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Abstract: The strong desire for achieving self-sufficiency in developing and mostly water-scarce 
regions has endangered socioeconomic and environmental sustainability. South Khorasan is 
particularly exposed to such insecurities, largely due to its limited water resource endowments and 
its comparatively intensive agriculture. In this paper, we apply the water footprint accounting 
method (WFA) along with a regional input–output (IO) model to analyze the efficiency of the total 
(direct + indirect) water consumption in different economic sectors and water footprint of the region 
in 2011. Results show that agriculture is responsible for more than 95% of water consumption in the 
area, while it accounts for just 27% of value-added. Additionally, this sector has the largest 
contribution to water footprint composition (92%) when compared to other sectors. Three water-
saving scenarios are simulated by the use of IO economic model and water footprint accounting 
method. Applying the proper cropping pattern has the greatest impact on water conservation with 
348.46 Mm3 per year. A 10% increase in water productivity contributes nearly twice as much as 
reducing the exports and increasing the imports of agricultural crops by 10% in saving water with 
115.23 and 65.49 Mm3, respectively. The most significant contribution in each water-saving strategy 
comes from the agriculture sector since it has the largest direct and indirect water-use coefficient. 
The results of this study can help local policymakers take appropriate measures to improve the 
efficiency of water resource utilization, taking into consideration social, economic, and 
environmental sustainability. 

Keywords: water-saving; input–output analysis; CHARM-RAS method; water footprint; South 
Khorasan 

 

1. Introduction 

Water scarcity has been intensified in the past few decades, especially in water-scarce regions, 
largely due to the emergence of a very rapid economic development period and the continuous 
growth in the world population. Two different kinds of solutions can be used to deal with water 
challenges: physical or virtual. Since food production accounts for more than 90% of global water 
withdrawal [1], agriculture technology is considered to be the most effective physical strategy, 
covering both machinery and agronomic advances which allows farmers to enhance the efficiency of 
water resource utilization. On the other hand, importing water-intensive commodities and services 
from water-abundant regions through active and effective cooperation in regional, national, and 
global trade network, contributes substantially to importing an immense amount of water virtually. 
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The term virtual water was first introduced by Allan [2] and referred to the amount of water 
embodied in products and services [3]. The increasing scarcity of water supplies brought about by 
increased demands and changing lifestyles has emphasized the importance of water-use efficiency. 
Many studies examined the agricultural water resources utilization efficiency in the global food trade 
network, highlighting the critical role of agriculture in providing food security [4–7]. Accordingly, 
different methods such as bottom-up and top-down approaches have been used to do so. Unlike 
bottom-up water footprint accounting, which only considers domestic water consumption, the top-
down Input–Output (IO) economic model takes the entire supply chain into account [8]. Therefore, 
it makes it possible to quantify the virtual water content of industrial products and other services 
available in the economy of a region. In recent years, this model is widely applied to evaluate the 
virtual water trade at a regional [9–12], national [13–15], and international [16–19] scale, purely from 
a sustainability point of view. 

In developing countries, decision-makers may oversimplify some important environmental 
issues associated with indiscriminate use of water in an inefficient way within the economic sectors, 
mainly due to the political prioritization they have established on achieving complete self-sufficiency 
in producing their food and other industrial commodities. For example, gross domestic product 
(GDP) is often prioritized over social well-being and environmental problems when evaluating the 
performance of an economy [20]. However, socioeconomic repercussions of this lack of consideration 
of environmental degradation would, in the long term, put the region in grave danger of deprivation. 
Therefore, it would be of utmost importance to manage the allocation of water supplies to the most 
efficient and appropriate economic sectors within the regions, in particular in arid regions. 
Heckscher–Ohlin theory, accordingly, considers natural resource endowments the key factor in the 
specialization of an area in producing commodities; otherwise, it should import its requirements 
from the other areas [21]. The IO model is an effective method to identify the most effective and 
efficient sectors in terms of water utilization efficiency and to trace the intersectoral direct and indirect 
water consumption using monetary units [22,23]. 

In this study, we first construct the IO transactions table for the South Khorasan province based 
on the national IO table in 2011, using the CHARM (Cross-hauling Adjusted Regionalization Method) 
-RAS method. According to the limited available data in Iran’s economy, the reasons for using this 
approach are as follows: (1) This method considers the simultaneous exportation and importation 
which is known as cross-hauling [24]. In other non-survey-based methods of constructing regional 
IO tables, the sectors/regions can only be either an importer or an exporter. In real situations, though, 
a sector/region may import the same product it produces. (2) The application of other non-survey-
based methods in Iran is just to quantify the intermediate imports from other regions and the exports 
are calculated as residual. (3) To improve the accuracy in constructing the regional IO table of South 
Khorasan, the CHARM method is implemented as part of a hybrid approach, in which we have used 
many available statistical data to construct a meaningful table in the state of lacking information. 
Additionally, (4) since this study uses the amounts of imports and exports in developing a water-
saving strategy, it is imperative to use this method. It is worth mentioning that the CHARM method 
is used in many studies aimed at constructing the regional IO tables of different parts of the world 
[25–28]. 

Then the volume of water used directly and indirectly by each economic sector is estimated 
using direct water-use coefficients. The efficiency of these sectors is compared based on their 
economic outputs in comparison with their water consumption. Furthermore, the contribution of 
agriculture, as the major user of water in the region, in the total water footprint is quantified. 

