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Abstract 
Focusing on virtual water in the international grain trade, this paper calculates the virtual water 
volume embodied in the international grain trade (mainly rice, wheat, corn and soybean) from 
1990 to 2012 in China. By doing so, this paper tries to evaluate the contribution of virtual water in 
trade grains to the agricultural water use in China and its effect on global water resources. The 
results reveal that the Chinese grain trade and the virtual water trade have maintained a signifi-
cant deficit over 23 years and that there is a significant negative correlation between the volumes 
of imported virtual water and water used for agriculture. Each unit of imported virtual water can 
reduce agriculture water use by 0.306 units; the water saving effect brought by the international 
crop trade and the grain trade gap are not synchronous. As a result, we present our proposals for 
enhancing efficient allocation of water resources and maintaining a sustainable ecological devel-
opment of the environment. 
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1. Introduction 
Grain security and water resource security are major issues concerning people’s livelihood [1]. Having the 
world’s largest population and the second largest national economy, China’s water shortages could influence the 
global grain security and threaten global prosperity [1]-[4]. As the World Bank noted in 2020’s China, whether 
China can support itself not only affects the country itself, but also is critical on a global level. China is respon-
sible for a large share of the global grain production and consumption, and a tiny change in trade volume caused 
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by market fluctuations or price changes will affect the entire world. Water is one of the basic elements in agri-
cultural production and the water shortage in recent years has become a major bottleneck restricting the sustain-
able development of our country. Water consumption directly affects the development of agriculture, industry 
and the social economy as a whole. As the main form of water resource consumption, grain production 
represents a large amount of virtual water. With the further development of economy and society, the total de-
mand for water is increasing, causing the discrepancy between water resources supply and demand to become 
increasingly prominent. 

The concept of “virtual water (VW)” was first put forward by Professor Tony Allan [5] [6] of London Uni-
versity. Virtual water refers to water embodied in goods and services traded between regions or countries, espe-
cially from water sufficient regions to poor regions [7]-[9]. It expands the solution to the problem of water 
shortage into the social and economic system, and the connection between population and grain trade is the main 
line of the virtual water strategy [10] [11]. In recent years, there have been extensive studies on virtual water. 
Significant work has been devoted to estimating the virtual water content of different crops in different countries 
[12], to quantify VWT between nations and regions via international trade [13] [14], and to investigate water 
savings realized through VWT [15] [16]. Additional research has focused on macro level analysis, such as na-
tional water footprints or virtual water flows. An example of this is a case study for Spain [17]. 

To date, little analysis has been done in China with regard to calculating VWT of the main crops in interna-
tional trade or with regard to investigating agricultural water saving realized by VW international trade. Focus-
ing on virtual water in the international grain trade, this paper calculates the virtual water volume embodied in 
the international grain trade from 1990 to 2012 in China and compares the volume of the virtual water trade with 
the total agricultural water consumption, thus trying to evaluate the contribution of the virtual water trade in 
grains on the water resources in China and the world. 

2. Estimation of the Virtual Water Volume in the Chinese Grain Trade 

2.1. Data Sources 
According to the planting area of grain crops, output data and trade data from “Chinese Statistical Yearbook 
1990-2012” and “Chinese Rural Statistical Yearbook 1990-2012”, we selected four main varieties of crops 
(wheat, corn, soybean and rice) to calculate their water demand and then further calculate their virtual water 
content, respectively. The calculation of a crop’s virtual water content requires data in addition to just climate 
data, for example data related to the crop transpiration coefficient and the unit area production of the crops in the 
region of interest. The climate data used are from the FAO climate database and the Crop database, the crop 
transpiration coefficient is from the CropWat software, the crop yield per unit area is from the China Rural Sta-
tistical Yearbook and the water resources data are from the Chinese Water Resources Bulletin. 

