined Petroleum
and Nuclear Fuel to alleviate the calculation bias resulting from the high aggregation of
mining sector in the WIOD. With similar consideration, Bruckner et al.(2012) also
re-allocated construction minerals from miming sector to the construction sector. Following
their recommendation, we further re-allocate the domestic extraction after subtracting export,
di-ej, to the sector, Coke, Refined Petroleum and Nuclear Fuel. In other words, all u; are
allocated to the sector, Coke, Refined Petroleum and Nuclear Fuel in constructing vector f; in
the present study. The re-allocation above can also avoid overestimation of embodied crude
oil. In the MRIO model as discussed in last subsection, the direct crude oil trade flows
between countries are reflected in value terms in the cross-country input coefficients from
Mining and Quarrying sector of the extracting country sector to processing sectors (mainly
Coke, Refined Petroleum and Nuclear Fuel) of the other countries in the off-diagonal matrix,
Ajj, in equation (1). Therefore, crude oil embodied in trade will be overestimated if di-e;
remains in the mining sector. However, the international input coefficients from mining
sectors to processing sectors will not affect the calculation of embodied in trade when d;-e; is
re-allocated from mining sector the processing sector in all countries.

2.3 Production-based and consumption-based crude oil demand

We define the production-based crude oil demand of country i, PBD;, as crude oil used
within country i to produce final demand of all countries, which can also be calculated as

PBD, =13 x; =fX; +f>_  x; =SD, +OEE, (6)

where SD, =f)x;

which is the crude oil used for producing domestic final demand in

country i (self-demand for crude oil). Equation (6) shows that PBD; equals SD; plus crude oil

PBD; equals the u; by definition in the

ij !

embodied in its exports, OEE;. Since x, =3 x

subsection 2.2.

And we define consumption-based crude oil demand of country i, CBD;, as the crude oil
used in all country to produce the final demand of country i. In equation, CBD; can be
calculated by

CBD, = fix; =+ fix; =SD +OEl )

Equation (7) shows that CBD; equals SD; plus crude oil embodied in its imports.



Therefore, the difference in quantity between PBD; and CBD; equals the net exports of crude
oil embodied in trade. Definitions in equation (6) and (7) are also similar to previous studies
on emissions or material (e.g., Bruckner et al., 2012; Davis and Caldeira, 2010; Peters et al.,
2011; Mufioz and Steininger, 2010; Wiebe et al., 2012).

As discuss in subsection 2.2, the trade adjustment for crude oil use before calculation
indicates that all the three components SD;, OEE;, and OElI; include crude oil supplied by
domestic extraction of country i and by foreign countries. In order to analyze the extent to
which China’s crude oil demand from production or consumption depend on import, we want
to split these PBD; and CBD; into Chinese oil (crude oil from domestic extraction) and
imported oil (crude oil from foreign extraction). Suppose we know exactly how much
imported crude oil is used to produce goods and services for domestic final demand and how
much for foreign final demand in each country, and then we have

PBD, = SD, +OEE, =(SD, 4, + OEE_,,) +(SD,;,, + OEE ;) (8)
plL: Chinese oil p2: imported oil

CBD, = SD, +OEl_ =(SD, 4, +OEl_ )+ (SD_,, + OEl ;.,,) 9)
cL: Chinese oil c2: imported oil

where subscript c is the index for China. Note that OEI of China also include some Chinese
oil because foreign countries may have used crude oil imported from China to produce their
exports. OEEc,mp is the part of imported oil which is ‘re-exported’ by embodying in exports of
China. For instance, some crude oil imported from the Middle East will be re-exported to
USA when firms in China use this oil to produce goods exported to USA, which can be
interpreted as indirect crude oil exports from the Middle East to the USA. In the present study,
we define the import dependence from production end as the share of imported oil in PBD,
that is, pi/PBD.. Similarly, we define the import dependence from consumption end as the
share of imported oil in CBD, that is, ¢;/CBD..

Since detailed data of crude oil use is not available, it’s impossible to carry out exactly
the decomposition as in equations (8) and (9). Therefore, we have to make some proportion
assumptions in the present study. Specifically, we assume that all sectors in the economy use
the same the share of crude oil from import which further equals the share of total crude oil
import in total crude oil use by production, that is, m; divided by u;. According to these
assumptions, we have

SD OEE m

SWC — c,imp — c,imp _ (10)
SD OEE u

c c c

OEl,jp, =3, 5O, = ¥, "= OFE, (12)
where sy is the crude oil import share of China, s;c is crude oil import share from China in
country i. mc is total import of crude oil in China, mjc is crude oil import of country i from
China, and uc and u; are total use of crude oil by production in China and country i,
respectively. OEE;. is crude oil embodied in exports from country i to China. Using equations
(10) and (11), we can estimate those four components in equation (8) and (9) and calculate



China’s crude oil import dependence from production end and consumption end.
2.4 Data preparation

Global Input-output data. The global input-output data we use for calculation are from
the World Input-Output Database (WI1OD) (Timmer et al., 2015). The latest version of WIOD
provides annual time-series of World Input—Output Tables (WIOTs) from 1995 through 2011
and environmental satellites from 1995 through 2009. The WIOT has 40 economies including
most major trade partners of China and one aggregated region, ROW (Rest of the World).
There are 35 sectors per country/region.

