
BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 

 

77 | bjrd 

 

Agro-virtual water trade in relation to water availability and attributes 

of crop import of Lungnyi Gewog, Bhutan.  

Mr. Sonam Tashi and Mr. Ugyen Dorji 

DOI: https://doi.org/10.17102/bjrd.rub.11.2.033 

Abstract  

Virtual Water Trade is the product of Specific Water Demand and quantity of a 

commodity traded in tons. The water availability, water utility patterns, attributes 

of agricultural products imports, and quantity of 4 selected crops traded were 

collected through a questionnaire survey with a systematic circular design. The 

Specific Water Demand of crops was collected from published FAO guidelines and 

data was analyzed using MS-Excel and Statistical Package for Social Science 

(SPSS). The Net Virtual Water Trade was calculated using MS Excel.  The study 

showed positive NVWT with higher virtual water export than an import for the study 

area. The independent sample t-test showed a significant difference between 

NVWT of farmers that has and that do not have enough water for agriculture t¬ 

(88) =3.129, p=0.002. The Pearson Chi-Square test showed no significance in the 

relationship between attributes of import of agri-products and availability of water 

resources in the Gewog; X2 (4, N=90) = 63.68, p=0.000. The study revealed a 

strong correlation between household size and VWI of apple and rice and VWE of 

apple, potato, chilli, and rice at p <0.01. However, no significant correlation was 

observed between household size and VWI of potato and chilli. 

Keywords: Crops, Net Virtual Water Trade, Specific Water Demand, Virtual Water 

Trade, water allocation, water scarcity. 

1. Introduction 

Water scarcity is in center of major socio-economic and political problems and has 

become a major economic asset with its increasing utility in agriculture and industries. 

The increasing demand of water over renewable domestic water resources, water 

scarcity and its implications for food security have created major concern in most 
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countries (Ashktorab, 2019). The agriculture sector is accredited with about 90% of 

water use and other sectors acquiring less than 10% (Siebert & Döll, 2010). It was 

found that conservation, research, and innovative activities should be streamlined 

towards sectors that take the greater share of the water resource (Gleick, 1993). Water 

resource management is the activity of planning, developing, distributing and 

managing optimum use of water resources with balanced allocation (Yang & Zehnder, 

2007). The traditional water resource management strategies in Bhutan were primarily 

conducted within the catchment and watershed perspectives (NEC, 2012). The scope 

of the water resource management can be extended beyond the boundary of the 

natural watershed and into the trade of water resources (Zehnder et al., 2003).  

Virtual water (VW) is the amount of water that is used to produce a commodity 

which is also called water foot print (Hoeskstra, 2002). The term “Virtual Water Trade” 

(VWT) was introduced in 1993 by Professor Tony Allan to indicate the amount of water 

made available in the global system through agricultural commodity trade (Allen, 1997). 

The global trade of goods is associated with a virtual transfer of water required for their 

production and it has become increasingly important to put food trade in analysis of 

water availability and scarcity (Hoekstra & Hung, 2002). The concept was originally 

developed in the context of water scarce Middle Eastern and North African countries 

which import a large portion of their food to alleviate local water scarcity. It becomes 

more efficient to import crops that consumes more water than to grow locally and the 

limited water resource available can be allocated to other important sectors (Carr et 

al., 2013). Almost 90–95% of the domestic cereal supply relies on import in Israel and 

Libya where water resources are extremely scarce. The gap between the local demand 

and supply of water-intensive commodities is compensated by virtual water trade 

through food trade (Antonelli and Sartori, 2015).  

Agriculture in most countries has by far the largest water use and discussions 

on virtual water issues have focused primarily on food commodities. The virtual water 

flow, entering and leaving a country can indicate actual water scarcity and water 

allocation of a country (Chapagain and Hoekstra, 2008). In 2008, the total water 

withdrawal in Bhutan was about 338 million m3 and about 94% of this water was used 

for agriculture (FAO, 2011). Agriculture consumes over 90% of the water resources in 

Bhutan (Dorji, 2016). Currently, Bhutan experiences localized and seasonal water 

shortages for drinking and irrigation although the nation is bestowed with substantial 
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water resources. The escalating demand of water resource increases the need to 

conserve and manage water resources with research and development that include 

water balance studies and crop water requirement (ADB, 2016). However, it was also 

observed that countries which face acute water scarcity problems cannot meet their 

water demand for food production through cereal imports from water-rich countries 

(Kumar, 2018). Moreover, influx of foreign food with availability of enough water 

resources could suppress the domestic efforts in mobilizing the internal water 

resources (Neubert et al., 2006). The study calculated the VWT and NVWT (Net Virtual 

Water Trade) of 4 selected crops for the study area from the trade pattern of these 

crops based on a questionnaire survey. The availability of water for agricultural 

production and water use patterns in the study area were studied and its relationship 

with the calculated NVWT of the individual respondents were assessed. The study also 

analyzed the relationship between the import of the selected crops and the NVWT of 

the individual respondents of the study area. 