2.2. Calculation Method for Virtual Water Content of Agricultural Products 
A crop’s virtual water content mainly depends on the type of crop, the growth of regional natural and geograph-
ical conditions, the used irrigation system and management mode etc. Meanwhile, the calculation of different 
crops’ virtual water content in different regions needs comprehensive investigation of crop water demand and 
crop yield data. The calculation of a specific crop’s virtual water content can be expressed as: 

( ) [ ]
[ ]

CWR n, c
SWDc n, c

CY n, c
=  

In the formula, SWDc(n, c) refers to the virtual water content per unit of crop C among n types of crops (m3/t), 
CWR is the unit area of crop water demand (m3/hm2), and CY is the crop yield per unit area (t/hm2). ETC is used 
to indicate CWR, i.e. the transpiration water consumption which means the cumulative crop evapotranspiration 
during the cultivation of C crops. It is equal to the product of the reference crop evapotranspiration (ETo), and 
the crop coefficient of water (KC), according to the formula ETC = ETo × KC. In the calculation of ETo, we ig-
nore the effect of several factors such as crop types, crop development and management measures and we treat 
the climate as the only affecting factor. The final calculation is based on the following FAO formula (FAO 
recommended standard and modified penman: Penman-Monteith): 
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In the formula, ETo is the loss of reference crop evapotranspiration (mm/d), Rn is the net radiation of the sur-
face of crops (MJ/m2·d), G is the soil heat flux (MJ/m2·d), T is the average temperature (˚C), U2 is the wind 
speed at 2 m high above the ground (m/s), ea is the saturated vapor pressure (kPa), ed is the water pressure error 
(kPa), ea − ed is the difference between the actual pressure and saturation pressure (kPa), Δ is the slope of the 
saturated water pressure and temperature curve (kPa/˚C) and γ is the dry humidity constant (kPa/˚C). This me-
thod is suitable for primary agricultural products, ETO and CWR can be calculated using the CropWat software. 
Using the above formula, we recalculated the virtual water content per unit for China’s four major grain crops 
from 1990 to 2012. The results are shown in Table 1. 

2.3. Estimation of Virtual Water Trade 
2.3.1. Overall Virtual Water Trade 
As can be seen from Table 2, virtual water import in the grain trade has increased from 152.79 × 108 m3 in 1990 
to 2239.27 × 108 m3 in 2012. It fluctuated greatly, and the fluctuations can be categorized into three phases. 
During the first phase, from 1990 to 1994, the virtual water import reduced from 152.79 × 108 m3 in 1990 to 

91.87 × 108 m3 in 1994 due to a fluctuation in wheat import. During the second phase, virtual water import re-
duced from 190.42 × 108 m3 to 65.18 × 108 m3 and rose to in 1993 due again mainly to fluctuations in wheat 
import. During the third phase, from 2000 to 2012, virtual water import rose quickly from 175.46 × 108 m3 to 
2239.27 × 108 m3 due mainly to a significant import of soybean. Compared to the import, virtual water export in 
the grain trade is much smaller and shows less fluctuation. Due to fluctuations in corn export, virtual water ex-
port reached 110.42 × 108 m3 in 1993 and has been decreasing since then. It decreased to 65 × 108 m3 in 1999, 
experienced several fluctuations following the corn and rice export volume, reaching 17.92 × 108 m3 in 2009 and 
126.87 × 108 m3 in 2001, the unprecedented maximum. 

 
Table 1. Virtual water content per unit for four major crops from 1990-2012 (m3/t). 

Items Soybean Wheat Rice Corn 

CWR (m3/ha)* 5730 4006 5293 3587 

CY (t/ha)** 1.5 3.37 5.22 4.37 

SWD (m3/t) 3820 1189 1014 821 

Note: CWR is calculated using software; CY is calculated from the planting area and the grain yield. *Source: FAO http://faostat.fao.org/. 
 
Table 2. Overall virtual water trade from 1990 to 2012 (×108 m3). 

Year Import Export Net-import Year Import Export Net-import 

1990 152.79 40.01 112.78 2002 539.11 126.87 412.24 

1991 152.85 80.9 71.95 2003 437.34 90.74 246.2 

1992 136.3 100.235 35.6 2004 882.65 42.81 839.84 

1993 75.87 110.42 −34.55 2005 814.22 86.93 727.28 

1994 91.87 96.18 −4.76 2006 1023.99 56.38 967.63 

1995 190.42 5.39 185.03 2007 1080.37 88.83 991.54 

1996 116.77 6.39 110.38 2012 1173.47 26.57 1146.9 

1997 65.18 66.56 −1.39 2009 1423.33 17.92 1413.41 

1998 151.57 100.99 50.57 2010 2124.73 49.09 2069.64 

1999 127.11 65 61.839 2011 2046.26 56.08 1990.18 

2000 175.46 118.13 57.33 2012 2239.27 54.39 2264.88 

2001 406.77 76.23 330.46 Total 15715.7 1563.125 14044.98 

*Source: Chinese Statistical Yearbook 1990-2012. 

