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a b s t r a c t
Trade liberalization has greatly accelerated the volume of traded agricultural products in past decades.
As land resources become more limited in some countries, international trade plays an important role in
compensating for land scarcity in these countries. This paper aims to measure and locate the virtual land
use hidden in China’s imports and exports, for both primary crops and processed products, from 1986
to 2009. The results show that as China’s crop imports had grown greatly during the last decade, the net
virtual land trade hidden in international trade had increased from −4.42 Mha in 1986 to 28.90 Mha in
2009. The main category of virtual land imports had changed from cereals to oil crops, which accounted
for 82.2% of the total virtual land imports in 2009. Over the two decades the main source of virtual
land imports had changed from North America to both South America and North America. International
trade could also lower demand for land resources at the global level: our results showed that China’s
crop trade was contributing to global land savings by 3.27 Mha on annual average during 1986–2009.
Economic development, and associated dietary changes and policy shifts were linked to the change of
China’s virtual land trade pattern. To make land use more sustainable at the global level, both importing
and exporting countries of virtual land should consider ecological and socio-economic impacts of these
trade ﬂows in their policies.
© 2013 Elsevier Ltd. All rights reserved.

Introduction
International trade has become increasingly important in
connecting areas with resource surplus and deﬁcit. Trade in agricultural commodities is ultimately an exchange of services and
resources incorporated into the traded goods (Huang et al., 2011).
As agricultural land resources are becoming scarcer throughout
the world due to the population growth, changing consumption
patterns and urbanization, trade in agricultural products will be
increasingly important for nations with insufﬁciency of arable land.
The rapidly growing volumes of international trade in agricultural products has triggered recent research focusing on resource
ﬂows hidden in traded products, especially with regards to land
and water use and the linked environmental and socio-economic
impacts (Cowell and Parkinson, 2003; Hoekstra and Hung, 2005;
Würtenberger et al., 2006; Coley et al., 2009; Kissinger and Rees,
2009; Moran et al., 2009; Kissinger and Gottlieb, 2010; Garnett,
2011; Kastner et al., 2011; Kissinger, 2012).
Methods and concepts have developed for illustrating the relationship between agricultural trade and the hidden resource use
in previous studies. Borgstrom (1965) used the concept of ‘Ghost
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Acreage’ to illustrate the ‘invisible’ cropland use hidden in trade
of agricultural products. Ecological Footprint Analysis was developed by Rees (1992) to quantify the bioproductive area needed to
sustain a society’s resource consumption and the waste assimilation on global, regional or national scales, typically using factors
for global average productivity. This framework has been enhanced
by employing factors on local productivities to quantify and locate
the embodied Ecological Footprint in trade ﬂows (McDonald and
Patterson, 2004; Moran et al., 2009; Kissinger and Gottlieb, 2010;
Kissinger and Rees, 2010; Ferng, 2011).
Compared to the concept of footprints that aggregates different resources into one common denominator, the term virtual
land speciﬁcally refers to land resources embodied in international
trade. This can be easier understood and interpreted and used
to communicate certain issues to the public and policy makers.
Würtenberger et al. (2006) deﬁned virtual land as the productive
areas hidden in imported or exported agricultural goods. Our study
follows this deﬁnition and use the concept of virtual land to illustrate the land resources associated with trade ﬂows.
Land area coupled with trade of agricultural products has been
calculated in several reports. Erb (2004) used country speciﬁc yields
to indicate Austria’s actual land demand and showed that during
the period 1926–2000 Austria was a net importer of arable land
area, the demand for which was larger than the domestic arable
land by 93% in 1926 and by 78% in 2000 (Erb, 2004). Kastner and
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Nonhebel’s (2010) analysis showed that the share of Philippine’s
virtual use of arable land for food increased from 15% to 30% of
the nation’s domestic cropland area since the 1980s. Kissinger and
Rees (2010) located and measured the productive land embodied
in U.S. imports during 1995–2005 and found that in a globalizing
world even a country able to meet most of its needs had increasing dependence and impacts on external terrestrial ecosystems.
Fader et al. (2011) quantiﬁed the virtual land balance of the international crop trade and declared that the U.S., Canada, Argentina
and Australia were net exporters of virtual land, while some Asian
and Mediterranean countries were net importers.
Ecological impacts connected with agricultural trade are
another research hotspot. Würtenberger et al. (2006) preformed
a qualitative assessment of environmental and social-economic
effects of the virtual land use linked to Swiss wheat imports.
Kissinger and Rees (2009) discussed the effects of international
trade on the sustainability of the Canadian prairies. More widely,
DeFries et al. (2010) demonstrated that the deforestation was positively correlated with urban population growth and agricultural
export growth across 41 countries in humid tropics. Ecological
and economic challenges encountered by both the virtual land
importers and exporters were listed by Fader et al. (2011). For
technology, Kastner et al. (2011) presented a method to trace distant environmental impacts of traded agricultural products from a
consumer’s perspective.
International trade ﬂows can contribute to global land or water
savings if trade is directed from a relatively more efﬁcient country
to a less efﬁcient country (Dalin et al., 2012; Konar et al., 2012).
Global water savings through trade of agricultural products have
been widely assessed and discussed. Results indicate that international trade is leading to water savings at the global level (Fraiture
et al., 2004; Chapagain et al., 2006b; Hoekstra and Chapagain, 2007;
Dalin et al., 2012; Fader et al., 2011; Konar et al., 2012). With regards
to land, Fader et al. (2011) found considerable land savings associated with international trade of crop products. However, it is
important to note that such a calculation is hypothetically assuming that all other factors remain stable. In reality, trade and yield
increases can lower prices and increase demand on resources in
absolute terms, especially for those food items with elastic demand
(Ewers et al., 2009; Rudel et al., 2009).
The aims of this study are (1) quantifying the productive land
area hidden in the crop trade between China and other nations
during 1986–2009, (2) analyzing trends of net virtual land trade
for each crop category and spatial-temporal changes in the origins of virtual land imports, and (3) assessing the contribution of
China’s crop trade to the global land savings. Compared to previous
studies, we consider both primary and processed products, which
will make the results more comprehensive, and this method can
be applied for other countries. This paper assessed and quantiﬁed
virtual land ﬂows of China in the context of its land use efﬁciency,
and is expected to contribute to understanding how the development and policy in the last decades had inﬂuenced the land use and
agricultural trade of China.
The Chinese context
With a population of 1.3 billion, China is the nation with the
largest number of food consumers. Land scarcity constrains food
production in China and has led to growing concerns about China’s
domestic food security and impacts on global food markets (Liu and
Savenije, 2008). In fact, China has only about 0.08 ha of cropland per
capita, compared to the world average with 0.20 ha of cropland per
capita and the value with 0.53 ha of cropland per capita in the U.S.
(World Bank, 2009). Increasing grain yields in China during the past
30 years have compensated for this land scarcity and helped China
to remain self-sufﬁcient in terms of grains. However, farmland has

