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Executive Summary

Virtual water
The term “virtual water” began appearing in the water resources literature in the mid-1990s. Professor
Tony Allan of London University chose the term to describe the water used to produce crops traded in
international markets (Allan 1996, 2002a). During the 15 years since its inception, the virtual water
metaphor has been very helpful in gaining the attention of public officials and policy makers responsible
for encouraging wise use of limited water resources. The widespread influence and appreciation of the
virtual water metaphor are reflected in the awarding of the 2008 World Water Prize to Professor Allan, for
his work in proposing and promoting the metaphor in academic and policy discussions. Professor Allan
and others who have written about virtual water in recent years have greatly enhanced public awareness of
water scarcity and the need for improvements in national and international policies that influence water
allocation and water use decisions.
Several authors have conducted empirical analyses of “virtual water flows” between countries, by
comparing the water requirements of crops and livestock products involved in international trade. Often
the authors conclude that some countries are “net importers of virtual water,” while others are “net
exporters.” Some authors suggest further that, based on the virtual water concept, water-short countries
should import water intensive goods and services, while water-abundant countries should export water
intensive products. This line of reasoning, while compelling, is not based on a legitimate conceptual
framework. Hence, the policy recommendations that follow from this form of virtual water analysis can be
incorrect and misleading.
The fundamental shortcoming of the virtual water metaphor that prevents it from serving as a valid
policy prescriptive tool is the lack of an underlying conceptual framework. Several authors have
incorrectly described virtual water as analogous to, or consistent with the economic theory of comparative
advantage. The virtual water metaphor is applied most often when discussing or comparing water-short
and water-abundant countries. By focusing on the water resource endowment, alone, virtual water
represents an application of absolute advantage, rather than comparative advantage. For this reason, policy
prescriptions that arise from virtual water discussions are not those that will maximize the net benefits of
engaging in international trade. Comparative advantage is the pertinent economic concept, and virtual
water considers only absolute advantage.
Recent empirical analyses of international trade data generally confirm the lack of consistency
between virtual water prescriptions and actual trade patterns. Several authors have begun describing the
important role of non-water factors in determining optimal production and trading strategies. Several also
have begun discussing the limitations of the virtual water metaphor in the context of current policy issues,
such as the South-to-North Water Transfer Project in China and the River Linking Program in India. Those
authors note the importance of considering population densities, historical production trends, national food
security goals, poverty reduction targets, and the availability of complementary inputs when determining
whether to transfer water from one region to another, or to achieve desired outcomes alternatively by
transporting or trading agricultural commodities.
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Water footprints
The notion of a water footprint was developed originally as an analogy to the notion of an ecological
footprint, which was introduced by Wackernagel and Rees (1996), with the goal of describing the
sustainability of a country’s rate of consumption of natural resources. In a sense, the ecological footprint is
a comprehensive measure of the land, water, and other environmental resources consumed by a population
or country (Wackernagel, et al., 1999), while the water footprint measures only the water component of the
complete footprint (Chapagain and Hoekstra, 2004a). Estimates of ecological footprints generally account
for waste assimilation requirements and are expressed as a measure of land area. Water footprints also
account for water used to assimilate pollution, by considering the volume of dilution water required to
maintain water quality standards (Hoekstra, 2008, in press).
An important qualitative distinction arises when considering the analogy between ecological and water
footprints. Ecological footprints describe the implications of regional or national consumption activities on
natural resources and the environment by expressing those impacts in terms of the land area required to
support the target population (Wackernagel and Rees, 1996; Wackernagel, et al., 1999; Rees, 2003). Thus
ecological footprints enable one to compare the ecosystem implications of consumption activities across
regions and countries, and to assess whether a region or country is consuming resources in a sustainable or
unsustainable fashion, from a global perspective. Ecological footprint analysis is not sufficient for
determining optimal policy alternatives, however, as it does not account for the net benefits generated as
resources are consumed.
Water footprints describe the volume of water required to support production and consumption in
selected regions or countries. Water is one of many inputs in those activities. Hence, estimated water
footprints are somewhat one-dimensional, as they depict the use of only one resource. In addition, water
footprints do not describe the implications of water use. Rather, they consider only the amounts of water
used in production and consumption activities. Hence, water footprints do not contain sufficient
information to evaluate the net benefits generated through the use of water resources.
The costs and benefits of water use depend largely on the opportunity costs of water resources and the
ways in which water is combined with other inputs in production and consumption. Water footprints
enable one to compare estimated water use, per person or in aggregate across countries, but they are
inadequate for evaluating the incremental costs, benefits, or environmental impacts of water use. For this
reason, empirical estimates of water footprints do not provide sufficient information for assessing
environmental implications or determining policy goals and strategies pertaining to water resources. Like
the virtual water metaphor, water footprints bring helpful attention to important policy issues, but they lack
the conceptual foundation and breadth required to support policy analysis.

Blue and green components
Several authors have described the “green” and “blue” components of virtual water and water
footprints. “Green water” is used to denote effective rainfall or soil moisture that is used directly by plants,
while “blue water” denotes water in rivers, lakes, aquifers, or reservoirs (Falkenmark and Rockström,
2004; Rost et al., 2008). As such, blue water generally refers to water that can be delivered for irrigation or
made available for alternative uses, while green water must be used directly from the soil profile.
Like the virtual water metaphor, the blue-green metaphor has helped increase public awareness of an
important dimension of water resource management. The terms “green water” and “blue water” generate
easily recallable images of soil moisture and stored surface water in a manner that likely is helpful to many
public officials and agency staff members. Yet the metaphor does not establish a new conceptual
framework that can be used alone to guide policy decisions. Some authors have suggested that the
opportunity cost of green water generally is smaller than that of blue water. They propose trading green
water for blue water, when possible, to generate meaningful water savings. The perspective regarding
opportunity costs is not accurate and the recommendation is not based on a legitimate conceptual
framework.