http://faostat.fao.org/
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2.3.2. Virtual Water Trade in Rice Trade 
Virtual water export in the rice trade from 1990 to 2012 added up to 235.99 × 108 m3, accounting for 20% of the 
overall virtual water export in the grain trade and ranking second. Virtual water import in the rice trade added up 
to 139.54 × 108 m3, accounting for 0.8% of the overall virtual water import and ranking third of four kinds of 
crops. The net import added up to −176.45 × 108 m3 as can be seen in Table 3. This table indicates that the vir-
tual water trade associated with the rice trade featured export during 1990 to 2012. The virtual water export in 
the rice trade shows three phases. The first phases witness frequent fluctuations from 1990 to 1997, with a 
maximum of 14.68 × 108 m3 and a minimum of 0.46 × 108 m3. The second phase saw a dramatic increase in ex-
port. Though it decreased from 60.04 × 108 m3 in 1998 to 26.20 × 108 m3 in 2003, export during this phase ex-
ceeded that of the previous phase. The third phase also featured frequent fluctuations with a general decreasing 
trend. 

Compared with virtual water export, import is much smaller and can also be divided into three phases. The 
first phase, from 1990 to 1997, saw moderate fluctuations, with a maximum of 16.62 × 108 m3 and a minimum 
of 0.63 × 108 m3. Import in the second phases reached the peak of 24.74 × 108 m3 each year. The third phase, 
from 1999 to 2012, had hardly any import except for 7.66 × 108 m3 in 2004 (Figure 1). 
 
Table 3. Import and export volume and virtual water trade for rice. 

Year 
Import and export volume (million ton) Virtual water (v.w) trade of rice (×108 m3) 