to compete with other land-using demand due to rapid economic
development, urbanization and population growth. The government has introduced a number of protection measures for farmland
conversion (Lichtenberg and Ding, 2008). China has experienced
fast economic growth with an annual GDP growth of 8% over the
past two decades, which is the highest rate in recent history (Liu
and Savenije, 2008). Concomitantly, consumers’ income has risen
greatly and the daily diet is changing rapidly toward more meat
consumption. This implies that China not only needs to produce
enough grain but also more animal products.
Land degradation is another severe problem in China. In the
past the government paid more attention to food self-sufﬁciency
than land use sustainability. Excessive reclamation has resulted in
soil erosion, ﬂooding and ultimately land degradation, especially in
western of China, endangering vulnerable ecosystems (Feng et al.,
2005). To cope with this issue, the Grain-for-Green program was
launched, which was one of the world’s largest environmental setaside projects with the major objective to restore the country’s
forests and grasslands and prevent soil erosion (Yue et al., 2010).
During 1998–2009, 7.07 million ha of cultivated land had been converted to grassland or forestland (CADR, 2011); including farmland
with a slope more than 25◦ or formerly desertiﬁcated land. The program had not only fulﬁlled soil conservation aims but also improved
the income of local farmers, as they could use the compensation
payments to increase their livestock production, or work elsewhere
as they were released from the farmland. The program’s impacts
on national grain markets would be relatively small as indicated by
Feng et al. (2005).
Entering the WTO in 2001 marked a turning point for China’s
agricultural trade policy. The government is now obliged to gradually remove food trade interventions (Carter and Rozelle, 2002).
For instance, the trade restrictions on soybeans were completely
removed during 2000 and 2001. This policy shift has led to large
increase in China’s soy imports (Dalin et al., 2012). Although China
still holds the policy of grain self-sufﬁciency, the priority is given to
wheat, corn and rice, rather than soybeans. Actually, even in China’s
major soybean production area, Northeast China, corn and rice gain
more policy emphasis. This situation has not changed greatly, even
though a soybean revitalizing project has launched since 2002.
Our analyses of China’s virtual land ﬂows related to crop product
trade aim to reveal how these policy settings inﬂuence domestic
and global land resources.

