
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/325078477

Water Scarcity in Vietnam: a Point of View on Virtual Water Perspective

Article  in  Water Resources Management · May 2018

DOI: 10.1007/s11269-018-2007-4

CITATIONS

3
READS

433

4 authors, including:

Some of the authors of this publication are also working on these related projects:

An integrated dengue early warning system driven by Earth Observations in Vietnam View project

The National Research Foundation (NRF) of Korea View project

Thuy Thi Ngo

Korea University

20 PUBLICATIONS   57 CITATIONS   

SEE PROFILE

Nghia Le

Hue University

5 PUBLICATIONS   4 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Thuy Thi Ngo on 25 May 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/325078477_Water_Scarcity_in_Vietnam_a_Point_of_View_on_Virtual_Water_Perspective?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/325078477_Water_Scarcity_in_Vietnam_a_Point_of_View_on_Virtual_Water_Perspective?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/An-integrated-dengue-early-warning-system-driven-by-Earth-Observations-in-Vietnam?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/The-National-Research-Foundation-NRF-of-Korea?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Ngo2?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Ngo2?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Korea_University?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Ngo2?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nghia_Le10?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nghia_Le10?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hue_University?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nghia_Le10?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thuy_Ngo2?enrichId=rgreq-835328dc22223cf9a1a1eded9b198e74-XXX&enrichSource=Y292ZXJQYWdlOzMyNTA3ODQ3NztBUzo2MzAwNTg3OTY0NjYxNzZAMTUyNzIyOTEzMTUxNw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Water scarcity in Vietnam: A point of view on virtual water perspective  1 

Thi Thuy Ngo1, Tuan Nghia Le2, Minh Tuyen Hoang2, Huu Dung Luong2,* 2 

1 Korea University, Seoul 136-713, South Korea 3 

2 Vietnam Institute of Meteorology, Hydrology and Climate Change, Hanoi 10000, Vietnam 4 

 5 

Abstract 6 

This paper quantifies water consumption of Vietnam in agricultural products on virtual 7 

water perspective. The calculation of water footprint and virtual water in four major 8 

agricultural crops is first implemented for seven regions of the country. The domestic and 9 

international trades of virtual water are subsequently investigated to demonstrate the 10 

commodity and virtual water flows among regions. The analysis reveals that Mekong River 11 

Delta is an important exporter of virtual water in rice product for both domestic and 12 

international trades while Central Highland is the main virtual exporter in coffee. The paper 13 

also proposes a new water stress index such that it considers both direct and indirect water use 14 

given transboundary water resources. The proposed water stress index indicates the actual 15 

water scarcity in Vietnam in which the water-rich regions i.e. Red River Delta and Mekong 16 

River Delta are in severe water stress.  17 

 18 

 19 
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ADB: Asian Development Bank 24 

FAO: Food and Agriculture Organization 25 
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IFA: International Fertilizer Association 28 
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MAR: Mean annual runoff 30 

MARD: Vietnam Ministry of Agriculture and Rural Development 31 

MONRE: Vietnam Ministry of Natural Resources and Environment 32 
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UNDP: United Nations Development Programme 35 
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WB: World Bank 39 

WF: Water Footprint 40 

WR: Water Resources 41 
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WSI: Water Stress Index/Water Scarcity Index 43 

 44 

  45 



1. Introduction 46 

Vietnam is a high rainfall country with 1,940 mm of the annual amount of (ADB 2006). 47 

The country also has a dense river network composing by 2360 rivers having more than 10 km 48 

length (WEPA 2017) that consist of eight large river basins (the area more than 10,000 km2). 49 

However, two-thirds of total water resources of Vietnam originate outside the country (Tran 50 

2007). If only considering the national water resources, annual water availability of Vietnam 51 

is about 3,840 m3 per capita and less than the adequate water supply threshold (ADB 2006). 52 

Given climate change impact, the water stress situation in Vietnam has been more severe such 53 

that it has been drier in the dry season and wetter in the rainy season (MONRE 2012). 54 