7

In summary, the virtual water, water footprint, and blue-green metaphors have brought much-needed
attention to important issues regarding water resources, within countries and around the world. These
compelling metaphors serve very well in gaining the attention of public officials and policy makers.
Current patterns of water allocation and use often reflect underlying market failures that can be corrected
with appropriate policy interventions. The metaphors are helpful in bringing attention to these market
failures, particularly among members of the media, public officials, and the general public. Yet none of
these metaphors is based on an established, underlying conceptual framework, and none is a sufficient
criterion for determining optimal policy decisions. Farmers, traders, and public officials must consider
many economic and social issues when determining optimal strategies. Virtual water, water footprints, and
the blue-green metaphor will be helpful in starting policy discussions in many settings, but they will not be
sufficient for determining the optimal outcomes of those discussions.
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Economic Analysis of the Virtual Water Concept
in relation to the Agri-food Sector

1. Overview
The goals of this study are to describe and analyze the concept of “virtual water,” from an economic
perspective, in the context of agricultural production and trade, and to assess the strengths and weaknesses
of the concept as a tool that might be used by policy makers. A fair amount of literature on the topic of
virtual water has appeared since Professor Tony Allan first proposed the term in the early 1990s. Early
articles on the topic describe how water-short countries implicitly import large “volumes” of water in the
form of the water required to produce the food grains and other products they import from other countries.
The virtual water metaphor has helped bring focus to the important role of international trade in national
efforts to maintain food security, particularly in water-short countries.
Since the 1990s, several authors have estimated the “flows of virtual water” between individual
countries and around the world, by calculating how much water is used to produce crops in the major
exporting countries. The authors multiply estimates of crop water requirements by the amounts of crop and
livestock products traded internationally to obtain estimates of “virtual water flows” between countries.
The results largely reflect the underlying trade statistics. Major food exporting countries such as Argentina,
Australia, Brazil, Canada, Thailand, and the United States are considered to be large exporters of virtual
water, while major food importing countries such as China, Egypt, Japan, Russia, South Korea, and the
United Kingdom are considered to be large importers of virtual water. There is nothing inherently good or
bad about importing or exporting virtual water. The data simply reflect underlying trade patterns, which
have evolved over time, for many reasons including natural resource endowments, labor availability,
technology, productivity, currency exchange rates, and relative prices.
Some of the authors who have estimated virtual water flows or the amount of “virtual water trading”
in the world have suggested that virtual water is analogous to the economic concept of comparative
advantage, a fundamental tenet of trade theory. This perspective has encouraged several authors to
recommend that countries should apply the virtual water approach in determining optimal production and
trading strategies. They suggest that water-short countries should import water-intensive crops and
livestock products, while using their limited water resources for higher valued activities. Water abundant
countries should produce and export water-intensive products. While compelling at first glance, virtual
water is not analogous to comparative advantage, and it cannot serve as a criterion for determining optimal
trading strategies.
In recent years, several authors have examined international trade data to determine if the data support
the “virtual water hypothesis” that water-short countries should import water-intensive products from
water-abundant countries. Results obtained to date generally suggest that international trade data do not
reflect national policies that might arise through purposeful implementation of a virtual water strategy.
Some of the authors have suggested that other national goals and policy considerations, such as economic
growth and development, employment, and food security, might be more important than water scarcity in
determining trade patterns. These empirical results are consistent with the conceptual assertion that the
virtual water metaphor is not a sufficient criterion for determining optimal national policies regarding
water allocation and international trade.
Some of the authors who have published empirical estimates of “virtual water trading” have expanded
their analysis to include calculation of “water footprints” that depict the volume of water required to
support a country’s consumption activities. This idea was generated, in part, by earlier discussions in
scholarly literature and the popular press regarding ecological footprints and carbon footprints. The notion
of a water footprint is not completely analogous to either of the earlier footprints and the policy relevance
of water footprint analysis is limited. Like the virtual water metaphor, water footprints are helpful in
bringing attention to an important issue, but they are not helpful in determining optimal policy decisions.

9

We seek in this study to enhance public understanding of the usefulness and limitations of the virtual
water concept and water footprint analysis. At present there is a notable range of perceptions regarding the
pertinent role that virtual water should play in determining optimal water allocations and water use policies
in national ministries. Several perspectives have been described over time in the large amount of literature
on virtual water and in discussions regarding virtual water in both public and scholarly settings. Water
footprint analysis, which is based largely on calculations of virtual water, is gaining the attention of
international organizations and policy makers. We endeavor to resolve some of the uncertainty regarding
whether or not virtual water and water footprint analysis can be used to guide public policy decisions. We
review the literature, describe pertinent economic concepts, and provide several examples that might be
helpful in understanding the policy limitations of the virtual water metaphor.

2. Virtual water and water footprints

2.1.

Virtual water

The term “virtual water” began appearing in the water resources literature in the mid-1990s. Professor
Tony Allan chose the term to describe the water used to produce crops traded in international markets.
Professor Allan noticed during his extensive work in the Middle East and North Africa (MENA) that
despite much reference to imminent violent conflict induced by water scarcity, there had been no such
conflicts since those of the early 1960s in the Upper Jordan (Allan, 1996, 2002a). Natural water supplies in
the region were inadequate to achieve food self-sufficiency. The absence of conflict was explained by the
growing reliance of MENA economies on agricultural imports. Large amounts of food grains were
imported each year, and the amounts were increasing with population growth. In a sense, the water used to
produce imported crops was enabling several water-short countries to achieve food security, even as the
water available per person in those countries was declining.
Professor Allan originally used the term “embedded water” to describe the role of imports in achieving
food security in water-short countries, but that term did not generate substantial interest in the topic (Allan,
2003). Switching to “virtual water” brought greater attention from public officials, academicians, and other
experts. Prof. Allan describes how several water-short countries achieve food security by importing waterintensive food products, rather than producing all of their food supply with limited water resources (Allan,
1998, 2002b). In some countries with large populations and limited resources, substantial amounts of food
will need to be imported, in perpetuity, even if all resources are committed to producing food for domestic
consumption (Lofgren and Richards, 2003).
Many countries import a large portion of their food supply, whether or not they are explicitly
implementing a virtual water strategy (Allan, 2002c; Yang and Zehnder, 2001, 2002). Food imports have
enabled several arid countries to maintain national food security as their populations have increased, over
time, while their water resource endowments have remained the same. In other countries, the virtual water
metaphor might be helpful in describing opportunities for adjusting production and marketing activities in
ways that would increase the values generated with limited resources (Wichelns, 2001, 2003).
Interest in the virtual water metaphor increased substantially in the late 1990s and early 2000s, as
noted in the literature and in the topics considered at professional meetings (Allan, 1999, 2002c, 2003;
Bouwer, 2000, 2002; Earle, 2001; Hoekstra and Hung, 2005; Yang and Zehnder, 2002; Merrett, 2003).
The Institute for Water Education at UNESCO-IHE in The Netherlands hosted a meeting of international
experts on virtual water in December 2002 (Hoekstra, 2003), and a special session on virtual water was
included at the 3rd World Water Forum in Japan in March 2003. An international workshop on virtual
water trade was conducted at the German Ministry for Economic Cooperation and Development in Bonn,
in December 2005 (Horlemann and Neubert, 2007; Neubert and Horlemann, 2008). The virtual water
metaphor now is used widely to describe how water-short countries achieve food security by importing
crops and livestock products from water-abundant countries (Yang and Zehnder, 2002; Hoekstra, 2003).
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2.2.

