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Abstract 

 

This study aims to estimate the cost of rainwater harvesting and use efficiency in sorghum 

production in Jazan by calculating the average cost per unit of water (m
3
) of dam 

construction, restoration, and annual maintenance and analyzing data from a randomly 

distributed questionnaire in Jazan in 2016. This study has five key results. (1) The cost of 

rainwater harvesting through earthworks increased from 0.682 riyals/m
3
 at a 5% discount rate 

to 1.828 riyals/m
3
 at a 15% discount rate. (2) The cost of rainwater harvesting through 

concrete dams increased from 1.340 riyals/m
3
 at a 5% discount rate to 3.694 riyals/m

3
 at a 

15% discount rate. (3) A 10% change in the amount of water, agricultural labor, or chemical 

fertilizers leads to a corresponding change in sorghum production of 3.9%, 2.5%, or 1.9%, 

respectively. (4) The marginal return on water in sorghum production was ~326.12 

SR/thousand m
3
 in Jazan in 2015. (5) Rainwater is not economically efficient for sorghum 

production because the harvesting cost outweighs its marginal productivity. Thus, harvested 
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rainwater should not be used agriculturally but rather domestically to reduce desalination 

costs in Jazan and throughout Saudi Arabia. 

 

Keywords: The cost of water harvesting. Dams. Economic efficiency. Sorghum. Jazan. 

 

1. Introduction 

 

Saudi Arabia suffers from a relative scarcity of water resources due to its lack of rivers 

and regular heavy rains. The state strategically stored water by expanding the construction of 

earth and concrete dams to complete 482 dams with a storage capacity of 2.08 billion m
3
 as of 

2014 (Ministry of Water and Electricity 2014). Sorghum crops, with water needs of 9.96 

thousand m
3
/ha, depleted the water (Al Amod et al. 2010).  

Sorghum production is concentrated in the Jazan region, where an area of 41.77 

thousand hectares—representing 66.2% of the total cultivated crop—was planted with 

sorghum. Sorghum production in the Jazan region amounted to 110.75 thousand tons, 

representing 65.2% of the total domestic production of sorghum in 2015 (General Authority 

of Statistics 2015). 

This resulted in the achievement of self-sufficiency for most agricultural commodities, 

including sorghum (98%), without regard for the principles of comparative advantage and the 

optimal allocation of agricultural resources, thus leading to a waste of water and capital 

resources. The resulting concentration of crops in certain areas drains large amounts of 

renewable and non-renewable water and therefore requires water resource management and 

the optimal use of water in light of the cost of either extracting groundwater or harvesting 

rainwater. 

 

2. Research Objectives 

 

This study aims to estimate the cost of rainwater harvesting and examine its efficient use 

in sorghum production in Jazan in 2015 through the following items: (1) the cost of rainwater 

harvesting in the Jazan region, (2) the production function and marginal returns to rain water 

used in sorghum production, and (3) the efficiency of water use in the production of sorghum 

in Jazan. 
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3. Material and Methods 

 

This analysis requires estimating the cost of rainwater, the cost of setting up dams, 

restoration costs, the cost of annual dam maintenance, the lifetime of water harvesting, and 

the amount of water drawn annually and then applying the following economic equations 

(Nashwan et al. 2016):    

 Redemption of capital coefficient = (1 ÷ total current values of fixed values at a 

certain discount rate), as the recoverable capital coefficient is calculated by the 

following law: 

 

where CRF represents the capital recovery factor, i represents the discount rate, and n 

represents the number of years or lifespan of dams. 

 The annual premium for the cost of construction of dams = costs for the 

construction of dams × the recoverable capital coefficient. 

 The average per unit cost of water from the dams = (annual premium costs for the 

construction of dams ÷ the dams’ capacity or the amount of water stored per year). 

 The average per unit cost of water from the annual maintenance costs = (annual 

maintenance costs ÷ the dams’ capacity or the amount of water stored per year). 