After uncovering the volume of water embedded in different economic commodities and 
services, it will be clear whether the limited water supplies of the region are allocated efficiently. 
South Khorasan is a particularly a interesting case since although it suffers from surface water 
shortages and also from a high evapotranspiration rate, it relies heavily on its aquifers for producing 
water-intensive agricultural products. The water scarcity of this region is assessed by Qasemipour 
and Abbasi [29], considering the trade pattern of the region. This study indicated that the current 
agricultural water consumption resulted in a water scarcity of 206%, far beyond the sustainability 
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criteria. The stresses imposed on the ecological system of the region are yet to be deteriorated since 
the growing population is set to increase the demands for food, hence water. Consequently, three 
water-saving strategies are proposed using the IO model along with the water footprint accounting 
methodology. Since such information has been conspicuously absent from the decision-making 
process in South Khorasan, the results of this study count as an important guide for policymakers. 

2. Materials and Methods 

2.1. Study Area 

South Khorasan—with an area of 95385 km2—is the third biggest province in Iran, which lies 
between 30°15′ N to 34°03′ N latitudes and 57°43′ E to 61°04′ E longitudes. Figure 1 shows the location 
of the region and its 11 counties, namely Birjand, Boshrooye, Darmian, Ferdows, Khusf, Nehbandan, 
Qaen, Sarayan, Sarbishe, Tabas, and Zirkooh. These counties together account for more than nine 
percent of Iran’s territory and accommodate 0.97% of the national population. Since the province is 
adjacent to the hottest desert in the world (Dasht-e-Loot), the relative humidity is significantly low 
most of the year and rarely exceeds 50% in only a few weeks a year. The amount of rainfall varies 
from 89 mm in Tabas to 186 mm in Qaen, while the temporal variability of rainfall is even more 
uneven, and almost all the precipitation occurs from January to April through heavy showers. 
Moreover, due to the aridity of the study area along with high wind speed, the evapotranspiration 
rate is enormously high. Nevertheless, South Khorasan enjoys an agriculture-based economy, and, 
with a mere 0.52% contribution in the national gross domestic product (GDP), in 2011 ranked last 
among 31 provinces of Iran [30]. According to the Regional Water Company’s annual reports, more 
than 91% of local water resources are solely exploited by the agriculture sector while the industry is 
responsible for a mere 2%. 

 
Figure 1. Map of the study area. 
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2.2. Input–Output Economic Structure 

The input–output economic technique is extensively used to illustrate inter-industry linkages of 
a region. This model works based on data representing the monetary flows between different sectors, 
as shown in Equation (1). 

xi= zij

n

j=1

+yi (1) 

where n is the number of sectors within the economy of the region, xi is the gross output of sector i 
which is necessary to meet all the requirements of all sectors j (zij) as well as the final demand (yi). 
Having defined the technical coefficients (aij) as the intersectoral flows from sector i to sector j per the 
output of sector j, we can rewrite Equation (1) as: 

𝑥 = 𝑎 𝑥 + 𝑦  (2) 

Equation (2) becomes X=AX+Y in matrix notation, which when solved yields Equation (3). 𝑋 = (𝐼 − 𝐴) 𝑌 = 𝐿𝑌 (3) 

where X denotes the output matrix, (I-A)-1 is called the Leontief inverse or total requirement matrix, 
and Y is the final demand matrix [9]. Each element of the Leontief inverse matrix (lij) represents the 
amount of output of sector i, which is required (either directly or indirectly) to satisfy one monetary 
unit of sector j’s final demand. 

2.3. Constructing Input–Output Tables 

Constructing the regional IO tables is possible using two main methods, namely survey-based 
and non-survey-based, the former of which is very time consuming and therefore expensive [31]. 
Unlike the non-survey-based techniques which are widely used in the compilation of IO tables, 
survey-based approaches are unlikely to be used in most circumstances, largely due to lack of 
detailed information of interregional trade flows [18,32]. In this study, the CHARM method as a 
hybrid method is used to construct the IO table in South Khorasan. This is largely due to the fact that 
this study considers the regional trade patterns, and to the fact that other methods in constructing 
regional IO tables in Iran, such as Location Quotients (LQs), are not able to estimate the exports. The 
following considerations are used in constructing the regional IO table of South Khorasan: 

1. The Statistical Center of Iran (SCI) has annually released the regional accounts of Iran, including 
outputs, value-added, and intermediate use (superior data) from 2000 to 2015. The required data 
in this study, such as outputs, value-added, and intermediate use, accordingly are statistically 
obtained from SCI (Technical coefficients are estimated using the RAS method [31].). 

2. We quantified domestic consumption (C) and government expenditures (G) applying the 
income-expenditure surveys carried out by the SCI, and regional accounts, as well. 

