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Summary 
 

Virtual water is the volume of water used to produce a commodity or service. By importing agricultural 

commodities and the virtual water embedded in them, a country saves the water it would have required to 

produce those commodities domestically. Virtual-water ‘trade’, thus, has the potential to relieve water stress and 

improve water security. 

 

The present research critically evaluates the strategic importance and implications of green water (soil water) in 

relation to international crop trade. Even if, traditionally, emphasis has been given to irrigation systems, today 

most global crop production is rain-fed. Besides having a lower opportunity cost, green water use for the 

production of crops is considered more sustainable than the use of blue water (irrigation). Although green water 

represents the largest share of virtual water in the international trade of agricultural commodities, with exports 

going from highly productive rain-fed rich countries towards generally blue water based ones, green water 

volumes have rarely been estimated.  

 

The present study corroborates that green water is by far the largest share of virtual water embodied in maize, 

soybean and wheat exports from the USA, Canada, Australia and Argentina during the period 2000-2004. 

Accordingly, green virtual-water flows can play a major role in ensuring water security and saving water in 

water-deficit economies. The potential of international green virtual-water ‘trade’ for saving water and 

improving water security, however, is constrained by factors such as technology, the potential for further 

increases in the productivity, the level of socio-economic development, national food policies and international 

trade agreements. 





 

1. Introduction  
 

There is a growing body of literature focusing on the concept of virtual water and on its potential contribution to 

saving water and ensuring water security, specially in water-short nations (Hoekstra, 2003; Hoekstra and 

Chapagain, 2008). Few of them, however, focus on the strategic importance of green water (soil water) in 

relation to international commodity trade (De Fraiture et al., 2004; Allan, 2006; Chapagain et al., 2006b; 

CAWMA, 2007).  

 

The virtual-water content of a product (a commodity, good or service) refers to the volume of water used in its 

production (Allan, 1997; 1999; Hoekstra, 1998). Building on this concept, virtual-water ‘trade’ represents the 

amount of water embedded in products traded internationally (Hoekstra, 2003; Hoekstra and Hung, 2002; 2005). 

International trade can save water globally if a water-intensive commodity is traded from an area where it is 

produced with high water productivity (resulting in products with low virtual-water content) to an area with 

lower water productivity (Oki and Kanae, 2004; De Fraiture et al., 2004; Chapagain et al., 2006a; Yang et al., 

2006). Thus, a nation can preserve its domestic water resources by importing a water intensive product instead 

of producing it domestically. This is particularly relevant to arid or semi-arid countries with scarce water resources.  

 

It is important to establish whether the water used proceeds from rainwater evaporated during the production 

process (green water) or surface or groundwater evaporated as a result of the production of the product (blue 

water) (Falkenmark, 2003). Traditionally, emphasis has been given to the concept of blue water by focussing on 

the “miracle” of irrigation systems. However, an increasing number of authors highlight the importance of green 

water (Rockström, 2001; Falkenmark and Rockström, 2004; Allan, 2006; CAWMA, 2007). It is more and more 

upheld that green water represents the largest share of virtual water in the international trade of agricultural 

commodities, with exports going from green water rich countries towards generally blue water based 

economies. As the use of green water in the production of crops is considered more sustainable than the use of 

blue water, upgrading the green water concept could contribute to better informed decisions on the efficient 

allocation and use of water resources.  

 

Even if recent studies emphasise the importance of green water on ensuring water and water-dependent food 

security through sustaining rain-fed crop production (Falkenmark and Rockström, 2004; CAWMA, 2007; 

Rockström et al., 2007), hitherto, green water volumes have rarely been estimated. The present research 

analyses the current importance of green water within international agricultural crop trade. 

 

This research builds on earlier studies, which roughly estimated the share of green water in global agricultural 

production (Rockström et al., 1999; Chapagain and Hoekstra, 2004; De Fraiture et al., 2004). Chapagain et al. 

(2006b) have carried out detailed calculations of the green water volumes for cotton production. The present 

work complements these studies estimating the green and blue virtual-water content of maize, soybean and 

wheat exports from the USA, Canada, Argentina and Australia, which are the main exporting countries of these 

crops. 
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The report is structured as follows. The method of the research is described in Section 2. Section 3 first 

estimates the proportion of green and blue water embedded in the selected commodities and countries during 

2000-2004. It then analyses virtual-water exports from the exporting countries, virtual-water savings in the 

importing countries and water savings from a global point of view. The final section concludes that green water 

use is the bulk of virtual water in the present international trade in maize, soybean and wheat for major 

exporting countries, and that global and national water and food security is influenced by several factors, being 

trade barriers, the level of socio-economic development and the type of regulatory policy within each country 

among the most important. 

