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Abstract. Many nations save domestic water resources by

importing water-intensive products and exporting commodi-

ties that are less water intensive. National water saving

through the import of a product can imply saving water at

a global level if the flow is from sites with high to sites

with low water productivity. The paper analyses the conse-

quences of international virtual water flows on the global and

national water budgets. The assessment shows that the total

amount of water that would have been required in the import-

ing countries if all imported agricultural products would have

been produced domestically is 1605 Gm3/yr. These prod-

ucts are however being produced with only 1253 Gm3/yr in

the exporting countries, saving global water resources by 352

Gm3/yr. This saving is 28 per cent of the international vir-

tual water flows related to the trade of agricultural products

and 6 per cent of the global water use in agriculture. National

policy makers are however not interested in global water sav-

ings but in the status of national water resources. Egypt im-

ports wheat and in doing so saves 3.6 Gm3/yr of its national

water resources. Water use for producing export commodi-

ties can be beneficial, as for instance in Cote d’Ivoire, Ghana

and Brazil, where the use of green water resources (mainly

through rain-fed agriculture) for the production of stimulant

crops for export has a positive economic impact on the na-

tional economy. However, export of 28 Gm3/yr of national

water from Thailand related to rice export is at the cost of

additional pressure on its blue water resources. Importing

a product which has a relatively high ratio of green to blue

virtual water content saves global blue water resources that

generally have a higher opportunity cost than green water.
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1 Introduction

The most direct positive effect of virtual water trade is the

water savings it generates in the countries or the regions that

import the products. This effect has been widely discussed in

virtual water studies since the nineties (Allan, 1999; Hoek-

stra, 2003). These national water savings are equal to the im-

port volumes multiplied by the volumes of water that would

have been required to produce the commodities domestically.

However, virtual water trade does not only generate water

savings for importing countries, it also means water “losses”

for the exporting countries (in the sense that the water cannot

be used anymore for other purposes in the exporting coun-

tries). The global net effect of virtual water trade between

two nations will depend on the actual water volume used in

the exporting country in comparison to the water volume that

would have been required to produce a commodity in the im-

porting country. There will be net water saving, if the trade

is from countries with relatively high water productivity (i.e.

commodities have a low virtual water content) to countries

with low water productivity (commodities with a high vir-

tual water content). There can be net additional consumption

of water if the transfer is from low to high productive sites.

The saving can also be realised with transfer of products from

low to high productive periods by storage of food, which can

be a more efficient and more environmentally friendly way

of bridging the dry periods than building large dams for tem-

porary water storage (Renault, 2003).

Virtual water trade between nations is one means of in-

creasing the efficiency of water use in the world. As Hoekstra

and Hung (2002, 2005) argue, there are three levels of water

use efficiency. At a local level, that of the water user, water

use efficiency can be increased by charging prices based on

full marginal cost, stimulating water-saving technology, and

creating awareness among the water users on the detrimental

impacts of water abstractions. At the catchment or river basin

level, water use efficiency can be enhanced by re-allocating
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water to those purposes with the highest marginal benefits.

Finally, at the global level, water use efficiency can be in-

creased if nations use their comparative advantage or disad-

vantage in terms of water availability to encourage or dis-

courage the use of domestic water resources for producing

export commodities (respectively stimulate export or import

of virtual water). Whereas much research efforts have been

dedicated to study water use efficiency at the local and river

basin level, little efforts have been done to analyse water use

efficiency at global level.

According to the theory of comparative advantage, na-

tions can gain from trade if they concentrate or specialize in

the production of goods and services for which they have a

comparative advantage, while importing goods and services

for which they have a comparative disadvantage (Wichelns,

2001, 2004). The pros and cons of the virtual water trade

should be weighed including the opportunity cost of the asso-

ciated water. Some trade flows may be more beneficial than

others purely because of the higher opportunity cost of the

water being saved. It is relevant for instance to look whether

water saved is blue or green water. Green water is the pro-

ductive use of rainfall in crop production, which, in general,

has a lower opportunity cost compared to the blue water use

(i.e. irrigation).

The average global volume of virtual water flows re-

lated to the international trade in agricultural products was

1263 Gm3/yr in the period 1997–2001 (Chapagain and Hoek-

stra, 2004). This estimate is based on the virtual water con-

tent of the products in the exporting countries. It would be

interesting to see the volume of virtual water traded interna-

tionally based on the virtual water content of the products

in the importing countries. Zimmer and Renault (2003) esti-

mated this as 1340 Gm3/yr related to the international trade

in crop and livestock products in the year 2000. These studies

only present a partial view of the global or national savings.