Methods and data
Data required and sources
To quantify the virtual land area hidden in trade ﬂows, the following data are required:

(1) Trade data for crops and processed crop products. FAOSTAT
(http://faostat.fao.org) data about production and trade are
used for this as they are provided in time series format.
(2) The source countries and the trade quantity of each product.
This is also taken from the FAO database (http://faostat.fao.org)
as it provides detailed trade matrices for a large number of
agricultural commodities traded internationally.
(3) Conversion factors for processed products to convert them
into crop equivalents. These are taken from FAO (FAO, 2001,
2003), following Kastner and Nonhebel (2010) and Kastner et al.
(2011).
(4) Yield data of crops. These crop equivalents are converted to
land area by using country speciﬁc yield data, also taken from
the FAOSTAT database.
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This study considers 116 different crop products grouped into
six categories: cereals; oil crops; fruits and vegetables; sugars;
ﬁbers; roots and tubers. Appendix 1 lists products in each category.
Bilateral trade data cover products and their original countries for
the years 1986–2009. The virtual land area of processed products
is calculated using the conversion factors. This study combines the
methods of Kastner et al. (2011), Chapagain and Hoekstra (2003)
and Chapagain et al. (2006a) to identify the conversion factors for
different crop products.
Calculation procedure
Identiﬁcation of conversion factors
For the primary products, the conversion factor is 1. For most
of the food related crops and their processed products, the conversion values are based on the caloric equivalents according to
FAO’s standard factors on nutritive values. This method avoids double counting, and previous studies have shown that it can be used
to obtain consistent results (Kastner and Nonhebel, 2010; Kastner
et al., 2011). The conversion factors of processed products can be
calculated as follows:
Cp =

kcalp
kcala

(2.1)

where Cp is the conversion factor of processed product p, kcalp is the
caloric content of the processed product p, and kcala is the caloric
content of primary product.
For non-food products, such as cotton products, application of
the caloric equivalent method is limited. A substitute is the product tree method, which has been used widely in calculating virtual
water content of the processed products of crops and livestock
(Chapagain and Hoekstra, 2003, 2004; Chapagain et al., 2006a). The
calculation can be expressed as follows:
Cp =

Vfp
Pfp

(2.2)

where Cp stands for the conversion factor of processed product p,
Vfp is the value fraction of the processed product, and Pfp is the
product fraction of the processed product.
Calculation of virtual land use hidden in traded crop products
This study uses country and year speciﬁc yield data to identify virtual land imports and exports hidden in the trade ﬂows.
For imports, the virtual land use of a primary product is calculated
with the yield data based on each origin country, so the virtual land
import of the product i is as follows:
VLI = Cp

n
n


Ih,i,j
h=1 i=1

Yh,i,j

(2.3)

where VLI is the virtual land import (in ha), Cp is the conversion factor, Ih,i,j indicates China’s import quantity (in kg) of product i from
country h in the year j, and Yh,i,j presents the yield of the primary
product i in country h in the year j (kg/ha).
The virtual land use of export is calculated by domestic yields
and can be expressed as follows:
VLE = Cp

n

Ei,j
i=1

Yi,j

(2.4)

where VLE is the virtual land export (in ha), Cp is the conversion
factor, Ei,j is the export quantity of the product i from China to other
countries in the year j (in kg), and Yi,j presents the domestic yield
of crop i in the year j (kg/ha).
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The net balance of virtual land incorporated in China’s crop trade
can be calculated as follows:
NVLT = VLI − VLE.

(2.5)

A positive result of NVLT (in ha) indicates net virtual land
imports, while a negative value indicates net virtual land
exports.
Calculating China’s contribution to global land savings
Given that crop yields varies in China and its trading partners,
the contribution of China’s crop trade to global land savings are
assessed by comparing the land demand linked to trade items with
an assumption that there is no trade and all products are supplied
domestically. Positive land savings suggest that China would need
more cropland to produce the same amount of crops imported
compared with their original countries. The calculation can be
expressed as follows:
Sc,g = Cp


n

1
T

i=1

Yd,i,j

−

1



Ye,i,j

(2.6)

where Sc,g presents China’s contribution to global land savings
(in ha), T stands for the import quantity of product i between China
and other nations in the year j (in kg), Yd,i,j presents the domestic
yield of crop i in the year j, and Ye,i,j stands for the yield of crop i in
the exporting country of the year j (kg/ha).
Results
Changes in China’s virtual land trade
The net balance of virtual land use linked to China’s crop trade
changed from net exports to net imports during the study period,
with −4.42 Mha in 1986 and 28.90 Mha in 2009. The development
of net virtual land trade (NVLT) presented in Fig. 1 shows four
stages. In 1986 the NVLT related to crop products was −4.42 Mha,
implying that China was a net virtual land exporter. After 1987 the
balance changed and China’s crop trade presented net imports of
virtual land, which decreased from 6.56 Mha in 1987 to 1.39 Mha
in 1993 and the main reason for this was the reduced imports
of cereals. From 1994 to 2002, NVLT remained relatively steady,
with an annual value of 7.76 Mha. However, the NVLT increased
rapidly from 9.58 Mha in 2003 to 28.90 Mha in 2009, which was
mostly caused by increasing imports of oil crops, with imports
of ﬁbers, roots and tubers contributing slightly. Nevertheless, the
NVLT decreased in 2006–2007, mainly because the increase of
domestic production of the cereals and cotton in 2006 led to the
reduced imports of wheat and cotton (CADR, 2007). It should be
noticed that the average net imports of 6.08 Mha/yr for 1998 to
2002 in our study is slightly higher than the value of 5 Mha/yr
reported by Fader et al. (2011) for the same period, which can
be explained by the inclusion of processed crop products in our
calculation.
Analysis of changing trends of virtual land trade for different crop
categories
Gross ﬂows of virtual land imports (Fig. 2) and exports (Fig. 3)
demonstrate that different crop categories could have distinct
change patterns. Cereals dominated total virtual land imports (VLI)
from 1986 to 1996 (Fig. 2), accounting for 57.6% of the total VLI,
with an average value of 6.12 Mha annually. Oil crops also played
a substantial role in the total VLI, with an average share of 26.7%
during 1986–1996. More importantly, the virtual land imports of
oil crops had increased dramatically in 1996 (accounting for 82.2%