Furthermore, locating downstream of international river basins puts Vietnam under the more 55 

vulnerable situation to water policies of upstream countries such as China and Lao PDR. More 56 

specifically, Large-capacity dam construction of upper countries have been changing the 57 

seasonal flow to Lower Mekong Delta (Wolanski and Nguyen, 2005; Cosslett and Cosslett 58 

2014; Dang et al. 2016; Kondolf et al. 2018) and consequently impact on sediment budget, 59 

flooding and aqua-agricultural activities in the region. Under these circumstances, integrated 60 

water resources management has been becoming the key strategy of water-related issues in the 61 

country. Many studies on water resources planning and management in climate change context 62 

(Tran et al. 2012; Huynh and Pathirana 2013; Cosslett and Cosslett 2014; Ha et al. 2018; 63 

Nguyen et al. 2018), population growth (Vo 2007; Huynh and Pathirana 2013), and food and 64 

energy security concerns have been investigated in Vietnam (Dang et al. 2016; Firoz et al. 65 

2018). In this trendy requirement, the study proposes a new viewpoint of water resources on 66 

virtual water and water footprint perspectives.  67 

Virtual water (VW) was initially proposed by Allan (1993) to reflect the amount of 68 

consumptive water in commodities. The evolvement of virtual water was introduced by 69 

Hoekstra and Hung (2002) and Chapagain and Hoekstra (2003) with the concept of the water 70 



footprint which is a measure of virtual water on consumption perspective without concerns of 71 

environmental impacts (Zhao and Chen 2014). The contents of virtual water (water footprint, 72 

WF) include three major forms of freshwater appropriations, i.e., from surface and groundwater 73 

(blue WF), rain (green WF) and water for pollutants dilution (grey VW). In conventional 74 

measures, water use consists of green and blue water those directly related to water 75 

consumption. As discussed in UNDP's report (2006), pollution is assigned as a driver of water 76 

scarcity and water conflicts. The grey water referring to the amount of freshwater to assimilate 77 

pollutants thus is considered in total water footprints and virtual water of goods as well. In this 78 

study, virtual water concept is used to refer total amount of water require to product processing 79 

such that it is traded among nations and regions. The water footprint is termed as the total 80 

amount of water consumed and diluted in the complete producing process of products. The 81 

units of water footprint and virtual water thus are m3/ton and m3/year respectively. 82 

Agriculture is a major sector of Vietnam economy that contributes 17% national GDP 83 

and providing around 47% of the workforce (WB 2016). Over decades after Doi Moi 1986 84 

(renovation), Vietnam has emerged as one of the agro-foods leading exporters in the world, 85 

especially for rice and coffee products. Agricultural activity consumes about 70% of the total 86 

global water consumption (Haddeland et al., 2013). The international trade of agricultural 87 

commodities, thus, is virtual water trade (Allan 1997) and considered as a solution for water 88 

shortage (Yang et al., 2006). Since the first proposal “virtual water” and “water footprint” 89 

concepts have been gaining more attention and considered as one of the alternatives of water 90 

resources (Hoekstra and Chapagain 2007). For agricultural countries, in particular, the ones in 91 

water scarcity situation, studies on virtual water and virtual water fluxes are imperative to 92 

effectively use the domestic water resources. The intensive literature has done for China (Ma 93 

et al. 2006; Zhuo et al. 2016; Zhang et al. 2016), India (Verma et al. 2009), Thailand (Shrestha 94 

et al. 2017), Kenya (Mekonnen and Hoekstra 2014), Jordan (Schyns et al. 2015), and Israel 95 



(Shtull-Trauring and Bernstein 2018) providing virtual water contents in agricultural 96 

commodities and virtual water import and export fluxes. In this paper, a case study of Vietnam 97 

is first investigated to insight into virtual water contents and fluxes among regions within the 98 

country.  99 

Research in virtual water shows that this context has relevance to water resources 100 

management (Yang and Zehnder 2007; Wheida and Verhoeven 2007; Abu-Sharar et al. 2012). 101 

By linking virtual water concept with national and regional water resources management, many 102 

scientists suggested more rational product trades among regions (Wheida and Verhoeven 2007; 103 

