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Abstract 

In the present century, the water shortage is one of the greatest challenges, especially 

for arid and semi-arid countries such as Iran. Many researchers in these countries have always 

examined the methods that can solve the water crisis. In the conventional policies related to 

management of water resources, the term of “virtual water” has been introduced to reduce 

physical water scarcity in arid and semi-arid countries by importing water-intensive 

commodities. In this study, we have reviewed the countries' evidences on the virtual water trade 

and determined the effective factors on virtual water trade. A review of the published 

documents and references, confirmed that there is no evidence showing that the framework of 

virtual water is used to define a policy. Among the 18 countries reviewed in this study, Mexico 

was the only country which employed the virtual water concept for achieving the water 

security. In addition, the results of the second part of this study indicate that a country’s 

abundant of arable land is the most effective factor in describing trade patterns. To sum up, the 

best trade strategies and agreements are determined by assessing the opportunity costs of 

production such as virtual water and opportunity cost of land use, evaluating comparative 

advantages, and other social and economic circumstances.  
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Introduction 

Water is the fundamental element for life and is considered as the main basis for life 

permanence on the earth (Gómez-Limón and Martinez, 2006; Viala, 2008; Pimentel et al., 

1997; Economics, 2008). The future of water and food production is not clearly predictable 
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because of some uncertainties (Rosegrant et al., 2002). Some of this uncertainty can be due to 

uncontrollable factors such as weather (Peterson and Ding, 2005). In addition, there are other 

critical incidents that are caused by choices made by the world’s people. These human-made 

factors include population growth. (Rosegrant et al., 2002; Vörösmarty et al., 2000; Gleick, 

1996), income uses (Dalhuisen et al., 2003; Agthe and Billings, 1987), investment in water 

infrastructure, small and large-scale reforms in water management (Li et al., 2002) and 

technological changes in agriculture (Rosegrant et al., 2002). 

According to a recent study (Rockström et al., 2005), in order to cope with the need of 

the growing population, water demand  for food production will be doubled. According to the 

other study conducted by Hightower and Pierce (2008), the water demand for energy 

production  will be raised up to 57 % by the year 2030.   

Industrialization, mismanagement of water, population growth on one hand and climate 

change, and extended drought on the other hand are the major limiting factors on water 

resources availability threatening food security in developing countries, in particular arid and 

semi-arid regions such as Iran (Faramarzi et al., 2010a). In Iran, The water scarcity is a major 

constraint to the expansion of cropland and food production (Faramarzi et al., 2009). Despite 

of the water crisis, in developing countries, the water productivity is very low (Faramarzi et 

al., 2010b) , and agriculture accounts for by far the greatest consumption of water , composing 

more than 70 % of all withdrawals (figure1; FAO,2007). 

Fig 1. The share of various economic sectors of water use in some developed and developing countries. 

Reproduced from FAO (2007) cited by  (Cominelli et al., 2009) 
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The virtual water term was introduced by the Allen’s study (1998) analysing actual 

patterns of   water utilized to produce crops traded in the international markets (Allan, 1996; 

Allan, 2002).  Using the concept, many studies (Guan and Hubacek, 2007; Hoekstra and Hung, 

2005; Hoekstra and Hung, 2002; Reimer, 2012; Guo, 2014; Wichelns, 2015) recommend that 

the virtual water trade can be used as a tool to improve water security by importing water-

intensive products from the water-rich to the water-scarce countries. Indeed, in the context of 

water resource management policies, the concept of “virtual water” indicates special 

consideration of international trades to water-scarce nations rather than attempting to locally 

produce all goods in the assumed countries (Hoekstra and Hung, 2002; Hoekstra and Hung, 

2005; Kumar and Singh, 2005; Hoekstra, 2008; Chapagain, 2006; Du Fraiture, 2004). The 

concept was even expanded to other limited resources such as land and labor (Warner (2003). 

Nevertheless, in the recent years, this concept has been utilized to argue against production and 

export of goods (Economics, 2008). 

Meissner (2003) investigated virtual water trade from economic, political, and 

environmental perspective in SADC member states. This author stated that employing virtual 

water approach would be a useful strategy in many of these countries. He illustrates that the 

virtual water trade leads to economic and political benefits.  