144

W. Qiang et al. / Land Use Policy 33 (2013) 141–150

Fig. 1. Virtual land balance of China’s crop trade (1986–2009).

of the total VLI), and attained 26.64 Mha in 2009 (Fig. 2), which was
an area larger than France’s entire croplands in the same year (FAO,
2012). This trend was driven by the rapidly increasing imports of
the soybean based products, which alone contributed to 19.22 Mha
of the virtual land imports in 2009, while rapeseed and oil palm
played a comparatively minor role. Primary oil crops, compared
with products processed from them, had become the main type of
imports, and their weight increased from 17.7% in 1986 to 79.1%
in 2009. Meanwhile, cereals became a major virtual land exporting
category in 1996 (Fig. 3) and accounted for 46.2% of the total virtual
land exports (VLE), with wheat and wheat products being the most
important item during 1996–2007.
China was a net exporter of fruits and vegetables products during the study period and the virtual land exports linked to these
have risen from 0.59 Mha in 1986 to 1.83 Mha in 2009 (Fig. 3),

with their share of the total VLE rising from 8.6% to 51.9%. In 2009,
processed products, mainly fruit juices, frozen and dehydrated vegetables, accounted for 81.3% of fruits and vegetables’ virtual land
imports.
Virtual land trade linked to ﬁbers, sugars, roots and tubers were
relatively minor. However, the quantity had also changed considerably during 1986–2009: the virtual land imports related to ﬁbers
remained small from 1986 to 2000 with an average of 0.98 ha per
year, but have increased sharply from 0.44 Mha in 2001 to 2.37 Mha
in 2009. China has also become a net importer of sugar products
since 1994 with the average virtual land imports of 0.22 Mha per
year. And virtual land embodied in imports of roots and tubers
increased dramatically from zero to 0.88 Mha from 1986 to 2009,
with cassava representing almost the entire amount (99.8%) of
these imports.

Fig. 2. Virtual land imports of different crops in China (1986–2009).
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Fig. 3. Virtual land exports of different crops of China (1986–2009).

Table 1
The main import products and the embodied virtual land (1999–2009).
Virtual land
Major sources countries
Commodity Net imported
quantity (1000 t) embodied (1000 ha)
Soybean
Rapeseed
Cotton
Oil palm
Cassava
Sugarcane

25,290
1430
1460
39,700
3580

10,510
2440
2060
950
510

960

290

U.S., Brazil, Argentina
Australia, Canada
U.S., India
Indonesia, Malaysia
Thailand, Vietnam,
Indonesia
Cuba, Brazil, Guatemala,
Australia, Thailand

Respecting individual crops, our analysis shows the major ones
behind virtual land imports to China were soybean, rapeseed, cotton, oil palm, cassava and sugarcane. Table 1 presents the top six
crops according to their contribution to virtual land imports during
1999–2009, with major source countries.
Spatial variation in the origins of China’s virtual land imports
China’s virtual land imports had not only grown but also dispersed during the study period. Actually, the number of original
countries increased from 43 to 62 during 1986–2009. Identifying the original countries of virtual land imports is necessary for
assessing the sustainability of resource use in those regions and
evaluating the social, economic and ecological effects of international trade.
Fig. 4 displays the virtual land imports from 1986 to 2009 by continents. The results show that North America was the main source
of the virtual land import from 1986 onwards, mainly due to the
imports of wheat from the U.S. and Canada up to 1996. However,
the share of North America declined from 59.5% to 32.8% during
the period 1986–2009. In contrast, during the past decade South
America had gradually become the main trade partner of China
in terms of virtual land imports, of which the amount increased
from 0.17 Mha in 1986 to 12.49 Mha in 2009, and the share in total
VLI increased from 6.3% to 38.7%. The virtual land imported from
Asia (mainly from Southeast Asia) has also increased from 0.44 Mha
to 4.14 Mha during 1986–2009, taking 12.5% of the total VLI on
annually average. Oceania also had minor shares in the total VLI