An estimate of global virtual water trade and resulting

global water saving was done by Oki et al. (2003) and Oki

and Kanae (2004). They estimated the global sum of vir-

tual water exports on the basis of the virtual water content

of the products in the exporting countries (683 Gm3/yr) and

the global sum of virtual water imports on the basis of the

virtual water content of the products in the importing coun-

tries (1138 Gm3/yr). This saves 455 Gm3/yr as a result of

food trade. Their study is severely limited with respect to the

methodology followed in calculating the virtual water con-

tent of a product. First, they have assumed a constant global

average crop water requirement throughout the world, be-

ing 15 mm/day for rice and 4 mm/day for maize, wheat and

barley. Thus the climatic factor, which plays a major role

in the crop water requirement of a crop, is completely ne-

glected. Secondly, they did not take into account the role of

the crop coefficient, which is the major limiting factor de-

termining the evaporation from a crop at different stages of

crop growth. The global virtual water flows and the result-

ing water savings as calculated in these studies are limited

to the international trade of four major crops (maize, wheat,

rice and barley) only. Another study on global water saving

as a result of trade is De Fraiture et al. (2004), who estimate

that international cereal trade reduces global water use by

164 Gm3/yr.

The purpose of this study is to quantify and analyse na-

tional and global water savings and losses for the period

1997–2001 with proper accounting of climate, yield, and

cropping pattern per crop per country. The study covers the

international trade of all major crop and livestock products.

The study is focused on quantifying water savings and losses

in physical units. The calculated physical savings and losses

cannot be interpreted in a straightforward manner in terms

of economic savings or losses. The calculated water savings

and losses can be valued positive or negative in an economic

sense depending on the wider context only, because the eco-

nomic efficiency of international trade of agricultural com-

modities depends on a lot more factors than water alone, such

as scarcity of land, labour, knowledge and capital, competi-

tiveness (comparative advantage) in certain types of produc-

tion, domestic subsidies, export subsidies and import taxes

and quotas.

2 Method

The virtual water content of a product is calculated using

the methodology as developed by Hoekstra and Hung (2002,

2005) and Chapagain and Hoekstra (2003, 2004). First the

virtual water content (m3/ton) of the primary crop is cal-

culated based on crop water requirement and yield in the

producing country. The crop water requirement is calcu-

lated using the methodology developed by FAO (Allen et

al., 1998). Country average data for actual vapour pres-

sure, daily maximum temperature, daily minimum temper-

ature and percentage cloud cover have been taken from the

on-line database of the Tyndall Centre for Climate Change

and Research (Mitchell, 2004). The data available here are

averages over the period 1961–1990. Data on average el-

evation, latitude and wind speed have been taken from the

database CLIMWAT (FAO, 2004a). Crop coefficients for dif-

ferent crops and crop calendars have been taken from FAO

(Allen et al., 1998; FAO, 2004b). Data on average crop yield

(ton/ha) and annual production (ton/yr) per primary crop per

country have been taken from the on-line database of FAO

(FAO, 2004c).

The virtual water content (m3/ton) of live animals has been

calculated based on the virtual water content of their feed and

the volumes of drinking and service water consumed dur-

ing their lifetime. The virtual water content of processed

products is calculated based on product fractions (ton of

crop product obtained per ton of primary crop or live ani-

mal) and value fractions (the market value of one crop or

livestock product divided by the aggregated market value of

all products derived from one primary crop or live animal).
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Mexico

Virtual water content, Vi = 2182 m3/ton

National water loss

Sn = Ve x T

       = 1275 x 488,195 

  = 0.62 x 10
9

m
3
/yr

Global water saving

Sg = T (Vi-Ve)

       = 488,195 x (2182 - 1275)

       = 0.44 x 10
9

m
3
/yr

Product trade

T = 488,195 ton/yr

National water saving

Sn = Vi x T

       = 2182 x 488,195 

= 1.06 x 10
9

m
3
/yr

USA

Virtual water content, Ve = 1275 m
3
/ton

Fig. 1. An example of global water saving with the import of husked rice in Mexico from USA.

Thailand

Virtual water content, Ve = 5455 m
3
/ton

Indonesia

Virtual water content, Vi = 3103 m
3
/ton

National water loss

Sn = Ve x T

       = 5455 x 416,350 

 = 2.27 x 10
9

m
3
/yr

Global water saving

Sg = T (Vi-Ve)

       = 416,350 x (3103 - 5455)

 = - 0.98 x 109 m3/yr

Product trade

T = 416,350 ton/yr

National water saving

Sn = Vi x T

       = 3103 x 416,350 

= 1.29 x 10
9

m
3
/yr

Fig. 2. An example of global water loss with the import of broken rice in Indonesia from Thailand.