Water footprints

The water footprint concept was developed originally by some of the same researchers who have
promoted empirical application of the virtual water metaphor. Chapagain and Hoekstra (2004a) define the
water footprint of a country as “the volume of water needed for the production of the goods and services
consumed by the inhabitants of the country.” They propose also that the notion of a water footprint is
closely linked to the notion of virtual water, which they define as “the volume of water required to produce
a commodity or service.” Chapagain and Hoekstra (2004a) calculate empirical estimates of water
footprints by first estimating the use of domestic water resources and then subtracting “the virtual water
flow that leaves the country and add[ing] the virtual water flow that enters the country.”
Chapagain and Hoekstra (2004a) distinguish between “internal” and “external” water footprints. “The
internal water footprint of a nation is the volume of water used from domestic water resources to produce
the goods and services consumed by the inhabitants of the country. The external water footprint of a
country is the volume of water used in other countries to produce goods and services imported and
consumed by the inhabitants of the country.” The sum of the internal and external water footprints is the
country’s water footprint. Complete estimates of water footprints should include consideration of surface
water, groundwater, and soil moisture in agricultural production (Chapagain and Hoekstra, 2004a). An
adjustment is made also to account for water quality impacts (Hoekstra, 2008).
Water footprint analysis shares some similarity with life cycle analysis, a methodology adopted
originally to describe the complete environmental or ecological impacts of producing and maintaining
selected goods and services. Life cycle analysis accounts for the basic resources used to assemble and
produce a good, the resources required to maintain the good, and the resources required or impacted upon
disposal of the good. For example, life cycle analysis of the environmental impacts of an automobile might
include those from producing the aluminum, steel, plastic, and other materials required to build the car, the
replacement parts and the tires used to operate and maintain the car, over time, and the environmental
impacts of disposing the car at the end of its useful life.
Life cycle analysis is used also to compare the complete range of resources used to produce and utilize
a durable good, over time. For example, one might compare the full, life cycle energy costs of using lowenergy and traditional hot water heaters. A low-energy hot water heater generally will require less energy
to heat each liter of water. However, its construction might require materials or processing that involve
greater energy consumption. Hence, while a traditional heater might consume more energy while in use,
the complete life cycle cost of production and use might be smaller than the life cycle cost of a low-energy
heater. Similarly, the life cycle financial cost of purchasing and operating a traditional heater can be
smaller than the life cycle financial cost for a low-energy heater. For this reason, financial subsidies are
sometimes required to promote household adoption of such technological improvements.
Water footprint analysis is similar to life cycle analysis in that both approaches are used to describe
impacts on natural resources and the environment. One can calculate water footprints that consider water
required only in consumption activities or those that examine all water required in production and
consumption. The latter approach begins to resemble the notion of life cycle analysis. For example, the
complete water footprint of fish production in rice paddies might include the water required to raise young
fish in the nursery and the water used to sustain the aquaculture ponds during production, while accounting
also for the water quality impacts of discharging waste water into a receiving stream, lake, or ocean at the
end of the production process. The notion of virtual water might enter this analysis if one considers also
the water required to produce the fish food and nutrients used in production.

2.3.

Green and blue components

Several recent descriptions of virtual water and water footprints include discussion of the “green” and
“blue” components of those measures. “Green water” is used to denote effective rainfall or soil moisture
that is used directly by plants, while “blue water” denotes water in rivers, lakes, aquifers, or reservoirs
(Falkenmark and Rockström, 2004; Rost et al., 2008). As such, blue water generally refers to water that
can be delivered for irrigation or made available for alternative uses, while green water must be used
directly from the soil profile.
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One of the original intents of creating the blue-green metaphor was to emphasize the potential value of
utilizing soil moisture in crop production, particularly in rainfed regions and where irrigation largely is
supplemental, rather than the only source of water for crop production. Like the virtual water metaphor, the
blue-green metaphor, while not establishing a new conceptual framework, has helped increase public
awareness of an important dimension of water resource management. The terms “green water” and “blue
water” generate easily recallable images of soil moisture and stored surface water in a manner that likely is
helpful to many public officials and agency staff members.

3. Empirical studies

3.1.

Estimating virtual water flows”

Several authors have applied the virtual water metaphor empirically in the context of international
trade, beginning in the late 1990s and continuing into the early 2000s. Generally, they have estimated the
movement of virtual water from one nation to another in traded goods and services. Their calculations of
virtual water content have been made from two perspectives: 1) that of the importing country, and 2) that
of the exporting country. The first perspective is based on Prof. Allan’s original discussion of the virtual
water metaphor, in which he describes the political economy of importing food crops, rather than
producing them domestically in arid countries (Allan, 1996). In this sense, the importing country is
primarily concerned with the volume of water that would have been required to produce the imported
corps and livestock products in the absence of trade.
The second perspective is more appropriate when estimating the water footprint of an importing
country. The goal of water footprint analysis is to estimate the volume of water used to produce all of the
goods and services consumed in a country, including those produced domestically and those imported
(Chapagain and Hoekstra, 2004a, 2007; Hoekstra and Chapagain, 2007a, 2007b). The pertinent perspective
regarding the virtual water of imported goods in this setting is the volume of water used in the exporting
countries. That volume generally is different from the volume that would have been used to produce the
goods and services in the importing countries.
Several authors describe the embedded water content of crop and livestock products by accounting for
water inputs at various stages of production and processing. They multiply the embedded water
coefficients by the amounts of goods and services traded, to estimate the volumes of virtual water moving
between nations (Chapagain and Hoekstra, 2003; El Fadel and Maroun, 2003; Hoekstra and Hung, 2002;
Hoekstra, 2003; Oki et al., 2003; Zimmer and Renault, 2003). Those estimates are helpful in generating
public awareness regarding the volume of water required to support production and consumption activities.
However, policy relevance is gained only by including information regarding the scarcity of water (i.e.
its opportunity cost) in a given region or country. Rice production requires large amounts of water, but the
opportunity cost of water might be small in humid regions. If the opportunity cost is small, there might be
little policy relevance in describing the volume of water embedded in rice or rice products exported from
the region. The policy relevance of the virtual water metaphor will be greater where scarcity values
(opportunity costs) are substantial.
Some of the authors who have estimated the “flow” of virtual water between countries, and others,
have suggested that water-short nations can gain from trade by importing virtual water from nations with
larger water endowments (Yang and Zehnder, 2002; Hoekstra and Hung, 2005; Islam et al., 2007; Nassar,
2007; Shuval, 2007, Velázquez, 2007; Chapagain and Hoekstra, 2008). Using the virtual water metaphor in
this context has enhanced the discussion of the relationship between water resources and food security.
However, the policy relevance of virtual water is limited in some situations, and the policy
recommendations that arise in discussions of virtual water often are not consistent with maximizing the
value of limited resources. Optimal trading strategies can be determined only by considering the
opportunity costs of production within countries, evaluating comparative advantages, and considering
other social and economic dimensions of public policy objectives.
Several authors have acknowledged the role of opportunity costs in discussions regarding virtual
water. Wichelns (2001) describes virtual water as an application of comparative advantage, with particular
emphasis on water resources. Allan (2003) and Lant (2003) mention the theory of comparative advantage
in recent discussions of virtual water. Allan (2003) states that “virtual water is something of a descendant
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of the concept of comparative advantage,” while Lant (2003) suggests that “like comparative advantage,
virtual water is also an application of basic principles of economic geography,” which recommend that
economic activities requiring inputs with low values per unit of weight should be located close to the
sources of those inputs.
Some of the authors who mention comparative advantage suggest that water-short nations should
consider importing water-intensive food crops from nations with larger water endowments. That
recommendation will be appropriate in some cases, but the underlying conceptual framework is not
correct. The virtual water metaphor, when used to describe how a water-short country might gain by
importing water-intensive crops, addresses the water endowment of the country, but it does not address
comparative advantages. Those can be determined only by considering the resource endowments and the
production technologies in two or more countries that can engage in trade.
36. Regarding international trade, it is important to note also that in most trading countries,
decisions regarding production, marketing, and trade are made by individual farmers and cooperatives,
rather than national governments. Hence it is important to consider comparative advantages at the farm
level, rather than at the national level. Institutions governing farm-level access to water, such as water
rights, water allocations, and water marketing regimes, are important in determining farm-level
comparative advantages. Some farmers in an arid country might have access to a large amount of irrigation
water, while others have limited access, as a function of water allocation institutions.