Import Export Net-import v.w import v.w export Net-v.w import 

1990 6.3 32.6 −26.7 0.63 3.33 −2.7 

1991 142.7 68.9 73.8 14.46 6.98 7.48 

1992 103.6 95.3 8.3 10.50 9.66 0.84 

1993 9.6 142 −132.4 0.97 14.39 −13.42 

1994 51.2 144.8 −93.6 5.19 14.68 −9.49 

1995 164 4.6 159.4 16.62 0.46 16.16 

1996 76 25.4 50.6 7.70 2.57 5.13 

1997 32.6 93.2 −60.6 3.30 9.44 −6.14 

1998 24.4 372.6 −348.2 24.74 60.04 −35.3 

1999 16.8 269.1 −252.3 1.70 27.28 −25.58 

2000 23.9 293.4 −269.5 2.42 29.74 −27.32 

2001 26.9 184.8 −157.9 2.72 18.73 −16.01 

2002 23.6 196.4 −172.8 2.39 19.91 −17.52 

2003 25.7 258.5 −232.8 2.60 26.20 −23.6 

2004 75.6 88.1 −12.5 7.66 8.92 −1.26 

2005 51.4 65.7 −14.3 5.21 6.66 −1.45 

2006 71.8 121.8 −50 7.28 12.35 −5.07 

2007 47.1 130.3 −83.2 4.77 13.20 −8.43 

2012 29.3 94.7 −65.4 2.97 9.60 −6.63 

2009 33.3 76.2 −42.9 3.37 7.72 −4.35 

2010 38.3 62.2 −23.9 3.88 6.30 −2.42 

2011 59.8 51.6 8.2 6.06 5.23 0.83 

2012 236.9 25.7 211.2 2.40 2.60 −0.20 

Total 1370.8 2897.9 −1527.5 139.54 235.99 −176.45 

*Source: Chinese Statistical Yearbook 1990-2012. 
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2.3.3. Virtual Water Trade in Corn Trade 
The virtual water import in the corn trade from 1990 to 2012 added up to 124.28 × 108 m3, accounting for 0.77% 
of the overall virtual water import in the grain trade and ranking fourth. The virtual water export in the corn 
trade from 1990 to 2012 added up to 998.22 × 108 m3, accounting for 63% of the overall virtual water export in 
the grain trade and ranking first, and the net import added up to −873.94 × 108 m3. From Figure 2 it can be seen 
that in the 23 years from 1990 to 2012 export of the virtual water trade for corn takes priority, and falls into four 
phases: the first phase is from 1990 to 1996, during which period the export volume of virtual water in corn ra-
pidly spirals down from 27.94 × 108 m3 to 0.92 × 108 m3. The second phase lasts from 1997 to 2003, when the 
export volume of virtual water in corn rapidly increased again, from 54.32 × 108 m3 to 134.63 × 108 m3, and 
reached the highest level in history. In the third phase, the export of virtual water in corn declined abruptly be-
tween 2004 and 2007 with its lowest value of 19.03 × 108 m3 in 2004. In the fourth phase, which lasted from 
2008 to 2012, almost no export occurred. Compared with the export volume, the import volume of corn is rela-
tively low, and the annual average import volume is only 5.4 × 108 m3 (Table 4). 

 

 
Figure 1. The tendency chart of virtual water trade of rice from 1990-2012. *Source: Chinese Statistical Yearbook 1990- 
2012. 
 

 
Figure 2. The tendency chart of virtual water trade of corn from 1990-2012. *Source: Chinese Statistical Yearbook 1990- 
2012. 
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Table 4. Import and export volume and virtual water trade for corn. 

Year Import and export volume (million ton) Virtual water (v.w) trade of rice (×108 m3) 

 Import Export Net-import v.w import v.w export Net-v.w import 

1990 38.8 340.4 −301.6 3.18 27.94 −24.76 

1991 0.1 778.2 −778.1 0.01 63.89 −63.88 

1992 0 1034 −1034 0.00 84.8914 −84.89 

1993 0 1109.7 −1109.7 0.00 91.1 −91.10 

1994 0.1 874 −873.9 0.01 71.75 −71.74 

1995 518.1 11.3 506.8 42.53 0.92 41.61 

1996 44.1 15.9 28.2 3.62 1.3 2.32 

1997 0 661.7 −661.7 0.00 54.32 −54.32 

1998 25.1 468.6 −443.5 2.06 38.47 −36.41 

1999 7 430.5 −423.5 0.57 35.34 −34.77 

2000 0.3 1046.6 −1046.3 0.02 85.92 −85.90 

2001 3.6 599.8 −596.2 0.29 49.24 −48.95 

2002 0 1167.4 −1167.4 0.00 95.84 −95.84 

2003 0.1 1639.9 −1639.8 0.01 134.63 −134.62 

2004 0.2 223.8 −223.6 0.01 19.03 −19.02 

2005 0.4 861.1 −860.7 0.03 70.69 −70.66 

2006 6.5 307 −300.5 0.53 25.2047 −24.67 

2007 3.5 491.7 −488.2 0.28 40.36 −40.08 

2012 4.9 25.3 −20.4 0.40 2.07 −1.67 

2009 8.4 13 −4.6 0.68 1.0673 −0.39 

2010 157.2 12.7 144.5 12.90 1.04 11.86 

2011 175.4 13.6 161.8 14.40 1.11 13.29 

2012 520.8 25.7 495.1 42.75 2.1 40.65 

Total 1514.6 12159.9 −10645.3 124.28 998.22 −873.94 

*Source: Chinese Statistical Yearbook 1990-2012. 

2.3.4. Virtual Water Trade for Soybean 
During the 23 years from 1990 to 2012, the import volume of virtual water in the soybean trade of our country 
adds up to 14334.47 × 108 m3, which makes up 91% of the total import volume of virtual water in the grain trade, 
which constitutes the largest volume for the four types of grain in the study. Its export volume is 250.28 × 108 
m3 and accounts for 16% of the total export volume of the virtual water trade in grains, ranking second out of 
four kinds of grains. Therefore, its net import is 14074.21 × 108 m3. From Figure 3 it can be seen that in the 23 
years from 1990 to 2012 the import of virtual water associated with the soybean trade takes priority. It shows 
two phases: the first phase lasted from 1990 to 1996, during which period the import volume of soybean virtual 
water is rather small, and the annual average import volume of virtual water is −1.33 × 108 m3; the second phase 
lasts from 1997 to 2012, when the import volume of soybean virtual water soared, from 39.76 × 108 m3 in 1997 
to 2230.12 × 108 m3 in 2012, with an annual increase of 60.3%. Compared to the import volume, its export vo-
lume is relatively low, and there is no big variance. Its largest export amount occurred in 2012 at 49.66 × 108 m3, 
and the annual amount is 10.88 × 108 m3 (Table 5). 
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Figure 3. The tendency chart of virtual water trade of soybean from 1990-2012. *Source: Chinese Statistical 
Yearbook 1990- 2012. 