The product fractions have been taken from the commodity

trees in FAO (2003). The value fractions have been calcu-

lated based on the market prices of the various products. The

global average market prices of the different products for the

period 1997–2001 have been calculated using trade data from

the International Trade Centre (ITC, 2004).

The national water saving 1Sn (m3/yr) of a country ni as

a result of trade of product p is:

1Sn[ni, p] = V [ni, p] × I [ni, p] − V [ni, p] × E[ni, p](1)

where V is the virtual water content (m3/ton) of the product

p in country ni , I the amount of product p imported (ton/yr)

and E is the amount of product exported (ton/yr). Obviously,

1Sn can have a negative sign, which means a net water loss

instead of a saving.

The global water saving 1Sg (m3/yr) through the trade of

a product p from an exporting country ne to an importing

country ni , is:

1Sg[ne, ni, p] = T [ne, ni, p] × (V [ni, p] − V [ne, p]) (2)

where T is the amount of trade (ton/yr) between the two

countries. The global saving is thus obtained as the differ-

ence between the water productivities of the trading partners.

The total global water saving can be obtained by summing up

the global savings of all trades 1Sg . By definition, the total

global water saving is also equal to the sum of the national

savings of all countries 1Sn.

The case of global water saving is illustrated with an ex-

ample of the import of husked rice in Mexico from the USA

in Fig. 1. The case of global water loss is shown with an

example of export of broken rice from Thailand to Indone-

sia in Fig. 2. For the computation of the total water saving

that is made by international trade of agricultural products,

the calculation has been carried out for 285 crop products

and 123 livestock products as reported in the database PC-

TAS (ITC, 2004) which covers international trade between

243 countries for 1997–2001.

3 National water savings

A large number of countries are saving their national

water resources with the international trade of agricul-

tural products. Japan saves 94 Gm3/yr from its domestic
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National water saving

(Billion m3/yr)

Fig. 3. National water savings related to international trade of agricultural products. Period 1997–2001.

Table 1. Nations with the largest net water saving as a result of international trade of agricultural products. Period 1997-2001.

Countries Net national Major partners Major product categories

water saving

(Gm3/yr) (Gm3/yr) (Gm3/yr)

Japan 94 USA (48.9), Australia (9.6), Canada (5.4),

Brazil (3.8), China (2.6)

Cereal crops (38.7), oil-bearing crops (23.2),

livestock (16.1), stimulants (9.2)

Mexico 65 USA (54.0), Canada (5.1) Livestock (31.0), oil-bearing crops (20.5),

cereal crops (19.3)

Italy 59 France (14.6), Germany (6.0), Brazil (5.4),

Netherlands (4.4), Argentina (3.1), Spain (3.1)

Livestock (23.2), cereal crops (15.2),

oil-bearing crops (12.9), stimulant (8.1)

China 56 USA (17.4), Brazil (8.3), Argentina (8.3), Canada

(3.6), Italy (3.4), Australia (3.2), Thailand (2.6)

Livestock (27.5), oil-bearing crops (32.6)

Algeria 45 Canada (10.8), USA (7.6), France (7.1), Germany

(4.0), Argentina (1.6)

Cereal crops ( 33.7), oil-bearing crops (4.0),

livestock (3.4)

Russian Fed. 41 Kazakhstan (5.2), Germany (4.4), USA (4.1),

Ukraine (3.4), Brazil (3.3), Cuba (2.4), France (1.9),

Netherlands (1.9)

Livestock (15.2), cereal crops (7.1), sugar (6.9),

oil-bearing crops (4.3), stimulant (3.8), fruits (2.3)

Iran 37 Brazil (8.3), Argentina (8.1), Canada (7.7),

Australia (6.0), Thailand (2.2), France (2.0)

Cereal crops (22.5), oil-bearing crops (15.1),

sugar (1.6)

Germany 34 Brazil (8.3), Cote d’Ivoire (5.3), Netherlands

(5.0), USA (4.2), Indonesia (3.3), Argentina (2.2),

Colombia (2.1)

Stimulants (21.8), oil-bearing crops (15.0),

fruits (3.4), nuts (2.3)

Korea Rep. 34 USA (15.6), Australia (3.6), Brazil (2.2), China

(1.5), India (1.4), Malaysia (1.2), Argentina (1.1)

Oil-bearing crops (14.3), cereal crops (12.8),

livestock (2.3), sugar (1.9), stimulants (1.5)

UK 33 Netherlands (5.3), France (3.7), Brazil (2.8), Ghana

(1.9), USA (1.8), Cote d’Ivoire (1.5), Argentina

(1.4)

Oil-bearing crops (10.1), stimulants (9.5),

livestock (5.2)

Morocco 27 USA (7.8), France (6.4), Argentina (3.3), Canada

(2.2), Brazil (1.2), Turkey (0.8), UK (0.8)