 Inter cost of rainwater harvesting = average per unit cost of water from the dams + 

average per unit cost of water from the annual maintenance costs. 

To achieve its objectives, this study also relied on the standard economic analysis of 

the production function estimate for sorghum in the Jazan region, which can be expressed in 

the following form: 

 

where Y represents the quantity of sorghum produced per ton;  represents the 

amount of rainwater used for irrigation per thousand m
3
;  represents the amount of 

agricultural labor in terms of man/day;  represents the amount of chemical fertilizers in 

tons; a, b1, b2, and b3 are model parameters; and ei represents the random error. 

The reality of the production function estimated for sorghum, the effect of the 

marginal expense (marginal product), and the relative impact (flexible productivity) of 

resources contained in the production function were estimated (Gujarati 1995; Greene, 2003). 
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The marginal product of water resources function was derived by first differentiating the 

function for the amount of water used as follows: 

1  

By substituting in the average agricultural labor (X2) and the amount of chemical 

fertilizers (X3) from the previous function and then multiplying by the unit sale price of the 

product, it is possible to obtain the marginal return for the following water function: 

1  

This measure the economic efficiency of water used in the production of sorghum by 

estimating the proportion of the marginal product value of water to the marginal cost (the cost 

of rainwater harvesting). 

Finally, this study is based on primary data collected through the preparation of a 

questionnaire that was distributed to a random sample of 50 farms in the Jazan region in 2015. 

The sample size was determined in the abstract level at the 5% limit with an allowable error 

of 13.9% according to the following law (Hamad and Ismail 2001): 

 = = 50 

Where N represents the size of the sample, d represents the error limit allowed of 

13.9%, P represents the proportion of the vocabulary study in which the property is available 

under the study of society and is often equal to 0.5, and z represents the criterion value of 1.96 

at the 0.05 significance level. 

 

4. Literature  

 

Several important studies relate to the cost of the use of water for agricultural 

purposes. Shafie and Alsifi (1991) studied the pricing of water stored in Romanian wells. This 

study shows that the price per cubic meter of water ranged between 0.76 pounds and 4.24 

pounds. Hasian (2004) targeted water pricing and effectiveness in water demand management 

in Syria. It emerged from this study that a pricing mechanism in demand management leads to 

the rationalization of water use, which supports the state’s budget and increases its ability to 

improve the efficiency of water installations. Ghanem and Qamra (2008) found that the unit 

cost of water used for agricultural purposes was estimated at about 0.11 pounds/m
3
 in 2006. 
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Moreover, Ruwais (2008) targeted agricultural economic resources pricing based on 

the derived elasticities productivity of the estimated production function for the agricultural 

sector during the period from 1980 to 2005 and found that the unit cost of water stood at 0.15 

riyals/m
3
 in 2005. Ghanem and Nashwan (2009) estimated the return and the economic cost of 

water use in the production quantities of vegetables and fruit that were exported from the 

Kingdom of Saudi Arabia. The study showed that the value of water relative to the economic 

value of Saudi exports for the most important fruits and vegetables ranged from a minimum 

of 3.59% for tomatoes to a maximum of 24.63% for sorghum during the period 2003-2007. Al 

Kahtani and Ghanem (2013) targeted pricing water resources used in the production of dates. 

This study shows that the unit price of water used in the production of dates ranged from a 

minimum of 0.51 riyals/m
3
 in the region of Jawf to a maximum of 0.75 riyals/m

3
 in the 

eastern region. Aidam (2015) explained that raising the price of water in Ghana negatively 

impacted farmers’ income, employment, and crop varieties; therefore, the study recommended 

that the price could make farmers more aware of water scarcity in addition to urging farmers 

to adopt energy-saving technologies for water without affecting the crop composition.  