3.2.

Analyzing international trade data

Questions regarding the policy relevance of the virtual water metaphor have motivated several authors
to examine international trade data to determine if the virtual water perspective is helpful in explaining
observed patterns of agricultural imports and exports. Some authors test a hypothesis based on
international trade theory, while others describe empirical trade patterns in the context of water-short and
water-abundant countries.
Earle (2001) posits that the virtual water perspective is based conceptually on the Heckscher-Ohlin
model of international trade, which suggests that countries will determine optimal trading strategies based
on relative factor endowments. Key assumptions of the model include identical production technologies in
trading countries and limited mobility of selected inputs. By imposing identical technologies, the
Heckscher-Ohlin model invokes the notion of absolute advantages, rather than comparative advantages, as
opportunity costs are the same in trading countries. Despite this less rigorous formulation, which is
somewhat consistent with the virtual water perspective, the empirical model performed poorly in
predicting trade patterns among the 63 countries in the author’s analysis.
Ramirez-Vallejo and Rogers (2004) also examine empirical information within the conceptual
framework of the Heckscher-Ohlin model. They, too, find that observed trading patterns are independent
of water resource endowments. Further analysis suggests that variables including average income,
population, irrigated area, exports of goods and services, and the amount of value added in agriculture are
helpful in explaining the observed variation in traded agricultural commodities. Lopez-Gunn and Llamas
(2008) also observe that international trade in food is driven largely by factors other than water.
Researchers at the International Water Management Institute have examined the potential impact of
international trade on water use, both nationally and globally. They conclude that in 1995, an additional
178 km3 of irrigation water (433 km3 of depleted water) would have been required to produce the 215
million tons of grain that were traded that year, if the grains had been produced domestically in the
importing countries (de Fraiture et al., 2004). Accounting for differences in agricultural productivity, the
authors conclude that “cereal trade reduces global water use by 164 km3 of crop water (effective rainfall or
rainfall plus irrigation) and 112 km3 of irrigation water depletion.” Hence in 1995, global water use would
have been 6% higher, and irrigation water depletion would have been 11% higher, if not for international
trade (de Fraiture et al., 2004). The authors caution against inferring that trade will be helpful in mitigating
global water scarcity, however, given that water savings cannot always be re-allocated to beneficial uses,
and that political and economic considerations might have greater influence than water scarcity in
determining national trading strategies.
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Kumar and Singh (2005) also conclude that trading strategies based on the notion of virtual water will
not be helpful in mitigating scarcity or improving global water use efficiency. In their analysis of data
describing water availability and international trade for 146 countries, the authors find that observed
trading patterns are not consistent with those predicted by the virtual water metaphor. Some waterabundant countries import food, while some water-scarce countries export food. The authors conclude that
relative land endowments, access to arable land, and water stored in the soil profile would be more helpful
than water endowments in explaining the observed variation in international trade patterns.

3.3.

Alternative explanatory variables

Much of the discussion of virtual water trade has focused on national water endowments as the basis
for decisions regarding the importing and exporting of crop and livestock products. This focus is
inadequate, in part, because agricultural production requires land and other inputs that also vary among
countries in terms of resource endowments, quality, and opportunity cost. As Kumar and Singh (2005)
have suggested, access to arable land likely is a better predictor of agricultural trade patterns than a
country’s water endowment. In particular, countries with less arable land per person are likely to import
more crop and livestock products than countries with a larger amount of arable land per person, all else
equal. It is helpful to examine these relationships using published data describing water endowments,
arable land, and estimates of virtual water trade.
Chapagain and Hoekstra (2004b, Appendix XVIII) present estimates of virtual water imports and
exports for many countries. They report estimates pertaining to the trade of crops, livestock, and industrial
products. The Food and Agriculture Organization of the United Nations provides estimates of national land
and water resource endowments through their FAOSTAT website (www.faostat.fao.org). Graphical
analysis of these data provides helpful insight regarding the underlying motivation for trade in crop and
livestock products, and the inadequacy of national water endowments as an explanatory variable.
The virtual water hypothesis suggests that water-short countries generally will import water-intensive
crop and livestock products, while producing crops that require less water. Furthermore, water-short
countries should be described as net importers of virtual water, while water-abundant countries should be
described as net exporters. The graphs depicted in Figures 1 through 3 display the estimated net virtual
water imports, in 1,000 m3 per person, for 77 of the countries listed in Chapagain and Hoekstra (2005a,
Appendix XVIII). The vertical axis, which is the same in each figure, ranges from - 4.00 thousand m3 per
person to + 1.50 thousand m3 per person. Observations above the intercept reflect net virtual water
importers, while observations below the intercept reflect net exporters. The data in these figures include
only the virtual water pertaining to trade in crop and livestock products. Given the focus of this study on
agriculture, data pertaining to virtual water trade in industrial products are not considered. It should also be
noted that a country's or a region's water abundance differs from a country's or a region's effective water
supply due to spatial and temporal differences in available water.
Figure 1 depicts net virtual water imports as a function of each country’s total renewable water
resources using water supply data from the FAOSTAT website. Several water-abundant countries appear
below the intercept, reflecting their role as exporters of crop and livestock products. Examples include
Australia, Canada, New Zealand, Paraguay, and Argentina. Several other water-abundant countries appear
above the intercept, suggesting that these countries are net importers of crop and livestock products.
Examples in this group include Norway, Papua New Guinea, Peru, Russia, Sweden, and Venezuela.
Something other than the national water endowment must be determining their role as net importers of
virtual water.
Figure 2 has the same format as Figure 1, but the independent variable is each country’s total
renewable water resources per hectare of arable land. The data for both the total water resources and arable
land are from the FAOSTAT website. Several countries with large water endowments per hectare of arable
land are net exporters of virtual water, such as Australia, New Zealand, and Paraguay. Several other
countries with large water endowments per hectare are net importers. Those countries include some of the
same net importers depicted in Figure 1, such as Norway, Papua New Guinea, Peru, and Venezuela.
Singapore also appears as a net importer in Figure 2, despite its water endowment of 750,000 m3 per
hectare of arable land. These data suggest that arable land might be a more useful indicator of trade
patterns than water endowments.
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Figure 3 depicts the empirical relationship between net virtual water imports and arable land for the
same 77 countries as those appearing in Figures 1 and 2. Major exporters of crop and livestock products
appear below the axis, as expected. Most net importers of virtual water are characterized by an arable land
endowment of less than 0.50 hectares per person. Only one net virtual water importer (Russia) has more
arable land per person (0.86 ha). Hence, it is reasonable to state that most net importers of virtual water, as
defined by Chapagain and Hoekstra (2004b), have arable land endowments of less than 0.50 hectares per
person, and that arable land is a better predictor than water endowment of a country’s trade status.
This interpretation of the data presented in Figures 1 through 3 is plausible and consistent with
economic theory. Decisions regarding international trade are based on the comparative availability and
opportunity cost of many resources and inputs. Water endowments, alone, will not determine international
trade patterns. Arable land is a better predictor of trade patterns, in part, because it includes consideration
of both land and water availability. Small countries in very humid regions might have large water
endowments, but limited land. In countries with large populations, the amount of arable land per person
will decline, over time. International trade in crop and livestock products is essential to sustain population
growth and enable economic development. Examples of such countries include Indonesia, Japan, Papua
New Guinea, and Singapore. Average annual rainfall in these countries ranges from 1.7 meters in Japan to
3.1 meters in Papua New Guinea. Yet all of these countries are net importers of virtual water, largely
because their endowments of arable land are not sufficient to support their populations. In summary,
focusing on water endowments, alone, neglects the important role of arable land and other inputs in
agricultural production and consequent decisions regarding international trade.