Kumar and Singh (2005) found that the virtual water perspective cannot predict the 

observed trading pattern. Also, the study concluded that a country’s water endowment cannot 

explain the observed variation in the world trade patterns, while a country’s area of arable land 

and water shortage can do.  

Dabrowski et al. (2009) suggested that local estimates of water -that is consumed to 

produce a crop- contributes to an efficient use of water, The study concluded that analysis of 

the virtual water content and trade of agricultural products at different spatial scales (i.e. 

regional, national) is an important tool in the context of water allocation, water use efficiency 

and alleviation of water scarcity. 

Mekonnen and Hoekstra (2010) suggested estimates of the green, blue and gray water 

footprints as appropriate economic assessment for wheat production. The results of the study 

showed that the global wheat production required about 108 billion cubic meters of water per 

year in the period 1996-2005. They showed that the green water made up the major part with 

about (70%), and the blue and gray water with about 19 % and 11 % of the total consumed 

water, respectively.  

Wichelns (2010) found that virtual water perspective cannot be used as the only criteria 

for evaluating trade policies. The study showed that trade strategies designed based on virtual 

water concept cannot be consistent with policies based on the concept of comparative 

advantage. 
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Wichelns (2015) argued that virtual water and water footprints do not provide helpful 

tools to design international trade agreements aimed at improving the global water security. 

The results of this study are summarized in four important points (1) international trade should 

not be modified or regulated based on the concepts of either virtual water or water footprint (2) 

countries would not save water by considering virtual water trade in their trade policies (3) 

consumers in one country cannot alleviate water scarcity or improve water quality in other 

countries, and (4) The concept of water footprint is challenging because of not considering  the 

concepts of carbon and ecological footprints. 

The aim of this paper is to discuss concerns regarding virtual water when it is used as 

the only effective tool to solve the world water crisis and to improve the world water scarcity.  

We reviewed some countries’ evidences and documents about the virtual water. We also 

attempted to identify the most effective factors on virtual water trade.  

In the next sections, we describe the selected variables and the associated datasets, the 

applied method, results obtained from the model estimation, and finally the discussion. 

Materials and methods 

In this section, we explain the ordered logit model used to define the relationship 

between a country’s arable land and renewable water resources with net virtual water export. 

In the next section, the empirical model, independent and dependent variable are presented.  

 

Ordered logit 

The dependent variable y – that is ranking of the selected countries in net virtual 

water export- take values from 0 to 8. To analyze the relationship between ordinal dependent 

variable and the explanatory variables, two alternative models including ordered logit and 

ordered probit can be used.  Since the dependent variable present ranks of the selected 

countries, we use the ordered logit model.  Nevertheless, the results of the ordered probit 

model are slightly different than the outcomes of the ordered probit model (Van Dijk and 

Pellenbarg, 2000). 

This model is modified in the following way.  

* /

  ,iXy    (1) 

 

Where 
*

y  is unobserved dependent, x is a vector of depended variable, 
/

  an unknown 

parameter vector and  is the disturbance term. Y is defined based on
*

y  as the below:  
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Where y is the frequency of attendance and  is a vectors of unknown threshold 

parameters to estimate by . In this model, it is assumed  has a standard logistic distribution, 

and  the ordered probit with a standard normal distribution (Van Dijk and Pellenbarg, 2000; 

Sawkins et al., 1997).  

The probability of a given observation for this model is: 
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For k categories, K0 is defined in a range between   and  . 

Empirical model 

Our study empirical models of ordered logit are presented in the following equations. 

Each of these equations are estimated separately. 