Abu-Sharar et al. 2012). More recent studies proposed a linkage between virtual water and 104 

water scarcity in nations (Ridoutt et al. 2010; Ercin et al 2013; Schyns and Hoekstra 2014; 105 

Karandish and Hoekstra 2017; le Roux et al. 2017) and global scale (Orlowsky et al 2014; Qu 106 

et al. 2018). The existing studies assessed water scarcity based on green and/or blue water 107 

footprint of agri-food products and natural water resources. The actual water resources taking 108 

into account water shared among regions is firstly assessed in the present paper. The study aims 109 

to estimate water footprint of major agri-food products that are traded domestically and 110 

internationally. The virtual water fluxes among regions of Vietnam is calculated based on 111 

trades of four main agricultural commodities. The virtual water concept is subsequently 112 

integrated with water resources management to assess the actual water scarcity in Vietnam.  113 

 114 

2. Methodology 115 

2.1. Water footprint estimation for agricultural products 116 

In the study, water footprints (blue, green and grey) are estimated for four main 117 

agricultural crops so-called paddy rice, maize, coffee and sugarcane. The calculation is 118 

implemented following the manual of Hoekstra et al. (2011) in which blue and green WFs refer 119 

to consumptive water use of fresh surface or groundwater and rainwater. The components are 120 



computed based on evapotranspiration of crops while grey WF is determined as the quantity of 121 

freshwater used to dilute nutrients release from agriculture activities. In this study, the water 122 

loss in irrigation is assumed to not immediately return to crops. The blue WF is tracked to the 123 

irrigation headworks by adding an irrigation effectiveness coefficient (0.8 for irrigation 124 

systems in Vietnam). To compute water footprint in rice production, we modified the 125 

CROPWAT 4.0 model for paddy rice considering the wetland condition during cultivating 126 

period (Luong et al. 2012). For the other crops (maize and coffee), the calculation method is 127 

similar to the original model. The blue and green water footprint (m3/ton) of a product i is given 128 

as 129 

i blue
blue

CWU
WF

Y
       (Eq.1)  130 

greeni
green

CWU
WF

Y
      (Eq.2) 131 

where CWUblue and CWUgreen are blue and green components of crop water use (m3/ha), Y is 132 

crop yield (ton/ha). The CWU is accumulative of evapotranspiration (ET, mm/day) over the 133 

complete growing period of crops.  134 

The actual evapotranspiration (ETa, mm/day) is calculated by multiplying potential 135 

evapotranspiration (ET0, mm/day) that depends on climatic features only and coefficients 136 

representing crop and soil characteristics (Allen et al. 1998).  137 

0a c sET ET K K        (Eq.3) 138 

where Kc [-] is crop coefficient that varies in time depending on growing periods of crops, Ks 139 

reflects water stress on crop transpiration taking value from 0 (limited water) to 1 (no water 140 

stress in soil layers). Crop coefficients Kc can be extracted from Chapagain and Hoekstra (2004) 141 

for initial, development and late stages of crop planting. The stress coefficient is taken daily as 142 

a function of soil moisture in the root zone (Mekonnen and Hoekstra 2011). 143 



The grey water footprint of product i is quantified by estimating the total volume of the 144 

freshwater need to assimilate pollutants from agricultural activities to ensure that the ambient 145 

water maintained quality standards. The calculation is expressed as below equation. 146 

   max/ nati
grey

AR c c
WF

Y

  
      (Eq.4) 147 

where α is the leaching-run-off fraction of nutrients, AR (kg/ha) is the nutrient application rate 148 

to the fields, cmax and cnat are the maximum acceptable and natural concentration of pollutants 149 

(kg/m3).  150 

In fact, the pollutant sources in agriculture are non-point and consist of nutrients 151 

leaching to water bodies from fertilizers, pesticides and insecticides. Due to the lack of data of 152 

pollutant components, the grey water footprint is calculated for the most critical chemical. In 153 

this study, by assuming that there is only one wastewater flow need to dilute, nitrogen is 154 

selected as the pollutant component consumes the most water volume. The national nitrogen 155 

application rates for rice, maize and coffee are estimated based on Heffer et al. (2013). The 156 

reference acceptable nitrogen concentration in surface and groundwater is given by Vietnam 157 