According to the above-mentioned points, superior data are used to construct the IO table of the 
region and, therefore, a hybrid method is employed to do so, rather than a purely non-survey-based 
approach. The procedures for constructing the regional IO table of South Khorasan are as follows: 

First, we calculate using the regional input–output transactions using the national IO table in 
2011. 𝑍 , = 𝑎 .𝑋  (4) 

where 𝑎ij , 𝑋 , and Zij
,  are the national technical coefficient matrix, the diagonalized matrix of 

the output of sector j in the region, and the regional intersectoral transaction matrix, respectively. 
Following this, each sector’s value-added can also be quantified using Equation (5). 
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𝑉  , = 𝑋 − 𝑍 ,  (5) 

It should be noticed that V , ≠V . V  is the value-added vector of the region R which is 
released by the SCI, while the V ,  is the regional value-added which is estimated using the 
CHARM method and differs from actual information. As mentioned before, for calculating the 
domestic consumption (𝐶 ) and government expenditures (𝐺 ), the statistical data provided by SCI 
are used. Gross fixed investments and inventories can be calculated using the regional to national 
proportions of total production. In other words: 𝐼 = 𝜆 × 𝐼  (6) 

In Equation (6), 𝜆  is defined as  and I  and I  are the regional and national gross fixed 

investments and inventories, respectively. Considering the basic structure of IO tables, the South 
Khorasan’s net exports (trade balance) of sector i both domestically and internationally can be 
measured using Equation (7). 

bi
R, CHARM= Xi

R-( Zij
 R, CHARM+Ci

 R+Ii
 R+Gi

 R

j

) (7) 

For calculating the mutually simultaneous trade (known as cross-hauling), we should first 
characterize the degree of heterogeneity of each economic sector using Equation (8). 

hi
R=hi

N=
Tvi

N- bi
N

Xi
 N+∑ Zij

 N+fi
N

j
 (8) 

in which 

Tvi
N=ei

N+mi
N (9) 

bi
N=ei

N-mi
N (10) ℎ  and ℎ  are the heterogeneity in the regional and national scale, respectively. 𝑇𝑣  is the total 

trade volume and 𝑏  denotes to the trade balance (net export) of sector i, both on the national scale. 
Heterogeneity is all about the product’s characteristics and not its geographical location; therefore, 
the assumption that regional product heterogeneity is equal to its national counterpart is quite 
reasonable [24]. Using the degree of heterogeneity calculated in Equation (8) for the sector i, the cross-
hauling can be quantified using Equation (11). 

qi
R, CHARM=hi

R Xi
R- Zij

 R, CHARM+fi
R

j

 (11) 

Gross exports and imports can then be calculated as follows: 

ei
R, CHARM=

qi
R, CHARM+ bi

R, CHARM +bi
R, CHARM

2
 (12) 

mi
R, CHARM=

qi
R, CHARM+ bi

R, CHARM -bi
R, CHARM

2  (13) 

It should be maintained that the yielded figures of intermediate use and value-added using this 
method differ from what SCI has released for the South Khorasan, and this is a weakness of CHARM 
method. Following this, the first quarter of regional IO table is reconstructed using the RAS method, 
and then for the regional IO table to be totally constructed, Equations (7)–(13) are used again. The 
CHARM method not only can yield the regional IO table in full compliance with the national 
statistical accounts but also is able to estimate the technical coefficients, exports, and imports in all 
sectors. We refer the readers to Miller and Blair [31] for the detailed descriptions of RAS method since 
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it is beyond the scope of this study. Table 1 shows the technical coefficients and total requirement 
matrices derived from the CHARM method. All the calculations and procedures used in this research 
are obtained through programming using Matlab R2013b (MathWorks, Natick, Massachusetts, USA). 

Table 1. Technical coefficients (direct) and total requirement (direct + indirect) matrices (in 
parenthesis). 

Sectors Agriculture Industry Aquaculture Construction 
Business 

and 
Finance 

Education Public 
Administration 

Domestic 

Agriculture 0.34 (1.54) 
0.13 

(0.27) 0.03 (0.13) 0.02 (0.25) 0.01 (0.09) 0.00 (0.03) 0.16 (0.58) 
0.01 

(0.17) 

Industry 0.02 (0.07) 
0.18 

(1.32) 0.12 (0.3) 0.35 (0.96) 0.21 (0.34) 0.00 (0.09) 0.08 (0.45) 
0.05 

(0.32) 

Aquaculture 0.00 (0.00) 
0.00 

(0.00) 
0.22 (1.27) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 

0.00 
(0.00) 

Construction 0.01 (0.02) 
0.00 

(0.02) 
0.00 (0.06) 0.45 (1.86) 0.01 (0.03) 0.06 (0.14) 0.03 (0.18) 

0.13 
(0.35) 

Business and 
Finance 

0.03 (0.07) 
0.22 

(0.37) 
0.14 (0.33) 0.18 (0.68) 0.16 (1.29) 0.03 (0.10) 0.19 (0.65) 

0.02 
(0.27) 

Education 0.00 (0.01) 0.00 
(0.00) 

0.24 (0.37) 0.00 (0.02) 0.00 (0.00) 0.12 (1.13) 0.12 (0.29) 0.31 
(0.44) 

Public 
Administration 

0.00 (0.00) 0.00 
(0.00) 

0.00 (0.01) 0.00 (0.01) 0.00 (0.00) 0.00 (0.00) 0.49 (1.98) 0.12 
(0.27) 

Domestic 0.01 (0.01) 
0.00 

(0.00) 0.03 (0.04) 0.02 (0.00) 0.00 (0.00) 0.00 (0.01) 0.00 (0.02) 
0.11 

(1.14) 

Total 0.40 (1.72) 
0.53 

(1.98) 0.78 (2.52) 1.02 (3.82) 0.40 (1.77) 0.22 (1.50) 1.09 (4.16) 
0.76 

(2.96) 

2.4. Water Use by Economic Sectors 

The term “virtual water” was first introduced by Allan [33] as the volume of water used in the 
production chain of commodities as a strategy of alleviating the water scarcity in the Middle East and 
North Africa (MENA) region [34]. In agricultural products, the virtual water content of each crop can 
be estimated using the CROPWAT model developed by the Food and Agriculture Organization 
(FAO) of the United Nations [35]. In other products and services, though, the virtual water is 
calculated by the use of direct water-use coefficients, and it is defined as the amount of water 
consumed in producing those commodities and services. The term “consumption” here refers to the 
amount of water that is either evaporated or transferred to other regions as the embodied water in 
traded commodities [2]. To estimate the water use of each sector, we should first calculate the direct 
water consumption coefficients as follows:  𝜔 = 𝑤𝑋  (14) 

where ωi is the direct (or first round) effects of inter-industry interactions in the local economy (in 
m3/103$). The amount of freshwater intake to sector i is expressed by wi in physical units (m3), and Xi represents the output of that sector in monetary units ($).  