(4) 𝐦𝐨𝐝𝐞𝐥𝟏:  𝑦𝑖 =  𝛽11𝑙𝑎𝑛𝑑𝑖 + 𝛽12𝑜𝑝𝑖 + 𝛽13𝑒𝑠𝑖 + 𝛽14𝑔𝑜𝑣𝑖 + 𝛽15𝑝𝑜𝑝𝑖 + 𝜀1𝑖   

(5) 𝐦𝐨𝐝𝐞𝐥𝟐: 𝒚𝑖 =  𝛽21𝑤𝑎𝑡𝑒𝑟𝑖 + 𝛽22𝑜𝑝𝑖 + 𝛽23𝑒𝑠𝑖 + 𝛽24𝑔𝑜𝑣𝑖 + 𝛽25𝑝𝑜𝑝𝑖 + 𝜀2𝑖  

(6) 𝐦𝐨𝐝𝐞𝐥𝟑:  𝑦𝑖 =  𝛽31𝑙𝑎𝑛𝑑𝑝𝑜𝑝𝑖 + 𝛽32𝑜𝑝𝑖 + 𝛽33𝑒𝑠𝑖 + 𝛽34𝑔𝑜𝑣𝑖 + 𝜀3𝑖  

(7) 𝐦𝐨𝐝𝐞𝐥𝟒:  𝑦𝑖 =  𝛽41𝑤𝑎𝑡𝑒𝑟𝑙𝑎𝑛𝑑𝑖 + 𝛽42𝑜𝑝𝑖 + 𝛽43𝑒𝑠𝑖 + 𝛽44𝑔𝑜𝑣𝑖 + 𝜀4𝑖  

(8) 𝐦𝐨𝐝𝐞𝐥𝟓:  𝑦𝑖 =  𝛽51𝑤𝑎𝑡𝑒𝑟𝑝𝑜𝑝𝑖 + 𝛽52𝑜𝑝𝑖 + 𝛽53𝑒𝑠𝑖 + 𝛽54𝑔𝑜𝑣𝑖 +  𝜀5𝑖  
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Where the subscript i represents ith the country, 𝑙𝑎𝑛𝑑𝑖, 𝑤𝑎𝑡𝑒𝑟𝑖, 𝑙𝑎𝑛𝑑𝑝𝑜𝑝𝑖, 

𝑤𝑎𝑡𝑒𝑟𝑙𝑎𝑛𝑑𝑖, 𝑤𝑎𝑡𝑒𝑟𝑝𝑜𝑝𝑖 are arable land for country i, renewable water resources available for 

country i, arable land per person  for country i, renewable water resources available per hectare 

for country i, and renewable water resources available per hectare for country i respectively. 

We should mention that these variables are the key variable of research. Kumar and Singh 

(2005), Wichelns (2010),  and Wichelns (2015) indicated that the introduced variables have 

impacts on trade virtual water. 𝑝𝑜𝑝𝑖 is the population variable. Several authors showed that the 

population has impact on trade virtual water (Wichelns, 2015; Wichelns, 2010; Kumar and 

Singh, 2005).  Also, 𝑜𝑝𝑖 is the trade openness. Adhikary and Chowdhury (2010) stated that  the 

trade openness can affect on trade virtual water. 𝑒𝑠𝑖 is the ratio of industries' GDP to total GDP 

for country i. Wang et al. (2009) showed that industrial countries usually import the virtual 

water. Therefore,  𝑒𝑠𝑖 can affect on the trade virtual water.   is the governance indicator. Araral 

and Yu (2012), Ballabh (2008), Briscoe (2009), Saleth and Dinar (2005), and Biswas et al. 

(2004) shown that improving water governance is a key solution to water insecurity. the 

governance indicators can be used as a proxy for water governance (Araral and Yu, 2012).  is 

the ranking of countries in net virtual water import. Each of these equations are estimated 

separately. 

Data Description 

For investigation of the effective factor net virtual water import we utilize annual data 

in 2005 for 112 countries. The list of selected countries is presented in appendix I.  Variable 

description and unit of the measure are described in the Table 1. 

Table 1. Data resources and unit of research variables 

 

 

 

 

 

 

The descriptive statistics, the mean value and standard deviation for different variables 

are shown in the Table 2.  Among the selected countries, Japan, Argentina and Brazil have the 

                                                             
1 http://waterfootprint.org/en/ 
2 http://www.fao.org/faostat/en/ 
3 http://data.worldbank.org/ 

Description of the 

variable 

Data resources Unit of measure 

Net virtual water trade 1Water footprint website 31000000m 

𝑙𝑎𝑛𝑑 
2FAOSTAT website  Hectare 

𝑤𝑎𝑡𝑒𝑟 
3World bank website 31000000m 

𝑝𝑜𝑝 World bank website person 

𝑜𝑝 World bank website - 

𝑒𝑠 World bank website - 

𝑔𝑜 World bank website - 
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largest net virtual water imports. On the other hand, some of the countries such as Tonga, 

Congo, Botswana, Ireland, Gabon, Luxembourg, and Azerbaijan have a balanced situation 

regarding their virtual water trade.  