Figure 1. Net virtual water imports and renewable water resources
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Figure 2. Net virtual water imports and renewable water per hectare
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Figure 3. Net virtual water imports and arable land per person
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4. The question of comparative advantage

4.1.

Conceptual perspective

The virtual water metaphor was proposed originally to describe a water-short country’s strategy,
whether implicit or explicit, of importing commodities that require substantial water in production. The
focus on international trade has led some authors to describe similarities between the virtual water
metaphor and the economic theory of comparative advantage, which is a fundamental component of
international trade theory. That observation is enticing but not accurate. The virtual water metaphor is not
sufficiently broad in scope to be considered the same concept as comparative advantage. In particular,
virtual water discussions and calculations do not consider opportunity costs, which must be considered to
determine the optimal allocation of scarce resources (Wichelns, 2004).
The difference between the virtual water metaphor and the economic concept of comparative
advantage can be described with examples involving hypothetical countries with different production
technologies and resource endowments. Often, the opportunity cost of water will be higher in water-short
countries than in water-abundant countries, but that is not always the case. It is easy to construct examples
in which the opportunity cost of water is higher in water-abundant countries. Hence a comparison of
resource endowments alone, which describes absolute advantage, is not a sufficient criterion for
determining optimal trading strategies. Countries must examine their comparative advantages, which
involve opportunity costs. Virtual water analysis, which considers only resource endowments and
describes absolute advantage, is not a sufficient criterion for optimization.
As noted above, several authors have estimated the embedded water content of crop and livestock
products traded in international markets. Often the authors describe the potential gains or savings in water
resources made possible by exporting water-intensive products from water-abundant countries to watershort countries. Within this context, some authors have suggested that the virtual water concept is
equivalent to, or based upon, the economic concept of comparative advantage. That perspective is not
accurate, however, as the discussion of virtual water pertains only to resource endowments, without
consideration of opportunity costs. Comparative advantages are determined by examining resource
endowments, production technologies, and the opportunity costs of producing tradable commodities within
each trading partner. The following examples demonstrate how optimal trading strategies based on
comparative advantages can differ notably from recommendations based only on a virtual water
perspective.

4.2.

Helpful examples

Consider two small countries with the same irrigation water endowment of 10 million m3 per year.
Suppose each country can produce two crops, cotton and wheat. Suppose also that the irrigation
requirements in both countries are 10,000 m3 per ha for cotton and 6,667 m3 per ha for wheat. Given its
water endowment, each country could irrigate either 1,000 ha of cotton or 1,500 ha of wheat.
Suppose Country A has good soils, plenty of sunshine, and an adequate supply of crop nutrients. Its
production possibilities are 1,200 tons of lint on 1,000 ha of irrigated cotton or 4,800 tons of grain on 1,500
ha of irrigated wheat. Suppose Country B is less productive, due to poorer soils, less sunshine, or
inadequate access to crop nutrients. Its production possibilities are 800 tons of lint on 1,000 ha of irrigated
cotton or 4,000 tons of grain on 1,500 ha of irrigated wheat. Given these productivity assumptions,
Country A can produce more cotton or more wheat than Country B. Hence Country A has an absolute
advantage in producing both commodities.
Although Country A has an absolute advantage in both cotton and wheat production, both countries
can gain from engaging in trade that is based upon their comparative advantages. The pertinent analysis
requires consideration of the opportunity costs of production within each country. For example, Country A
must forego producing 4 tons of wheat for each ton of cotton lint it produces. Hence the opportunity cost
of producing cotton lint in Country A is 4 tons of wheat. Similarly, the opportunity cost of producing
wheat in Country A is 0.25 tons of cotton lint. The same analysis for Country B reveals that the
opportunity cost of producing each ton of cotton lint is 5 tons of wheat, and the opportunity cost of
producing each ton of wheat is 0.20 tons of cotton. These production possibilities and opportunity costs are
summarized in Table 1.
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Table 1.
Production possibilities for two countries with the same
water endowment, but different productivities
Country A

Country B

Cotton

1,200 tons

800 tons

Wheat

4,800 tons

4,000 tons

4 tons of wheat

5 tons of wheat

Production Possibilities

Opportunity Costs
Cotton
Wheat

0.25 tons of cotton 0.20 tons of cotton

The comparative advantage in each country is determined by examining the opportunity costs depicted
in Table 1. Country A has the lower opportunity cost of producing cotton. Hence it has a comparative
advantage in cotton production. Similarly, Country B has a comparative advantage in wheat production.
Both countries can gain from trade if Country A specializes in cotton production, Country B specializes in
wheat production, and the two countries exchange some portion of their output at an agreeable terms of
exchange. For example, Country A might send 200 tons of cotton to Country B, in exchange for 880 tons
of wheat. The final consumption bundles would include 1,000 tons of cotton and 880 tons of wheat for
Country A, and 200 tons of cotton and 3,120 tons of wheat for Country B. It is easy to verify that this trade
enables both countries to achieve a consumption bundle that is not achievable in the absence of trade.