Crude oil extraction data. The domestic extraction data of crude oil for 41 countries and
regions for years from 1995 to 2009 are from the environmental satellites of WIOTs (Genty et
al., 2012). Domestic extraction data for 41 countries and regions for the years 2010 and 2011
are estimated based on the oil production data from the BP Statistical Review of World Energy
(June 2016) (BP review hereafter)(BP, 2016). The global totals of oil extraction in WIOD are
about 7%~9% lower than the production data from the BP review in the period 2001-2009
which may be due to different product range in the data. The extraction data from WIOD only
include only crude oil whereas the BP review includes crude oil, tight oil, oil sands and NGLs.
In order to make these two data sources more comparable, we choose to adjust the global
totals in 2010 and 2011 from BP review. We assume the discrepancy in oil extraction data
between the two data sources does not change during 2009~2011. Then the global oil
production data from BP review for the years 2010 and 2011 are lowed by the same
percentage as in 2009 (the gap is 8.8% in this year). Next, we need to estimate the domestic
extraction for 41 economies. BP review also provides oil production data of major oil
production countries and regions, 13 of which also appear in the country list of WIOD. The
production shares of these 13 countries from BP review and global totals after adjustment are
used to estimate their domestic extraction for the years 2010 and 2011. The total extraction
quantity of all the other 28 countries and regions (includes ROW) is obtained as remainder.
The domestic extraction of each country and region is estimated using the regional shares in
2009 based on WIOD extraction data and the remainder from the last step.

Crude oil bilateral trade data. To obtain the data for u; in equation (5), we need the
bilateral crude oil trade data of the 41 economies in physical unit. Crude oil trade data in
kilograms (HS commodity code: 2709) except Taiwan is taken from the UN Comtrade
Database (http://comtrade.un.org/data/). We use import data to construct export as import data
generally more accurate. In other words, the crude oil export of country i is estimated by the
totaling up the crude oil import of the other countries from country i. Note that aggregated
region, ROW, should be seen as one region when carrying out the trade adjustment. For
example, the crude oil export of ROW is the total crude oil import of 40 economies in the
WIOD from all countries included in the ROW. The crude oil trades between countries in the
ROW should be considered as intra-regional trades which won’t affect the adjustment in
equation (5). Crude oil trade data for Belgium and Luxembourg are combined together as
Belgium-Luxembourg until 1999. We simply split these data during 1995~1998 using the
import shares of Belgium and Luxembourg in 1999. The crude oil trade data of Taiwan is
taken from its annual energy balance sheet. The unit of these raw data is kilo liter. We
converse it to kilograms using the coefficients provided in the instruction file for the energy
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balance sheets.

3. Results

3.1 Crude oil trade of China

Based on trade data from the UN comtrade database, we report some major fact about
crude oil trade of China in this subsection. As shown in Figure 1, imports of crude oil
increased significantly in China in the past 20 years. China’s imports of crude oil reached
335.5 Mt (million tonnes) in 2015, 18 times greater than the imports in 1995 (17.1 Mt).
Although China itself is one of the biggest oil producers, it has become the world’s second
largest oil importer (after the USA). The share of crude oil imports in China’s total oil use by
domestic production rose from 11.5% in 1995 to 61% in 2015. China’s oil exports are much
lower than imports after 1997 and had decreased to below 1 Mt since 2012. Therefore, crude
oil net imports of China have been only slightly lower than imports since 1999 and have very
similar growth trend to imports.

Note that significant increase of oil imports (or net imports) began in 2001, the year when
China joined the World Trade of Organization (WTQO). This is not coincidence. The accession
to the WTO had brought export boom in China. The average growth rate per annum of
commodity exports reached 24.4% in the period of 2000-2008, which was more than two
times than the growth rate (10.9%) during 1995-2000.> The boom of exports in China after
2000 might have raised the demand for imported oil because crude oil is major energy and
material input in the production of exports. However, we can see this only in the next
subsection where the crude oil embodied in exports is analyzed.
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Figure 1. Crude oil trade of China during 1995-2015.
Note: Domestic oil use by production, that is, u;, is calculated through the equation (5). Domestic extraction data after 2009 is
from BP statistical review.

Table 1 reports structure of sources of China’s crude oil imports. In 2015, more than half

% Calculation based on commodity export data from the UN comtrade database.



(50.3%) of imported crude oil in China was supplied by the seven countries (Saudi Arabia,
Irag, Oman, Iran, Kuwait, The United Arab Emirates, and Qatar) in the Middle East. QOil
exporters in the western and northern Africa (Angola, Sudan, and Congo in particular)
supplied 17.7% of China’s total oil imports. Russia is the second biggest oil exporter to China
(after Saudi Arabia) which supplied 12.6% of China’s total oil imports. In addition, 12% of
China’s total oil imports came from four major oil exporters (Venezuela, Brazil, Columbia,
and Ecuador) in South America. In 2015, 58.4% of China’s oil imports was supplied by
Organization of Petroleum Exporting Countries (OPEC).