 

2. Materials and Methods 

2.1 Primary data collection 

2.1.1 Study area 

Lungnyi Gewog has total area of 59.7 km2 from which 12,687.50 acres are covered by 

forest with elevation ranging from 2,200 to 3,400 masl (Rai & Phuntsho, 2016). The 

Gewog lies in the central region of the Dzongkhag.  

 

 

 

 

 

Figure 1: Study area-Lungnyi Gewog, Paro Dzongkhag 
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The Gewog shares its boundary with Shaba Gewogs in the East, Lamgong and 

Wangchang Gewogs in the North and Naja Gewog and Uesu Gewog in the south and 

south-west respectively. Though the Gewog is centrally located, agricultural land use 

is dominated by dry land (~300 acres) closely followed by wetland (~100 acres) 

cultivation. Agricultural farming and livestock products are major sources of income 

and livelihood in the study area. Paddy and wheat are the principal cereal crops 

cultivated while apple, chilli and potatoes are the major cash crops cultivated in the 

Gewog (MOAF, 2015).  

2.1.2 Sample size and sampling design 

The study area has a total of 181 households and almost 90% of the households 

practice agriculture farming. Fifty percent of the population were taken as sample size 

for the study and individuals from ninety households were interviewed. Circular 

systematic sampling method was used to select households from each chiwog for the 

survey. The farmers were selected from the household lists collected by Agricultural 

Extension officers (AEO) at the Gewog center. A semi-structured questionnaire was 

deployed focusing primarily on the quantity of 4 selected crops; apple, potato, chilli 

and rice, traded by farmers of the study area for calculation of NVWT. The availability 

of water for agricultural production, demographic data, attributes of crops import and 

maximum water use patterns was also assessed through the questionnaire survey. 

SWD =
CWR[n,c]

𝐶𝑌 [𝑛,𝑐]
                                                                     (Equation 1) 

Here, SWD denotes the specific water demand (m3 ton-1) of crop c in country n 

CWR the crop water requirement (m3 ha-1) 

CY the crop yield (ton ha-1). 

Crop water requirement CWR (in m3 ha-1) is calculated as: 

ETc = ET0 × Kc                                                                   (Equation 2) 

ET0 = reference crop evapotranspiration’  

Kc = crop coefficient 
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2.2.2 Calculation of virtual water trade flows and the National Virtual Water trade 

balance. 

Virtual water trade was calculated as follows (Hung, 2002): 

VWT [ne, ni, c, t] = CT [ne, ni, c, t] x SWD [ne, c]                (Equation 3) 

The gross virtual water import to a country ni is the sum of all imports: 

 GVWI [ni, t] =∑ VWT [ne, ni c, t]                                         (Equation 4) 

The gross virtual water export from a country ne is the sum of all exports: 

 GVWE [ne, t] =∑VWT [ne, ni, c, t]                                        (Equation 5) 

The NVWT of country x for year t can thus be written as: 

 NVWT [x, t] = GVWI [x, t]- GVWE [x, t]                               (Equation 6) 

 

2.2 Secondary data  

2.2.1 Calculation of specific water demand per crop type. 

The Crop Water Requirement (CWR), Crop Yield (CY) and Specific Water Demand 

(SWD) were collected from published research papers, articles and reports related to 

this concept as data on agricultural products SWD had not been assessed in Bhutan. 

The SWD and CWR guideline of FAO are used for countries where these data are 

unavailable (Gleick, 1993). The SWD for 4 selected crops were used from the 

guidelines of FAO that were calculated for China (Table 1). Bhutan and China fall 

under similar climatic conditions and China has calculated SWD data for almost all 

crops. The average specific water demand for individual crops is calculated as follows 

(Hoekstra & Hung, 2002): 
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Table 1: Specific Water Demand of selected crops-FAO CWR guidelines (Hoekstra & Hung, 

2002). 