 



 

2. Method  
 

This study quantifies both the green and blue water components of the virtual-water content of maize, soybeans 

and wheat exports from the USA, Canada and Argentina and of wheat exports from Australia over the period 

2000-2004. Although the chosen crops do not have the highest embedded water contents, they do use the most 

water globally after rice (rice 21 per cent, wheat 12, maize 9 and soybean 4) (Hoekstra and Chapagain, 2007b; 

2008). Major exporting countries were chosen for the study: USA, Argentina and Canada contributing 69 per 

cent to the global exported maize, 63 per cent to soybeans and, together with Australia, 49 per cent to wheat 

(Table 1). The volume of virtual-water ‘trade’ depends upon the virtual-water content of the product traded and 

the physical volume of trade.  

 

2.1. Virtual-water content  

 

The virtual-water content of a product is calculated using the methodology developed by Hoekstra and Hung 

(2002; 2005) and Hoekstra and Chapagain (2007b; 2008). The virtual-water content of primary crops (m3/ton) 

has been calculated as the ratio of the volume of water used during the entire period of crop growth (crop water 

requirement, m3/ha) to the corresponding crop yield (ton/ha) in the producing country. The volume of water 

used to grow crops in the field has two components: effective rainfall (green water) and irrigation water (blue 

water).  

 

The total crop water requirement, together with the effective rainfall and irrigation requirements per country 

have been estimated using the CROPWAT model (Allen et al., 1998; FAO, 2003a). The calculation has been 

done using climate data for the major crop-producing states or provinces (Table 1) and a specific cropping 

pattern for each crop according to the type of climate. The climate data have been taken from the CLIMWAT 

database (FAO, 2003b) for the most appropriate climatic stations located in the major crop producing regions of 

each state or province (USDA, 2006) (Table 1). For states or provinces with more than one climate station, the 

data for the relevant stations have been equally weighed assuming that the stations represent equally sized crop-

producing areas. The actual irrigation water use (FAO, 2007a) is taken equal to the irrigation requirements as 

estimated with the CROPWAT model for those countries where the whole harvesting area is reportedly irrigated 

(Chapagain et al., 2006b). In the countries where only a certain fraction of the harvesting area is irrigated, the 

actual irrigation water use is taken equal to this fraction times the irrigation water requirements (ibid.).  

 

The ‘green’ virtual-water content of the crop has been estimated as the ratio of the green water use to the crop 

yield, where green water use is equal to the minimum of effective rainfall and crop water requirement 

(Chapagain et al., 2006b). The ‘blue’ virtual-water content of the crop has been taken equal to the ratio of the 

volume of irrigation water used to the crop yield (ibid.). Both green and blue virtual-water contents have been 

estimated separately by state or province. Then, national average green and blue virtual-water contents have 

been calculated on the basis of the respective share of each state or province to the national production 

(Chapagain et al., 2006b). The major crop producing states or provinces combined accounted for about 90 per 

cent of the total national production (Table 1). In the case of the USA, winter and spring wheat were separately 
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calculated and weighted according to the share of each to the national production. The total virtual-water content 

of primary crops is the sum of the green and blue components. 

 

2.2. Virtual-water flows related to trade 

 

In order to assess the virtual-water flows between nations, the basic approach has been to multiply international 

trade volumes (ton/year) by their associated virtual-water content (m3/ton) for the 2000-2004 period. It is thus 

assumed that states or provinces within a country contribute to the national export in proportion to their total 

production. 

 

2.3. Data sources and shortcomings 

 

The estimates of the virtual-water contents of crops have a number of shortcomings due to a lack of available 

data. First, there are no climatic stations in every harvested region. Climate data of the producing country are 

taken from the CLIMWAT database (FAO, 2003b), which provides data restricted to a number of climatic 

stations. Second, in the case of USA winter wheat, cropping calendars do not fit the crop parameters available. 