The inadequacy of using a virtual water perspective to determine trading strategies can be
demonstrated by modifying the irrigation water endowment of Country A. In particular, suppose Country
A has only half the water endowment of Country B. Country A could then irrigate only 500 ha of cotton or
750 ha of wheat. Its production possibilities would thus be only 600 tons of cotton lint or 2,400 tons of
wheat. While the production possibilities change for Country A, the opportunity costs of production
remain the same. Producing one ton of cotton requires Country A to forego producing 4 tons of wheat, just
as producing one ton of wheat requires Country A to forego producing 0.25 tons of cotton (Table 2).
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Table 2.
Production possibilities for two countries with different
water endowments and different productivities
Country A

Country B

Cotton

600 tons

800 tons

Wheat

2,400 tons

4,000 tons

4 tons of wheat

5 tons of wheat

Production Possibilities

Opportunity Costs
Cotton
Wheat

0.25 tons of cotton 0.20 tons of cotton

Note: In this example, Country A has one-half the water
endowment of Country B.

The production possibilities and the opportunity costs remain the same for Country B, which has the
same irrigation water endowment as in Example 1. Given this information, Country A retains its
comparative advantage in cotton production, while Country B retains its comparative advantage in wheat
production. As a result, Country A, which has half the irrigation water endowment of Country B, should
specialize in producing cotton, even though cotton has a larger irrigation requirement than wheat.
This optimal trading strategy, which will enable both Countries A and B to gain from trade, is
precisely opposite the trading strategy based only on consideration of water endowments. A virtual water
perspective would suggest that Country A should specialize in producing wheat, which requires less water
per hectare, while Country B should specialize in producing cotton, the water-intensive crop in this
example. The problem arises because the virtual water perspective does not consider opportunity costs of
production and, hence, it is not equivalent to the economic concept of comparative advantage. The virtual
water perspective is not a sufficient criterion for determining optimal trading strategies.

5. A closer look at blue and green

5.1.

Conceptual perspective

Several authors have estimated the blue and green components of virtual water in crops that are traded
internationally, noting that most of the virtual water is green rather than blue (Chapagain et al., 2006; Yang
et al., 2006; Yang and Zehnder, 2007; Aldaya et al., 2008). This result is expected, as grains and oil crops
account for the largest portion of international trade, and most of the traded grains and oil crops are
produced in rainfed regions of the major trading countries (Schultz et al., 2005; Liu and Savenije, 2008).
Some of the authors have suggested also that “trading green virtual water” is more sensible than “trading
blue virtual water” because the opportunity cost of green water is less than that of blue water (Yang et al.,
2006; Aldaya et al., 2008). In addition, some authors have suggested that “trading green water for blue
water” can generate meaningful water savings from a global perspective.
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These discussions of blue and green virtual water and the implicit policy recommendations need to be
evaluated very carefully, given that neither metaphor (virtual water nor blue-green water) is based on an
underlying conceptual framework. The blue-green metaphor provides helpful, descriptive terminology, but
there is no inherent, underlying principle that can be called upon to suggest optimal production or trading
strategies.
Several authors have suggested that the opportunity cost of green water is less than that of blue water
(Chapagain et al., 2006; Yang et al., 2006). Some offer the rationale that green water cannot be captured
and moved to a higher valued use in the same way that water in a river, aquifer, or canal can be delivered
to one or more potential users. Some suggest also that surface water and groundwater often are used to
produce higher valued crops, while soil moisture often is used to produce lower valued grains and pasture.
While soil moisture certainly is less mobile and less tradable than surface water or water withdrawn
from an aquifer, the assertion regarding a lower opportunity cost is not necessarily accurate or helpful in
discussions of trading strategies. At least four points seem pertinent: 1) There is no fundamental principle
suggesting that the opportunity cost of soil moisture is always less than the opportunity cost of surface
water or groundwater, 2) The incremental value of soil moisture can be quite high in many rainfed
situations, 3) The incremental value of surface water or groundwater can be quite low in many irrigated
settings, and 4) Relative opportunity costs (comparative advantages), rather than one’s own opportunity
costs, must be considered to determine optimal trading strategies.
There are many empirical situations in which the incremental value of soil moisture is quite high.
Many farmers in rainfed settings depend on effective rainfall for generating the crop yields that provide
their livelihoods and ensure their food security. In such settings, farmers might be willing to pay a
substantial price for additional soil moisture, if such a market existed. The lack of a market does not
preclude the notion of a substantially large incremental value.
The opportunity cost of soil moisture also can be substantial. Although soil moisture cannot be
transported for use in an alternative location, the resource can be used in situ to produce any one of several
crops. Farmers in rainfed areas might choose to produce grains, vegetables, or fruit crops, depending on
market conditions and reasonable expectations regarding the amount and frequency of rainfall. The
incremental value and the opportunity cost of soil moisture will vary with the choices available to farmers.
For example, the opportunity cost of soil moisture used to produce maize might be the alternative value
that could be generated if the soil moisture were used to produce melons. This form of opportunity cost is
pertinent when considering the potential gains from trade involving the production decisions of farmers in
rainfed areas.
In many irrigated areas, the incremental value and opportunity cost of surface water or groundwater
might be smaller than the values implied by some authors. This can occur when the available supply of
surface water or groundwater is large, relative to the supply of arable land, and when institutional issues
motivate farmers to utilize water themselves, rather than allowing them to lease or sell water to someone
who might generate higher incremental values. Farmers with senior water rights might irrigate low-valued
grains and pasture, even though someone else might be willing to purchase the water for use in a higher
valued activity. The opportunity cost of water in such a situation, from the farmer’s perspective, is the
incremental value of water in producing the next-best crop.
Given the possible range in incremental values and opportunity costs in rainfed and irrigated areas, it
is not accurate to state categorically that economic welfare is enhanced when crops produced in rainfed
regions are exported to irrigated regions. Optimal trading strategies can be determined only by examining
empirical values of opportunity costs pertaining to each potential trade. A numerical example is helpful in
demonstrating the variety of optimal trading strategies that might arise when considering both rainfed and
irrigated production.
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5.2.

Helpful example

Suppose the crop production possibilities and opportunity costs for two countries with rainfed and
irrigated areas are those presented in Table 3. Given differences in productivity or the availability of key
inputs, Country A can produce more maize and more melons on its rainfed and irrigated land than is
possible in Country B. Hence, Country A has an absolute advantage in producing both maize and melons.
The empirical values presented in Table 3 are hypothetical, but plausible, regarding potential differences in
productivity in rainfed and irrigated settings.