Cereal crops (20.9), oil-bearing crops (4.4)
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Turkey

Canada

Argentina

France

Australia

USA

EgyptSn = 

 + 2051 Mm3/yr

Sn = 

 + 147 Mm3/yr

Sn = 

- 1871 Mm
3
/yr

Sn = 

- 414 Mm
3
/yr

Sn = 

- 116 Mm3/yr

Sn = 

- 86 Mm
3
/yr

Sn = 

- 158 Mm
3
/yr

Sn = 

- 1171 Mm
3
/yr

Sn = 

 + 53 Mm
3
/yr

Sn = 

 + 96 Mm
3
/yr

Sn = 

 + 686 Mm
3
/yr

Sn = 

 + 431 Mm
3
/yr

+ 3578 

Mm3/yr

Sn = 

- 144 Mm3/yr

Others

Sn = 

 + 114 Mm
3
/yr

Fig. 4. National water saving related to the net wheat import of Egypt. Period 1997–2001.

water resources, Mexico 65 Gm3/yr, Italy 59 Gm3/yr, China

56 Gm3/yr and Algeria 45 Gm3/yr. The global picture of na-

tional savings is presented in Fig. 3. The driving forces be-

hind international trade of water-intensive products can be

water scarcity in the importing countries, but often other fac-

tors such as scarcity of fertile land or other resources play

a decisive role (Yang et al., 2003). As a result, realised na-

tional water savings can only partially be explained through

national water scarcity.

The national water saving has different implications per

country. Though Germany saves 34 Gm3/yr, it may be less

important from a national policy making perspective because

the major products behind the saving are stimulant crops (tea,

coffee and cocoa) which Germany would otherwise not pro-

duce itself. If the import of stimulants is reduced, it may not

create any additional pressure on the water resources in Ger-

many. However, for Morocco, where import of cereal crop

products is the largest national water saver, shifting from im-

port to domestic production would create an additional pres-

sure of 21 Gm3/yr on its national water resources. The na-

tions that save most water through international trade of agri-

cultural products and the main products behind the savings

are presented in Table 1.

For an importing country it is not relevant whether prod-

ucts are consuming green or blue water in the exporting

country. The importing country is more interested to see

what volume and kind of water is being saved from its own

resources by the import. And it is further important to see

whether the water thus saved has higher marginal benefits

than the additional cost to import these products.

As an example, Fig. 4 shows the national water saving of

Egypt as a result of the import of wheat. In Egypt, the mean

rainfall is only 18 mm/yr. Almost all agriculture in Egypt is

irrigated. At present, Egypt and Sudan base their water re-

sources plan on the agreed division of water by the 1959 Nile

water agreement between Sudan and Egypt. However, future
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National water losses

(Billion m3/yr)

Fig. 5. National water losses related to international trade of agricultural products. Period 1997–2001.

developments in upstream countries will have to be taken into

account. Disputes over the distribution of water of the Nile

could become a potential source of conflict and contention.

The expansion of irrigation in the basin will require basin-

wide cooperation in the management of water resources to

meet increasing demands and to face the associated environ-

mental consequences. In this context, the import of wheat in

Egypt is contributing to a national water saving of 3.6 Gm3/yr

which is about seven percent of the total volume of water

Egypt is entitled to according to the 1959 agreement. The

national saving is made with the investment of foreign ex-

change of 593 million US$/yr (ITC, 2004). Hence, from an

economic point of view, the opportunity cost of the resources

being saved (such as land, water and labour) should be more

or at least equal to the price paid for it. If the opportunity cost

of land and labour approaches zero, the opportunity cost of

water being saved should be more than 0.17 US$/m3. But the

import of wheat in Egypt should be assessed including other

factors of production such as land and labour. In Egypt fertile

land is also a major scarce resource. The pressure to increase

the land area with reclamation is released to some extent by

the wheat import but on the other hand the import is made

at the cost of employment lost. Greenaway et al. (1994) and

Wichelns (2001) have shown that the production of wheat

has a comparative disadvantage in Egypt. As the saving is

completely in blue water, the marginal utility of the saved

water may justify the import economically.

4 National water losses

Whereas import of agricultural products implies that national

water resources are saved, export of agricultural products en-

tails that national water resources are lost. The term “national

water loss” is used in this paper to refer to the fact that water

used for producing commodities that are consumed by peo-

ple in other countries is not available anymore for in-country

purposes. The term “water loss” is used here as the opposite

of “water saving”. As explained earlier, the terms “loss” and

“saving” are not to be interpreted in terms of economic loss

or saving, but in a physical manner (refer to Eq. 1). Water

losses as defined here are negative in economic sense only if

the benefit in terms of foreign earning does not outweigh the

costs in terms of opportunity cost and negative externalities

left at the site of production.