Concerning crop parameters, crop coefficients for different crops are taken from FAO (Allen et al., 1998; FAO, 

2003a) and crop lengths from the work of Chapagain and Hoekstra (2004). In the case of the USA, the planting 

dates and cropping calendar are taken from USDA (2007). According to USDA (2007), however, USA winter 

wheat has long crop periods that do not fit neither crop parameters per climatic region (Chapagain and Hoekstra, 

2004) nor FAO parameters (Allen et al., 1998; FAO, 2003a). USA winter wheat crop lengths have been adjusted 

accordingly. Third, losses from irrigation systems are not available. Data on water withdrawals, taken from 

AQUASTAT database (FAO, 2007a), are thus assumed to be equal to the consumption. As for the rest of the 

data no problem was found. Data on average crop yield and production by state or province are taken from 

Statistics Canada (2007), USDA (2007), SAGPyA (2007) and USDA-FAS (2007), and data on international 

trade from the FAOSTAT database (FAO, 2007b). 

 



 

3. Proportion of green water in international crop trade 
 

3.1. Virtual-water content of maize, soybean and wheat in the major exporting countries 

 

Virtual-water flows are assessed on the basis of the virtual-water content of the products in the exporting 

countries. First of all, the results of the present study are analysed and compared with those obtained by 

Chapagain and Hoekstra (2004) (Table 1). No other analogous study was found in the literature. Table 1 

summarises the virtual-water content (m3/ton) of maize, soybean and wheat for the USA, Canada, Argentina and 

Australia over the period 2000-2004 as estimated by the present study against the results of Chapagain and 

Hoekstra (2004) for the same countries and crops during 1997-2001. According to expectations, since both 

studies use the same methodology, similar outcomes have been obtained except for USA wheat. Its higher 

virtual-water content is probably due to the fact that the present research uses longer winter wheat growing 

periods according to USDA (2007). 

 

The average virtual-water content of the crops in the selected countries gives a first rough indication of the 

relative impacts of the various production systems on water (Chapagain et al., 2006b). In this sense, local data 

on productivities can tell where water use per unit of product is relatively large and where small (Hoekstra, 

2007). The water need per unit of product depends on both climate and water-use efficiency (ibid.) Apart from 

reducing water use through adjusting consumption patterns or using water more efficiently, the reduction of 

water use by producing where the climate is most suitable is one of the options in order to save water at a 

national or global level (Hoekstra, 2007; Hoekstra and Chapagain, 2008). The water use for crop production 

thus differs considerably among countries. In principle, and coinciding with the results of Chapagain and 

Hoekstra (2004), soybean and wheat production is most attractive in Argentina due to its higher water 

productivity (Table 1). That is, products are water-extensive because they require less water in their production 

and therefore have low virtual-water content. Maize from Argentina, soybeans from Canada and wheat from the 

USA are the most water-intensive. When comparing different crops, maize appears to be the most water-

extensive in all the selected countries, in line with the results of Chapagain and Hoekstra (2004). 

 

No comparable results were found for green and blue water content in the literature. Since green water generally 

has a lower opportunity cost than blue water, it is useful to look at the ratio of green to blue water content for the 

selected crops and countries (Table 1). In all the studied countries green water is by far the dominant use, 

displaying in all cases ratios larger that one. For maize, the largest ratio of green to blue water content is found 

in Canada, which thus has the lowest impact per unit of crop. This is probably due to the reasonable yields under 

largely rain-fed conditions. For soybean, Canada and Argentina have comparable green to blue water ratios, 

considerably higher than the USA. Concerning wheat production, Argentina has the highest ratio. When 

comparing neighbouring countries from a water resources perspective, all the studied crops from Canada are 

preferable over those from the USA due to better growing conditions (smaller irrigation requirements). 

Although Canada achieves lower crop yields per hectare than the USA, its blue water requirements per ton of 

product are lower (Table 1). 
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3.2. Water use for export in the major exporting countries 

 

The nations with the largest water loss in relation to maize, soybean and wheat exports during the period 2000-

2004 are the USA (108 km3/year), Argentina (23 km3/year), Australia (just accounting for wheat - 23 km3/year) 

and Canada (17 km3/year) (Table 1). Following Chapagain et al. (2006a) the term ‘national water loss’ refers to 

the fact that water used for producing commodities consumed by people in other countries is not available 

anymore for domestic purposes. Export of agricultural products entails that national water resources are lost 

whereas import of agricultural products saves national water resources (Chapagain et al., 2006a). The terms 

‘loss’ is not to be interpreted in terms of economic loss, but in a physical manner (ibid.). National water losses 

may be positive or negative from an economic perspective depending on the context. In line with Chapagain et 

al. (2006a) water losses are positive in economic sense if the benefit in terms of foreign earnings they provide is 

outweighed by the opportunity costs of water use and the negative externalities left at the production site. Even 

if there is a net global water loss from an exchange, there might be a saving of blue water at the cost of a greater 

loss of green water or vice versa (ibid.).  