with an average percent of 12.5%, while Africa and Europe only
accounted for 4.6% and 1.9%, respectively.
The main source countries had also changed during the period
1986–2009 (Table 2). The U.S., Australia and Canada were the major
sources from 1989 to 1999. On average 7.02 Mha of virtual land
was imported from these countries annually, accounting for 62.7%
of the total VLI during this period. However, the average annual
change rates of virtual land imports of these countries were different during 1989–1999. Although virtual land imports from the
U.S. grew just slightly at 0.4% annually, the composition of them has
changed signiﬁcantly with increasing soybean imports compensating for the reduction of wheat imports. Virtual land imports from
Canada declined considerably for the decreasing import of cereals
during 1989–1999. Imports of wheat from Australia also reduced
during 1989–1999, but imports of rapeseed, cotton and sugarcane
increased rapidly, which led to an average annual increase rate
of 14.6% for the virtual land imports. With the sharply increasing
exports of oil crops to China, the U.S., Argentina, Brazil and Australia
became the major source countries during 1999–2009, representing 74.8% of China’s total VLI. The increasing imports of soybean
products from these countries and rapeseed imports from Australia
were the main determinants of this development.
China’s contribution to global land savings
China’s contribution to global land savings through crop trade
increased greatly during the period 1986–2009 (Fig. 5). In the early
period this contribution was negative, indicating China’s domestic land productivity was higher than that behind China’s imports.
With the changing composition of imports, China’s contribution to
global land savings increased greatly to 8.81 Mha in 2009, which
equals 29.8% of the total NVLT related to China’s crop trade. The
largest savings were linked to imports of oil crop products (mainly
soybean and processed soy products), which saved an average of
3.27 Mha per year. Nevertheless, cereals and ﬁber imports contributed to global land loss, with an annual average of 0.86 Mha
and 0.48 Mha, respectively.
Different land productivity between China and its trade partners
decided whether China could have a contribution to global land
savings. China’s land productivity for wheat and cotton was higher
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Fig. 4. Source of China’s virtual land imports by continents (1986–2009).

Table 2
Main sources of China’s crop products imports and virtual land use (1989–2009).
Source

U.S.
Argentina
Brazil
Australia
Canada
India
Thailand
Malaysia
Indonesia
Cuba

Major crops

Soybean, maize, wheat, cotton
Soybean, sugarcane
Soybean, maize, cotton, sugarcane
Wheat, rapeseed, sugarcane, cotton, oat
Rapeseed, soybean, wheat
Cotton, rapeseed
Cassava, sugarcane, sesame, rice, fruit
Palm oil
Palm oil, cassava
Sugarcane

Virtual land embodied (1000 ha)

Average annual change (±%)

1989–1999

1999–2009

1989–1999

1999–2009

4051
499
758
1356
1613
374
410
194
38
159

5948
3339
3426
2071
640
785
627
518
280
149

+0.4
+13.6
−17.6
+14.6
−0.6
+35.6
+11.6
+27.8
+60.3%
+4.6

+12.8
+22.0
+33.0
+53.9
+43.6
+32.1
+25.4
+15
+24.3
+7.9

Fig. 5. China’s contribution to global land savings related to crop trade ﬂows (1986–2009).
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than that of the supplying countries, while for soybean was lower
than that in the countries of origin: the average land area per ton
soybean in the U.S., Brazil and Argentina was 0.40, 0.46 and 0.44 ha,
respectively, while the ﬁgure for China was 0.63 ha, which might be
explained partly by the soil fertility and slope (Fader et al., 2011).
There were only small variations in virtual land use per ton of fruits
and vegetables, and roots and tubers, so the land savings related to
these products were small.