The nations with the largest net water loss are the USA

(92 Gm3/yr), Australia (57 Gm3/yr), Argentina (47 Gm3/yr),

Canada (43 Gm3/yr), Brazil (36 Gm3/yr) and Thailand

(26 Gm3/yr). Figure 5 shows the water losses of all countries

that have a net water loss due to the production for export.

The list of nations with the largest net water loss through the

international trade of agricultural products is presented in Ta-

ble 2.

The main products behind the national water loss from the

USA are oil-bearing crops and cereal crops. These products

are partly produced rain-fed and partly irrigated. However
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Table 2. Nations with the largest net water loss as a result of international trade of agricultural products. Period 1997–2001.

Countries Net national Major partners Major product categories

water loss

(Gm3/yr) (Gm3/yr) (Gm3/yr)

USA 92 Japan (29.2), Mexico (26.8), China (14.1), Korea

Rep (10.1), Taiwan (8.4), Egypt (3.8), Spain (3.7)

Oil-bearing crops (65.2), cereal crops (45.4),

livestock (7.8)

Australia 57 Japan (13.7), China (6.0), USA (5.7), Indonesia

(4.7), Korea Rep (3.9), Iran (3.3)

Cereal crops (23.1), livestock (24.3), oil-bearing

crops (6.8), sugar (4.3)

Argentina 47 Brazil (6.7), China (3.7), Spain (2.4), Netherlands

(2.2), Italy (2.1), USA (2.0), Iran (1.9)

Oil-bearing crops (29.9), cereal crops (12.8),

livestock (3.7)

Canada 43 USA (12.4), Japan (7.9), China (5.2), Iran (3.7),

Mexico (3.4), Algeria (2.1)

Cereal crops (29.3), livestock (12.3), oil-bearing

crops (9.6)

Brazil 36 Germany (5.8), USA (5.3), China (4.5), Italy (4.2),

France (4.2), Netherlands (3.9), Russian Fed (2.8)

Oil-bearing crops (17.7), stimulants (15.8),

sugar (9.0), livestock (9.3)

Cote d’Ivoire 32 Netherlands (5.7), France (4.7), USA (4.5), Ger-

many (4.1), Italy (1.7), Spain (1.5), Algeria (1.4)

Stimulants (32.9), oil-bearing crops (1.5)

Thailand 26 Indonesia (4.7), China (4.4), Iran (2.6), Malaysia

(2.5), Japan (2.3), Senegal (1.8), Nigeria (1.7)

Cereal crops (23.6), Sugar (5.1), roots and tuber

(2.5)

Ghana 17 Netherlands (3.6), UK (3.3), Germany (1.7), Japan

(1.6), USA (1.3), France (1.0)

Stimulants (19.1)

India 13 China (2.4), Saudi Arabia (2.0), Korea Rep (1.8),

Japan (1.6), Russian Fed (1.3), France (1.3), USA

(1.3)

Cereal crops (6.1), stimulants (3.2), livestock (3.0),

oil-bearing crops (1.8)

France 9 Italy (6.4), Belgium-Luxembourg (3.8), UK (2.8),

Germany (2.1), Greece (1.6), Algeria (1.4), Mo-

rocco (1.1)

Cereal crops (21.9), sugar (4.6), livestock (4.2)

Vietnam 8 Indonesia (2.3), Philippines (1.7), Ghana (0.4),

USA (0.4), Germany (0.4), Senegal (0.4),

Singapore (0.4)

Cereal crops (6.8), stimulants (2.7)

the loss from Cote d’Ivoire and Ghana is mainly from the

export of stimulants, which are almost entirely rain-fed. The

use of green water has no major competition with other uses

in these countries. This type of loss to the national water

resources is unlikely to be questionable from an economic

perspective, because the opportunity costs of this water are

low. The concern is limited to the environmental impacts,

which are generally not included in the price of the export

products.

The national water losses from France, Vietnam and Thai-

land are mainly the result of cereal crop products. Particu-

larly the example of rice export from Thailand is interesting

from a blue water and opportunity cost perspective (Fig. 6).

Thailand exports 27.8 Gm3/yr of water in the form of rice,

mostly grown in the central and northern regions (Maclean

et al., 2002). The monetary equivalent of rice export is

1556 million US$/yr (ITC, 2004). Hence, from the loss of

its national water, Thailand is generating foreign exchange

of 0.06 US$/m3. As a considerable part of the rice cultiva-

tion in Thailand is done during the rainy season, the share of

green water is quite substantial in the virtual water content

of the rice. Nevertheless, irrigation is widespread, to achieve

two harvests per year. If the contribution of irrigation water

(blue water) is 50% to the total water use of the crop, and

if other resources would have zero cost (which is clearly not

the case), the value of the blue water used in rice produc-

tion for export from Thailand would be 0.12 US$/m3. This

number can be interpreted as the upper estimate of the value

obtained from the blue water used. Since the benefits of rice

export should be attributed to all the resources consumed in

the production process (not just water, but also land, labour,

etc.), the actual value obtained will be much less.