 

Figure 1 shows the proportion of green and blue virtual-water losses by crop and country. Noticeably, virtual-

water exports are overwhelmingly “green” in all the studied countries and crops. This indicates that crop 

production in the selected countries is dominantly rain-fed and that it is mostly green water that is exported. On 

the whole, these green water losses can be positively evaluated in economic terms since they are efficient in 

terms of opportunity costs of water use and reasonably efficient with regard to negative externalities (Yang et 

al., 2006). Unlike blue water, green water cannot be automatically reallocated to other uses besides natural 

vegetation or alternative rain-fed crops (De Fraiture et al., 2004). Since blue water resources are generally 

scarcer, when exporting countries use green water resources they incur a lower opportunity cost in water use, 

holding other factors constant (Chapagain et al., 2006a). In terms of water resource use, trading “green virtual 

water” is more efficient than “blue virtual water”, keeping other conditions constant (Yang et al., 2006). 

Concerning the potential negative externalities in these rain-fed countries, they are relatively small even if there 

is an increased risk of loss of natural environments (Rosegrant et al., 2002; De Fraiture et al., 2004).  

 

In the cases of Canada and Argentina, the proportion of the blue virtual-water exports is relatively small (Figure 

1). Wheat exports constitute the main source of water loss for Canada, which is almost entirely rain-fed since it 

can be grown in cool seasons, with low water requirements (Chapagain et al., 2006a). The national water loss 

for Argentina is mainly the result of soybean exports, which is also almost entirely rain-fed. In the case of 

Australia, almost one third of total wheat exports are blue water resources (surface and ground water). The USA 

accounts for more than three quarters of all studied water losses related to maize and soybean exports and over a 

half of the water loss related to wheat export, making the country by far the biggest water user for export. Even 

if USA’s food production is dominated by rain-fed agriculture, in recent years irrigation has seen a significant 

increase (FAO, 2007a). This case thus deserves particular attention. 
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Figure 1. Green and blue water proportion in the virtual-water embedded in the maize, soybean and wheat 
exports of main exporting countries (km3/year). The size of the pie is determined by the exported amount of 
virtual water. Period 2000-2004. 
 

The USA 

As mentioned before, the USA like the rest of the largest exporting countries, is mainly based on green water 

resources. Maize and soybeans are grown without irrigation due to the exceptionally favourable agroclimatic 

conditions of the “corn belt” (Seckler et al., 2000) and exported in large quantities. The “corn belt” refers to the 

Midwest of the USA, primarily including the States of Iowa, Indiana, Illinois, and Ohio, where maize and 

soybeans are the predominant crop (Encyclopaedia Britannica, 2007). In this region, both maize and soybeans 

present a large green to blue water use ratio (Figs. 2 and 3). The use of green water has no major competition 

with other uses. This type of loss of the national water resources is unlikely to be questionable from an 

economic perspective, due to its low opportunity cost (Chapagain et al., 2006a).  
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Figure 2. Green and blue water resource use for the USA maize production by state (m3/ton). The size of each 
pie reflects the state contribution to the national production. 
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Figure 3. Green and blue water resource use for the USA soybean production by state (m3/ton). The size of each 
pie reflects the state contribution to the national production. 
 