Finally, Nashwan et al. (2016) aimed to estimate the cost of extracting groundwater 

and efficient use in the production of dates in Riyadh. The study showed that the cost of 

extracting groundwater increases with the depth of well drilling. Specifically, the cost of 

extracting groundwater increased from 0.436 riyals/m
3
 for wells with a minimum depth of 

100 meters to 0.658 riyals/m
3
 for wells with a depth of 200 meters or more. The use of 

groundwater is economically efficient in the production of dates because the marginal 

productivity of water value is larger than the cost of extraction, and thus the profits of date 

producers can increase as the quantity of water used increases until the marginal productivity 

of water equals its marginal cost. From the above, it is clear that all previous studies did not 

address the estimated cost of rainwater harvesting and its efficiency in the production of 

sorghum in Jazan. 

 

5. Results and Discussion 

  

In light of the cost of constructing dams, the costs of repair and maintenance, and the 

amount of water drawn from dams annually, it is clear from the data contained in tables 1 and 

2 that the costs of rainwater harvesting using earthworks and concrete were 0.682 riyals/m
3
 

and 1.340 riyals/m
3
, respectively, at a discount rate of 5%. The cost of rainwater harvesting 
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increases with increasing discount rates, so the cost of harvesting rainwater through 

earthworks increased from 0.682 riyals/m
3
 at a discount rate of 5% to 1.828 riyals/m

3
 at a 

discount rate of 15%, which implies the cost increased at a rate of 168%. The rainwater 

harvesting cost for concrete dams also increased from 1.340 riyals/m
3
 at a discount rate of 5% 

to 3.694 riyals/m
3
 at a discount rate of 15%, which implies the cost increased at a rate of 

175.7%. 

 

Table 1: Average cost of construction of dams to harvest rainwater in Jazan 

Statement 
Dams Life span 

Earthy Concrete Earthy Concrete 

Costs of dam construction in 

million riyals 
7.38 4.75 90 90 

Cost of annual maintenance 

repairs in thousand riyals 
49.78 20.05 - - 

Amount of water drawn annually 

per thousand m
3
 

624.85 195.74 - - 

Source: Ministry of Water and Electricity Annual Report, 2014 

 

 

Table 2: The average cost of rainwater harvesting during the lifespan of dams in Jazan 

Statement 
Redemption Factor 

Equity capital 

Annual premium cost per thousand 

riyals 

Per unit of water costs in 

riyals/m3 

Earthy Concrete Earthy Concrete 

Rainwater harvesting costs at a discount rate of 5%: 

Dam 

construction  

0.051 376.38 242.25 0.602 1.238 

Restoration and 

maintenance 

- 49.78 20.05 0.080 0.102 

Total amount of water harvesting in riyals/m
3
 0.682 1.340 

Rainwater harvesting costs at a discount rate of 10%: 

Dam 

construction  

0.100 738.0 475.0 1.181 2.427 

Restoration and 

maintenance 

- 49.78 20.05 0.080 0.102 

Total amount of water harvesting in riyals/m
3
 1.261 2.529 

Rainwater harvesting costs at a discount rate of 15%: 

Dam 

construction  

0.148 1092.24 703.0 1.748 3.591 

Restoration and 

maintenance 

- 49.78 20.05 0.080 0.102 

Total amount of water harvesting in riyals/m
3
 1.828 3.694 

Source: Collected and calculated from the data in Table 1 

 

  Sorghum production is determined by a range of economic factors, including: 

(1) the amount of water used for irrigation, (2) the amount of agricultural employment, and 

(3) the amount of chemical fertilizers. A multiple regression analysis in double logarithmic 
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functional form including specific explanatory variables for the production of sorghum in 

Jazan in 2015 can be expressed in the following equation: 

 

 

*significant at the 5% level 

**significant at the 1%   

 

It is clear from the estimated model that the production elasticities of water (X1), 

agricultural labor (X2), and chemical fertilizers (X3) are 0.39, 0.25, and 0.19, respectively. 