National Standard (QCVN-08) with the maximum nitrate-nitrogen (NO3-N) at 0.01 mg/l. The 158 

natural nitrogen in soil and water bodies is assumed as zero. The leaching fraction depends on 159 

many factors such as soil characteristics, type and growing period of crops and fertilizing 160 

methods. According to MARD, fertilizer effectiveness for crops is quite low, at 30-45% on 161 

average, 40-45% for phosphate and 40-50% for potash. The fertilizer losses consist of the 162 

amount remaining in the soil, running-off to lakes and rivers, infiltrating to groundwater and 163 

physically and chemically evaporating. Because determining the contribution of each fertilizer 164 

loss is too complicated with data burdens, the average percentage of nitrogen lost is assumed 165 

as 10% referring to Chapagain et al. (2006). 166 

To calculate water footprint in derived products in agriculture, the step-wise 167 

accumulative approach proposed by Hoekstra et al. (2011) is adopted in the paper for milled 168 



rice, maize kernel, coffee bean and sugar. The calculation method is implemented based on 169 

water footprint of processing steps of all input products and product and value fractions. The 170 

fractions of product quantity and market value are extracted from FAO (2003) and Champagain 171 

and Hoekstra (2004).  172 

In the present paper, the virtual water is calculated for four crop products including 173 

white rice, corn kernel, green coffee and sugar. These commodities are secondary processed 174 

products of paddy rice, maize, coffee and sugarcane such that are internationally traded. The 175 

virtual water consumed in crop production processes is estimated based on the concepts of 176 

product fraction (fp) and value fraction (fv) (Chapagain and Hoekstra 2004).  177 
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     (Eq.5) 178 

where WFsp[p] and WFsp[i] are virtual water of derived and root products, respectively; WFqt[p] 179 

is virtual water of production process; fp[p,i] is the product fraction of derived product p; fv[p] 180 

is the value fraction of product p. These fractions of white rice are collected from Chapagain 181 

and Hoekstra (2010). Because the data from General Statistical Office is generated from green 182 

coffee and corn kernel, value and product fractions of them are assumed as 1.0. For sugarcane 183 

product (sugar), the fractions estimated from data of Sugarcane Research Institute (SRI) are 184 

1.0 (fv) and 0.08 (fp).  185 

2.2. Virtual water flow within the country 186 

The total water footprint of a region is the sum of water volumes used for all products 187 

and services within the region. The water footprint in trading commodities among regions is 188 

accounted for virtual water balance. Simply, a region imports/exports virtual water by 189 

buying/selling products. The actual import (VW) of a region is defined as the gap between 190 

gross import (VWi) and gross export (VWe) within the region. Some water-scarce regions import 191 

water-abundant products from water-rich regions. In the same time, the regions also export 192 



products that suitably producing to other areas. The VW flows occur in product trade among 193 

regions. The agricultural product trading is estimated based on food balance of regions (Ma et 194 

al. 2006; Bulsink et al. 2010) owing to data availability of regional importation and exportation 195 

of agricultural commodities.  196 

Assume that provincial/regional reserve amount is constant over years, a 197 

province/region will import product if productivity less than consumption and vice versa. The 198 

agricultural products trading among provinces within each region is prior. If the products of 199 

region-mate provinces cannot meet internal consumption, products from geographically 200 

nearest provinces/regions will be imported. The total consumption (milled rice, coffee and 201 

sugar) of a province is determined by multiplying provincial population (persons) with 202 

rice/coffee consumption per capita (kg/person/year). The maize kernel ingestion is defined 203 

based on the consumption of humans and animals (cattle and poultry). The consumption per 204 

capita is averaged by dividing total national rice (maize/coffee) consuming for the population 205 

of the country.  206 

2.3. Water scarcity index 207 

In the paper, water scarcity in regions is assessed based on virtual water use. To assess 208 

water scarce in regions, several ratios were proposed. Water stress index can be determined 209 

from human water requirement and expressed as annual water per capita (Rijsberman 2006). 210 