Discussion
The changes of virtual land imports of China were mainly caused
by the fast economic development and consequently changed food
consumption patterns, especially the increasing consumption of
vegetable oils and animal products (Kastner et al., 2012). To meet
this growing demand of animal products, intensive pig and poultry rearing systems are developing rapidly in China. These systems,
unlike traditional backyard cultures, require large-scale inputs of
concentrate feedstuffs for which protein rich soybean cake is a central ingredient. The demand for feedstuff, as well as vegetable oil,
makes soybean became the major importing crops. Additionally,
the development of labor intensive industries processing primary
products, such as the cotton spinning industry, also played an
important role in the increases of China’s virtual land imports.
Both virtual land exporters and importers should consider the
ecological and socio-economic impacts of virtual land ﬂows in their
policies. With developing of trade globalization, international virtual land interdependencies and overseas externalities are likely to
increase. Thorough analyses of extra-territorial land use embodied
in trade can contribute to enhancing public and decision makers’ awareness of dependency on external sources (Kissinger and
Rees, 2010). Regions with increasing exports to China could suffer increasing deforestation and land and water contamination, as
well as other socio-economic impacts. The recently much contested
social and environmental impacts of the expansion of soybean production in South America can serve as an example. In this area,
many smaller family farms have to go out of soybean business
due to the actions of multinational corporations (García-López and
Arizpe, 2010). Meanwhile, exporting of the soybeans has led to local
nitrogen loss (Smaling et al., 2008), as well as the increasing of long
distance transportation of soybeans, especially in Brazil (Prudêncio
da Silva et al., 2010). Further studies are expected to assess the
ecological and economic impacts of virtual land use hidden in the
trade ﬂows to illustrate the (un)sustainability of crop trade for
exporters. Policies addressing these impacts are needed to ensure
acceptable outcomes for local inhabitants and environmental sustainability. Although China can decrease pressure from domestic
land resources through imports of virtual land, it still faces many
challenges related to the trade ﬂows. Increasing soybean imports
put pressure on the less competitive domestic soybean production
and related industries, aggravating rural poverty and rural–urban
migration. In addition, importing virtual land alone is not sufﬁcient
to ecological restoration for China. The land freed up by soybean
imports does not necessarily contribute to land saving because suitable lands are always used for other crops with higher proﬁt, such
as fruits and vegetables (which are also partly for exports). These
crops require intensive production systems which can, virtually,
leave high levels of agricultural pollution within China.
The beneﬁt of localizing food systems was discussed in several
papers (Cowell and Parkinson, 2003; Coley et al., 2009; Lehuger
et al., 2009; Kissinger, 2012). However, it was shown in our study
that China would need considerably more land resources if the
imported soybeans were produced by itself, and the fertilizer input
per ha of China’s soybean production exceeded any of the importing
countries (FAO, 2012). For these reasons, the virtual land imports
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linked to China’s soybean trade not only contributes to global land
savings, but also makes world soybean production more sustainable considering fertilizer inputs. However, these approaches for
assessing global resource savings have some limitations. As mentioned above, a lowered trade price will increase consumption level
when the demand for the product is elastic. For instance, cheap
imports of soybean based feedstuff may contribute to lowering
meat price and accelerating meat consumption.
Due to the limited land resources, apart from virtual land trade,
China also needs to enact policies to improve domestic land use
efﬁciency. Firstly, it is important to adjust agricultural structure to
reach a higher farmland use efﬁciency, including optimization of
composition of agricultural commodities, quality improvement of
major commodities and promotion of regional specialization, and
then to achieve the so-called ‘three-high’ agriculture: high output, high quality and high efﬁciency (Liu et al., 2007). Secondly,
farmland protection policies are needed. Although the government
has introduced a number of protecting measures for farmland,
especially that with the greatest production potential, the existing institutional and policy structures give incentives to both
insufﬁcient farmland retention and excessive farmland conversion
which results in signiﬁcant inefﬁciencies in land use (Lichtenberg
and Ding, 2008). Therefore, practices must be introduced to control the irrational urban and industry land expansion to protect
farmland.

Conclusions
This study uses country speciﬁc data of crop yields to calculate
the virtual land linked to China’s crop trade and both primary crops
and processed products are considered in calculation to achieve a
more comprehensive assessment. The results show that, with the
considerably increased NVLT of crop trade from 1986 to 2009, China
had become a massive net importer in terms of virtual land, which
was mainly driven by the increasing imports of soybean products.
The distribution of the suppliers for China’s virtual land use had
changed greatly, too. The number of trade partners increased and
the main regions of origin shifted. This was mainly attributed to
the decrease of cereals imports and increase of oil crops imports,
and corresponding changed pattern of original countries. Furthermore, our results also show that crop trade between China and
other nations was accompanied by considerable land savings at the
global level at the end of the study period.
Although China is still self-sufﬁcient in terms of agricultural production, imports from other countries are rapidly gaining ground.
In fact, China’s domestic croplands amounted to 131 Mha and its
net land imports linked to crop product trade were 5 Mha in 1990;
however, by 2009 these numbers changed to 124 Mha and 29 Mha
(FAO, 2012), respectively. These ﬁgures demonstrate the increase
of cropland demand and reduction of domestic cropland area which
contributed to increasing pressure on land resources abroad. This
trend revealed in our results reminds policy makers to enact policies to improve domestic land use efﬁciency and also take into
account the increasing impacts of Chinese consumption on overseas land resource.
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Appendix 1. Crop products and categories included in this study
Category