Sl. No Crop SWD (m3/ton) 

1 Apple 822  

2 Potato 287  

3 Chilli 379  

4 Rice 1673   

 

2.3 Data Analysis  

The primary data on major crops traded and SWD, GWTI, GWTE, VWT and NVWT 

were organized and calculated using MS excel. All data sets were subjected to 

Shapiro-Wilkinson normality test. Descriptive statistics of demography, water utilities 

and availability water were analyzed using SPSS. Pearson Chi-Square test was used 

to compare the attributes of crops import with maximum water utility. The relationship 

between availability of water resources for irrigation and NVWT of individual 

respondents was assessed using independent sample t-test. The relationship between 

NVWT of individual and household size and between NVWT and import of selected 

crops were analyzed using linear regression.  

3. Results and Discussion 

3.1 Demography, crop production and crop trade. 

From the total of 90 respondents, 50 respondents were females and 40 were male. 

About 84% of the respondents fall between the productive age of 15 to 64 and 16 % of 

the respondents were above the age of 60 years. The result also shows that 60% of 

the respondents have household size between 2-5 members and 30% of the 

respondents have household size between 5-9 members. The crop production 

increases with increase in members of the household due to sufficient human resource 

for agriculture.  
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Table 2: Demographic, crop production and crop trade statistics. 

 Parameters Category Respondents Percentage 

Gender Female 50 55.6 

Male 40 44.4 

Age 

 

15-64 

64 above 

76 

14 

84 

16 

Household size 2 to 5 54 60 

 5 to 9 36 30 

Major cash crops grown Cereals 20 22.2 

 Dairy products 19 21.1 

 Horticulture 1 1.1 

 vegetables 50 55.6 

Idea about VWT Yes Nil Nil 

 No 90 100 

Import crops Yes 90 100 

 No Nil Nil 

Export cash crops Yes 87 96.7 

 No 3 3.3 

 

The major crops grown were cereals for 22.2% of the respondents, dairy 

products for 21.1% of respondents, horticulture for 1.1% and vegetables for 55.6% of 

the respondents. It was observed that none of the respondents (Nil) have any idea 

about the VWT and all (100%) of the respondents import crops for consumption. 
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Moreover, the results shows that 96.7% of the farmers export crops where as 3.3% of 

the respondents does not export any crops and practice subsistence farming.  

3.2 Water availability for agriculture and water utility patterns.  

It was observed that 42.2% of the respondents does not have enough water for 

irrigation whereas 57.7% of the respondents have enough water for irrigation for 

agriculture (Figure 2a).  According to FAO (2011), almost 92% of the total population 

in Bhutan has access to improved drinking water. The per capita water in Bhutan was 

more than 100,000 m3 and one of the highest in the region (NEC, 2018). About 82.2% 

of the respondents allocate maximum water for irrigation, 10% for animal chores and 

only 7.8% of allocate maximum water for drinking water (Figure 2b). The results also 

shows that 52.2% of the respondent resort to import of crops due to insufficient lands 

and 38.9% due to insufficient water supply (Figure 2c). The results also shows that 

8.9% of the farmers resort to import of crops as it is cheaper than growing locally. The 

water withdrawal for irrigation and livestock rearing accounts to 318 million m3/year of 

water for Bhutan in 2008. The farmers in the study area mostly practice agricultural-

farming that focuses on producing cereal crops and vegetables. 
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   (b) 

 

                                                   (c) 

Figure 2: (a) Enough water availability for agricultural practice. (b) Respondents maximum 

water utility for different sectors. (c) attributes of crops import. 

3.3 Trade pattern of selected crops in the study area. 

The average quantity of import and export of 4 selected crops by respondents of the 

study area based on questionnaire survey are shown in Figure 3. The average quantity 
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of apple imported was 0.002 ± 0.002 tons/year whereas the average quantity exported 

was 1.53±1.253 tons/year. According to Bhutan Trade Statistics (BTS) of 2019, Bhutan 

imported a total of 165.723 tons of apple, majorly from India whereas, exported 

2,517.995 tons of apple to India (MOF, 2019). The highest amount of agri-products 

export can be attributed to availability of water resources for irrigation and carrying out 

extensive commercial agriculture. The average quantity of potato exported (0.847 ± 

0.904) was also higher than average quantity imported (0.024±0.034) per year for the 

study area. Bhutan exported 20,134.835 tons and imported 45,875 tons of potato to 