Water, however, is also used indirectly in the supply chain of producing the final products, 
which includes necessary imports from other economic sectors. The top-down input–output 
economic approach, unlike the bottom-up water footprint accounting, can calculate this amount of 
water [13]. Total water consumption can be measured by multiplying the diagonalized direct water 
consumption matrix by the Leontief inverse matrix [12], as shown in Equation (15): 𝑇𝑊𝐶 = 𝜔 (𝐼 − 𝐴) 𝑌 (15) 

where TWC  is the total water consumption, and ωi  is the diagonalized matrix of direct water 
consumption coefficients. Applying the direct water consumption coefficients, as defined in Equation 
(14), a decrease in final demand leads to a reduction in total water consumption as summarized in 
Equation (16): 𝜔 (𝐼 − 𝐴) ∆𝑌 (16) 
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in which ∆Y represents the change in the final demand in monetary units (103$/year). It should be 
mentioned that the final demand here is comprised of domestic consumption plus government 
expenditure plus exports minus imports, and that the economic impact of this new final demand in 
compensation of employees is not considered in Equation (16) since labor–input coefficients (either 
in monetary or physical units) are difficult to obtain. However, if we define the direct value-added 
coefficient as vai=𝑣 𝑥⁄  then we can also measure the concomitant decline in value-added due to a 
decrease (increase) in exports (imports) as follows: 𝑣𝑎 (𝐼 − 𝐴) ∆𝑌 (17) 

2.5. Water-Saving Framework 

As described in the previous section, the economic IO model and the water footprint accounting 
methodology are used in this study to determine whether how much water could be saved through 
(1) increasing the productivity of irrigation, (2) an increase/decrease in crop imports/exports, and (3) 
applying the proper cropping pattern. In this section the application of both methodologies will be 
explained. The first and third scenarios stem from the application of water footprint accounting using 
the irrigation data of the region at the county spatial resolution and are also crop specific. Measuring 
the virtual water content (the inverse of water productivity) of each crop type through the use of 
CROPWAT model, we then quantified the volume of agricultural water consumption for each county 
based on their production practices. The water productivity of the same crops varies across the 
counties, likely due to different climatic conditions, technology and/or managerial implications. After 
estimating the current water productivity of each crop type, we considered a 10% increase in water 
productivity to determine how much water saving could be achieved. The difference in improved 
and initial water productivities (ton/m3) results in the volume of water-saving at both a county-level 
and crop specific. Regarding the third scenario, we first estimated the virtual water contents of each 
crop type harvested in the region at a county spatial scale. Next, the proper cropping pattern for each 
county was identified considering the climatic differences (crop evapotranspiration ratio). Applying 
the potential proper cropping pattern and comparing with the current one, we were able to determine 
the water-saving potentials. 

In order to assess the potential water saving using the IO model associated with the second 
scenario, we must first estimate the direct water consumption coefficient. After constructing the IO 
table of the region employing the CHARM-RAS method (Section 2.3), we gain access to the 
imports/exports, intermediate use, and value-added for each sector available in the table. Having 
defined the direct water consumption and value-added coefficients, we can determine the volume of 
water-saving and the changes in the value-added brought about by changes in imports/exports using 
Equations (16) and (17), respectively. We employed the CHARM-RAS approach to investigate the 
South Khorasan economy’s structure. This model not only represents the intermediate input matrix 
(technical coefficients or direct requirements) but also captures both direct and indirect requirements 
(total requirement matrix) needed to satisfy one monetary unit of final demand. 

2.6. Data 

The 2011 national IO table was used in this study to construct the regional IO table of South 
Khorasan. Due to lack of data in sectoral direct water intake, we aggregated 72 sectors available in 
national IO table into eight main sectors using International Standard Industrial Classification (ISIC) 
of all economic activities (Table 2). Direct water inputs were obtained from Birjand Water and Waste 
Water Company. The IO table aggregation was based on the availability of direct water intake data, 
which was provided by the Regional Water Company of South Khorasan (South Khorasan, Iran).  