There were several prominent changes in origin structure of China’s oil imports during
1995-2015. First, oil exporters in the Middle East and Africa have always been the major
sources of China’s oil imports since 1995. And their significance further rises greatly in the
past 20 years. The import share from the Middle East increased from 31% to 50.3% while the
import share from Africa increased from 10.8% to 17.7%. Second, Russia and South America
has become two new major suppliers of China oil import. The import shares from Russia and
South America increased by 12.4 and 12 percentage points, respectively. In fact, the China’s
import share of crude oil from Russia and South America was below one percent in 1995.
Third, the relative importance of South Asia as China’s oil supplier has declined significantly.
Import share of crude oil from the three major oil exporters in South Asia (Vietnam, Indonesia,
and Malaysia) was 38.8% in 1995, higher than the import share from the Middle East in the
same year. However, the import share from this region declined to 1.2% in 2015. Finally,
there were remarkable changes in oil import shares from some individual country in each
region. The import shares from Saudi Arabia, Irag, Kuwait, Angola, Russia, Venezuela, and
Brazil have risen up greatly, whereas the import shares from Oman, Indonesia, Vietnam, and
Malaysia have dropped significantly. In consideration of energy security, the Chinese
government has endeavored to diversify the sources of crude oil in the past twenty years. In
general, the changes in the sources of China’s oil imports as shown in Table 1 indicate that
China has achieved such strategic goal to some extent.

Table 1. Sources of crude oil import of China during 1995-2015 (%0)

1995 1997 2000 2002 2005 2007 2010 2012 2015

The Middle East

Saudi Arabia 2.0 14 8.2 16.4 175 16.1 18.7 19.9 151
Iraq 0.0 0.7 45 0.8 0.9 0.9 4.7 5.8 9.6
Oman 21.4 255 22.3 11.6 8.5 8.4 6.6 7.2 9.6
Iran 5.4 7.8 10.0 15.3 11.3 12.6 8.9 8.1 7.9
Kuwait 0.0 0.2 0.6 15 1.3 2.2 4.1 3.9 4.3
The United Arab Emirates 2.2 0.1 0.6 0.0 2.0 2.2 2.2 3.2 3.7
Qatar 0.0 0.2 2.3 0.7 0.3 0.2 0.2 0.4 0.1
subtotal 31.0 35.9 48.4 46.3 41.8 42.6 454 48.5 50.3
Western and northern Africa
Angola 5.8 10.8 12.3 8.2 13.8 15.3 16.5 14.8 115
Sudan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 2.4
Congo 0.1 2.8 2.1 15 4.4 2.9 2.1 2.0 1.7

Libya 1.2 0.2 0.2 0.0 1.8 1.8 31 2.7 0.6



Equatorial Guinea 0.0 0.6 1.7 2.6 2.9 2.0 0.3 0.7 0.6

Gabon 0.5 1.1 0.7 0.0 0.0 0.5 0.2 0.1 0.5
Nigeria 2.3 0.0 1.8 0.7 1.0 0.5 0.5 0.3 0.2
Algeria 0.8 0.0 0.0 0.0 0.6 1.0 0.7 0.9 0.1
subtotal 10.8 154 18.7 13.0 245 241 234 22.3 17.7
Central Asia & Eastern Europe
Russia 0.2 1.3 2.1 4.4 10.1 8.9 6.4 9.0 12.6
Kazakhstan 0.0 0.1 1.0 14 1.0 3.7 4.2 3.9 15
subtotal 0.2 15 3.1 5.8 111 12.6 10.6 12.9 141
South America
Venezuela 0.0 0.0 0.0 0.0 15 25 3.2 5.6 4.8
Brazil 0.0 0.0 0.3 0.0 11 14 34 2.2 4.1
Columbia 0.0 0.0 0.0 0.0 0.0 0.5 0.8 11 2.6
Ecuador 0.0 0.0 0.0 0.0 0.1 0.1 0.3 0.3 0.4
subtotal 0.0 0.0 0.3 0.0 2.7 4.6 7.7 9.3 12.0
South Asia
Vietnam 4.5 4.2 4.5 51 25 0.3 0.3 0.3 0.6
Indonesia 30.9 18.6 6.5 4.7 3.2 14 0.6 0.2 0.5
Malaysia 3.4 0.6 11 2.4 0.3 0.3 0.9 0.4 0.1
subtotal 38.8 234 121 12.2 6.0 2.0 1.7 0.9 1.2
Others 19.3 23.8 17.3 22.7 13.9 141 111 6.1 4.8
OPEC12 19.7 214 40.4 43.6 52.1 55.5 63.1 66.0 58.4

3.2 Crude oil embodied in trade of China

Although China’s crude oil exports are small compared to imports (Figure 1), substantial
crude oil can be exported indirectly by producing exports of goods and services in China
which has become the workshop of the world. Meanwhile, crude oil imported by China might
contribute importantly to export production in China. These questions can be analyzed by
calculating crude oil embodied in exports (OEE) of China.