India in 2020 (MOF, 2020). The result also showed that the average quantity of chilli 

exported (104.734 ± 134.345) was higher than the average quantity imported (0.012 ± 

0.01). Correspondingly, in 2020, Bhutan did not import any fresh chilli whereas 

exported about 3.175 tons to India. Similarly, the average quantity of rice exported was 

higher than the average quantity imported (1403.182 ± 2080.889) per year for the study 

area. However, in 2020, Bhutan imported 90,473.997 of rice from India and 8.106 tons 

form countries other than India and did not export any rice in 2020 (MOF, 2020). The 

NVWE of rice was 32 billion3 in 2018 (Nishad & Kumar, 2022) with positive trade 

balance and at this rate of net export of water, India may lose its entire available water 

in less than 300 years (Goswami & Nishad 2015).  

 

Figure 3:  Mean quantity of selected crops traded per annum in tons of the study area. 
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3.4 Net Virtual Water Trade of selected crops for the study area. 

The calculated per annum VWI, VWE and NVWT for 4 selected crops for the study 

area is shown in Table 3.  The NVWT results demonstrates positive NVWT with higher 

GVWE than GVWI and are losing virtual water through trade of agriculture products. 

The total NVWT of respondents of the study area for apple was 21,695 m3/ton with 

higher VWE (21,898.1 m3/ton) than VWI (203.034 m3/ton) per year. It was also 

observed that the NVWT of potato was 21,268.135 m3/ton with lower VWI of 629.965 

m3/ton than VWE of 21898.1 m3/ton per year. Similarly, the VWI (424.101 m3/ton) of 

chilli is lower than export (9850.21 m3/ton) with NVWT of 9426.109 m3/ton annually. 

The results also showed positive NVWT of 126,286.41 m3/ton for rice with maximum 

VWE (164,288.6 m3/ton) than VWI (38,002.195 m3/ton) per year. The quarter of global 

cereal trade occurs from water abundant to water scarce countries (Yang & Zehnder, 

2007). However, positive NVWT can impede the government and the policy makers in 

allocation of water resources to primary and other important sectors such as Hydro 

power projects that bring in more income per unit volume. The intensification of 

agriculture with less dependence on import effects availability of water resources for 

other sectors.  

Table 3: calculated per annum VWI, VWE and NVWT of the selected crops for the study area. 

 

3.6 Net Virtual Water Trade and Water availability. 

The independent sample t-test showed significant difference in total NVWT of the 

respondents who have enough water for irrigation (m=2565.67, SE=351.9) and who 

does not have enough water (m=1191.06, SE=263.12) for irrigation; t (88) =3.129, 

Crops n VWI (m3/ton) VWE (m3/ton) NVWT (m3/ton) 

Apple 90 203.034 21898.1 21695.066 

Potato 90 629.965 21898.1 21268.135 

Chilli 90 424.101 9850.21 9426.109 

Rice 90 38002.195 164288.6 126286.41 
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p=0.002. The significant difference in the NVWT of the farmers could be due to higher 

crop production with enough availability of water. However, no significant difference 

was observed in NVWT of apple for respondents with enough water availability 

(m=249.636, SE=262.499) and those without enough water (m=229.315, SE=260.301) 

for irrigation; t(88)=0.364,p=0.716. The large export of water-intensive crops in 

Mediterranean basin is not necessarily due to large water endowments (Fracasso et 

al. 2016). Kumar and Singh (2005) also found no significant relationship between 

freshwater availability and NVWT of 146 countries across the world. Similarly, no 

significant difference was observed in NVWT of potato between respondents who have 

enough water (m=245.522, SE=263.633) and those who does not have enough water 

(m=223.708, SE=262.210) for irrigation; t(88)=0.389,p=0.699. There were many studies 

that found regions with inadequate water resources as net exporter of virtual water 

(Ramirez-Vallejo & Rogers 2004; Verma et al. 2009; Roson & Sartori 2010, 2013). 

However, the NVWT of chilli is higher (m=129.515, SE=162.021) for the respondents 

who have enough water for irrigation than those respondents who does not have 

enough water for irrigation (m=70.823, SE=72.015); t(88)=2.318, p=0.023.  