Table 3.
Production possibilities for two countries with rainfed and irrigated agricultural areas

Country A

Country B

Rainfed

Irrigated

Rainfed

Irrigated

Maize

800 tons

1,500 tons

600 tons

1,200 tons

Melons

4,000 tons

4,500 tons

3,600 tons

4,200 tons

5 tons of melons

3 tons of melons

Production Possibilities

Opportunity Costs
Maize
Melons

6 tons of melons 3.5 tons of melons

0.20 tons of maize 0.33 tons of maize 0.17 tons of maize 0.29 tons of maize

Given the range of opportunity costs shown in Table 3, several types of internal and external trade will
expand consumption possibilities in both countries. For example, within either country, in the absence of
trade, it would be sensible to specialize in the production of rainfed melons and irrigated maize. If trade is
possible, there are several opportunities for increasing consumption possibilities in both countries. For
example, Country A might specialize in irrigated maize, while importing rainfed melons from Country B.
Alternatively, Country A might specialize in rainfed melons, while importing irrigated maize from Country
B. In either of these transactions, the terms of exchange would be determined through negotiations, but
would lie somewhere between the opportunity costs in the two countries.
The two countries could gain, also, if Country A were to specialize in irrigated maize production
(opportunity cost of 3 tons of melons), while Country B specializes in irrigated melon production
(opportunity cost of 0.29 tons of maize). Country A would then send some of its irrigated maize to
Country B, in exchange for some of Country B’s irrigated melons. The terms of exchange would be
determined through negotiations, but would lie somewhere between the opportunity costs in the two
countries.
In sum, there are four potential types of trade that would expand consumption possibilities in the two
countries (Table 4). Two of the four cases involve exchanges of rainfed and irrigated output, while two
cases involve an exchange of either rainfed or irrigated crops. There is not a unique or standard type of
trade that will maximize net welfare. As in any trading opportunity, optimal strategies pertaining to rainfed
and irrigated production can be determined only by considering comparative advantages, which are
determined by evaluating empirical values of the pertinent opportunity costs.
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Table 4.
Welfare enhancing trades pertaining to the countries depicted in Table 3

From Country A

From Country B

Terms of Exchange

Irrigated Maize

Rainfed Melons

Between 4 and 6 tons of
melons per ton of maize

Rainfed Melons

Irrigated Maize

Between 0.20 and 0.29 tons
of maize per ton of melons

Irrigated Maize

Irrigated Melons

Between 0.29 and 0.33 tons
of maize per ton of melons

Rainfed Maize

Rainfed Melons

Between 5 and 6 tons of
melons per ton of maize

6.

Policy relevance and implications
6.1.

Conceptual limitations

Empirical estimates of virtual water and water footprints likely will continue to appear in scholarly
literature and the popular press. Some authors will expand the scope of their analysis to include additional
countries and regions, while others will improve the accuracy of their measurements by collecting more
detailed information regarding water use and production methods. Enhancements in scope and accuracy
might increase the attention given to these measures in academic and public policy forums. Yet the public
policy value of the virtual water and water footprint metaphors will remain limited, absent a better
understanding of the conceptual limitations of these metaphors and the important roles of other factors in
determining optimal resource allocation decisions.
In particular, a better understanding of the social, economic, and welfare implications of water
allocation decisions is needed. Examining only the water required to produce goods and services generally
is insufficient for determining socially optimal policies. As noted above, virtual water is a reflection of
absolute advantage, rather than comparative advantage, which requires consideration of opportunity costs.
In many applications, pertinent opportunity costs will include implications for labor, livelihoods, food
security, environmental amenities, and other considerations that are not reflected in straightforward
calculations of crop water requirements. Public officials responsible for policies that influence water
allocation must consider a wide range of issues and opportunity costs that are not included within the scope
of many virtual water discussions.
Estimates of water footprints share some of the characteristics that limit the policy relevance of virtual
water. Primarily, water footprint analysis lacks a supporting conceptual framework. Water footprints
describe the volume of water required to support production and consumption in selected regions or
countries. Water is one of many inputs in those activities. Hence, estimated water footprints are somewhat
one-dimensional, as they depict the use of only one resource. In addition, water footprints do not describe
the implications of water use. Rather, they consider only the amounts of water used in production and
consumption activities. Hence, water footprints do not contain sufficient information to evaluate the net
benefits generated through the use of water resources.
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The costs and benefits of water use depend largely on the opportunity costs of water resources and the
ways in which water is combined with other inputs in production and consumption. Water footprints
enable one to compare estimated water use, per person or in aggregate across countries, but they are
inadequate for evaluating the incremental costs, benefits, or environmental impacts of water use. For this
reason, empirical estimates of water footprints do not provide sufficient information for assessing
environmental implications or determining policy goals and strategies pertaining to water resources.
Like the virtual water metaphor, water footprints bring helpful attention to important policy issues, but
they lack the conceptual foundation and breadth required to support policy analysis. For example, Nazer et
al. (2008) estimate the water footprint of Palestinians in the West Bank to be 2,791 million m3 per year.
The consumption portion of the water footprint is 1,116 m3 per person, per year, which the authors suggest
is indicative of severe water scarcity. This estimate is informative and brings attention to water resource
issues in the region. However, the water footprint, alone, does not provide guidance to national or regional
public officials regarding policies that might be implemented to alleviate the water shortage in the near
term or over time.
Chapagain et al. (2006) provide detailed estimates of the water footprints of cotton consumption in
many countries. They estimate that cotton consumption is responsible for 2.6% of global water use, and
that 44% of the water used for cotton production and processing supports export markets, rather than
domestic markets. The authors then suggest that “nearly half the water problems in the world related with
cotton growth and processing can be attributed to foreign demand for cotton products.” The conceptual
support for such a statement is not evident. The estimated water footprints describe only the volumes of
water used in cotton production and processing. They do not provide information or insight regarding the
implications of water use in either the importing or exporting countries.
Hoekstra and Chapagain (2007a) note the limited scope of water footprint analysis in the discussion
portion of their report on water footprints in Morocco and the Netherlands. The authors present their
results as “analytical fact[s] without the intention to suggest that the virtual water flows revealed are good
(e.g., because [they are] economically efficient or because [they save] water resources) or bad (e.g.,
because [they create] dependence or because [they externalize the] negative effects of water use without
[compensation].” Indeed, water footprint analysis considers only water volumes and does not provide
information describing the social or economic implications of water use in either the importing or
exporting countries. Hence water footprint analysis has limited usefulness in answering key policy
questions.

6.2.