As shown in Table 2, OEE of China increased by 274%, from 33.8 Mt in 1995 to 126.5
Mt in 2011, which were near to the total domestic oil use by production in Korea (126.6 Mt)
and more than domestic oil use in Germany (90.4 Mt). About 78% of the increment occurred
after 2001 in which China joined the WTO. The average growth rate by annum of OEE
reached 13.5% in the period of 2001-2008. The OEE of China in 2009 decreased by 16% due
to the financial crisis beginning in 2008. It rose up again in 2010 and maintained its level in
2011 which was still lower than the peak in 2008. The share of OEE in China’s domestic use
of oil increased from 23% in 1995 to 37% in 2007 but decreased to 28.9% in 2011.

Table 2 also reports the major destinations of OEE of China. About 62% of OEE flowed
into developed economies in 2011. More than half China’s OEE flowed to the USA, the EU,
Japan, South Korea and Taiwan. However, export share to developed economies has
decreased during 1995-2011 as Chinese exporters expand their market in the emerging
economies. Export share of OEE from China to 6 emerging economies, that is, BRIITM
(Brazil, Russia, India, Indonesia, Turkey, and Mexico) increased from 4.5% in 1995 to 13.9%



in 2011.

One piece of important information not revealed in the crude oil trade data is the
influence of foreign demand on China’s oil importing, which can be explored by analyzing
the crude oil embodied in exports of China. Using the equation (10), we can estimate how
many crude oil imports were re-exported by producing exports. As we can see in Figure 3, the
quantity of re-exported crude oil increased significantly in the period of 1995-2011, from 3.9
Mt to 73.4 Mt, or by near 18 times. The share of re-export in total import of crude oil of China
increased from 22.6% in 1995 to 36.7% in 2007, which means more than one third of crude
oil imported by China was re-exported by producing exports. However, this share decreased
to 28.9% in 2011 due to the deceleration of exports in China after the financial crisis arising in
2008. In general, Figure 3 indicates that foreign final consumption has played a significant
role in determining the import demand of crude oil in China. As one of the largest production
and processing base in the global production network, China is indeed acting as an important
transit hub of various raw materials including crude oil from the extracting countries to the
consumers of finished goods mainly from developed countries.

Table 2. Crude oil embodied in exports of China during 1995-2011.

Region share (%)

Total (Mt)
USA EU JKT CA BRIITM ROW Developed economies
1995 338 239 217 204 50 45 24.6 71.0
1996 332 238 210 204 50 4.8 25.1 70.1
1997 39.8 247 221 213 49 7.9 19.0 73.0
1998 38.1 27.2 247 171 49 7.5 18.6 73.9
1999 40.7 27.1 241 211 53 6.5 15.9 .7
2000 55.2 26.8 211 197 44 8.3 19.6 72.1
2001 53.8 254 214 192 4.2 8.3 215 70.2
2002 62.6 25.1 196 172 44 7.5 26.2 66.3
2003 80.3 234 205 164 47 7.3 21.7 65.1
2004 100.4 24.3 215 159 49 7.4 26.0 66.6
2005 108.0 247 203 155 51 7.6 26.8 65.6
2006 119.2 24.1 207 143 50 8.5 274 64.1
2007 127.1 22.2 218 129 5.2 9.7 28.2 62.1
2008 130.5 212 209 124 55 10.7 29.3 60.0
2009 109.4 216 207 133 6.8 10.6 26.9 62.5
2010 125.4 20.9 207 133 6.8 12.3 25.9 61.8
2011 126.5 19.9 204 145 7.3 13.9 24.0 62.2

Note: EU includes 27 member countries; ‘JKT” includes three eastern Asia economies, Japan, South Korea, and Taiwan; ‘CA’
includes Canada and Australia; BRIITM include 6 emerging countries, Brazil, Russia, India, Indonesia, Turkey, and Mexico.
Developed economies include the USA, the EU, JKT, and CA.
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Figure 2. Re-export of imported crude oil by producing exports in China during 1995-2011

Another piece of important information not revealed in the crude oil trade data is that
China also indirectly ‘imports’ crude oil by consuming goods and services imported, which
can be revealed by analyzing the crude oil embodied in imports(OEI) of China. Table 3 shows
the results of calculation of China’s OEI in the study period. Like the OEE, OEI of China
increased remarkably during 1995-2011, from 22.8 Mt to 117.2 Mt, or by 415% which is
greater than the growth of OEE. Unlike the OEE which decreased sharply after financial crisis
in 2008, OEI of China in 2009 maintained the level of 2008 and continued to increase after
2009. This difference can be explained by the economic policy launched by the Chinese
government after the financial crisis in 2008. To stabilize the economy, the Chinese
government announced a 4 trillion Chinese Yuan stimulus package in November 2008, which
mainly aimed to expand the domestic demand. The stimulus package was carried out during
2009-2010, which had supported the imports of goods and services. Commodity exports of
China decreased 16% during 2008-2009 due to due to the weak foreign demand, while
commodity imports decreased only 11% in this period. China’s exports increased by 58%,
while its imports increased more greatly, by 73.4%, during 2009-2011. Meanwhile, the
stimulus package promoted the imports of energy intensive intermediate products because the
stimulus package was predominantly investment-focused and mainly used to build the
infrastructure in China. Therefore, there appeared a surge of OEI during 2009-2011 as shown
in Table 3.