 
Table 5. Import and export volume and virtual water trade for soybean. 

Year Import and export volume (million ton) Virtual water (v.w) trade of rice (×108 m3) 

 Import Export Net-import V.w import v.w export Net-v.w import 

1990 0.1 22.8 −22.7 0.04 8.71 −8.67 

1991 −22.7 26.2 −48.9 −8.67 10.01 −18.68 

1992 −26.1 16 −42.1 0.00 6.11 −16.08 

1993 −3.9 10.2 −14.1 −1.48 3.90 −5.38 

1994 −0.3 22.2 −22.5 −0.11 8.48 −8.59 

1995 −17.1 10 −27.1 −6.53 3.82 −10.35 

1996 19.4 6.6 12.8 7.41 2.52 4.89 

1997 104.1 7.3 96.8 39.76 2.79 36.97 

1998 280.3 6.3 274 107.07 2.41 104.66 

1999 232.9 6.2 306.7 119.52 2.37 117.15 

2000 425.7 6.4 419.3 162.61 2.44 160.17 

2001 1035.5 7.7 1027.8 395.56 2.94 392.62 

2002 1386.2 7.7 1378.5 529.53 2.94 526.59 

2003 1123.8 8.7 1115.1 429.29 3.32 425.97 

2004 2065.4 14.5 2050.9 788.98 5.54 783.44 

2005 2012.5 17 1991.5 767.25 6.49 760.75 

2006 2642 14.6 2627.4 1009.24 5.58 1003.67 

2007 2812.4 19.6 2792.8 1074.34 7.49 1066.85 

2012 3062.1 35.1 3027 1169.72 13.41 1156.23 

2009 3708.5 23.7 3684.8 1416.65 9.05 1407.59 

2010 5479.9 116.4 5363.5 2093.32 44.46 2048.86 

2011 5264 120 5144 2010.85 45.84 1965.01 

2012 5838 130 5707.9 2230.12 49.66 2180.46 

Total 37498.7 655.2 36843.4 14334.47 250.28 14074.21 

*Source: Chinese Statistical Yearbook 1990-2012. 
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2.3.5. Virtual Water Trade for Wheat 
From 1990 to 2012, the import volume of virtual water in the wheat trade amounts to 1117.01 × 108 m3, ac-
counting for 7% of the total import volume of virtual water in grain in our country, being the third largest of the 
four types of grains in the study. Meanwhile, the exported amount adds up to 105.09 × 108 m3, constituting a 
percentage of 6.7% of the gross export volume of virtual water in the grain trade, the third largest of the four 
types of grain crops in the study. Therefore, the net import volume of virtual water in the wheat trade is 1011.9 × 
108 m3. From Figure 4 it can be seen that in the 23 years during 1990 to 2012, the import of virtual water in the 
wheat trade exceeded the export, with considerable fluctuations in its import volume, which decreased from 
148.94 × 108 m3 in 1990 to 76.38 × 108 m3 in 1993, and then increased to 137.8 × 108 m3 in 1995, after which it 
decreased again to 17.7 × 108 m3 in 1997 (Table 6). 

After 1997, the import volume keeps declining until 2009, after which it increases from 10.63 × 108 m3 to 44 
× 108 m3 in 2012. In the recent five years, as a result of the implementation of a policy which grants subsidies for 
wheat growing, the wheat yield has seen a soaring growth, while its import decreased accordingly, so as to cause 
a declining trend in the import volume of virtual water. In contrast with the import, its export volume as a whole 
is fairly small, with little variance. There is almost no export from 1990 to 2000, and the largest amount that oc-
curred between 2000 and 2012 was 27.78 × 108 m3 (the annual volume is only 4.5 × 108 m3). 