Table 2. International Standard Industrial Classification (ISIC) used in IO aggregation of this study 
[36]. 
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ISIC 
Code Description 

Sector Name in 
This Study 

01–02 

Crop and animal production, hunting and related service activities: comprising the 
activities of growing of crops, raising and breeding of animals, and other plants, animals or 
animal products from a farm or their natural habitats. Fostery and logging: the production 
of roundwood for the forest-based manufacturing industries as well as the extraction and 
gathering of wild growing non-wood forest products 

Agriculture 

03 

Fishing and aquaculture: includes capture fishery and aquaculture, covering the use of 
fishery resources from marine, brackish or freshwater environments, with the goal of 
capturing or gathering fish, crustaceans, mollusks and other marine organisms and 
products 

Aquaculture 

10–33 

Manufacturing: food products, beverages, tobacco products, textiles, wearing apparel, 
leather and related products, products of wood, cork, straw and plaiting materials, paper 
and paper products, printing and reproduction of recorded media, coke and refined 
petroleum products, chemicals and chemical products, basic pharmaceutical products and 
pharmaceutical preparations, rubber and plastics products, other non-metallic mineral 
products, basic metals, fabricated metal products, computer, electronic and optical 
products, electrical equipment, machinery and equipment n.e.c., motor vehicles, trailers 
and semi-trailers, other transport equipment, furniture, other manufacturing, repair and 
installation of machinery and equipment 

Industry 

41 
Construction of buildings: includes general construction of buildings of all kinds. It 
includes new work, repair, additions and alterations, the erection of pre-fabricated 
buildings or structures on the site and also construction of temporary nature 

Construction 

45–47, 
55–56 

Wholesale and retail trade and repair of motor vehicles and motorcycles: includes all 
activities related to motor vehicles and motorcycles. Wholesale trade: includes wholesale 
trade on own account or on a fee or contract basis related to domestic wholesale trade as 
well as international wholesale trade. Accommodation: includes the provision of short-stay 
accommodation for visitors and other travelers. Food and beverage service activities: 
includes providing complete meals or drinks fit for immediate consumption 

Business and 
Finance 

84 Public administration and defence; compulsory social security 
Public 

Administration 

85 
Pre-primary and primary education, secondary education, higher education, other 
education, educational support activities 

Education 

97–98 

Activities of households as employers of domestic personnel, Undifferentiated goods- and 
services-producing activities of private households for own use: includes the 
undifferentiated subsistence goods-producing and services-producing activities of 
households 

Domestic 

The 10-year averaged (from 2005) agricultural data, including planting dates, sowing area, crop 
production, and crop yields along with meteorological data such as the monthly average of the 
maximum and minimum temperature, relative humidity, monthly precipitation, wind speed, and 
sunshine hours were obtained from the Agriculture Organization of the South Khorasan and South 
Khorasan Meteorological Organization, respectively. In many global assessments using the 
CROPWAT model, however, the climatic data of the capital or the most appropriate station is applied 
for estimating the virtual water content of crops in each country [37,38]. This cannot be representative 
of the climate condition in the entire country since each region within a country has its own kind of 
climate patterns. Accordingly, Qasemipour and Abbasi [39] illustrate a great difference between 
South Khorasan crop water requirements and Iran’s average. 

3. Results 

South Khorasan, as a developing region, relies heavily on agriculture as its primary source of 
income. Population growth has increased the demand for water, while unprecedented drought has 
limited the blue water resources availability. Groundwater aquifers in South Khorasan, as the only 
source of freshwater in the region (which accounts for 99% of water withdrawal), are overexploited 
solely due to intensive agriculture [39]. Therefore, as agriculture is the major user of freshwater in 
such an arid region, any inefficient use of water would, in the long term, threaten the socioeconomic 
and environmental sustainability of the region. We therefore suggest a 10% increase in water 
productivity in agriculture. Different pathways of improving water productivity are proposed at 
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plant, field, system, and basin level [40,41]. Molden et al. [42] give a high priority to water-scarce 
regions to improve their water productivity. 

Final sectoral water multipliers in Table 3 represent the total (direct + indirect) water 
consumption of each sector based on its inter-industry linkages. Agriculture has the highest water 
consumption coefficients either directly (𝝎𝒊) or indirectly (∑ ωiliji ). Consequently, it consumes much 
more water than any other sector. 

Table 3. Water use in different sectors in South Khorasan. 

Sectors 
Value-
Added 

(106$/year) 

Direct Water 
Consumption 
Coefficient 𝝎𝒊 

(m3/103$) 

Total Water 
Consumption 

(Mm3/year) 

Final Sectoral 
Water Multiplier ∑ ωiliji  (m3/103$) 

Agriculture 490 1333.44 1151.82 2056.23 
Industry 159 52.90 30.12 426.77 

Aquaculture 8 864.42 11.03 1302.48 
Construction 184 0.45 0.20 388.76 
Business and 

Finance 
421 0.94 0.46 145.62 

Education 173 3.25 0.66 45.29 
Public 

Administration 
356 0.62 0.15 811.03 

Domestic 46 112.33 7.73 370.25 
Total - - 1202.17 - 

Figure 2b shows that agriculture is responsible for the most significant share (95.8%) of water 
consumed in the economy of the region, while its value-added is the highest (27%) with an 
insignificant difference with Business and Finance (23%) and Public Administration (19%) sectors. 
Moreover, having involved domestic supply chain along with trade activities, agriculture accounts 
for the largest share in the water footprint of the region with 92.2% (Figure 2a). The volume of water 
consumed by other sectors than agriculture is insignificant, hence their water footprints. Taking into 
account the volume of water exported and/or imported virtually, the water footprint of agriculture 
is estimated as the volume of water used domestically plus the virtual water imported minus the 
virtual water exported [3]. 

 
Figure 2. (a) Comparison between agricultural water footprint and total water footprint, and (b) the 
contribution of each economic sector in water use and value-added. 