Table 2. Descriptive statistics for explanatory variables 

Variables Mean Std.Dev 

𝑙𝑎𝑛𝑑 8863341 2.40e+07 

𝑤𝑎𝑡𝑒𝑟 13024.95 22423.55 

𝑝𝑜𝑝 3.74e+07 1.31e+08 

𝑜𝑝 77.12515 39.37253 

𝑒𝑠 29.37957 10.49243 

𝑔𝑜 .0121848 .9663625 

 

 

Fig 2.The position of the country in net virtual water import 

Results  

In the first part, the selected countries' experiences in virtual water are described. In the 

next step, we examine the effect of explanatory variables on countries’ virtual water trade using 

the ordered logit regression model.  
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The countries' experiences 

In this section of the study, we present the selected countries' evidences and documents 

in the virtual water. The selected countries are: Canada, USA, Mexico, Brazil, South Africa, 

Tunisia, Egypt, Botswana, Morocco, Kenya, Spain, France, Germany, Uzbekistan, Tajikistan, 

Kirghizstan, Kazakhstan, China, and Japan. The selected countries are shown in red color in 

the figure 3. For investigating the countries' experiences, we carefully reviewed the published 

reports, papers, and books. For achieving to this goal, we reviewed 54 references that can 

mention to the number of used resources: OECD (2005),Prina (2007), Rahman et al. (2011) 

,Schreier et al. (2007), (Huang and Huang, 2007), Niemeyer and Garrido (2011), Mubako 

(2011) , Du Fraiture (2004), Carmo et al. (2008), Kose et al. (2004), Stambouli et al. (2015), 

Schyns and Hoekstra (2014), Porkka et al. (2012), Odularu (2009), Mekonnen and Hoekstra 

(2014), Hummel et al. (2007), El-Sadek (2010), Dabrowski et al. (2009); (Aldaya et al., 2010) 

. A review of the published reports confirmed no evidence of using virtual water as a decision 

or policy making tool for water resources management. Among the studied countries, Mexico 

is the only country where the policy makers employ the virtual water concept for improving 

the country’s water security. The position of selected countries is shown with red color in figure 

3. 

 

Fig 3. The Position of selected countries on the map 

Also, a review of the published reports shows that it is useful for countries facing water 

scarcity such as Iran to use the virtual water concept in their decision and policy making (table 

3).  
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Table 3. The points for decision making 

The country The lesson  
Mexico Producing different products across various provinces should be determined 

by distribution of renewable water resources.  

Mexico The water tariff should be determined based on the real value of water. The 

price modification leads the net virtual water trade to be adjusted in 

compatible with water availability of the region.  

Mexico Trading strategies should be determined based on opportunity costs of 

production, comparative advantages,  water scarcity, and the socio-economic 

situation.  

Mexico, Canada, USA Countries facing water scarcity should arrange trade agreements aimed at 

importing water-consumed products as a solution to water crisis.    

Mexico, Canada, 

USA,Egypt,Morocco 
Socio-economic impact of the trade agreements should be assessed before 

impelementing the policy. 

 

USA Policies leading to population growth, technology improvement, and increase 

in income have a potential to increase virtual water import and  can also 

increase the pressure on domestic water resources.  

 

Canada Developing production activities in arid areas of a country –even they have 

other potentials- can be a serious  threat to water security in Iran.  

Brazil The export of rainfed agricultural products  has a very low environmental 

cost. Therefore, the rainfed products should be supported by introducing 

technological and technical improvements in order to increase the 

productivity . 

 

Determination of virtual water trade 

The hypothesis of virtual water supports the idea that water- scarce countries should be 

net importers of virtual water, while water-rich countries should be net exporters of virtual 

water.   