5 Global water savings

Considering the international trade flows between all ma-

jor countries of the world and looking at the major agricul-

tural products being traded (285 crop products and 123 live-

stock products), it has been calculated that the global water

saving by trade in agricultural products is 352 Gm3/yr (Ta-

ble 3). This volume equals 28% of the international vir-

tual water flows related to agricultural product trade and

6% of the global volume of water used for agricultural pro-

duction (which is 6391 Gm3/yr, see Chapagain and Hoek-

stra, 2004). The trade flows that save more than 0.5 Gm3/yr

are shown in Fig. 7. The trade flows between USA-Japan

and USA-Mexico are the biggest global water savers. The
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Fig. 6. National water loss related to the net rice export of Thailand. Period 1997–2001.

Table 3. Global virtual water flows and water savings. Period 1997–2001.

Related to trade Related to trade of Total

of crop products livestock products

(Gm3/yr) (Gm3/yr) (Gm3/yr)

Global sum of virtual water exports, assessed

on the basis of the virtual water content of the

products in the exporting countries (Gm3/yr)

979 275 1254

Global sum of virtual water imports, assessed

on the basis of the virtual water content of

products if produced in the importing countries

(Gm3/yr)

1286 320 1646

Global water saving (Gm3/yr) 307 45 352

Saving compared to the sum of international

virtual water flows (%)

34% 16% 30%

Saving compared to the global water use for

agricultural products (%)

5.3% 0.7% 6%
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Global water saving = 352 x 109 m3/yr
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Fig. 7. Global water savings (>5.0 Gm3/yr) associated with international trade of agricultural products. Period 1997–2001.

contribution of different product groups to the total global

water saving is presented in Fig. 8. Cereal crop products

form the largest group responsible for the total global wa-

ter saving, with a saving of 222 Gm3/yr, followed by oil-

bearing crops (68 Gm3/yr, mainly soybeans) and livestock

products (45 Gm3/yr). The cereal group is composed of

wheat (103 Gm3/yr), maize (68 Gm3/yr), rice (21 Gm3/yr),

barley (21 Gm3/yr), and others (9 Gm3/yr).

The largest global water savings by wheat trade are occur-

ring as a result of wheat import in the Middle East and North

African from Western Europe and North America. Figure 9

shows the wheat trade flows saving more than 2 Gm3 of wa-

ter per year. Maize imports in Japan alone are responsible

for 15 Gm3/yr of global water saving. The global saving of

water as a result of maize trade is mainly from the export

of maize from USA. Figure 10 shows the maize trade flows

saving more than 1 Gm3/yr. Figure 11 shows the global wa-

ter savings above 0.5 Gm3/yr as a result of rice trade. As

the production is more favourable (climate and culture) in

South-east Asia, the largest savings are from the export from

this region to the Middle East and West Africa. The ma-

jor saving through the trade of rice is between Thailand-Iraq,

Thailand-Nigeria, Syria-Nigeria, and China-Indonesia.

Considering the import of wheat in Egypt, one can see

that this contributes to global water saving in some cases

and global water loss in other cases (Fig. 4). The im-

port from USA, France and Argentina is globally saving

water by 0.23 Gm3/yr, whereas the import of wheat from

Canada, Turkey and Australia results in a global water loss of

0.58 Gm3/yr. Though Egypt’s import of wheat saves national

water resources by 3.6 Gm3/yr, it results in a net global wa-

ter loss of 0.4 Gm3/yr. The crop water requirement in Egypt

is relatively high compared to its trading partners, but this

is partially compensated by a relatively high wheat yield,

which is more than twice the global average (Table 4). As

a result, water productivity (water use per unit of product) in

wheat production in Egypt is higher than in Canada, Turkey

and Australia. However, wheat production in Egypt is us-

ing scarce blue water resources and the partner countries are

making use of the effective rainfall (green water). The net

global water loss related to the wheat export from Canada

etc. to Egypt results from the fact that the volume of blue

water resources that would have been required in Egypt to

produce domestically is smaller than the volume of green

water resources actually used in Canada etc. Blue and green

water resources fundamentally differ in terms of possible ap-

plication and thus opportunity cost. For further analysis and

interpretation of figures on global water savings or losses it is

thus important to split up these figures into a blue and green

water component.