This index only measures water resources status based on fixed human requirement without 211 

considering renewable water. The water resources vulnerability index (WSI ratio) was then 212 

developed to represent the relationship between the total annual withdrawals and available 213 

water resources. The WSI index can be used to evaluate the water scarcity situation of countries 214 

or local regions. The ratio also can measure freshwater availability (Vorosmarty et al. 2005) 215 

using a geospatial tool and climate inputs. With respect to hydrological, environmental, life 216 



and policy indicators, the WSI ratio presents the watershed sustainability index. The concept 217 

is also applied to water supply (McNulty et al. 2010). The water stress index is measured as 218 

Withdrawals
WSI

MAR
       (Eq.6) 219 

where Withdrawals denotes the amount of water exploited and used and MAR denotes the mean 220 

annual runoff. According to Raskin et al. (1997), severe water scarcity is indicated in a region 221 

if the relative magnitude of annual withdrawals and water availability is higher than 40%. If 222 

the proportion is between 20 and 40%, the region is water scarce.  223 

As discussed in the previous section, grey virtual water now is considered as one of 224 

driving forces of water stress situation (UNDP 2006). Water stress context is, thus, looked on 225 

the virtual perspective (green, blue and grey) to assess the water scarcity status in the direct 226 

and indirect water use. The proposed water stress index is characterized as    227 

VW

VW
WSI

WR
       (Eq.7) 228 

where VW is the total virtual water including green, blue and grey water estimated for 229 

agricultural crops; WR is the total water resources availability including surface water and 230 

groundwater resources.   231 

3. Study area and data requirements 232 

Vietnam is a tropical country located between latitudes 8˚ and 24˚N and longitudes 102˚ and 233 

110˚E. The country occupies an area of 331,210 km2 (Wikipedia, 2017) with seven agricultural 234 

regions namely North Midland and mountainous (NMM), Red River Delta (RRD), 235 

Northcentral coast (NCC), Southcentral coast (SCC), Central Highlands (CH), Southeast (SE) 236 

and Mekong River Delta (MRD) are mapped in Fig.1. 237 



 238 

Fig.1. Map of regions of Vietnam 239 

Due to the diversification of geography, climatic features and farming technics, major 240 

agricultural products of these regions are different. Red River Delta (RRD) and Mekong River 241 

Delta (MRD) are the key areas of rice yield, especially Mekong Delta known as a "rice bowl" 242 

of Vietnam. In most of the regions excepting NMM and RRD, paddy rice is cultivated in three 243 

periods in a year including winter/spring, summer/autumn and minor winter crops (WRD 2004). 244 

The Central Highlands with fertility basal soil produces two-thirds of total coffee productivity 245 

of the country and mainly contributes to exportation. Maize is mostly cultivated in CH, NMM 246 

and NCC producing haft of the domestic demand.  247 



The data on climate, population, domestic consumption, crop production, fertilizer 248 

consumption and crop parameters are used in the study. Climatic information including rainfall, 249 

temperature, humidity and wind speed is collected from Ministry of Natural Resources and 250 

Environment (MONRE) for 89 stations in seven regions of Vietnam. The potential evaporation 251 

(ET0) is calculated using Penman-Monteith method (Allen et al. 1998). Data on population and 252 

crop productivity are extracted from statistic data of Vietnam General Statistics Office (GSO). 253 

The information of the domestic consumption of rice and sugar is taken from GSO (until 2010) 254 

(GSO 2012) and Vietnam Sugarcane Research Institute (SRI) (until 2012), respectively. 255 

Consumptions within the nation of maize and coffee are extracted in the annual report (USDA 256 

2008, 2010). For crop parameters, data is given by FAO (2014) for different climatic regions. 257 

Data on fertilizer application of rice and maize is taken from Heffer et al. (2013). For coffee, 258 

the fertilizer data is assumed based on application techniques that refer to the data up to 2012 259 

of Department of Cultivation (MARD). Differing from other annual crops, coffee trees (e.g. 260 

Arabica coffee) begin to produce green bean after three or four years (http://coffee.wikia.com). 261 

