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Virtual Water Trade 

 There are several definitions of virtual water; ours refers to the water embedded 

in a crop 

 When an agricultural product is exported/imported, the water embedded is also 

exported/imported 

 

 A trade network of food or agricultural products is accompanied by a network of 

virtual trading of water 

 Unlike the water used and recycled, the virtual water in export goes outside the 

local water cycle. 



Water availability and water surplus 

Fig. 1 Water availability, WA, (left y axis, 

thick red line) and water surplus (WS) 

(right y axis, thin black line) for India (a) 

and China (b). The blue line  and green 

line, respectively, represents the linear 

trend for water available and water surplus 

for the respective case. The coefficients of 

linear trend are given in the brackets as 

percentage of respective mean in the 

corresponding panel.   



Sl. No. Crop  Water requirement (m3/ton) Water 

content (% 

of weight) 

Global India China   

1 Wheat 1827 2100 1597 Upto 15 

2 Rice 2414 2986 1457 14-15 

3 Barley 1423 2124 726 11-14 

4 Maize 1222 2537 1160 10 

5 Millet 4478 4029 1862 9.2 

6 Rye 1544 - 2136 Upto 15 

7 Oats 1788 - 898 12-14 

8 Sorghum 3048 6026 3048 9 

9 Buckwheat  --  --  -- 9.75 

Average      -- 2218 3300.2 1610.5 11.9 

Water footprint of the Food grains 



Virtual water export in terms of water used for production for all crops 

Fig. 2 Export (left y axis, green line) and 

import (right y axis, red line) in terms of 

water involved in production for all crops  

a, d: As percentage of total water available 

for India (a) and China (d), respectively. 

b, e: As percentage of total water required 

for production for all crops for India (b) 

and China (e), respectively. 

c, f: Export (109 m3, left y axis) and ratio 

of export to the import (right y axis, red 

line) for India (c) and China (f), 

respectively. 



Virtual water export in terms of water used for production for food grains 

Fig. 3 Export (left y axis, green line) and 

import (right y axis, red line) in terms of water 

involved in production for food grains 

a, d: As percentage of total water available for 

India (a) and China (d), respectively. 

b, e: As percentage of total water required for 

production for all crops for India (b) and China 

(e), respectively. 

c, f: Export (109 m3, left y axis) and ratio of 

export to the import (right y axis, red) for India 

(c) and China (f), respectively. 



Figure 4 Export (green line) and import 

(red line) of actual water through export and 

import of food grains (as available in end-

products of crops) for India and China as 

percentage of available water (top panel) 

and percentage of total water used for 

production (bottom panel).  

Virtual water export in terms of Actual water embedded in the crops 



Figure 5 Trade balance in terms of total water involved in production as percentage 

of water available for all crops (a) and food grains (b) for India (green line) and China 

(red line). 

Virtual water trade balance (net Export) 



Figure 6 Simulation (1960-2010) and projection of 

water availability (2010-2200) (as percentage water 

demand) for all crops (left panels) and food grains 

(right panels) for two values of per capita food 

consumption  

a, b: current and 650 kg/capita/year of all crops for 

India (a) and China (b).  

c, d:  current and 180 kg/capita/year of food grains for 

India (c) and China (d).  

The horizontal long dash line represents the level at 

which the water demand equals the total water 

available.  

Simulation and projection of water availability and population 

The inset figure in each panel shows the simulation (solid line) and observation of the water availability as percentage of water 

demand for the annual per capita food consumption of all crops and food grains for the respective country; the correlation 

coefficient between simulation and observation is given in the bracket.  



Time scale for loss of water sustainability through Net export 

Figure 7 Time scales for India for loss of water 

sustainability through virtual net export in terms of water 

involved in production for all crops (a) and food grains (b), 

and in terms of water content in end-products for all crops 

(c) and food grains (d) equals to water surplus for all food 

crops (top panels) and food grains (bottom panels). The net 

export is projected by taking three different values of net 

export: Average (1990-2009, blue line), maximum (1990-

2009, green line) and current (2005-2009; average, red line). 

We have taken 350 kg/capita and 150 kg/capita/year, 

respectively, per capita consumption of all crops and food 

grains. The vertical dash line represents the current 

population. 



Time scale for loss of water sustainability through Export 

Figure 8 Time scales for India for loss of water 

sustainability through virtual export in terms of water 

involved in production for all crops (a) and food grains (b), 

and in terms of water content in end-products for all crops 

(c) and food grains (d) equals to water surplus for all food 

crops (top panels) and food grains (bottom panels). The 

export is projected by taking three different values of 

export: Average (1990-2009, solid line), maximum (1990-

2009, dotted line) and current (2009; long dash line). We 

have taken 350 kg/capita and 150 kg/capita/year, 

respectively, per capita consumption of all crops and food 

grains. The vertical dash line represents the current 

population. 



Time 

scale 

  

  

Sustainability 

water export 

scenarios 

  

  

Time (in years) for export scenario 

Average export 

(1995-2010) 

Maximum export 

(1961-2010) 

Current export 

(Average 2005-

2010) 

Food 

grains 

All 

crops 

Food 

grains 

All 

crops 

Food 

grains 

All 

crops 

NCA WEC ~WA 1505 889 747 431 1086 564 

NCP WEC ~ WP 467 527 232 255 337 335 

NCS WEC ~ WS 1089 378 540 183 786 240 

NTA WE ~WA 197 133 91 59 132 85 

NTP WE ~WP 62 79 28 35 41 51 

NTS WE ~WS 143 57 66 25 96 37 

Table 1 Time scales for water export in 

terms of water content in end-product 

(WEC) and total water involved in 

production of exports (WET) to equal 

total water available (WA) and current 

water required for production (WPF) and 

the water surplus (WS) for India for three 

different scenarios of export of 

agricultural products (all crops and food 

grains): average (1990-2009), maximum 

(1990-2009) and current (2005-2009, 

average) of export. 

Time scales for loss of water sustainability 







Virtual Trade and Water Sustainability 

 A net export of water through export of agricultural products, as in the case of 

India, can lead to slow but irreversible loss of water sustainability 

 

 The time scales for loss of water sustainability through virtual export is less than 

300 years for water requirement and less than 500 years for water available 

 

   Increase in food demand, and reduction in surface water due to climate change 

can further reduce these time scales 

 Careful Trade Management can lead to zero or positive (more import) Trade 

balance in virtual water through agricultural trade 
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