Although crop production in the USA is mainly rain-fed, irrigation has notably increased in recent years (FAO, 

2007a). Nowadays, irrigated agriculture is a major user of ground and surface water in the USA, accounting for 

80 per cent of the nation's consumptive water use and over 90 per cent in many Western States (USDA/ERS, 

2007). Overexploitation of water resources has occurred in many regions. In the central and western part of the 

country many open-access common-pool resources such as rivers and aquifers have been over-exploited causing 

water resource depletion and environmental degradation (Figs. 4 and 5) (Ostrom, 1990). For instance, the heavy 

use of the Colorado river as an irrigation source for the Imperial Valley (region of South-eastern California) has 

desiccated the lower course of the river in Mexico. Another example is the groundwater pumping in excess of 

recharge, which has caused significant groundwater depletion in the Western United States (Rosegrant et al., 
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2002), such as the mining of the Ogallala Aquifer1. Groundwater overdraft can lead to significant problems in 

both water quality and water availability; thus, excessive groundwater use is a critical policy issue in balancing 

water uses for food production and the environment (Rosegrant et al., 2002). 
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Figure 4. Green and blue water resource use for the USA winter wheat production by state (m3/ton). The size of 
each pie reflects the state contribution to the national production. 
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Figure 5. Green and blue water resource use for the USA spring wheat production by state (m3/ton). The size of 
each pie reflects the state contribution to the national production. 
 

                                                        
1 The Ogallala Aquifer is one of the world's largest aquifers, lying under about 450,000 km² in portions of the eight states of 

South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas. The regions overlying the 

Ogallala aquifer are some of the most productive regions for growing corn, wheat and soybeans in the United States (often 

called the "breadbasket of America"). Some areas do not have adequate precipitation and do not always have perennial 

surface water for diversion, therefore, depending on pumping groundwater for irrigation. Today, water is being extracted at 

rates exceeding by far the natural replacement rate. 
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The negative externalities of water use, such as water depletion, are generally neither internalized into the price 

of water nor translated into the price of products, with sometimes an exception for the costs made for 

wastewater treatment (Hoekstra, 1998; Chapagain et al., 2006a). The USA partially utilizes treated recycled 

sources of water for agriculture in order to reduce the amount of water use (USDA/ERS, 2007). Given the 

general lack of proper water pricing mechanisms or other ways of transmitting production-information, 

consumers have little incentive to take responsibility for the impacts on remote water systems (Chapagain et al., 

2006b).  

 

This “Tragedy of the Commons” (Hardin, 1968) can be overcome by strengthened private or public property 

rights. Water prices are a powerful tool for influencing water demand in domestic, industrial, and agricultural 

sectors, and therefore in determining the availability of water for the environment  (Rosegrant et al., 2002). 

Policies including water pricing or allocation programs, reflect scarcity conditions and encourage users to 

consider those values reaching the optimum level of water use  (Seckler et al., 2000; Rosegrant et al., 2002; 

CAWMA, 2007). Since societal water needs and aquatic ecosystems are blue-water dependent whereas land use 

and terrestrial ecosystems are green-water dependent, and changes in land use affect green water flows and 

determine the available blue water flows further downstream, it is essential to address the land/water linkages 

(Falkenmark, 2003; Falkenmark and Rockström, 2004). Freshwater management has to be integrated with the 

management of ecosystem dynamics. This is equivalent to finding ways and means to merge water management, 

land-use management and ecosystem management (terrestrial as well as aquatic) within a socio-ecohydrological 

catchment management (Falkenmark, 2003). 

 

3.3. Water saving in the importing countries 

 

Importing countries are more diverse than exporting countries: 37 countries account for 90 per cent of maize 

imports, 22 of soybean and 55 of wheat. The top-10 importing countries include Japan, China, Korea, Egypt, 

Netherlands, Spain and Mexico. The maps presented in Figures 6 to 8 show the virtual-water flows to the five 

major importing countries for the studied crops for the period 2000-2004. The figures show the composition of 

the virtual-water flows in terms of blue and green shares. 

 

By importing virtual water embodied in agricultural commodities, a nation “saves” the amount of water it would 

have required to produce those commodities domestically. This is relevant since in importing countries the 

opportunity cost of blue or irrigation water is generally high. Moreover, excessive irrigation can cause severe 

environmental problems such as water depletion, salinisation, water logging or soil degradation. Though from 

an importing country perspective it is not relevant whether products have been produced using green or blue 

water in the country of origin, from a global point of view it has important implications (Chapagain et al., 