With respect to data availability (mostly up to 2012), a five-year calculation is implemented 262 

from 2008 to 2012 to cover a life cycle of the coffee bean.  263 

 264 

4. Results and Discussion 265 

4.1. Virtual water in regions of Vietnam 266 

In general, consumptive water footprint per ton of green coffee and sugarcane significantly 267 

exceed other crops (Table 1). The averaged water amount to produce 1-ton green coffee and 268 

sugar is approximate 13,000 and 4,000 m3 while the values for white rice and corn are 1,400 269 

and 1,100 m3 per ton, respectively. The most water consumptive regions of sugar and coffee 270 

are NCC (5,929 m3/ton) and SCC (15,918 m3/ton), respectively. Because of severe climatic 271 

conditions in these areas i.e. extreme dry season and poor soil resource, the water requirement 272 



for a ton of derived sugar and coffee is double of that of MRD and CH regions. With favorable 273 

soil and climate, coffee and sugarcane planting in CH require the lowest freshwater amount 274 

than other regions (approximate 7,800 m3/ton and 3,300 m3/ton, respectively).  For cereals, 275 

water footprint in the deltas (i.e. RRD and MRD) is lower than other regions and approximate 276 

40-50% of the most consumptive region (SE) with 2,600 m3 and 1,500 m3 for 1 ton of rice and 277 

corn, respectively. Given fertility sediment sources from Red River and Mekong River and 278 

advanced farming techniques and irrigation systems, RRD and MRD achieve higher 279 

productivity of paddy rice and maize and subsequently lower water footprint comparing to 280 

other regions of Vietnam.  281 

Table 1. Water footprint and virtual water consumption of regions for crop products  282 

Product RRD NMM NCC SCC CH SE MRD Nationala 

Water footprint consumption (m3/ton) 

White rice 924 1,164 1,118 1,229 1,554 2,580 1,490 1,437 

Corn kernel 661 1,322 1,353 965 1,230 1,554 986 1,153 

Green coffee - 14,744 14,795 15,918 7,843 10,844 - 12,829 

Sugar 3,691 3,731 5,929 4,332 3,306 4,149 3,042 4,026 

Virtual water consumption (106 m3/year) 

White rice 6,140 3,851 4,034 4,009 1,605 2,084 31,282 53,005 

Corn kernel 250 2,061 567 149 1,254 670 181 5,132 

Green coffee - 62 81 36 8,132 689 - 9,000 

Sugar 19 364 797 862 701 797 1,155 4,695 

Note: aThe national water footprint consumption (m3/ton) denotes the mean of all regions. The 283 

national virtual water consumption (106 m3/year) denotes the sum of all regions. 284 

The total virtual water consumption in regions of Vietnam for crop productions is also 285 

given in Table 1. In general, freshwater used for rice product significantly exceed other crop 286 

products. The amount of annual virtual water in RRD and MRD (6.1 and 31.2 billion m3 per 287 

year) is also greater than other regions due to high white rice yield (6.8 and 20.5 out of 38.9 288 

million tons per year). The Central Highland (CH) mainly consumes freshwater for corn kernel 289 

and green coffee (24.4% and 90.4% of national annual virtual water). Due to high production 290 

of maize, NMM region consumes most of the virtual water of the national total (40.2%).  291 



4.2. Virtual water trade among regions of Vietnam 292 

The virtual water trade within Vietnam is estimated using the method in Section 2.2 with the 293 

assumption of geographical priority (Table 2 and Fig.2). 294 

Table 2. Virtual water balance of regions for crop products trade (106 m3) 295 

Product RRD NMM NCC SCC CH SE MRD Total 

White rice 692 3,425 912 816 1,641 4,046 -21,234 -9,702

Corn kernel 1,182 -473 276 243 -946 136 816 1,234 

Green coffee 170 59 34 50 -8,085 -469 231 -8,010

Sugarcane 684 -66 -470 -474 -483 122 -189 -876 

Total  2,728 2,945 752 635 -7,873 3,835 -20,376 -17,354 

The negative (-) values of virtual water balance in Table 2 denote exportation regions 296 

and vice versa. Only MRD exports white rice domestically and internationally. Even though 297 