Current policy issues

Some authors of recent literature have begun describing with greater clarity how factors other than
water influence optimal national strategies regarding water resources. While acknowledging that water
scarcity is a critical issue that motivates governments to implement aggressive programs, they describe
also the broader sets of goals and constraints that influence policy decisions.
Belloumi and Matoussi (2008) reflect this perspective in their analysis of issues that determine optimal
trading strategies, particularly in the Middle East and North Africa. The authors note that arid nations in
the region must continue to import large amounts of food to satisfy domestic demands, while farmers will
seek opportunities to increase their incomes by focusing on higher valued fruits and vegetables. Access to
markets in Europe, rising demands from China and India, climate change, and changes in energy prices
likely will have greater impacts on trade patterns and the terms of trade in the region, than issues regarding
water scarcity alone.
El-Fadel and Maroun (2003) reach a similar conclusion regarding optimal water management in
Lebanon. They note that while Lebanon is a potential exporter of virtual water to other countries in the
Middle East, the country currently imports substantial volumes of virtual water in agricultural crops. The
authors suggest that Lebanon must consider several non-water issues, such as national security, food
security, economic growth, and the quality of life of its citizens very carefully, before choosing a strategy
that would change its status from a virtual water importer to a virtual water exporter.
Several authors have examined or discussed the issue of virtual water in the context of water
allocation and inter-regional trade within China. Berkoff (2003) suggests that China might justify the large
cost of its South-to-North Water Transfer Project in part by citing concerns regarding national food
security and the large number of residents employed in agriculture on the North China Plain. Ma et al.
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(2006) also examine commodity trade between south and north China, suggesting that in 1999 northern
China exported 52 billion m3 of virtual water in the crops it sent to southern China. The authors note that
this volume is larger than the proposed annual transfer of 38 billion m3 of water from southern to northern
China when the project is completed. Given the potential environmental implications of the transfer
project, the authors suggest that considerations other than water resources must be guiding the decision to
move so much water from southern to northern China.
Guan and Hubacek (2007) examine the current movement of agricultural products between northern
and southern China, with the goal of determining whether or not the data reflect implementation of a
virtual water trading strategy. Their null hypothesis is that water-scarce northern China will import waterintensive goods and export goods requiring less water in production, while water-abundant southern China
will operate in reverse. The data do not support the “virtual water hypothesis.” Water-scarce northern
China exports a range of water-intensive goods and services, while water-abundant southern China imports
water-intensive goods. The authors suggest that several factors influencing agricultural input use and
productivity – water price, labor availability, and soil and land quality – might be responsible for the
results they have observed. Indeed, these factors are among those that help determine opportunity costs and
enable one to consider comparative advantages.
Dabrowski et al. (2008) examine agricultural trade data for the 14 member countries of the Southern
African Development Community (SADC), for the purpose of determining net movements of virtual water
among countries. South Africa is the largest producer and exporter of maize in the region, even though it is
a relatively water-short country. Zimbabwe and Zambia are the largest importers of maize in the region,
even though both countries receive more rainfall, on average, than South Africa. Average yields of maize
are higher in South Africa than in all other SADC countries, with the exception of Mauritius. Hence, South
Africa produces more maize per unit of water consumed than in most other SADC countries. Dabrowski et
al. (2008) conclude that agricultural trade in the region is driven by crop productivity, rather than water
scarcity.

6.3.

A view to the future

Discussions of virtual water and water footprints likely will arise often in future, in discussions of
international trade and in analyses of large-scale, complex water transfer projects, such as China’s Southto-North Water Transfer Project and India’s River Linking Project. Some authors will propose utilizing
international trade to alleviate national or regional water shortages, while others will suggest that other
national issues and goals might limit reliance on international trade. Similarly, some authors will
recommend moving forward with water transfer projects, while others might recommend transferring
virtual water in the form of crops, within countries, rather than transferring actual water resources. Much
of the discussion and the resulting policy options can be enhanced by thoughtful consideration of the
limitations of helpful metaphors in policy analysis.
Initial discussions that exemplify this approach include those by Berkoff (2003) and Ma et al. (2006)
regarding the South-to-North Water Transfer Project in China. Those authors acknowledge the concept of
virtual water, while also considering a broader range of policy goals and implications. Gupta and
Deshpande (2004) and Kumar and Jain (2007) examine virtual water strategies within the context of
India’s increasing population and the challenge of meeting its increasing food demands from now through
2050. They note that determining the optimal transfer of water resources and the movement of agricultural
goods within India, and selecting the country’s optimal trading strategy will require broader analysis than
is possible by considering only the notion of virtual water.
Gupta and van der Zaag (2008) propose five criteria for evaluating interbasin water transfers in India:
1) evaluating real and perceived water deficits, 2) providing good governance, 3) protecting water rights,
4) considering sound science (hydrology, ecology, socio-economics), and 5) ensuring sustainability. These
items include a much broader scope of issues than those that are apparent within a virtual water
perspective. Verma et al. (2008) also recommend consideration of non-water factors in determining India’s
optimal water resource strategy. They suggest that the current situation in which a few states produce large
portions of India’s food supply and, thus, export large amounts of virtual water to other states, is not
optimal. In their view, India’s National River Linking Program might provide socioeconomic benefits that
are not evaluated within the context of virtual water analysis.
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Roth and Warmer (2008) also expand the discussion of virtual water in a helpful manner by describing
the political and economical implications of state-level and national water resource strategies. They note
that virtual water strategies influence real water resources and livelihoods in ways that often are similar to
the implications of infrastructure projects that enable the interbasin transfer of physical water resources.
Horlemann and Neubert (2007) also provide insightful discussion of the social, political, and economic
dimensions of virtual water trading. They describe several challenges that might limit the ability of some
countries to implement virtual water strategies, such as the potential risk of losing food sovereignty, the
lack of markets for non-food crops, and inadequate infrastructure in rural areas. The authors suggest that
improvements in water management practices might be more helpful than implementing virtual water
trading strategies in some countries.
These recent studies of current water resource issues provide hopeful signs that much of the future
discussion of virtual water and water footprints will include broader consideration of policy goals,
constraints, complementary inputs, and opportunity costs. One goal of such improvement in the discourse
might be considered as determining how to utilize the attractiveness and compelling nature of the virtual
water and water footprint metaphors as starting points for enhancing public interest in water resource
issues, while not relying on virtual water discussions alone to guide public policy decisions. Since the mid1990s, these metaphors have generated notable public attention and interest in one of the world’s most
important, yet limited, resources. As a result, the current outlook for informed policy discourse in the water
sector is much brighter than in might have been. The key to moving forward effectively is to broaden the
scope and depth of policy discussions by first acknowledging the inherent limitations of the metaphor, and
then demonstrating the value of analysis based on a rigorous conceptual framework and implemented
using a larger set of pertinent variables. Wiser policies and greater social benefits will result from such
efforts.
The public awareness value of the virtual water and water footprint metaphors likely will gain
importance in future, as water scarcity increases in many areas. Residents of countries in which aquifers
are being over-pumped in unsustainable fashion or the flows of key rivers are being diminished
persistently by diversions for irrigation likely will gain interest in the long-term implications of domestic
water policies. Given the increasing media coverage of global water scarcity issues and the potential
implications of climate change, many residents might gain interest also in regional and national patterns of
agricultural production and international trade in goods and services. The virtual water and water footprint
metaphors will continue to enhance public awareness of these issues. A broader understanding of the
limitations of the metaphors from a public policy perspective will enhance the discussion of meaningful
policy alternatives.
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