2006a). This will be considered here in the case of Egypt’s national water saving in relation to wheat import. 
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Figure 6. Green and blue virtual-water flows related to maize trade by major exporting and importing nations 
(km3/year). The size of each pie is determined by the amount of virtual water traded. Countries with virtual-water 
exports are depicted in green and countries with virtual-water import in red; the colour shade depends on the 
quantity of virtual water traded. Period 2000-2004. 
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Figure 7. Green and blue virtual-water flows related to soybean trade by major exporting and importing nations 
(km3/year). The size of each pie is determined by the amount of virtual water traded. Countries with virtual-water 
exports are depicted in green and countries with virtual-water import in red; the colour shade depends on the 
quantity of virtual water traded. Period 2000-2004. 
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Figure 8. Green and blue virtual-water flows related to wheat trade by major exporting and importing nations 
(km3/year). The size of each pie is determined by the amount of virtual water traded. Countries with virtual-water 
exports are depicted in green and countries with virtual-water import in red; the colour shade depends on the 
quantity of virtual water traded. Period 2000-2004. 
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Egyptian wheat imports 

Egypt is the largest importer of wheat, with the USA and Australia providing about 45 and 20 per cent of the 

country’s imports, respectively (Fig. 8). Wheat from Egypt has an average virtual-water content of 930 m3/ton 

(Chapagain et al., 2006a), while the USA and Australia display virtual-water contents for wheat of 1707 and 

1502 m3/ton, respectively (Table 1). Exports to Egypt from these two countries result in a considerable net 

global water loss (777 and 572 m3 per ton, respectively). With a mean rainfall of 18 mm/year and an almost fully 

irrigated agriculture (annual supply from Lake Nasser is about 55.6 km3), all water used for wheat in Egypt is 

considered blue water, and the green component is considered to be zero (CAWMA, 2007). Accordingly, wheat 

imports to Egypt result in exclusively green water losses of 777 m3 per ton traded from USA and 572 from 

Australia. While all the water savings for Egypt are blue: 251 m3 of water per ton imported from USA and 525 

from Australia. Wheat import into Egypt is therefore saving scarce blue water resources and making use of 

effective rainfall (green water) in the partner countries. The net global water loss related to the wheat export 

from the USA and Australia to Egypt results from the fact that the volume of blue water resources that would 

have been required in Egypt to produce domestically is replaced by a larger volume of green water resources 

actually used in these countries. Blue and green water resources fundamentally differ in terms of possible 

application and thus opportunity cost (Chapagain et al., 2006a). In this context, the import of wheat in Egypt is 

contributing to national water saving, specifically blue water saving. From an economic point of view, the 

opportunity cost of the water resources being saved should be more or at least equal to the price paid for it 

(ibid.). The import of wheat in Egypt still should be assessed including other factors of production such as land 

and labour (ibid.). Greenaway et al. (1994) and Wichelns (2001) have shown that the production of wheat has a 

comparative disadvantage in Egypt. As the saving is exclusively in blue water, the marginal utility of the saved 

water may justify the import. Along these lines, Egypt, as some other water-scarce importing countries, has 

formulated policies to import low value but high water consuming food like cereals (Van Hofwegen, 2005).   

 

Even if it increases the dependency on other nations, virtual-water imports could be used by governments as a 

tool to release the pressure on their domestic water resources (Chapagain and Hoekstra, 2004). Virtual-water 

‘trade’ between or within nations could also be seen as an alternative to inter-basin water transfers (Ma et al., 

2006). This is for instance very relevant for China, where major real water transfer schemes (from the south to 

the north of China) are being considered (ibid.). Application of the idea of virtual-water ‘trade’ could have a 

positive impact on the management practice of international river basins as well (Nakayama, 2003).   

 

Even if the potential of trade to “save” water at national level is substantial, most international food trade occurs 

for reasons not related to water resources (CAWMA, 2007). International trade in agricultural commodities 

mainly depends on factors such as availability of land, labour, technology, the costs of engaging in trade, 

national food policies and international trade agreements (Hoekstra and Hung, 2005). For example, a highly 

water-stressed country like Egypt saves water through grain imports from the United States (CAWMA, 2007). 

Mexico also saves water by importing wheat and maize from the USA (Chapagain and Hoekstra, 2004), though 

the main driver of this imports is more likely to be NAFTA than a desire to save Mexican water resources 

(Foreign Affairs and International Trade Canada, 2007). Japan is the world’s biggest grain importer and a land-

scarce country (Oki and Kanae, 2004). China is the main soybean importer (Fig. 7) with a total use of domestic 



Strategic importance of green water in international crop trade / 23 

 

water resources composed of 59 per cent green and 41 per cent blue water (Hoekstra and Chapagain, 2008). For 

all these countries (Figs. 6 to 8), trade seems to make sense from both a water resources and an economic point 

of view. However, even if there is no net water loss, importing maize from USA to Canada generates a loss of 

blue water since crop conditions are more favourable in the latter. Reasons other than an optimal use of water 

resources, such as NAFTA or lower transportation costs, may explain these trade flows (Foreign Affairs and 

International Trade Canada, 2007).  