3. Contribution of Virtual Water in the Chinese International Grain Trade 
3.1. Contribution of Virtual Water Trade to Chinese Agricultural Water Use 
According to Table 1, the virtual water in the Chinese grain trade has maintained a larger trade deficit from 
1990 to 2012. Most years’ virtual water trade volume showed a net import. Except for 1993, 1994 and 1997, 
each year saw an increase in import volume, from 112.78 × 108 m3 to 2264.88 × 108 m3 in 1990 and 2012, re-
spectively. In these 23 years, the total net virtual water volume reached 14044.98 × 108 m3, which is 3.27 times 
the total agricultural water usage and 1.53 times China’s total water supply in 2012. To reflect the contribution 
of China's virtual water trade to agricultural water use in China, we set up a linear regression model between 
agricultural water use and virtual water import in the grain trade. Through regression analysis we were able to 
calculate the effect of virtual water import on agricultural water use. The model is as follows: 

0 1i iY Xβ β µ= + +  
 

 
Figure 4. The tendency chart of virtual water trade of wheat from 1990-2012. *Source: Chinese Statistical Yearbook 1990- 
2012. 
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Table 6. Import and export volume and virtual water trade for wheat. 

Year Import and export volume (million ton) Virtual water (v.w) trade of rice (×108 m3) 

 Import Export Net-import v.w import v.w export Net-v.w import 

1990 1252.7 0.3 1252.4 148.94 0.03 148.91 

1991 1236.8 0.2 1236.6 147.05 0.02 147.03 

1992 1058.1 0.3 1057.8 125.8 0.035 125.765 

1993 642.4 8.7 633.7 76.38 1.03 75.35 

1994 729.9 10.7 719.2 86.78 1.27 85.51 

1995 1159 1.6 1157.4 137.8 0.19 137.6151 

1996 824.6 0 824.6 98.04 0 98.04 

1997 186.1 0.1 186 22.12 0.011 22.109 

1998 148.9 0.6 148.3 17.7 0.071 17.629 

1999 44.8 0.1 44.7 5.32 0.011 5.309 

2000 87.6 0.3 87.3 10.41 0.03 10.38 

2001 69 45.5 23.5 8.2 5.4 2.8041 

2002 60.5 68.8 −8.3 7.19 8.18 −0.99 

2003 42.4 223.7 −181.3 5.04 26.59 −21.55 

2004 723.3 78.4 644.9 86 9.32 76.68 

2005 351 26 325 41.73 3.09 38.64 

2006 58.4 111.4 −53 6.94 13.24 −6.3 

2007 8.3 233.7 −225.4 0.98 27.78 −26.8 

2012 3.2 12.6 −9.4 0.38 1.49 −1.11 

2009 89.4 0.8 88.6 10.63 0.09 10.53 

2010 123.1 27.7 95.4 14.63 3.29 11.34 

2011 125.8 32.8 93 14.95 3.9 11.05 

2012 370.1 0.3 369.8 44 0.03 43.97 

Total 9395.4 884.6 8510.8 1117.01 105.09 1011.9 

*Source: Chinese Statistical Yearbook 1990-2012. 
 
In the model, Yi represents the agricultural water use in year i, Xi represents the virtual water import of grain 

trade in year i, μ is the random error and β0β1 represents the variable coefficients. Taking the availability and the 
randomness of the data into consideration, we selected the years from 1996 to 2008, for which the data are as 
follows (Table 7). 

After testing, the model shows that it can meet the classical assumption of least squares. We used the Eview 
7.0 software to estimate the model parameters for the sample estimation equation. The substituted coefficients 
are as follows: 

( ) ( )1 2Y C C X= +  

3902.997 0.306i iY X= −  

The sample estimation results show that the results are analyzed and passed by T-test, and there exists a nega-
tive correlation between the independent variable Xi (virtual water import in the grain trade) and the dependent 
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variable Yi (agricultural water use). That is to say, when the virtual water import volume increases, the agricul-
tural water use will decrease, and every import of 1 × 108 m3 of virtual water will save 0.302 × 108 m3 agricul-
tural water use. 