Moreover, significant difference was also observed in NVWT of rice between 

the respondents who have enough water for irrigation (m=1941.001, SE=2368.352) 

those who does not have enough water (m=667.218, SE=1312.019) for irrigation; 

t(88)=3.255,p=0.002. The regions with higher water resources endowment have higher 

quantity of production due to efficient water supply for cultivation and irrigation and 

generally categorized as the gross virtual exporters (Hoekstra & Hung, 2002). Similarly, 

Yang and Zehnder (2007) found decline in per capita water resources availability as a 

dominant attribute for import of water-intensive crops in southern and middle-eastern 

countries. The high SWD of rice (1673 m3/ton) could be possible explanation for 

significant difference in NVWT of rice for the respondents with enough and without 

enough water endowments for irrigation. On average, greater amount of water is lost 

and exported in the form of virtual water for those who have enough water for 

agriculture than for those who does not have enough water for irrigation.  

 

3.4 Water availability and attributes of crop import. 

The Pearson Chi-Square test showed significant association between availability of 

water for irrigation and attributes of import of crops of individual respondents; X2 (4, 
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N=90) = 63.68, p=0.00 (Table 4). The water availability for agriculture practice affects 

the attributes of import of crops. The number of respondents with insufficient land with 

enough water availability is 43 respondents whereas 4 respondents have enough water 

availability and imports crops due to insufficient land. The relation of arable land with 

available water resources should also be considered as a variable affecting the virtual 

water flows (Kumar & Singh, 2005). It was observed that many of the humid, water-rich 

countries cannot produce surplus food and feed the water scarce nations and virtual 

water often flows out of water-poor, land rich countries to land-poor water-rich countries 

(Singh, 2005). However, Tamea et al. (2014) found GDP and distance as central 

factors for VWT and no significant relation was found with arable land. It was also 

observed that 33 respondents do not have enough water and imports crops due to 

insufficient water supply whereas only 2 respondents have enough water and imports 

crops due to insufficient water supply. This could be due to farmers having enough 

water for subsistence farming and who does not grow cash crops for trade. The results 

also shows that 7 respondents have enough water and imports crop due to cheaper 

prices whereas 1 respondent does not have enough water and imports crops due to 

cheaper prices. 

 

Table 4: Contingency table showing count data for water availability and import of crops. 

 Parameter   Attributes of crops import   

  

Cheaper than 

growing locally 

Insufficient 

land 

Insufficient 

water 

supply Total 

Water availability 

for agriculture 

practice. 

 

Yes 
7 43 2 52 

 No 1 4 33 38 

  Total 8 47 35 90 
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In most of the European countries, the import of the food has been inversely 

correlated with water scarcity (Hoekstra, 2002). The insignificant association between 

attributes of agri-products import and maximum utility of water could be regarded for 

the indicators such as “cheaper than growing locally”. The result also shows majority 

(55.5%) of the farmers have vegetables as cash crops that are seasonal that leads to 

scarce productivity during winter. According to the agricultural statistics of Bhutan 

2019, 2,960,252.725 tons of vegetable products were exported but imported 

4,021,235.122 tons of vegetable products in 2020 from India only (MOF, 2019). 

3.7 VWI and VWE in relation to household size. 

The correlation of household size with VWI and VWE of the 4 crops of the individual 

respondents of the study area are given in Table 4. There was strong correlation 

between household size and VWI of apple (r=0.533, p=0.000) and also strong 

correlation was observed between the VWE of apple (r=0.498, p=0.000) and household 

size. Similarly, there was also strong correlation between household size and VWI of 

rice (r=0.560, p=0.000) and between VWE of rice (r=0.426, p=0.000) and household 

size. It was observed that the correlation of household size is stronger for VWI of than 

VWE of apple and rice. The requirement of intensive arable land for apple orchards 

and paddy cultivation and huge dependence of land size on their productivity could be 

possible explanation for weaker correlation of household size with VWE compared to 

VWI. According to MOAF (2015), the highest agri-product imported in 2015 mainly 

comprised of rice and vegetable. The household size has more effect on the 

consumption than on production as the latter is dependent on variables such as water 

availability, arable land and labor productivity of the family members. The result 

showed no significant correlation of household size with VWI of potato (r=0.089, p= 

0.402) whereas very strong correlation was found between household size and VWE 

of potato (r=0.746, p=0.000). Similarly, no significant correlation was found between 

household size and VWI of chilli (r= 0.045, p=0.675) whereas household size had very 

strong correlation with VWE of potato (r=0.746, p=0.000). The labor productivity of the 

household increases by 0.21 units for every unit increase in the household member 

(Urgessa, 2015). The VWT between Iran and other countries would increase by 41 to 

66% in the periods of 2016-2045 and 2070-2099 under the population growth rate of 

0.98 and 0.44% respectively (Ashktorab & Zibaei, 2022). The enough availability of 



BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 

 

91 | bjrd 

 

water for agriculture in the study might be a contributing factor for significant 

relationship between NVWT and household size, otherwise, the agricultural 

productivity could be low even with higher household size without enough water for 

agriculture.  