 

A complicating factor with respect to rural economies and the use of water, mainly green water, is the USA and 

EU support to their agricultural sectors. This support adversely affects the rural economies of other countries, 

especially poor countries vulnerable to fluctuations in world market prices (Allan, 2001). Farmers in these 

countries cannot compete with subsidised commodities that depress local prices and reduce domestic production 

(Rosegrant et al., 2002). The current global virtual-water ‘trade’ is primarily among the countries above the low-

income level in the World Bank country classification. Countries with low-income levels are minor participants 

(Yang et al., 2006). As Allan (2006) points out, socio-economic development is a prerequisite to access virtual 

water in the global system. Some poor countries, such as Sub-Saharan Africa have yet to “take off” as Asia and 

Latin America did earlier (CAWMA, 2007). Finally, the two major factors contributing to increased food 

demand and to increased water use for food production, are population growth and changes in diets, shifting 

consumption patterns towards water-intensive livestock products, fish and high-value crops, as living standards 

improve (Hoekstra, 2003). The use of cereals and oilseeds for biofuel production can also contribute to an 

increase in the overall demand for agricultural commodities and to pressures on water resources (De Fraiture et 

al., 2007; Gerbens-Leenes et al., 2008).  

 

3.4. Global water saving  

 

Few are the studies that focus on virtual-water volumes at a global level. Those that do conclude that global 

trade in agricultural commodities saves water as a whole (Oki and Kanae, 2004; De Fraiture et al., 2004; 

Chapagain et al., 2006a; Yang et al., 2006). Very little, however, has been said about the opportunity cost of the 

associated water. Some trade flows may be more optimal than others because of the higher opportunity cost of 

the water being saved (Chapagain et al., 2006a). Chapagain and Hoekstra (2004) broadly estimated that nearly 

67 per cent of the water used for crop production worldwide is green water, which has a lower opportunity cost 

compared to blue water use. This estimate is akin to the two thirds estimated by Rockström et al. (1999) and the 

66 per cent in cereal production calculated by De Fraiture et al. (2004). In line with these studies, the present 

research shows that green water largely dominates the virtual water embodied in maize, soybean and wheat 

exports from major exporting countries, amounting to about 77 per cent of the total flow. When looking at each 

commodity individually, 81 per cent of maize, 86 per cent of soybean and 70 per cent of wheat exports represent 

green water. Thus, by adding estimates for three different commodities, this study complements the work of 

Chapagain et al. (2006b) for cotton. Their study concluded that international virtual water embedded in cotton 

products, mainly grown in dry and warm regions, is constituted by 40 per cent green water and 43 per cent blue 

water, the remainder referring to grey water (pollution of water). 
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Accordingly, and as advanced by De Fraiture et al. (2004), this study corroborates that international trade in 

agricultural commodities has a positive net impact on global water use. This is because major exporters produce 

more efficiently than major importers and, in line with the present results, because major exporters produce 

under relatively favourable productive rain-fed conditions while most importers would have relied (at least 

partially) on irrigation (ibid.). Rain-fed agriculture, with some of the highest yields in several regions, holds 

great under-exploited potential for increasing water productivity through better water management practices –

gaining more yield and value from water (CAWMA, 2007). This is an effective means of intensifying 

agricultural production and reducing environmental degradation (ibid.). Only when trade results in a reduction 

of irrigation water depletion, is it proper to speak of “real” water savings (De Fraiture et al., 2004). 

 

The volume of international trade in agricultural commodities is increasing faster than the global volume of 

production, pointing to a growth of international dependencies in food supply (Hoekstra and Chapagain, 2007a). 

Implicitly it also implies growing international water dependencies with regard to water supply (ibid.). By 

importing food, countries also import and save water in virtual form (Hoekstra and Chapagain, 2007a). 

Supporters of virtual water imports to water-scarce countries see interdependence between nations as a way to 

improve water resources management (Allan, 2003). However, virtual-water flows present a number of potential 

drawbacks. According to Hoekstra and Chapagain (2007a) these include reduced access to food by the poor, 

increased risk of environmental impact in exporting countries and moving away from food self-sufficiency. 