Due to the climatic condition of the region with low precipitation and high evapotranspiration, 
agriculture contributes to using a large volume of limited water supplies inefficiently. This 
indiscriminate use of limited water resources in agriculture in such an arid region may have serious 
social and economic repercussions such as migration to big cities, wiping out many of jobs, and many 
vacant villages as inhabitants move away. Environmental issues, on the other side, include drying 
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qanats (a gently sloping underground channel, developed in ancient Iran by Persian people for the 
purpose of transferring water from an aquifer with a series of vertical access shafts, which is one of 
the most elaborate techniques in using water sustainably in hot, arid and semi-arid regions [43]), land 
subsidence, desertification, and its concomitant dust storms have become major challenges for 
regional sustainable development. 

3.1. First Strategy: A 10% Increase in Water Productivity 

Applying a 10% increase in water productivity results in a 115.23 Mm3 (9.96% water reduction) 
decrease in water consumption (Table 4). This information is achieved using the virtual water content 
(m3/ton) of crops harvested in all 11 counties of the region based on data reported in Qasemipour and 
Abbasi [39]. Water-saving associated with this improved water productivity in each county is 
measured by multiplying the difference of improved and initial water productivities (ton/m3) with 
the production of each crop (ton). 

Table 4. Water-use reduction due to a 10% improvement in water productivity (1st strategy). 

Counties 
Irrigated Area 

(ha/year) 
Water Use a 
(Mm3/year) 

Water-Saving 
(Mm3/year) 

WTA b (Percent 
Reduction) 

Birjand 2306 25.68 2.50 91.84 (8.94) 
Boshrooye 16949 204.33 20.27 582.45 (57.79) 
Darmian 2692 35.00 4.31 83.32 (10.44) 
Ferdows 8106 124.60 12.33 369.50 (36.56) 

Khusf 4109 59.18 5.86 49.27 (4.88) 
Nehbandan 6167 105.52 10.49 71.05 (7.06) 

Qaen 11699 180.44 17.65 289.05 (28.28) 
Sarayan 8176 145.41 14.41 355.08 (35.19) 
Sarbishe 5729 101.66 10.00 177.56 (17.46) 

Tabas 5108 77.61 7.73 24.74 (2.46) 
Zirkuh 4223 97.84 9.69 172.77 (17.10) 
Total 75264 1157.28 115.23 206.06 (20.56) c 
a The volume of water used in crop production is calculated by multiplying the virtual water content 
(m3/ton) of each crop with the physical unit (ton) of crops produced (this is very similar to the amount 
of water estimated using Input–Output model in Table 3). b Withdrawal-to-Availability ratio (in 
percent) before the improvement in water productivity. Withdrawal here refers to the amount of 
water used in crop production only. c This cell is the average of the entire counties, not the 
aggregation. 

According to Table 4 Darmian by saving 4.31 Mm3 has the highest percentage of change 
(−12.32%) in water consumption. This is primarily due to the large scale cultivation of water-intensive 
products in Darmian in comparison with other counties. 

The percentage change in the withdrawal-to-availability (WTA) ratio is also calculated in each 
county within the region as shown in Boshrooye has the most significant irrigated area within the 
region, and accordingly, applying a 10% increase in water productivity resulted in the highest 
percentage change in WTA ratio (57.79%) in this county, followed by Ferdows (36.56%) and Sarayan 
(35.19%). Sarayan has a larger irrigated area in comparison with Ferdows, but the percentage 
reduction in WTA ratio is more significant for the latter. This highlights the role of water-intensive 
crops in the inefficient use of water supplies. Therefore, such an arid region should import water-
intensive crops rather than producing them domestically. Using the virtual water concept, the 
contribution of each group of crops is also measured, and the results are presented in Table 5. As it 
is expected, although cereals group has the largest cultivated area (45,242 ha), fruits have the highest 
contribution in water-saving (68.18%) since they have higher virtual water content. Applying this 
strategy would be costly due to required capital investment, assessment of which is beyond the scope 
of this study. 
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Table 5. Water withdrawal by each crop and their water-saving contribution in First Strategy. 

Crop Types Irrigated Area (ha/year) 
Water Consumption Water-Saving 
Mm3/year % Mm3/year % 

Cereals 45,242 581.70 50.26 26.30 22.82 
Legumes 336 2.65 0.23 0.12 0.10 

Fiber crops 10,332 170.67 14.75 7.75 6.73 
Vegetables 4548 50.42 4.36 2.29 1.99 

Fruits 14,338 347.41 30.02 78.56 68.18 
Oilseeds 469 4.44 0.38 0.20 0.17 

Total 75,264 1157.28 100 115.23 100 

3.2. Second Strategy: A 10% Decrease in Exports and a Simultaneously 10% Increase in Imports of 
Agricultural Products 

According to the information of the Statistical Center of Iran [30], South Khorasan with a mere 
0.52% of the gross domestic product (GDP) ranked last among 31 regions in Iran. In agriculture, 
though, South Khorasan with a contribution of 1.33% in the country’s value-added ranked 27th. On 
the one hand, since the region enjoys an agriculture-based economy, other economic sectors do not 
contribute much in exports to other regions. On the other hand, since the agriculture sector has the 
greatest direct water consumption coefficient, and since South Khorasan suffers from severe water 
scarcity, a 10% decrease in exports and simultaneously a 10% increase in agricultural crops seems 
more applicable. A volume of about 65.49 Mm3 (10% water reduction) can be saved by applying this 
strategy, the majority of which (65.30 Mm3) is achieved in the agriculture sector (Table 6), as the major 
user of water in the region. This strategy, however, has negative effects on the region’s value-added 
and employment compensation in comparison with the first strategy. Results show that this strategy 
negatively affects the region’s value-added by a mere 0.89% reduction, which accounts for around 
$26 million. 