The graphs depicted in Figures 4 display the estimated annual net virtual water imports 

in 1,000,000 m3 per person, for 112 countries listed in appendix I. The vertical axis in each 

graph present net virtual water imports. Countries above the horizontal axis are net virtual water 

importers, while those below the line are net exporters. The virtual water dataset presented in 

these figures show amount of water consumed for producing the traded agricultural and 
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industrial products.   From the figures, it is clearly concluded that national water endowment 

is not a main factor to determine types of products traded between the countries. Some studies  

(Wichelns, 2010; Kumar and Singh, 2005) are in the same line with this conclusion. 

Graph 1 presents the relationship between the net virtual water imports and a country’s 

total renewable water resources. The graph shows that some water rich countries are net 

importers, while some others as net exporters. Therefore, it seems no relation between national 

water endowment and virtual water trade.  

Graphs 2, 3, 4, and 5 present the relation between net virtual water imports and a 

country’s total area of arable land, a country’s renewable water resources per person, area of 

arable land per person, and renewable water resources per hectare, respectively. All the four 

graphs do not show any clear relationship between the net virtual water imports and the selected 

variable on the X-axis. .  

In graph 5, we can find a relatively clear relationship between arable land and net virtual 

water imports. The upward line shows that countries with abundant arable lands per person are 

expected to be exporters of virtual water. Therefore, area of arable lands - that are lands with 

enough water resources- is the main factor determining types of a country’s traded products. 

This result is in line with the findings of (Wichelns, 2010; Kumar and Singh, 2005; Wichelns, 

2015). 

 

 

 

 

 

 

 



 

Page 11 of 18 
 

 

 
Fig 4. Relationship of net virtual water exports with explanatory variables 



 

Page 12 of 18 
 

Regression results 

Table 4 describes the eight groups of the dependent variables. Group 4 with more than 

40% of the sample is the largest group. It means that a lot of the selected countries have a 

balanced status in their virtual water trade.  

The results reported in Table 5 show that LR chi2 4 for all models are significant. In 

other words, at least one of the predictors’ regression coefficients cannot statistically be equal 

to zero. According to the log likelihood values, the two models of model 1 and 2 are the best 

to figure out which of the selected explanatory variables are important in explaining countries’ 

net virtual water imports. 

Table 5 shows the results obtained from the ordered logit estimations of the five models. 

The results show that some variables such as renewable water resources available do not have 

significant impacts on a country’s virtual water trade. This conclusion is consistent with the 

finding of Kumar and Singh (2005), Wichelns (2010), Wichelns (2015). Moreover, the results 

show that  policies to improve trade openness increases the probability of having a larger net 

virtual water export. This result is in line with the findings of Adhikary and Chowdhury (2010). 

A few studies such as Wang et al. (2009) inversly concluded that trade openess increases the 

probablity of having a smaller virtual water export.  

The results of model 2 illustrate that  population growth raises the probability of having 

a larger virtual water exports. It is consistent with the finding of Kumar and Singh (2005), 

Wichelns (2010), Wichelns (2015). On the other hand, the results of model 1 indicate that 

arable land has a positive significant impact on the probability of having a large net virtual 

water export. This result is in line with the findings of Kumar and Singh (2005), Wichelns 

(2010), Wichelns (2015).  

The estimation results of model 3 show that arable land per person has a positive 

significant impact on a country to have a larger amount of virtual water exports. It is consistent 

with the finding of  Kumar and Singh (2005), Wichelns (2010), Wichelns (2015). 

In the models 4 and 5, renewable water resources available per hectare and renewable 

water resources available per person do not have a significant impact on a country to have a 

larger amount of virtual water exports. It is consistent with the finding of Kumar and Singh 

(2005), Wichelns (2010), Wichelns (2015). The results of five model illustrate that governance 

                                                             
4 This is the Likelihood Ratio (LR) Chi-Square test that show at least one of the predictors’ regression coefficient 

is not equal to zero in the model. The number in the parenthesis indicates the degrees of freedom of the Chi-
Square distribution used to test the LR Chi-Square statistic and is defined by the number of predictors in the model 
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indicators  have a significantly positive impact on the probability of having a smaller net virtual 

water export. This result is in line with the findings of Araral and Yu (2012).  