3.2. Contribution of Virtual Water Trade to Global Water Resources 
The utilization efficiency of water resources embodied in different crops varies significantly across countries. 
Planting crops in countries with a higher water utilization efficiency and then exporting those to countries with a 
lower water utilization efficiency can save water resources on a global level. In order to reflect the contribution 
of the virtual water trade to global water resources, this paper used the method of calculating the average virtual 
water content of different crops by Hoekstra and Hung in 2003 to recalculate the virtual water trade volume in 
China from 1990 to 2012. The results revealed that the total water resources saved by the virtual water embodied 
in the international grain trade in China has reached a volume of 3353.47 × 108 m3 (Table 8). 

4. Conclusions 
This thesis employs a virtual resource approach to calculate the trade volume of virtual water in the Chinese in-
ternational grain trade from 1990 to 2012, and the following conclusion could be reached: 

Firstly, on the basis of the results of this thesis, the virtual water content in the four kinds of food crops we 
studied can be arranged from high to low as follows: soybean (3820 m3/t), wheat (1189 m3/t), rice (1014 m3/t) 
and corn (821 m3/t). 
 
Table 7. Agricultural water use and virtual water import in grains from 1996 to 2008 (×108 m3). 

Year Agricultural water use Virtual water import of grain 

1996 3889 116.77 

1997 4199 65.18 

1998 3766 151.57 

1999 3869 127.11 

2000 3783 175.46 

2001 3827 406.77 

2002 3738 539.11 

2003 3431 437.34 

2004 3584 882.65 

2005 3662 814.22 

2006 3582 1023.99 

2007 3598 1080.37 

2008 3664 1173.47 

*Source: Chinese Statistical Yearbook 1990-2008; Chinese Rural Statistical Yearbook 1990-2008; *Source: Chinese Water Resources Bulletin. 
 
Table 8. Global water saved by the Chinese international grain trade from 1990 to 2012 (1 × 108 m3). 

Grain type Import-saved Export-saved Net-import 

Wheat 115.14 −8.48 123.62 

Rice −129.89 576.28 −706.17 

Corn 49.44 −521.56 571 

Soybean 3128.66 −236.36 3365.02 

Total 3163.35 −190.12 3353.47 

*Source: Chinese Statistical Yearbook 1990-2012; Chinese Rural Statistical Yearbook 1990-2012; *Source: Chinese Water Resources Bulletin. 
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Secondly, the results reveal that the virtual water trade in the Chinese grain trade has maintained a significant 
deficit between 1990 and 2012. Excluding the years 1993, 1994 and 1997, the trade volume of virtual water 
amounted to a net import in the remaining 20 years and the net import of virtual water increased from 112.78 × 
108 m3 in 1990 to 2264.88 × 108 m3 in 2012. From 1990 to 2012, the volume of the net import of virtual water 
was 1044.98 × 108 m3, which equaled 1.53 times the overall water supply and 3.27 times the agricultural water 
consumption. This effectively addressed the problem of water resources shortages. With the import of grains, 
the import of virtual water resources is of great significance in the relief of pressure from fluctuations in grain 
production, the promotion of effective allocation of water resources all over the world and the maintenance of a 
sustainable ecological development of the environment. 

Thirdly, based on the data for agricultural water consumption and the import of virtual water, by means of 
econometric modeling, the conclusion can be reached that there exists a significant negative correlation between 
agricultural water consumption and virtual water import volume. Every unit of virtual water causes a reduction 
of 0.306 unit in agricultural water consumption. Therefore, a virtual water strategy can offer us a new way of 
saving water, as well as the guarantee of domestic water resource safety and sustainable development. 

Fourthly, the effects of water savings brought by the grain trade are not synchronous. In terms of the relation 
between the grain trade and water resources, an increase in net export volume of the former does not necessarily 
give rise to an increase in the net export volume of the latter, and conversely, an increase in the net import vo-
lume of the former does not necessarily cause an increase in the net import volume of the latter either. The key 
lies in the breed structure of grain trade imports and exports. This finding carries great significance for the de-
velopment of policies: from the aspect of improving water resource efficiency of the grain trade, policies should 
aim to adjust the breed structure of imports and exports in accordance with the water contained in each agricul-
tural product, rather than blindly pursuing the surplus or deficit of the trade volume. 
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