This means that a 10% change in the amount of water, agricultural labor, or chemical 

fertilizers leads to a change in the same direction in the production of sorghum at a rate of 

3.9%, 2.5%, or 1.9%, respectively. The estimated average coefficient of determination (R
-2

) is 

about 0.85, which means that the independent variables included in the model explain about 

85% of the changes that have occurred in the sorghum production, and the rest of the changes 

(15%) can be attributed to other factors that are not included in the model. The estimated 

model is efficient, where the Theil coefficient (U-) approaches zero, which means that the 

estimated model efficiently uses the data to estimate the representation. The presence of 

heteroskedasticity was checked through the White Test, which found an F-value of about 

1.15, which is not statistically significant at the 5% probability level, confirming the absence 

of the problem of heteroskedasticity. 

 Through the estimated production function for sorghum in the Jazan region, the 

marginal product of water function was derived. In light of the average selling price of 

sorghum of 1560 SR/ton, it was possible to derive the marginal return function of water as 

follows: 

 

By first differentiating the function for the amount of water used, it was possible to 

obtain the marginal product of water as follows: 

 

By obtaining the average agricultural labor (X
2
) of 30 men/day and the amount of 

chemical fertilizers (X
3
) of 4.5 tons from the previous function and then multiplying the figure 

by the average unit selling price of the output of 1560 SR/ton, it was possible to obtain the 

marginal return for the following water function: 
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Given that the average amount of water used for the production of sorghum found in 

the farm research sample was 99.6 thousand m
3
, the water marginal return is estimated at 

about 326.12 SR/thousand m
3
. 

 Economic efficiency is achieved when resource utilization reaches a point 

where the marginal revenue equals the marginal cost of the resource. It is known that water is 

a natural resource that does not have a market price, so the cost of rainwater harvesting has 

been used to express the marginal cost of water used in sorghum production in Jazan. It is 

clear from the data in Table 3 that, at a discount rate of 5%, the ratio of the marginal rate of 

return to marginal cost of water used in the production of sorghum is estimated at about 0.48 

for earthen dams, whereas the ratio of the marginal rate of return to the marginal cost of water 

used in sorghum production is about 0.24 for concrete dams. As is evidenced, the marginal 

product of rainwater harvesting also outweighs the marginal cost for earthen dams and 

concrete at a 10% or 15% discount rate, and therefore, producers who harvest sorghum in the 

Jazan region must stop using rainwater, provided there is production for drinking purposes. 

 

6. Recommendations 

 

Because of the scarcity of water resources and the sharp drop in non-renewable 

groundwater levels, the state expanded the construction of earth and concrete dams to harvest 

rainwater and use it for drinking purposes and in the irrigation of some agricultural crops. Due 

to the inefficiency of rainwater use in sorghum production in Jazan, the study recommends 

not using rainwater harvested by earth and concrete dams in agricultural production and 

providing it for domestic purposes, resulting in reduced desalination costs in Saudi Arabia in 

general and in Jazan region in particular. 

 

Table 3: Economic efficiency of rainwater use in high maize production in Jazan 

 

Statement 

Dams 

Earthy Concrete 

Marginal return in riyals/m
3
 0.326 

Marginal cost (rainwater harvesting costs) in riyals/m3: 

Rainwater harvesting costs at a discount rate of 5% 0.682 1.340 

Rainwater harvesting costs at a discount rate of 10% 1.261 2.529 

Rainwater harvesting costs at a discount rate of 15% 1.828 3.694 

Economic efficiency (marginal rate of return to the marginal cost): 

Rate of return to marginal cost at a discount rate of 5% 0.48 0.24 

Rate of return to marginal cost at a discount rate of 10% 0.26 0.13 

Rate of return to marginal cost at a discount rate of 15% 0.18 0.09 
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Source: Collected and calculated from the data in Table 2 and the marginal function of the estimated water yield 

in this study 
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