Table 6. Water-saving associated with a 10% decrease in final demand (Second Strategy). 

Sectors New Final Demand 
(103$/year) 

Total Water Consumption 
(Mm3/year) 

Water-
Saving 

Value-Added 
Reduction 

Mm3/year 
(%) Million Rials (%) 

Agriculture 397,285 1036.64 
65.30 

(99.70) 
23.82 (91.20) 

Industry 156,159 27.11 0.13 (0.20) 0.00 (0.00) 
Aquaculture 8137 9.93 0.00 (0.00) 0.25 (0.95) 
Construction 177,297 0.18 0.04 (0.06) 0.65 (2.49) 
Business and 

Finance 
112,388 0.42 0.01 (0.02) 0.69 (2.65) 

Education 108,821 0.59 0.00 (0.00) 0.68 (2.62) 
Public 

Administration 
100,786 0.13 0.01 (0.02) 0.00 (0.01) 

Domestic 42,795 6.96 0.00 (0.00) 0.02 (0.09) 
Total - 1081.96 65.49 (100) 26.12 (100) 

The total (direct + indirect) water consumption coefficients, known as total water multipliers, 
are presented in Table 6 and represent the intersectoral transactions of different economic sectors. 
Agriculture has the highest total water multiplier (2056.23), followed by aquaculture (1302.48) and 
Public Administration (811.03), all in m3/103$. The remarkable need for other sector’s output to satisfy 
final demands makes the total water multipliers of Construction and Public Administration sectors 
significantly larger than their direct water consumption coefficients. 

3.3. Third Strategy: Applying Proper Cropping Pattern 
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Cropping pattern plays a crucial role in using the water efficiently, especially in arid and semi-
arid countries where the spatio-temporal pattern of green (i.e., rainfall) and blue (i.e., surface and 
groundwater) water availability varies significantly across their regions. Improper allocation of water 
to regions with low water productivity reduces the efficiency of water consumption. Since water 
productivity for the different types of crops in South Khorasan varies considerably from county to 
county, applying the proper cultivation pattern would save an enormous amount of 348.46 Mm3 

(30.11% water reduction) of water per year. As shown in Table 7, fiber crops, with a crop production 
of about 34% of that of cereals, have the most considerable contribution in water-saving with 37.66%. 
This is while fiber crops with 170.67 Mm3 (14.75%) are the third biggest consumers of local water 
resources (Table 5). The most water-intensive crops, namely cereals and fiber crops, together account 
for more than 71% of the total water saving, a value obtained from applying the proper cropping 
pattern within the region. The cost of this strategy is, for sure, marginal in comparison with the other 
two strategies since it is concerned with the management of the current farming practices and does 
not need any improvements in technology. Furthermore, Playán and Mateos [44] measure much 
better economic return in the improvement of irrigation management than improving the irrigation 
infrastructures. 

Table 7. Water-saving associated with applying proper cropping pattern (Third Strategy). 

Crop Type Crop Production 
(ton/year) 

Water Productivity 
(kg/m3) 

Water Saving a 

Minimum Maximum Mm3/year 
Contribution 

(%) 
Cereals 164,401 0.196 0.383 118.83 34.10 

Legumes 327 0.049 0.152 2.30 0.66 
Fiber 
crops 56,137 0.107 0.860 131.24 37.66 

Vegetables 107,376 0.655 2.237 49.47 14.20 
Fruits 31,323 0.161 0.269 38.44 11.03 

Oilseeds 388 0.049 0.467 8.18 2.35 
Total 359,952 - - 348.46 100 
a In case of transferring production from counties with lower water productivity to counties with 
higher water productivity. 

The socioeconomic effects of each water-saving strategies on the region’s economy, including 
gross output, value-added and employment compensation should be assessed since the region relies 
heavily on agriculture as its main source of income for decades. It is clear that any hasty decision 
would most likely result in social, economic, environmental, or political insecurities. Further studies 
are needed to pay more consideration and attention to these such important matters. 

4. Discussion 

Virtual water transfer refers to a scale-dependent measure with which water-scarce counties 
could relieve the pressure on their limited water supplies caused by overexploitation. It also means 
“water loss” for exporting regions, since the embedded water cannot be used in that region unless 
through re-exportation [45]. This study aimed at analyzing the sustainability of the current supply-
oriented water management practices in South Khorasan, a region with water scarcity of around 
206% [39], where more than 95% of its limited—hence precious—water resources are dedicated to 
producing water-intensive, low-value agricultural crops. Accordingly, previous studies suggested 
some policy measures, including water pricing, water right exchanges, improving water use 
efficiency, controlling illegal water abstractions [46]. However, such policy recommendations are 
difficult to promote since there are many other issues such as opportunity cost, social, economic, 
environmental, political, and even cultural considerations. The virtual water concept can only 
provide some insights into the way policymakers can enhance the efficiency of water consumption. 
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Improving water-use efficiency, as with the first strategy in this study, concerns lack the necessary 
incentives, and this is likely due to high costs of providing modern, water-saving, agricultural 
technologies/machinery. In this study, we have demonstrated that a 10% increase in water utilization 
efficiency (or a 10% decrease in virtual water content) in agricultural practices would result in 9.96% 
reduction in water withdrawal, that is 115.23 Mm3. This percentage could play a critical role in such 
an arid region within a country whose policymakers aim at achieving complete food self-sufficiency 
through some policy frameworks [47]: Vision 2025 (adopted in January 2009), Broad Policies for 
Agriculture (adopted in July 2005), and the Fifth Five-Year National Economics, Socials, and Cultural 
Development Plan. 