The regional structure of the OEI is also different from the OEE. In 2011, 45.2% of OEI
of China came from developed economies, which is near to the proportion in 1995. Import
shares from the US and the EU are 8.4% and 7.9% in 2011. And more than one quarter
(26.3 %) of OEI came from the three East Asian economies, that is, the JKT (Japan, South
Korea, and Taiwan). Japan, South Korea, and Taiwan are major exporters of goods and
services to China. They are also economies that rely heavily on imported crude oil because of
low domestic reserve. Therefore, China’s OEI from Japan, South Korea, and Taiwan can be
seen as indirect import of crude oil from the Middle East which is the major exporter of crude



oil to these three economies. If we had used the domestic extraction data to construct intensity
vector f; without trade adjustment as mentioned in subsection 2.2, we would find very small
OEI from the JKT, and then we cannot reveal the effect of large trade between China and the
JKT on the international flows of crude oil. In regard of the trend, the share of OEI from
developed economies to China increased before 1998 mainly due to the increasing share from
the JKT, but decreased in the period of 2001-2009, and rose again after 2009.

Table 3. Crude oil embodied in imports of China during 1995-2011.

Region share (%)

Total (Mt)
USA EU JKT CA BRIITM ROW Developed economies
1995 22.8 95 79 263 20 9.9 44.4 45.7
1996 26.9 81 72 265 29 85 46.7 44.8
1997 315 7.5 6.7 376 3.0 8.3 36.9 54.8
1998 329 62 63 401 26 131 316 55.3
1999 38.6 6.2 6.3 316 21 12.7 41.1 46.2
2000 43.0 55 69 368 15 15.0 343 50.7
2001 48.7 4.1 72 336 20 134 39.7 46.9
2002 51.8 54 80 292 1.2 13.8 424 43.8
2003 61.7 5.6 81 296 1.2 13.6 42.0 44.5
2004 717 5.6 78 284 17 11.0 454 435
2005 72.8 53 73 262 20 10.1 49.0 40.9
2006 77.8 55 75 257 21 94 49.8 40.8
2007 77 6.3 79 261 22 9.0 48.4 425
2008 91.4 6.4 82 257 19 9.2 48.6 42.2
2009 91.0 6.6 77 244 16 10.3 49.4 40.3
2010 105.1 8.0 82 237 25 11.3 46.2 42.5
2011 117.2 8.4 79 263 26 11.7 43.2 45.2

Note: EU includes 27 member countries; ‘JKT’ includes three eastern Asia economies, Japan, South Korea and Taiwan; ‘CA’
includes Canada and Australia; BRIITM include 6 emerging countries, Brazil, Russia, India, Indonesia, Turkey and Mexico.
Developed economies include USA, EU, JKT, and CA.

Although OEI of China has increased more quickly than OEE in the past two decades,
OEI was always lower than OEE in this period (Figure 3). In other words, China was a net
exporter of embodied crude oil in trade (the blue line in the Figure 3 (a)), whereas it was a net
importer of crude oil (the red line in the Figure 3 (a)). Figure 3 (a) shows that net exports of
embodied crude oil of China steadily increased during 2001-2007, while its net import of
crude oil also increased significantly in this period. However, the net exports of embodied
crude oil decreased quickly during 2008-2011, due to substantial increase of OEI in this
period (Table 3). However, the net exports of embodied crude oil from China to different
countries or regions can be very different. Figure 3 (b) shows China is net exporter of
embodied crude oil to the USA, the EU and the CA (Canada and Australia), whereas China is
net importer of embodied crude oil from the JKT and the ROW. China is also net importer of
embodied crude oil from the BRIITM countries before 2005 and net exporters of embodied
crude oil to these countries after 2005.
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Figure 3. Net exports of crude oil embodied in trade of China during 1995-2011.
Note: Net exports of embodied crude oil equals the OEE of China minus by the OEI of China.

3.3 Production-based and consumption-based demand for crude oil of China

As shown in column (1) of the Table 4, China’s production-based demand for crude oil
(PBD) increased from 149.6 Mt in 1995 to 437.7 Mt in 2011, or by 193%. The average
growth rate per annum of PBD was 6.9%. Meanwhile, China’s consumption-based demand
for crude oil (CBD) increased significantly in the study period, from 138.6 Mt to 428.4 Mt, or
209% (column (2) of the Table 4). The average growth rate per annum of CBD was 7.3%
which was greater than that of PBD. In 2011, China after the USA was the world’s second
largest crude oil consumer either according to its production-based or consumption-based oil
demand.

In the period of 1995-2011, the PBD of China was larger than the CBD. The gap
between PBD and CBD shrunk during 1995-1999, whereas it enlarged quickly during
2001-2007 (column (6) of Table 4). The gap shrunk again after the financial crisis in 2008. As
shown in equations (6) and (7), the gap between PBD and CBD just equals net export of
embodied crude oil. Therefore, the variation of the gap between PBD and CBD of China have
been reflected in the variation of net exports of embodied crude oil as shown in Figure 3 (a).

