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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 agri-
cultural 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 agricul-
tural 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 rela-
tionship between agricultural trade and the hidden resource use
in previous studies. Borgstrom (1965) used the concept of ‘Ghost

∗ Corresponding author. Tel.: +86 10 64889800; fax: +86 10 64854230.
E-mail address: liuam@igsnrr.ac.cn (A. Liu).

Acreage’ to illustrate the ‘invisible’ cropland use hidden in trade
of agricultural products. Ecological Footprint Analysis was  devel-
oped by Rees (1992) to quantify the bioproductive area needed to
sustain a society’s resource consumption and the waste assimila-
tion 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 differ-
ent 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 illus-
trate 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 increas-
ing dependence and impacts on external terrestrial ecosystems.
Fader et al. (2011) quantified the virtual land balance of the inter-
national 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 pos-
itively 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 dis-
tant 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 interna-
tional 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 asso-
ciated with international trade of crop products. However, it is
important to note that such a calculation is hypothetically assum-
ing 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 ori-
gins 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 develop-
ment 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 govern-
ment 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 set-
aside 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 con-
verted to grassland or forestland (CADR, 2011); including farmland
with a slope more than 25◦ or formerly desertificated land. The pro-
gram 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 grad-
ually 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 fol-
lowing 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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