Table 5: Correlation of VWI and VWE of the 4 crops with household size. 

  Apple Potato Chilli Rice 

 r p r p r p r p 

Household 

Size and 

VWI 

0.553 0.000* 0.089 0.402 0.045 0.675 0.56 0.000* 

 

Household 

Size and 

VWE 

0.498 0.000* 0.746 0.000* 0.456 0.000* 0.426 0.000*  

*Correlation significant at 0.01 

4. Conclusion 

The study showed that majority of the respondents have enough water endowments 

for intensive and profitable agriculture practice. The maximum utility of water in the 

study area were predominantly for irrigational purpose, fewer for animal chores and 

least for the drinking water purpose. It was found that majority of the respondents 

import crops due to insufficient land for agriculture practice and fewer due to water 

unavailability of enough water supply and economic reasons. The average quantity of 

crop export is higher than import for all 4 crops. The total NVWT of the 4 selected crops 

for the respondents was positive with more GVWE than GVWI for the study area. The 

study area was losing virtual water through trade of these crops. However, positive 

NVWT can streamline the water use towards agriculture and make it difficult for the 

policy makers in allocation of water for other primary sectors that have more income 

per unit volume.  There was no significant difference between availability of enough 

water for the respondents and total NVWT of apple and potato. However significant 

difference was observed between availability water for the respondents and NVWT of 
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chilli and rice. The regions with higher water resource endowment have greater 

production capacity and many studies found declining per capita water availability as 

dominating attribute for crop import. The study also found significant association 

between availability of water for irrigation and attributes of import of crops. 

The study was localized to only Lungnyi Gewog and further research of NVWT 

of all the Gewogs in Bhutan will be beneficial in regionalizing and documenting more 

inferences on the VWT of the country. Assessment of the regional flow of virtual water 

within a country is nifty for proper distribution and allocation of the developmental 

activities that utilizes high amount of water resources there in achieving efficient water 

management. The availability of climatic data on the CWR and SWD of Bhutan will 

allow to make greater inferences on virtual water trade where in the benefits of the 

water conservation by importing agri-products and water loss by exporting agri-

products can be precisely quantified.  Moreover, the NVWT of the industrial products 

of Bhutan has not been studied yet as well which can also be quantified precisely on 

basis of this concept VWT. 

 

5. Recommendations 

The NVWT of the agriculture products is the indicator for water resources flow in the 

agricultural system. It is now timely that the research and development centers of 

Ministry of Agriculture and Forests and related agencies to collect SWD and CWR for 

crops in Bhutan. These data can be used in enhancing the efficiency of the water 

resource utility in changing climatic system for agricultural production. The quantity of 

yield for specific crops in metric tons that can be produced from the amount of water 

available in Bhutan needs to be quantified. Currently, it is certain that the rural areas 

like Lungnyi Gewog have higher NVWE than NVWI and water is being intensively used 

for agriculture practice which diverts its utility from other sectors. The policy makers 

and regulatory agencies should take this into consideration while identifying other 

sectors that have higher income per unit volume. However, it can be foreseen that 

Bhutan will have negative NVWT with higher NVWI than NVWE in the urban areas. It 

is also worth noting for the policy makers that the negative NVWT with higher NVWI 

than NVWE reimburses the economy with greater allocation of water resources in 

Hydropower projects. The policy makers can also take into consideration that 
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insufficiency of land holdings are greater attributes compared to water availability for 

agricultural productivity.  

 

Reference 

ADB. (2016). Water-Securing Bhutan's future. Thimphu : Bhutan: Asian Development   

Bank/National Environment Commission. 

Ashktorab, N. 2019 Virtual Water Flows and Determinants in Iran. PhD Thesis. Shiraz 

University, Shiraz, Iran. 

Allen. (1997). Virtual water: A long term solution for water short Middle Eastern 

economics.  Water Issues Group. Sch. of Orient and Afr. Stud. 

Antonelli, M., Sartori, M. 2015. Unfolding the potential of the virtual water concept. 