To sum up,  arable land and arable land per person are the most effective predictors of 

a country‘s trading products. These results have been already confirmed by the graphical 

analysis. 

 Table 4. Descriptive statistics for dependent variables 

 

Table 5. Estimation results 

Model5 Model4  Model3 Model2  Model 1  Variables 

0.002 0.001 0.002 0.004 0.009* 𝑜𝑝 

-0.023 -0.019 -0.019 -0.034** -0.041** 𝑒𝑠 

- - - 2.020e-8* -4.160e8 𝑝𝑜𝑝 

- - - - 8.130e7** 𝑙𝑎𝑛𝑑 

- - - 2.640e-6 - 𝑤𝑎𝑡𝑒𝑟 

- - ***2.050 - - 𝑙𝑎𝑛𝑑𝑝𝑜𝑝 

- -0.066 - - - 𝑤𝑎𝑡𝑒𝑟𝑙𝑎𝑛𝑑 

-2.046 - - - - 𝑤𝑎𝑡𝑒𝑟𝑝𝑜𝑝 
***0.571- ***0.566- ***0.556- -0.591*** -0.662*** 

𝑔𝑜 

-181.210 180.125 172.383 -177.978 -166.816 Log likelihood 
***12.410 ***12.870 ***12.410 18.870*** ***41.190 LR chi2(5) 

 * Statistical significance at 10% level. 
** Statistical significance at 5% level. 

***Statistical significance at 1% level. 

 

 

 

Countries 

category 

Net virtual water export 

(1000000m3) 

Frequency Percent Cumulative percent 

1 30-120 4 3.57 3.57 

2 4-29.9 21 18.75 22.32 

3 2-3.9 5 4.46 26.79 

4 -1-1.9 48 42.86 69.79 

5 -4-(-2) 17 15.18 84.82 
6 -12-(-4.1) 6 5.36 90.18 

7 -35-(-12.1) 5 4.46 94.64 

8 -100- (-35.1) 6 5.36 100.00 

Sum  112 100.00  
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Discussion 

The results this research show that renewable water resources available per hectare 

and renewable water resources available per person do not have a significant impact on a 

country to have a larger amount of virtual water exports. Also, arable land and arable land per 

person are the most effective predictors of a country‘s trading products. On the other hand, 

the results illustrate that except for Mexico, there is no evidence that virtual water is directly 

used to determine types of products traded between countries.  

Conclusion  

In developing countries of arid and semi-arid regions such as Iran, water scarcity is a 

major constraint to develop agricultural production. In the context of water resources 

management policies, the concept of “virtual water” has introduced as a tool to adjust 

international trade patterns. Accordingly, the main issue of this study was if the virtual water 

can be a unique tool to solve the world water crisis. 

To responde this question, we reviewed the selected countries' documents about 

implementing the tool of virtual water. We also analyzed impacts of influential factors on 

countries’ virtual water trade using the ordered logit model. 

The following conclusions can be drawn, as a whole: 

 

 The most appropriate trading strategies should be determined based on opportunity 

costs of production- that is composed of various components such as virtual water-, 

evaluating comparative advantages, and social and economic conditions. Therefore, 

virtual water cannot be sufficient for designing trading strategies. 

 

 Since some factors - such as population growth and increased income- can increase net 

virtual water and pressures on water resources simultaneously, the concept of virtual 

water cannot be the only tool to evaluate world trade agreements. This means that a 

combination of various indicators such as socio-economic assessment and estimates of 

virtual water should be used to evaluate a proposed policy.    

 

 Except for Mexico, there is no evidence that virtual water is directly used to determine 

types of products traded between countries  

 

 Scarcity and abundance of arable lands are the most important factors in explaining 

world countries’ trade patterns. Therefore, strategies targeted land use planning would 

affect direction and quantity of virtual water trade.  
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 Governance is another factor influencing net virtual water export, therefore 

improvement in a country’s governance can adjust virtual water trade to sustainable 

management of water resources.  

 

 To sum up, in combination with other concepts and tools, the virtual water term can be 

useful in planning a country’s trade. 
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