A second example elaborated here is the trade of maize

from the USA to Japan. The global water saving from this

trade is 15.4 Gm3/yr. The evaporative demand of maize in

Japan (367 mm/crop period) is comparable with that in the
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Fig. 8. Global water savings (Gm3/yr) per traded product category. Period 1997–2001.

Table 4. Crop water requirements, crop yields and the virtual water

content of wheat in Egypt and its major trade partners. Period 1997–

2001.

Crop water Wheat yield Virtual water

requirement content

(mm/crop period) (ton/ha) (m3/ton)

Argentina 179 2.4 738

Australia 309 1.9 1588

Canada 339 2.3 1491

Egypt 570 6.1 930

France 630 7.0 895

Turkey 319 2.1 1531

USA 237 2.8 849

Global average 2.7 1334

USA (411 mm/crop period), but the crop yield in the USA

(8.4 ton/ha) is significantly higher than in Japan (2.5 ton/ha),

so that the virtual water content of maize in Japan is 3 times

higher than in the USA. Saving domestic water resources is

not the only positive factor for Japan. If Japan would like to

grow the quantity of maize which is now imported from the

USA, it would require 6 million hectare of additional crop-

land. This is a lot given the scarcity of land in Japan.

Table 5. Crop water requirements, crop yields and the virtual wa-

ter content of rice in Thailand and its major trade partners. Period

1997–2001.

Crop water Rice yield Virtual water

requirement content

(mm/crop period) (ton/ha) (m3/ton)

China 830 6.3 1321

Indonesia 932 4.3 2150

Iran 1306 4.1 3227

Malaysia 890 3.0 2948

Nigeria 1047 1.5 7036

Senegal 1523 2.5 6021

Thailand 945 2.5 3780

USA 863 6.8 1275

Global average 3.9 2291

A third case considered here is rice export from Thailand.

Though Thailand looses water by exporting to Nigeria and

Senegal by 1.7 Gm3/yr and 1.8 Gm3/yr respectively, it is sav-

ing water globally as the national water savings in Nigeria

(3.2 Gm3/yr) and Senegal (2.9 Gm3/yr) are higher than the

losses in Thailand (Fig. 6). The main reason behind the

Hydrol. Earth Syst. Sci., 10, 455–468, 2006 www.hydrol-earth-syst-sci.net/10/455/2006/



A. K. Chapagain et al.: Water saving through international trade 465

Global water saving with the international trade of wheat

 = 103 x 109 m3/yr

Fig. 9. Global water savings (>2.0 Gm3/yr) associated with the international trade of wheat. Period 1997–2001.

Global water saving with the international trade of maize
 = 68 x 109 m3/yr

Fig. 10. Global water savings (>1.0 Gm3/yr) associated with the international trade of maize. Period 1997–2001.
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Global water saving with the trade of rice 
 = 21 x 109 m3/yr

Fig. 11. Global water savings (>0.5 Gm3/yr) associated with the international trade of rice. Period 1997–2001.

global saving related to the trade between Thailand and Nige-

ria, is that rice yield in Thailand is 1.7 times higher than

in Nigeria (Table 5). These two countries have crop water

requirements of comparable magnitude (1000 mm/crop pe-

riod). On the contrary, the main reason behind the global

water saving by the trade between Thailand and Senegal,

which both have a crop yield in the order of 2.5 ton/ha, is

the difference in the crop water requirements in Thailand

(945 mm/crop period) and Senegal (1523 mm/crop period).

The export of rice from Thailand to five other trading part-

ners (China, Indonesia, Iran, Malaysia and USA) is creating

a global water loss of 5 Gm3/yr. National water loss in Thai-

land is greater than the corresponding national water savings

in these countries. This is due to the fact that rice yield in

Thailand is low if compared to the countries where it exports

to.

6 Global blue water savings at the cost of green water

losses

The global water saving 1Sg is made up of a global blue wa-

ter saving (1Sg,b) and a global green water saving (1Sg,g)

component:

1Sg = T × (Vi − Ve)

= T ×
((

Vg,i + Vb,i

)

−
(

Vg,e + Vb,e

))

= T ×
(

Vg,i − Vg,e

)

+ T ×
(

Vb,i − Vb,e

)

= 1Sg,g + 1Sg,b

(3)

Even if there is a net global water loss from a trade relation,

there might be a saving of blue water at the cost of a greater

loss of green water or vice versa. The case is elaborated with

the example of Egypt’s wheat trade. The virtual water con-

tent of wheat in Egypt is 930 m3/ton. This is all blue water;

the green component of the virtual water content of wheat

is zero. Suppose that Egypt is importing T ton/yr of wheat

from Australia. The virtual water content of wheat in Aus-

tralia is 1588 m3/ton. Wheat production in Australia is not

100% irrigated; it is assumed here that a fraction f of the vir-

tual water content of wheat in Australia is green water. There

is net global loss of 658T m3/yr in this trade.