Product

Cereal
Cereal product

Maize; wheat; sorghum; rice paddy; barley; oats; buckwheat; millet
Cake of maize; bran of maize; maize oil; ﬂour of maize; ﬂour of wheat; bran of wheat; oats rolled; rice broken; rice
milled; rice ﬂour; rice husked; bran of rice
Soybean; rapeseed; groundnut; sesame seed; sunﬂower seed; linseed
Soybean oil; soybean cake; rapeseed oil; cake of rapeseed; palm oil; palm kernel oil; cake of palm kernel; sesame oil;
cake of sesame; groundnut oil; sunﬂower oil; sunﬂower cake; linseed oil; cake of linseed
Apple; banana; cherries; grape fruit; grapes; kiwi fruit; lemons and limes; mango; papayas, peaches; pear; pineapple;
slums and sloes; strawberries; watermelon; anise; artichokes; asparagus; cabbages and other brassicas; carrots and
turnips; cauliﬂowers and broccoli; chillies and peppers; cucumbers and gherkins; garlic; ginger; lettuce and chicory;
onions; tomatoes
Apple juice, concentrated; apple juice, single strength; grape juice; raisins; grapefruit juice, concentrated; lemon
juice, single strength; mango juice; mango pulp; orange juice, concentrated; orange juice, single strength; pineapple
juice concentrated; pineapples candy; plums dried; juice of tomatoes; paste of tomatoes; tomato juice concentrated;
tomato peeled; veg. in tem. preservatives; veg. prep. or pres. frozen; vegetable frozen; vegetables dehydrated;
vegetables in vinegar; vegetables preserved nes.
Sugar raw centrifugal; sugar reﬁned
Jute; sisal; ramie; cotton lint; cotton linter; cottonseed; cottonseed oil; cake of cottonseed
Cassava; potatoes, sweet potatoes; yams; roots and tubers, nes
Cassava dried, cassava starch; frozen potatoes; potatoes ﬂour

Oil crop
Oil crop product
Fruits and vegetables

Fruit and vegetable product

Sugars
Fibers
Roots and tubers
Roots and tubers product

Appendix 2. Major crop conversion factors and main countries of origin
Category

Conversion
factors (Cp )

Main countries of origin

Cereals

Barely
Buckwheat
Maize
Cake of maize
Maize oil
Flour of maize
Bran of maize
Wheat
Bran of wheat
Flour of wheat
Rice paddy
Bran of rice
Rice broken
Rice husked
Rice milled
Rice ﬂour
Oats
Oats rolled
Millet
Sorghum

1.00
1.00
1.00
1.10
2.50
1.02
0.60
1.00
0.64
1.09
1.00
0.99
1.29
1.30
1.30
1.31
1.00
0.99
1.00
1.00

Australia, Canada, France
Thailand, U.S., Vietnam, Malaysia
U.S., Argentina, Brazil
U.S.
U.S., Brazil, Germany
U.S., Argentina
U.S.
U.S., Australia, Canada, France
Japan, Mongolia, Brazil, U.S., Thailand
Japan, Canada, Australia, France, U.S., Nepal
Lao People’s Democratic Republic
Myanmar, Thailand, Vietnam
Thailand
U.S., Australia, Vietnam,
Thailand, Vietnam, Myanmar
Thailand
Australia
Australia
Australia, Thailand, U.S.
Argentina, U.S., India, Australia, Thailand

Oil crops

Soybean
Soybean oil
Soybean cake
Rapeseed
Rapeseed oil
Cake of rapeseed
Sesame seed
Sesame oil
Groundnuts, with shell
Groundnuts shelled
Groundnut oil
Cake of groundnuts
Sunﬂower seed
Sunﬂower oil
Sunﬂower cake
Linseed
Linseed oil
Palm oil
Palm kernel oil
Cake of palm kernel
Olive oil, virgin

1.00
2.64
0.78
1.00
1.79
0.80
1.00
1.53
1.00
1.37
2.14
0.88
1.00
2.87
1.28
1.00
1.78
4.53
4.36
0.63
5.05

U.S., Brazil, Argentina, Uruguay, Canada
Argentina, Brazil, U.S.
India, Brazil, Argentina, U.S.
Australia, Belgium, Belgium-Luxembourg, Canada, Denmark
Canada, Germany, Netherlands, France, U.S.
India, Canada, Indonesia
Ethiopia, Myanmar, India, Thailand, Sudan, United Republic of Tanzania, Mozambique
India, Thailand, Malaysia
Indonesia
India, Viet Nam, Argentina, Myanmar, Philippines, Thailand, Indonesia
U.S., Senegal, Netherlands, Argentina, India
India, Myanmar
U.S., Argentina, Australia, Kazakhstan, Thailand
Argentina, U.S., Netherlands, Malaysia, Canada
Argentina, Kazakhstan

Apples
Apple juice, concentrated
Apple juice, single strength
Bananas
Cherries

1.00
3.46
0.98
1.00
1.00

U.S., Chile, New Zealand, Japan, Republic of Korea
U.S., Austria, Chile
South Africa, U.S., Australia, Hungary, Kyrgyzstan
Philippines, Ecuador, Viet Nam, Indonesia, Colombia
U.S., Chile

Fruits and vegetables

Netherlands, Argentina, Canada, U.S., Belgium, Germany, United Kingdom, Brazil
Malaysia, Indonesia
Indonesia, Malaysia
Indonesia, Malaysia
Italy, Spain, Greece
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Appendix 2 (Continued)