The final demand includes three categories: household consumption, government
consumption, and investment (Gross fixed capital formation, Changes in inventories and
valuables). Therefore, we can further decomposed CBD of China by final demand category
(columns (3)-(5) in Table 4). In 2011, crude oil demand induced by the investment of China
accounted for more than half (58.7%) of China’s CBD. Crude oil demand induced by Chinese
household consumption accounted for 29.2% of China’s CBD. And 12.1% of CBD come from
the government consumption in China. During 1995-2011, crude oil demand induced by the
investment had always accounted for the major part of CBD of China, whose shares ranged
from 43%~60%. There were opposite trend for the demand share from household
consumption and investment in the study period. The demand share from investment
decreased before 2000, whereas the demand share from household consumption increased. On
the contrary, in the period of 2001-2008, the demand share from investment increased
significantly by 11 percentage points, while the demand share from household consumption
decreased by 10 percentage points. In 2009, the demand share from household consumption
decreased 2 percentage points after the financial crisis. However, the demand share from
investment further increased by 3 percentage points in the same year resulting from the



investment-focused stimulus package launched by the Chinese government as discussed
above. In a word, investment has played major and increasing important role in shaping
China’s consumption-based demand for crude oil since 2000.

Table 4. Production-based and consumption-based demand for crude oil of China

Household Government Gap between

PBD (Mt) CBD (Mt) . . Investment (%)
O ? consumption consumption ©) PBD and CBD
(%) () (%) (4 (%) (6)
1995 149.6 138.6 37.7 11.7 50.6 8.0
1996 160.3 154.0 374 12.5 50.2 4.1
1997 174.9 166.6 37.6 134 49.1 5.0
1998 174.1 168.9 38.9 13.2 48.0 31
1999 189.3 187.2 404 13.1 46.5 11
2000 223.8 2116 42.9 134 43.7 5.7
2001 218.1 213.0 41.9 12.9 45.2 24
2002 229.6 218.9 40.7 12.0 47.3 4.9
2003 253.1 2345 384 125 49.1 8.0
2004 293.8 265.0 36.0 12.8 51.2 10.8
2005 302.1 266.9 34.1 12.7 53.2 13.2
2006 3231 2817 325 125 55.0 14.7
2007 346.3 296.9 32.6 13.3 54.1 16.7
2008 370.5 3314 314 125 56.1 11.8
2009 395.8 377.3 29.1 114 59.5 4.9
2010 422.4 402.2 29.2 12.0 58.8 5.0
2011 437.7 428.4 29.2 121 58.7 2.2

Note: PBD stands for production-based demand for crude oil, CBD for consumption-based demand for crude oil.

80.0 -

= jmport dependence from production
70.0 1 = jmport depedence from consumption
60.0 -
50.0 -

percentage
N
o
o

O-O T T T T T T T T T T T T T T T T 1
1995 1997 1999 2001 2003 2005 2007 2009 2011

Figure 4. Crude oil import dependence of China from production and consumption
Note: Import dependence from production is the share of imported oil in production-based oil demand, whereas import



dependence from consumption is the share of imported oil in consumption-based oil demand. Imported oil is calculated using
equations (10) and (11).

Based on equations (10) and (11), we can decompose PBD and CBD into two
components, Chinese oil (crude oil from extraction in China) and imported oil (crude oil from
extraction outside China), respectively. We have defined the import dependence from
production as the share of imported oil in PBD and defined the import dependence from
consumption as the share of imported oil in CBD. Figure 4 shows the variation of import
dependence during 1995-2011 based on these two indicators. We find that import dependence
both from production and consumption rose up greatly during 1995-2011. Import dependence
from production increased from 11.4% to 58%, while import dependence from consumption
increased from 25.8% to 69.5%. The import dependence from consumption in all years had
been greater than that from production. In reality, from the equation (10), we can see that
import dependence from production equals the share of directly imported crude oil in
domestic oil use of China by production. In other words, the indirect import of crude oil via
importing non-oil goods and services in China is not considered in import dependence from
production. However, indirect import of crude oil is included in the import dependence from
consumption. In a word, Figure 4 shows that China’s dependence on the crude oil extracted in
the foreign countries is heavier when assessed from consumption than from production.

4. Conclusions and discussion

This article examined embodied crude oil in China’s foreign trade and final consumption
in the period 1995-2011 using a global MRIO model. It’s an important supplement to existing
studies based on direct imports and exports of crude oil in China. Although China’s direct
exports of crude oil is very small now, embodied oil in its exports of goods and services is
remarkable and increased significantly after China’s entry into the WTO. China has been the
world’s second largest importer of crude oil and devoted great efforts to secure oil abroad,
which incurs some controversies in the international community. However, about one fifth to
one third of imported oil is used to producing exports in China. As the world’s largest
workshop, China is actually playing the role as a transit hub of natural resources from
extraction to final consumers. Therefore, consumers of goods produced in China also benefit
from China’s global hunt for natural resources. In fact, they also benefit from China’s huge
subsidies for various energy products. These facts are obviously not considered adequately by
critics of China’s oil thirst. However, it should be noticed that embodied oil in China’s
imports also increased significantly, with higher growth rate than that of embodied oil in
exports in the last few years. Although China was net exporter of embodied oil, the gap has
shrunken quickly in recent years.

Both China’s production-based and consumption-based oil demand are tremendous, with
the former slightly larger than the latter recently. More than half of consumption-based oil use
has served China’s investment demand. The high and rising import dependence of crude oil
from production end has incurred concerns among scholars and policy makers in China. The
import dependence of crude oil from production end does not consider embodied imports of
crude oil, whereas the import dependence of crude oil from consumption end does. We found



that import dependence from consumption end was in fact even higher than that from
production end.