While improving water-use efficiency counts as an attractive, rational, and preliminary policy 
suggestion, it has been proven difficult to promote, particularly in Iran, which is currently under 
unprecedented, strict economic sanctions. In this situation, identifying the most efficient sectors 
within the economy of the region is of utmost importance. An input–output table allows us to do so 
and also enables us to assess how causing a change in final demand would affect the economy of a 
region. A volume of about 65.49 Mm3 (10% water reduction) can be saved by applying a 10% decrease 
in exports and a simultaneously 10% increase in imports of agricultural crops. The negative effects of 
this scenario have also been assessed and proved to be small, with a reduction of a mere 0.89% in 
value-added ($26 million). Figure 2 shows that the agriculture sector does not contribute to the 
region’s value-added much more than the other sectors in comparison with its water consumption. 
This is because it has the most direct and also indirect requirements from other sectors to satisfy one 
monetary unit of its output (Table 1). This scenario might also affect the local prices, the consumption 
pattern of residents, and employment. These issues are left for future studies. 

A question to assess is whether improving the efficiency of water consumption (machinery, 
managerial, and/or agronomic advances) in agriculture could guarantee more sustainability in such 
an arid region regarding its limited water resources than reducing the agricultural practices and 
increasing the virtual water imports. This study is a first step to provide some information to respond 
to this question. 

5. Conclusions 

South Khorasan consumes more than 95% of its limited water supplies in food production, while 
it does not meet the sustainability criteria. This has exerted an enormous amount of pressure on 
groundwater aquifers as the only supply of water in the region, which in turn has resulted in many 
social, economic, and environmental issues in the past three decades. As a result, three water-saving 
strategies are proposed in this study to alleviate the water scarcity of the region using the input–
output economic technique and virtual water concept. To do so, we have constructed the IO table of 
the region for the year of 2011, using a semi-survey-based approach, CHARM-RAS. The intersectoral 
transactions and the trade-offs derived from this method have the most consistency with the regional 
accounts. Moreover, unlike the other non-survey-based methods, the CHARM method is able to 
quantify the simultaneous importations and exportations (cross-hauling). This method also yields the 
most reliable data for both imports and exports, which are not released by the Statistical Center of 
Iran. This table allows us to calculate the water consumption of different economic sectors in the 
region and, subsequently, identify the key consumers of the local water resources. In agriculture, 
water consumption is also estimated using the virtual water concept, and the estimated figure is very 
similar to that of the IO model. Results show that agriculture is the largest consumer of water in South 
Khorasan, with a high direct and indirect water consumption coefficient. On the other side, despite 
very low direct water consumption coefficients, Public Administration, Business and Finance, 
Construction, and Industry have a large total water-use multipliers. This is due primarily to their 
requirements to other water-intensive sectors’ goods and services in their production process. 
According to the unsustainability of agricultural practices in South Khorasan [39], such estimation of 
the total water consumed in different economic sectors is of utmost importance in identifying the 
most productive sectors in which, per one physical unit of water, they have the most substantial 
economic output. 
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Water-use reduction associated with each strategy is also measured, and the results reveal that 
establishing proper cropping pattern has the greatest impact on improving water-use efficiency. The 
agriculture sector has the most significant share in total water footprint while its value-added is 
marginally higher than the Business and Finance and Public Administration sectors. This highlights 
the important role that cropping pattern plays in the water resource management of the region, which 
is overlooked by local authorities. Quantifying the cost of applying these strategies would provide 
an accurate picture of their applicability and suitability. It should be noted that none of these 
strategies are easy to implement, since apart from environmental, social, and economic consequences, 
policymakers should take into account other critical factors such as ethics, politics, and culture [48]. 

The strong desire to achieve complete self-sufficiency in food production among local and 
national authorities along with the population boom during the past three decades can further 
deteriorate the scarcity of the region. This would endanger food and water security in such a way 
that there would be an urgent need for costly water transfer projects to provide domestic water 
requirements only. Apart from the astronomical costs involved in these kinds of short-term, 
structural solutions, it would have serious environmental, social, and economic consequences. 
Necessary measures are needed to be taken to provide the food security of the region, purely from a 
sustainability point of view. Such measures may include reducing or even eliminating the cultivation 
of water-intensive crops (fiber crops, cereals, fruits and oilseeds), subsidizing the improvement of 
efficiency in irrigation, cooperating effectively in virtual water trade network with national or 
international water-abundant regions, reallocating limited water supplies to sectors with high value-
added, employment compensation and less water-use intensity, better water pricing and posing strict 
restrictions on quantitative water consumption. 

This is the first study that investigates the water-use intensity of different economic sectors 
within the economy of South Khorasan. Agricultural virtual water flows in the region is estimated in 
Qasemipour and Abbasi [29], but the regional IO tables are not able to estimate the intersectoral 
traded industrial commodities. For the virtual water flows in Iran to be mapped, multiregional IO 
tables are needed, which are now in preparation. Furthermore, additional uncertainties inherent in 
the input data and the estimation of IO tables, as well as water productivity of different kinds of crops 
are not considered in this study. These are issues that can be evaluated in future research. 
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