What 

               is still under debate? Environ. Sci. Pol. 50, 240–251. 

Carr, J. A., D’Odorico, P., Laio, F., & Ridolfi, L. (2013). Recent History and Geography 

of Virtual Water Trade. PLoS ONE, 8(2), 1–9. 

https://doi.org/10.1371/journal.pone.0055825 

Chapagain, A. K., & Hoekstra, A. Y. (2008). The global component of freshwater 

demand and supply: An assessment of virtual water flows between nations as 

a result of trade in agricultural and industrial products. Water International, 

33(1), 19–32. https://doi.org/10.1080/02508060801927812 

Dorji, Y. (2016). Water: Securing Bhutan's Future. Asian Development Bank/National 

Environment Commission. Thimphu, Bhutan: Asian Development 

Bank/National Environment Commission. Retrieved from 

https://www.adb.org/sites/default/files/publication/190540/water-bhutan-

future.pdf 

Ministry of Agriculture & Forests (MOAF). Department of Agriculture. (2016). 

https://doi.org/10.1371/journal.pone.0055825
https://doi.org/10.1080/02508060801927812
https://www.adb.org/sites/default/files/publication/190540/water-bhutan-future.pdf
https://www.adb.org/sites/default/files/publication/190540/water-bhutan-future.pdf


BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 
 

94 | bjrd  

FAO. (2011). Irrigation in Southern and Eastern Asia in figures – AQUASTAT Survey 

. Rome: FAO. 

Fracasso, A., Sartori, M., Schiavo, S., 2016. Determinants of virtual water flows in the 

Mediterranean. Science of The Total Environment 543, 1054–1062 Part B 

Gleick, P. H. (1993). Water in Crisis: A Guide to the World's Fresh Water Resources. 

New York: Oxford University Press. 

Goswami, P. & Nishad, S. N. 2015 Virtual water trade and time scales for loss of water 

sustainability: a comparative regional analysis. Scientific Reports 5, 9306. 

Hoeskstra, A. (2002). Virtual water Trade: Proceedingsof the international expert on 

virtual water trade. Delft,Netherlands: UNESCO-IHE. 

Hoekstra A.Y & Hung P. Q (2002). A Quantification of Virtual flows between Nations 

in relation to international crop trade. Delft: The Delft. 

Kumar, M. D. (2018). Physical Transfer of Water Versus Virtual Water Trade : 

Economic and Policy Considerations. 4(3), 1–21. 

https://doi.org/10.1142/S2382624X18500017 

Kumar, M.D., Singh, O.P., 2005. Virtual water in global food and water policy making: 

is there a need for rethinking? Water Resource. Management. 19, 759–789. 

MOAF. (2015). AGRICULTURE STATISTICS 2015. Thimphu, Bhutan: Department of 

Agriculture, MoAF, Thimphu. Retrieved from https://www.doa.gov.bt/wp-

content/uploads/2020/05/Agriculture-statistics-2015.pdf 

MOF. (2019). BHUTAN TRADE STATISTICS 2019. MINISTRY OF FINANCE, 

DEPARTMENT OF REVENUE & CUSTOMS. Thimphu: DEPARTMENT OF 

REVENUE & CUSTOMS, MINISTRY OF FINANCE. Retrieved from 

https://www.mof.gov.bt/wp-

content/uploads/2020/03/BhutanTradeStatistics2019260320201.pdf 

MOF. (2020). BHUTAN TRADE STATISTICS. MINISTRY OF FINANCE, 

DEPARTMENT OF REVENUE & CUSTOMS. Thimphu: Department of 

Revenue & Customs, Ministry of Finance. Retrieved from 



BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 

 

95 | bjrd 

 

https://www.mof.gov.bt/wp-content/uploads/2018/04/Final-BTS-Publication-

2017.pdf 

NEC. (2012). National Integrated Water Resources Management (IWRM) Plan. 

(December), 88. 

NEC. (2018). Bhutan Water Vision 2025. Thimphu: National Environment 

Commission. Retrieved from http://waterbeyondborders.net/wp-

content/uploads/2018/07/Bhutan-Water-Vision-2025.pdf 

Neubert, S., Horlemann, L., & 978-3-88985-335-6, I. (2006). Virtual Water Trade – A 

realistic concept for resolving the water crises in developing countries? 