The responsibility of natural resource consumption and pollution emissions has been
traditionally allocated to only producers. In other words, the producer responsibility principle
Is used in the traditional allocation approach of environmental responsibility. However, the
consumer responsibility principle for emissions and material accounting has been advocated
by many scholars (e.g., Davis and Caldeira, 2010; Giljum et al., 2014; Munksgaard and
Pedersen, 2001; Peters and Hertwich, 2008; Tukker et al., 2014; Wiedmann et al., 2015). As
an important supplement to traditional producer responsibility principle, the consumer
responsibility principle can monitor environmental burden shifting across countries and
promote global sustainable development by affecting the consumers’ behavior.

China’s efforts to encourage its national oil companies to explore the offshore oil and gas
reserve, particularly those in some less-developed countries of Africa and South America,
have been usually criticized by analysts and politicians from western countries. However,
these criticisms are also based on pure producer responsibility principle, overlooking the
responsibility of consumers. As shown in this article, about 21%~37% of China’s oil
consumption actually served the final consumption of foreign countries, mainly developed
countries. In other words, foreign consumers should have born substantial part of
responsibility for China crude oil thirst under the consumption-based accounting. China has
become the ‘world factory’ and been in shortage of various natural resources. Therefore,
tremendous natural resources have been imported to China to producing its exports as the case
of crude oil shown in the present article. The globalization of production has closely
connected consumers to resource exploration and ecological consequences in remote
countries. The role as ‘transit hub’ of natural resources China is playing indicates it might be
more appropriate and productive to encourage and support China’s improvement of resource
efficiency rather than criticize its resource imports and consumption. In other words,
cooperation rather than confrontation between China and the other major oil consumption
countries would be helpful for promote sustainable use of crude oil.

Moreover, although crude oil demand from consumption is slightly lower than that from
production in China in recent years, the volume of China’s consumption-based demand is
enormous due to its economic size and growing rapidly. Given tightening limit on global
natural resources and environmental space, China can never repeat the resource-intensive
growth path taken by high-income countries in their development history.

Therefore, China should endeavor to curb its oil dependence from both production and
consumption for the sake of energy secure and sustainable development. The Chinese
government has shown great determination and ambition to transform its traditional
resource-intensive and pollution-intensive economy to an environment-friendly and
sustainable one in the recent official development roadmap. Vigorous reforms on
environmental governance and energy market has been undergoing. However, there exist
great challenges for China’s ambition in consideration of its huge, growing economic size and
the lack of advanced technology. Besides China’s domestic efforts, closer international
cooperation particularly between China and advanced countries might be indispensable to
control China’s thirst for natural resources, which will significantly promote sustainable
development of global production and consumption.



References

Alhajji, A. F., Williams, J. L., 2003. Measures of petroleum dependence and vulnerability in
OECD countries. Middle East Economic Survey, 46(16), 21-28.

Andrew, R., Peters, G. P., Lennox, J., 2009. Approximation and regional aggregation in
multi-regional input-output analysis for national carbon footprint accounting. Economic
Systems Research 21(3), 311-335.

Arto, I., Rueda-Cantuche, J. M., Andreoni, V., Mongelli, I., Genty, A., 2014. The game of
trading jobs for emissions. Energy policy 66, 517-525.

BP, 2016. BP Statistical Review of World Energy June 2016. http://www.bp.com/statisticalreview

Bruckner, M., Giljum, S., Lutz, C., Wiebe, K. S., 2012. Materials embodied in international
trade—Global material extraction and consumption between 1995 and 2005. Global
Environmental Change, 22(3), 568-576.

Chen, M. E., 2008. Chinese national oil companies and human rights. Orbis, 51(1), 41-54.

Chen, Z. M., Chen, G. Q., 2013. Virtual water accounting for the globalized world economy:
national water footprint and international virtual water trade. Ecological Indicators, 28,
142-149.

Cui, L. B., Peng, P., Zhu, L., 2015. Embodied energy, export policy adjustment and China's
sustainable development: A multi-regional input-output analysis. Energy, 82, 457-467.

Daojiong, Z., 2006. China's energy security: Domestic and international issues. Survival,
48(1), 179-190.

Davis, S. J.,, Caldeira, K., 2010. Consumption-based accounting of CO2 emissions.
Proceedings of the National Academy of Sciences of the United States of America
107(12), 5687-5692.

Davis, S. J., Peters, G. P., Caldeira, K., 2011. The supply chain of CO2 emissions.
Proceedings of the National Academy of Sciences of the United States of America
108(45), 18554-18559.

Deepak, B.R., 2014. China in Africa: A Close Friend or a Neo Colonialist? Published on
South Asia Analysis Group (http://www.southasiaanalysis.org), Paper No. 5699, 12 May,
2014.

Ge, F., Fan, Y., 2013. Quantifying the risk to crude oil imports in China: An improved
portfolio approach. Energy Economics, 40, 72-80.

Genty, A., Arto, I., Neuwahl, F., 2012. Final database of environmental satellite accounts:
Technical report on their compilation. IPTS, April 2012.