Self-sufficiency, though, is not an option for countries with rapidly expanding populations, especially if they are 

poor. 

 

Virtual-water ‘trade’ between nations, based on the principle of comparative advantage in water availability, has 

the potential to improve global water use efficiency and to achieve water security in water-poor regions of the 

world (Hoekstra and Hung, 2005; Chapagain et al., 2006a). In this context, and in line with Allan (2006), the 

present findings reveal that the green water component of the virtual water embodied in international trade of 

agricultural commodities plays a major role in ensuring water security in water deficit economies. However, 

global green water is just one potential means of making water security possible for water scarce regions. 

Besides, the process can only operate effectively for the economies that achieve a level of socio-economic 

development to enable the trade in water intensive commodities (Allan, 2006). 

 



 

 

4. Conclusion 
 

Within the context of recent studies on virtual-water trade, the present research critically evaluates the strategic 

importance and implications of green virtual water in relation to international crop trade. Even if traditionally 

emphasis has been given to the “miracle” of irrigation systems, today most global crop production is rain-fed 

(Falkenmark and Rockström, 2004). As well as having a lower opportunity cost, the use of green water in the 

production of crops is considered more sustainable than the use of blue water (Yang et al., 2006; Zygmunt, 

2007). The optimality of virtual-water flows, thus, depends on whether, and how, green and/or blue water are 

used for crop production, determining the opportunity cost of the water being saved (Chapagain et al., 2006a).  

 

Although green water represents the largest share of the virtual-water flows related to the international trade of 

agricultural commodities, with exports going from green water-rich countries towards generally blue water 

based ones, green water volumes have rarely been estimated. In this context, the present study corroborates that 

green water is by far the largest share of virtual water embodied in maize, soybean and wheat exports from the 

USA, Canada, Australia and Argentina during the period 2000-2004. 

 

At the national level, green water losses in rain-fed based countries are positively evaluated in economic terms 

since green water use not only has a lower opportunity cost but it also causes less negative externalities than 

blue water use (Yang et al., 2006). However, even if in relatively small amounts, blue water continues to be 

exploited in the selected countries regardless of the negative externalities its use generates and in spite of its 

higher opportunity cost. National policies that link land/water management and introduce water pricing would 

achieve a more efficient allocation of water resources while avoiding wasteful outcomes (Falkenmark, 2003).  

 

At the global level, previous studies roughly estimated that two thirds of the total volume of water used for crop 

production is green water (Rockström et al., 1999; Chapagain and Hoekstra, 2004; De Fraiture et al., 2004). The 

present research shows that green water amounts to about three quarters of the total virtual water embodied in 

major maize, soybean and wheat exports. Furthermore, by adding estimates for three different commodities, this 

study complements the work of Chapagain et al. (2006b) for cotton. Accordingly, and in line with De Fraiture et 

al. (2004), this study confirms that, if based on rain-fed crop production, international trade in agricultural 

commodities has the potential to reduce irrigation water demand. Accordingly, green water ’flows‘ can play a 

major role in ensuring water security in water deficit economies (Allan, 2006). However, green water is just one 

of several factors that contribute to water security. Other factors such as technology, the potential for further 

increases in the productivity of soil water and irrigation water, national food policies and international trade 

agreements also need to be considered (Hoekstra and Hung, 2005). 

 

In conclusion, even if nowadays water is seldom the dominant factor determining ‘trade’ of water-intensive 

commodities, it can become increasingly important in a context of greater scarcity and demand (CAWMA, 

2007). International green virtual-water ‘trade’ provides water-short countries with an option for ensuring water 

and food security. At present, however, this option is far from being fully exploited due to the absence of more 

virtual water-friendly international trade regimes with equal access to global markets. Other obstacles are 
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formed by the inadequacy of water pricing structures worldwide and the agricultural subsidies in the EU and 

USA. Further, the low levels of socio-economic development and poverty of many economies impede these 

economies from availing of the virtual-water ‘trade’ solution (Allan, 2006). The importance of international 

green virtual-water ‘trade’ and its contribution to water security in the future will, therefore, depend on factors 

such as the productivity of blue and green water, water pricing, international trade agreements, the costs of 

engaging in trade, and the nature of domestic economic objectives and political considerations (CAWMA, 

2007). 
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