Nishad, S. N., & Kumar, N. (2022). Virtual water trade and its implications on water 

sustainability. 22(2), 1704-1715. doi:10.2166/ws.2021.322 

Siebert, S., & Döll, P. (2010). Quantifying blue and green virtual water contents in 

global crop production as well as potential production losses without irrigation. 

Journal of Hydrology, 384(3–4), 198–217. 

https://doi.org/10.1016/j.jhydrol.2009.07.031 

Rai, A., & Phuntsho, P. (2016). Land Use and Land Cover Assessment of Bhutan 2016 

Technical Report. Forest Resources Management Division, Department of 

Forests and Park Services. Thimphu, Bhutan: Forest Resources Management 

Division, Department of Forests and Park Services, Ministry of Agriculture and 

Forests, Royal Government of Bhutan. Retrieved from 

https://www.researchgate.net/publication/335715382_Land_Use_and_Land

_Cover_Assessment_of_Bhutan_2016_Technical_Report 

Ramirez-Vallejo, J. & Rogers, P. 2004 Virtual water flows and trade liberalization. 

Water Sci. Technol. 49 (7), 25–32. https://doi.org/10.2166/wst.2004.0407. 

Roson, R. & Sartori, M. 2010 Water Scarcity and Virtual Water Trade in the 

Mediterranean. University Ca’ Foscari of Venice, Department of Economics 

Research Paper Series No. 08_10. http://dx.doi.org/10.2139/ssrn.1594709. 



BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 
 

96 | bjrd  

Roson, R. & Sartori, M. 2013 Analysis of the virtual water trade in Italy and in the 

mediterranean. In: The Water We Eat. What Is Virtual Water and How We 

Use It (Antonelli, M. & Greco, F., eds). Edizioni Ambiente, Frosinone, pp. 181–

198. 

Tamea, S., Carr, J.A., Laio, F., Ridolfi, L., 2014. Drivers of the virtual water trade. 

Water Resource. Res. 50, 17–28. 

Urgessa, T. (2015). The Determinants of Agricultural Productivity and Rural 

Household Income in Ethiopia.Ethiopian Journal of Economics, 24(2), 1-29.   

Retrieved from 

https://www.ajol.info/index.php/eje/article/view/146625/136151 

Verma, S., Kampman, D. A., Van der Zaag, P. & Hoekstra, A. Y. 2009 Going against 

the flow: a      critical analysis of inter-state virtual water trade in the context 

of India’s national river linking program. Phys. Chem. Earth 34 (4–5), 261–

269.https://doi.org/10.1016/j.pce.2008 

Yang, H., & Zehnder, A. (2007). ‘“ Virtual water ”’: An unfolding concept in integrated 

water    resources management. 43(March), 1–10. 

https://doi.org/10.1029/2007WR006048 

   Zehnder, A. J. B., Yang, H., & Schertenleib, R. (2003). Water issues: the need for 

action at different  levels. Aquatic Science, 65(1), 1–20. Retrieved from 

http://dora.lib4ri.ch/eawag/islandora/object/eawag%3A4477 

 

 

 

 

 

 

 



BHUTAN JOURNAL OF RESEARCH & DEVELOPMENT Autumn 2022 

 

97 | bjrd 

 

About the authors 

Sonam Tashi completed his B.Sc. in Environment and Climate Studies from College of Natural 

Resources, Royal University of Bhutan, Punakha in 2020. Consecutively in 2022, under the 

scholarships of Naturalis, Netherlands and Royal Government of Bhutan, completed Masters 

of Science in Natural Resource Management, specializing in ecotoxicology from College of 

Natural Resources. Skilled in Mass Spectrometry, Environmental Analytical Chemistry, 

Analytical Biochemistry, Freshwater ecosystems, ecotoxicology and water resource 

management studies with strong enthusiasm in data analytics and statistics. Currently working 

under Support Team for Fornova, United Kingdom, a multinational Distribution and Mobility 

Intelligence Company, subcontracted through Pillar Tech Co Ltd.  

Ugyen Dorji is a Freshwater Ecologist with teaching and research in the field of conservation 

of freshwater fauna and flora. He studied MSc in Forestry with specialization in freshwater 

management. Proficient in handling freshwater research projects in and fluent in an array of 

GIS software, R, SPSS, SAS, and Microsoft packages. He is member to National Technical 

Working group in Bhutan for water resources management and co-founder of Water Research 

Bhutan. He is experienced in handling research projects and consultancies and seasoned in 

facilitating short course and capacity building trainings.  

 

 