Giljum, S., Bruckner, M., Martinez, A., 2015. Material Footprint Assessment in a Global
Input - Output Framework. Journal of Industrial Ecology, 19(5), 792-804.

Gong, H., Wang, M. Q., Wang, H., 2013. New energy vehicles in China: policies,
demonstration, and progress. Mitigation and Adaptation Strategies for Global Change,
18(2), 207-228.

Hao, H., Wang, H., Yi, R., 2011. Hybrid modeling of China’s vehicle ownership and
projection through 2050. Energy, 36(2), 1351-1361.

Kanemoto, K., Lenzen, M., Peters, G. P., Moran, D. D., Geschke, A., 2012. Frameworks for
comparing emissions associated with production, consumption, and international trade.


http://www.bp.com/statisticalreview
http://www.southasiaanalysis.org/

Environmental science & technology 46(1), 172-179.

Lenzen, M., Pade, L. L., Munksgaard, J., 2004. CO2 multipliers in multi-region input-output
models. Economic Systems Research 16(4), 391-412.

Leung, G. C. (2010). China's oil use, 1990-2008. Energy policy, 38(2), 932-944.

Leung, G. C. (2011). China's energy security: Perception and reality. Energy Policy, 39(3),
1330-1337.

Liu, H., Xi, Y., Guo, J. E., Li, X., 2010. Energy embodied in the international trade of China:
an energy input—output analysis. Energy Policy, 38(8), 3957-3964.

Lutter, S., Pfister, S., Giljum, S., Wieland, H., Mutel, C., 2016. Spatially explicit assessment
of water embodied in European trade: A product-level multi-regional input-output
analysis. Global Environmental Change, 38, 171-182.

Marton, P., Matura, T., 2011. The ‘voracious dragon’, the ‘scramble’ and the ‘honey pot’:
Conceptions of conflict over Africa’s natural resources. Journal of Contemporary African
Studies, 29(2), 155-167.

Moran, D., Lenzen, M., Kanemoto, K., Geschke, A., 2013. Does ecologically unequal
exchange occur? Ecological Economics 89, 177-186.

Munksgaard, J., Pedersen, K. A., 2001. CO, accounts for open economies: producer or
consumer responsibility?. Energy policy, 29(4), 327-334.

Muiioz, P., Steininger, K. W., 2010. Austria’s CO, responsibility and the carbon content of its
international trade. Ecological Economics 69(10), 2003-2019.

Peng, S., Zhang, W., Sun, C., 2016. ‘Environmental load displacement’ from the North to the
South: A consumption-based perspective with a focus on China. Ecological Economics,
128, 147-158.

Peters, G.P., Hertwich, E.G., 2008. Post-Kyoto greenhouse gas inventories: production versus
consumption. Climatic Change 86, 51-66.

Peters, G. P., Minx, J. C., Weber, C. L., Edenhofer, O., 2011. Growth in emission transfers
via international trade from 1990 to 2008. Proceedings of the National Academy of
Sciences of the United States of America 108(21), 8903-8908.

Tang, X., Zhang, B., Feng, L., Snowden, S., Ho0k, M., 2012. Net oil exports embodied in
China's international trade: an input—output analysis. Energy, 48(1), 464-471.

Timmer, M.P., Dietzenbacher, E., Los, B., Stehrer, R., de Vries, G.J., 2015. An illustrated
user guide to the World Input—Output Database: the case of global automotive
production. Review of International Economics 23(3), 575-605.

Tukker, A., Dietzenbacher, E., 2013. Global multiregional input—output frameworks: An
introduction and outlook. Economic Systems Research 25(1), 1-19.

Tukker, A., Bulavskaya, T., Giljum, S., de Koning, A., Lutter, S., Simas, M., Stadler,K., &
Wood, R. (2014). The global resource footprint of nations. Carbon, water, land and
materials embodied in trade and final consumption calculated with EXIOBASE, 2, 8.

Wiebe, K. S., Bruckner, M., Giljum, S., Lutz, C., 2012a. Calculating energy-related CO,
emissions embodied in international trade using a global input—output model. Economic
Systems Research 24(2), 113-139.

Wiebe, K. S., Bruckner, M., Giljum, S., Lutz, C., Polzin, C., 2012b. Carbon and materials
embodied in the international trade of emerging economies. Journal of Industrial
Ecology, 16(4), 636-646.



Wiedmann, T. O., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J., Kanemoto, K., 2015.
The material footprint of nations. Proceedings of the National Academy of Sciences of
the United States of America, 112(20), 6271-6276.

Wu, G., Wei, Y. M., Fan, Y., Liu, L. C., 2007. An empirical analysis of the risk of crude oil
imports in China using improved portfolio approach. Energy policy, 35(8), 4190-4199.

Yang, R., Long, R., Yue, T., Shi, H., 2014. Calculation of embodied energy in Sino-USA
trade: 1997-2011. Energy policy, 72, 110-119.

Zhang, Z., 2011. China's energy security, the Malacca dilemma and responses. Energy Policy,
39(12), 7612-7615.

Zweig, D., Jianhai, B., 2005. China’s global hunt for energy. Foreign affairs, 84(5), 25-38.