RRD yields high rice production, the volume is still lower than internal consumption. Inversely, 298 

most of the regions excepting RRD and SE contribute to sugar international trade. For maize 299 

products, NMM and CH are virtual water exporters while other regions are importers. CH and 300 

SE export green coffee to other regions of Vietnam and to other countries. The last column of 301 

Table 2 is the national balance of virtual water. If the virtual water balance of a product is 302 

negative, the virtual water of that product is exported to other countries. If the value is positive, 303 

Vietnam imports virtual water through product importation. More specifically, the virtual water 304 

of white rice yield from MRD is exported to other regions to meet the domestic demand and 305 

the rest is traded to other countries. Virtual water in coffee and sugar is internationally exported 306 

after domestic trading. This virtual water balance agrees with agri-foods trading of Vietnam 307 

such the country is an exporter of rice, coffee and sugar and importer of kernel corn (GSO).   308 



 309 

Fig.2. Virtual water flows in crop processed products among regions of Vietnam. The arrows 310 

present virtual water flows of all products. The values (billion m3) denotes the net virtual water 311 

trade of regions, the negative and positive values denote the exporters and importers, 312 

respectively.   313 

Fig.2 illustrates the domestic virtual water flows of Vietnam for major agricultural 314 

products including white rice, corn kernel, green coffee and sugarcane. The arrows represent 315 

virtual water flow in four major products. MRD exports virtual water in all agricultural 316 

production (20.4 billion m3 per year), in which 48% of the amount is from rice products. After 317 

supplying to domestic regions, 9.7 billion m3 of virtual water from MRD is internationally 318 

traded in white rice product. CH region is a net exporter of virtual water because of coffee bean 319 



trade. The region also contributes to international trade in agricultural products. Furthermore, 320 

the MRD is pure exporter that only export virtual water to other regions in agricultural products. 321 

It should be clarified that even MRD import virtual water in maize and coffee products from 322 

other regions, MRD is still an exporter of virtual water because of great virtual water exported 323 

to those regions in white rice. Similarly, NMM, RRD and SE are pure importers and trade 324 

mainly with CH and MRD regions. The regions NCC, SCC and CH export virtual water to 325 

some regions and import virtual water from other regions.   326 

4.3. Water resources management on virtual water perspective in Vietnam 327 

The calculation of water footprint in Section 4.1 demonstrates that to produce 1 unit of crop 328 

product, some regions consume less freshwater than others. For example, RRD and SCC need 329 

661 and 965 m3 of fresh water to produce a ton of corn kernel while SE uses 1554m3 to have 330 

that corn yield. The low water-consumptive regions, such as RRD and SCC, are more favorable 331 

for crops cultivation than the high water-consumptive regions. The regions should take the 332 

advantages of water footprint in crop productions. On the other words, regions exporting low 333 

water-consumptive products use water more effectively than the ones export high water-334 

consumptive products. Among regions of Vietnam, CH is the low water-consumptive region 335 

in coffee and corn production and the high water-consumption in white rice production. The 336 

region is subsequently the most effective water user when exporting coffee and corn and 337 

importing white rice. MRD is considered as efficient water user, exporting white rice (low 338 

water-product) to other regions and importing a huge amount of virtual water in corn and coffee 339 

(low water-product). 340 

The efficiency of water use in other regions is debatable because agricultural 341 

commodities are impacted by not only natural conditions but also socio-economic 342 

characteristics. Specifically, RRD is a low water-exporter of rice but the production of the 343 

region does not meet demand, the region is then imported white rice from MRD. The similar 344 



situation happens for corn kernel. In term of sugarcane, NCC, a high water-consumptive region, 345 

still exports processed sugar because the geographical features of NCC are more suitable for 346 

sugarcane than white rice. The assessment of water footprint and virtual water trade retrieves 347 

water use efficiency of seven regions of Vietnam. However, this consideration is implemented 348 

on goods perspective. The analysis of water resources perspective will be investigated 349 

following. 350 

Since the virtual water of processed products is from rainwater, surface and 351 

groundwater sources, the water consumption in production effects on water scarcity of regions. 352 