Sugars
Fibers

Roots and tubers

Category

Conversion
factors (Cp )

Main countries of origin

Grapefruit
Grapefruit juice, concentrated
Grapes
Grape juice
Kiwi fruit
Lemons and limes
Mango juice
Mango pulp
Oranges
Orange juice, concentrated
Orange juice, single strength
Papayas
Peaches and nectarines
Pears
Pineapples
Pineapple juice
Pineapples candy
Plums and sloes
Plums dried
Watermelons
Fruits juice nes
Fruits dried nes
Asparagus
Cabbages and other brassicas
Cauliﬂowers and broccoli
Lettuce and chicory
Onions, dry
Juice of tomatoes
Paste of tomatoes
Tomato peeled
Vegetables fresh nes
Veg. in tem. Preservatives

1.00
3.74
1.00
2.44
1.00
1.00
1.38
1.44
1.00
4.68
1.24
1.00
1.00
1.00
1.00
2.15
3.00
1.00
5.00
1.00
1.07
5.93
1.00
1.00
1.00
1.00
1.00
1.00
4.94
1.12
1.00
1.00

U.S., Thailand, South Africa
Israel, U.S.
Chile, U.S.
Spain, U.S., South Africa, Italy, Republic of Korea, Argentina, Chile
New Zealand, France, Italy, Chile
U.S., New Zealand
Thailand, Philippines, Indonesia, India, Oman, Israel, Viet Nam
Thailand, Indonesia, Philippines, India
U.S., South Africa, Australia
Israel, U.S.
Brazil, Israel, U.S., Australia
Malaysia, Thailand, Philippines
U.S., Chile
Republic of Korea, U.S.
Philippines
Thailand, Indonesia, Viet Nam
Thailand, Indonesia, Philippines
U.S., New Zealand, Chile
U.S., Chile, France, Thailand
Viet Nam, Myanmar, Malaysia
Thailand, U.S., Indonesia, South Africa, Philippines, Viet Nam, Malaysia, Brazil
Thailand, Myanmar, Viet Nam
Thailand, Australia, U.S.
Viet Nam, Indonesia, Australia, Republic of Korea, Uruguay, U.S.
U.S., Australia
U.S., Thailand
U.S., New Zealand, Indonesia, Republic of Korea, Australia, Viet Nam, Japan, Thailand
U.S., Australia, Malaysia, Thailand
U.S., Turkey, Chile, Thailand, Spain, Malaysia, Italy, Australia
Italy, U.S.

Veg. prep. or pres. frozen
Vegetable frozen
Vegetables dehydrated
Vegetables in vinegar
Vegetables preserved nes

1.32
3.23
15.5
1.32
1.73

Sugar raw centrifugal
Sugar reﬁned
Cotton lint

12.43
12.9
2.34

Viet Nam, Thailand, Uruguay, Indonesia, Russian Federation, Democratic People’s
Republic of Korea
Viet Nam, U.S.
New Zealand, U.S., Thailand, Sweden, Hungary, Australia, Japan, Denmark
Democratic People’s Republic of Korea, Indonesia, Japan, Argentina
U.S., Thailand, Viet Nam, Japan, Germany, Sri Lanka
Viet Nam, Thailand, U.S., Indonesia, United Kingdom, Japan, Republic of Korea

Cotton linter

0.57

Cottonseed
Cottonseed oil
Cake of cottonseed
Jute
Sisal
Ramie

0.29
0.84
0.18
1.00
1.00
1.00

Cuba, Thailand, Australia, Brazil, Guatemala
Thailand, Australia, Cuba, India, Brazil, Guatemala
U.S., India, Uzbekistan, Australia, Burkina Faso, Pakistan, Côte d’Ivoire, Mali, Benin,
Brazil, Cameroon, Togo, Mexico, United Republic of Tanzania, Sudan, Paraguay,
Argentina, Zimbabwe, Syrian Arab Republic, Kazakhstan, Chad, Lao People’s
Democratic Republic, Zambia, Senegal
Uzbekistan, Kazakhstan, U.S., Turkey, Pakistan, India, Brazil, Turkmenistan, Syrian Arab
Republic, Tajikistan, Russian Federation, Kyrgyzstan
Indonesia, Philippines, Australia, Viet Nam, U.S.
Brazil, Argentina
Kazakhstan, Viet Nam
Bangladesh
Brazil, Kenya, United Republic of Tanzania, Madagascar
Philippines

Cassava dried
Cassava starch
Potatoes
Frozen potatoes
Potatoes ﬂour
Yams

2.34
3.32
1.00
1.09
5.20
1.00

Thailand, Viet Nam
Thailand, Viet Nam, Indonesia
U.S.
U.S., Canada, New Zealand
U.S., Germany, United Kingdom, Netherlands, France
Japan
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