1Sg = T × (Vi − Ve)

= T × (930 − 1588)

= −658T

The global green water saving, 1Sg,g (m3/yr), in this case is

always negative:

1Sg,g = T ×
(

Vg,i − Vg,e

)

= T × (0 − f × 1588)

= −T × 1588f

However, whether the global blue water saving 1Sg,b

(m3/yr) is positive or negative depends upon the fraction f

in the exporting country:

1Sg,b = T ×
(

Vb,i − Vb,e

)

= T × (930 − (1 − f ) 1588)

= T × (−658 + 1588f )
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There is net gain in global blue water resources as long as the

blue water component of Australian wheat is smaller than in

Egypt, i.e. if the fraction f in Australia is larger than 0.42. In

a case of extreme drought, if the effective rainfall in Australia

for wheat is zero (f =0) and all the evaporative demand is

met by irrigation, all the losses are in blue water resources,

which is 658 T m3/yr. In another extreme example, when

the full evaporative demand of wheat in Australia is met by

effective rainfall, so that no irrigation water is used (f =1),

the global loss of green water will be 1588 T , but we obtain

a net global gain of blue water of 930 T m3/yr. Here, the gain

in blue water is obtained at the cost of green water.

Since blue water resources are generally scarcer than green

water resources, global water losses can be positively evalu-

ated if still blue water resources are being saved. The clas-

sical example of trade that makes sense from both water re-

sources and economic point of view is when predominantly

rain-fed crop or livestock products from humid areas are im-

ported into a country where effective rainfall is negligible.

Also the import of products that originate from semi-arid

countries that apply supplementary irrigation can be bene-

ficial from a global point of view, because supplementary ir-

rigation increases yields often more than double, a profitable

situation that can never be achieved in arid countries where

effective rainfall is too low to allow for supplementary irri-

gation, so that full irrigation is the only option.

7 Discussion

The volume of global water saving from the international

trade of agricultural products is 352 Gm3/yr (average over

the period 1997–2001). The largest savings are from inter-

national trade of crop products, mainly cereals (222 Gm3/yr)

and oil crops (68 Gm3/yr), owing to the large regional differ-

ences in virtual water content of these products and the fact

that these products are generally traded from water efficient

to less water efficient regions. Since there is smaller variation

in the virtual water content of livestock products, the savings

by trade of livestock products are less.

The export of a product from a water efficient region (rel-

atively low virtual water content of the product) to a water

inefficient region (relatively high virtual water content of the

product) saves water globally. This is the physical point of

view. Whether trade of products from water efficient to water

inefficient countries is beneficial from an economic point of

view, depends on a few additional factors, such as the char-

acter of the water saving (blue or green water saving), and

the differences in productivity with respect to other relevant

input factors such as land and labour. Besides, international

trade theory tells that it is not the absolute advantage of a

country that indicates what commodities to produce but the

relative advantage (Wichelns, 2004). The decision to pro-

duce locally or to import from other sites should be made

on the basis of the marginal value or the utility of the water

being saved at the consumption site compared to the cost of

import.

Saving domestic water resources in countries that have rel-

ative water scarcity by the mechanism of virtual water im-

port (import of water-intensive products) looks very attrac-

tive. There are however a number of drawbacks that have to

be taken into account as well. Saving domestic water through

import should explicitly be seen in the context of:

– the need to generate sufficient foreign exchange to im-

port food which otherwise would be produced domesti-

cally;

– the risk of moving away from food self sufficiency that

associates with the fear of being held to political ran-

som;

– increased urbanization in importing countries as import

reduces employment in the agricultural sector;

– reduced access of the poor to food; and

– increased risk of environmental impact in exporting

countries, which is generally not accounted for in the

price of the imported products.

Enhanced virtual water trade to optimise the use of global

water resources can relieve the pressure on water scarce

countries but may create additional pressure on the countries

that produce the water-intensive commodities for export. The

potential water saving from global trade is only sustainable if

the prices of the export commodities truly reflect the oppor-

tunity costs and negative environmental externalities in the

exporting countries. Otherwise the importing countries sim-

ply gain from the fact that they would have to bear the cost of

water depletion if they would produce domestically whereas

the costs remain external if they import the water-intensive

commodities instead.

Since an estimated 16% of the global water use is not

for domestic consumption but for export, global water

use efficiency becomes an important issue with increasing

globalisation of trade. Though international trade is seldom

done to enhance global water productivity, there is an urgent

need to address the increasing global water scarcity problem.

Edited by: P. van der Zaag
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