The conventional concepts of water use and water resources management concentrate on direct 353 

water demands such as irrigation, drinking, electric generation, etc. The concept of virtual 354 

water is a new tool for integrated water resource management (Yang and Zehnder 2007). In 355 

this study, the integrated water resources management is analyzed on virtual water perspective. 356 

In addition, six out of seven regions of Vietnam have transboundary river basins (Tran, 2007). 357 

The water resources of these regions are impacted by activities of upstream countries. 358 

Therefore, the water stress in regions is assessed considering internal and external water 359 

resources i.e. taking into account the water resources shared among countries. The water 360 

scarcity indices (WSI) of regions are estimated based on both natural and internal water 361 

resources of the nation. Water Resources (WR) is estimated from surface water (Tran, 2007) 362 

and groundwater (Bui 2009). Water withdraw is considered as virtual water used in agro-food 363 

production. The WSI estimation is plotted in log-log papers as Figs.3a-3b. 364 



 365 

Fig.3. WSI of regions on virtual water perspective: (a) with external water sources; (b) without 366 

external water sources 367 

It can be seen that water stress condition of regions excepting CH varies if sharing water 368 

resources is considered. In both cases, water scarcity index of CH is around 30% under the 369 

severe water stress and the region is considered having water scarce. In the case of natural 370 

water resources (Fig.3a), six regions of Vietnam (RRD, NMM, NCC, SCC, SE and MRD) are 371 

not under water stress. However, when taking into account water resources shared with 372 

upstream countries, RRD and MRD become severe water-scarce regions (WSI>50%) (Fig.3b). 373 

These two regions are known as rice bowls of Vietnam contributing mainly to domestic 374 

demand and international exportation. The regions are, however, the most downstream areas 375 

of two transboundary river basins namely Red River and Mekong River. The WSI in NMM, 376 

NCC, SCC and SE increase slightly if subtracting external water resources. The water stress 377 

condition of these regions is still under a slight degree. The analysis of WSI on virtual water 378 

perspective provides an actual viewpoint of water resources exploitation and water stress that 379 

the country has been facing. Even though Vietnam has abundant natural water resources, the 380 

actual water resources of the country could not satisfy water demand of domestic sectors.  381 

 382 

5. Conclusion 383 



The paper analyzed water use and water resources management on virtual water viewpoint in 384 

the economic zones of Vietnam. The water footprint in major agricultural products 385 

demonstrated the diversity in different regions and for different products. Given the advantages 386 

of natural resources and cultivation technologies, the river deltas i.e. RRD and MRD consume 387 

less fresh water (40-50% of the highest virtual water consumption) in producing a unit of white 388 

rice and corn kernel when comparing to other regions. Whereas, the two regions in Central 389 

Vietnam (i.e. NCC and SCC) are the most consumptive users to process a ton of green coffee 390 

and sugar. Among the regions, MRD is the most water consumption in white rice production 391 

such that accounts for 59% of the national virtual water consumption and contributes to rice 392 

exportation of the country. For coffee, Central Highlands (CH) is the major exporter for both 393 

domestic and international trade. Most regions of Vietnam are corn importers while the inverse 394 

trend is demonstrated in sugar. In general, MRD and CH are virtual water exporter through 395 

major agro-products while the other regions are importers.  396 

The linkage between virtual water concept and water resources management was 397 

implemented to assess water use and water scarcity in Vietnam. The water consumption was 398 

analyzed from both direct and indirect water use i.e. virtual water use. Given the shared water 399 

resources between Vietnam and neighbor countries, the actual scarcity situation in Vietnam’s 400 

regions was indicated. The water-abundant regions in transboundary river basins (e.g. RRD 401 

and MRD) may face to the severe water stress due to the exploitation of the upper countries 402 

even the conventional water use of these regions only accounts for approximate 5% of the 403 

natural water resources. The new water stress index revealed a potential applicability to 404 

sustainable water resources management. Corresponding to the proposed index, the decision 405 

makers could determine adequate plans for initiatively using water resources and effectively 406 

water allocating and land using as well.  407 

 408 
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