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Abstract: Insight into the different values of water is essential to support rational decision making about policies, management and 
investments in the water sector. The main objective of this paper is to estimate an economic value of irrigation water in Jordan by 
choosing appropriate methodology fit with available data. The Residual Imputation Method (RIM) is used to determine the average 
economic value of irrigation water used in agriculture across crops. The results showed that the weighted average of water value used 
in field crops is JD 0.44 m-3 and JD 1.23 m-3 for vegetable crops and JD 0.23 m-3 for fruit trees. The overall weighted average water 
value in irrigation is estimated with JD 0.51 m-3. With regard to individual crops, cucumbers had the highest water values with about 
JD 6.05 m-3, followed by string beans with JD 2.64 m-3, and sweet pepper with JD 2.54 m-3. The lowest returns per m³ were provided 
by squash, radish and hot pepper. For fruit tress banana has the highest water value JD 0.79 m-3 and olive tress has the lowest with 
only JD 0.069 m-3. The current practice of some banana producers is economically rational by installing Reverse Osmosis unit to 
irrigate banana, since water value is twice the desalination costs of one cubic meter. The estimated values represent the maximum price 
that farmers might be willing to pay for water under the current market conditions. Water subsidy distorts farmers’ perception of water 
as a scarce and thus valuable resource. Low water prices are thus likely to engender excessive use. It is necessary to allow water 
prices to recover the real cost of water supply and to ensure financial sustainability of water utilities. 
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1. Introduction 

Water is being essential for life and for numerous 

human activities and industries; water provides a range 

of ecological life-support systems that are often 

difficult to value. The economics of water involves 

understanding its scarcity and its value, as well as 

human needs, and ensuring that the costs and benefits 

of choices are clear and that the impacts of alternative 

pricing schedules are determined. 

                                                           
Corresponing author: Emad Kamel Al-Karablieh, Ph.D., 
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Insight into the value of water is essential to support 

policy decision making about investments in the water 

sector, efficient allocation of water and water pricing. 

However, information on irrigation water values at 

small-scale schemes is scarce and in general little 

attention is paid to the determinants of these values. 

The choice of appropriate pricing levels, the design 

of efficient allocation systems, the removal of 

subsidies that cause high financial costs and adverse 

environmental impacts, the implementation of new 

irrigation projects and the estimation of opportunity 

costs to industrial and domestic water uses are some 

of the reasons that justify the necessity for the 
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valuation of irrigation water. Appropriate water 

resource allocation in water depressed and scare dry 

land area is very important for farm management. 

Although very few systems for water distribution have 

efficient pricing, water resources should be allocated 

so that the marginal cost equals the marginal value 

product of water for all uses and users. When the 

marginal values are not equal, it is always possible to 

find a reallocation of water that increases net social 

benefits. Microeconomic techniques used for 

estimating the value of water and determining farmers’ 

willingness to pay include: net-back analysis, hedonic 

models, and optimization models 

Rational decision making about water management 

issues requires reliable estimates of the economic 

value of water [1, 2]. Knowledge of this value is 

necessary when, for instance, making investment 

decisions concerning water resources development, 

policy decisions on sustainable water use and water 

allocations, or when the socio-economic impacts of 

water management decisions must be determined [2]. 

Specifically for the agricultural sector, this knowledge 

is important to design fair, informed and rational 

pricing systems, providing incentives to irrigators to 

use water rationally and efficiently and allowing 

recovering operation and maintenance costs [3, 4]. 

In Jordan, irrigation in agriculture is seen as an 

important rural development factor, creating 

employment opportunities, generating income and 

enhancing food security. Therefore, huge investments 

are made in the sector, construction of new irrigation 

project, dams and rehabilitating existing irrigation 

system. On the other hand, the growing water scarcity 

causes increasing pressure on farmers to allocate 

water more efficiently. Moreover, to formulate a new 

water policy, water subsidies currently received by 

farmers shall be gradually decrease and become 

negative, i.e., in the near future farmers will have to 

pay for the water they use. In this context, knowledge 

about water values can contribute to the objective of 

improving efficiency through better water allocation at 

the farm level, but is also crucial when water pricing 

policies that do not undermine the role of small-scale 

irrigation are to be designed.  

The main objective of this study is to set an 

economic value of irrigation water by choosing 

appropriate methodology fit with available data, easy 

to update, realistic, easy to use by stakeholders and 

yield results that are directly applicable and 

understandable as a part of Sustainable Management 

of Available Water Resources with Innovative 

Technologies (SMART II) project to assess the 

socioeconomic benefits of ecological system services 

and evaluate the benefits accruing to the community 

from a flow services.  

In addition, knowledge about irrigation water 

values can provide indications about the soundness of 

the large government investments in the sector. In an 

attempt to contribute significantly to this knowledge, 

this study applies the residual imputation approach to 

provide estimates of the water values at crop, farm and 

regional level 

2. Economic Performance of Agricultural 
Sector in Jordan 

Jordan is considered among low-middle income 

countries, within the Middle East Region, with an 

average per capita GDP of about JD1 2,979 in 2009, 

and its population reached 6.1 million inhabitants in 

2010 [5]. It suffers from a chronic lack of adequate 

supplies of natural resources including fresh water, 

crude oil and other commercial minerals. The 

importance of the agricultural sector stems from the 

fact that it is the major source of food items especially 

fruits and vegetables and also one of the sources of 

hard currencies originated from exports. In addition, 

the agro-industrial sector is characterized by a large 

number of small enterprises. Despite its low 

contribution of 2.5% in the GDP, agricultural exports 

represent about 9% of Jordan’s total exports of which 

                                                           
1 The exchange rate from US dollars to Jordanian dinars is 
approximately US $1.41 = JD 1.0 
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fruit, vegetables and nuts represented 67%. The main 

destinations of most of these exports are United Arab 

Emirates, Kuwait, Bahrain, Syria, Lebanon, Qatar and 

Oman. In the last two years vegetable and fruit exports 

have jumped and that together they represent almost 70% 

of total agricultural exports. This indicates that there is 

a high potential for increasing horticultural exports. 

This potential that can be realized in the future depends 

on tackling major obstacles related to water quantity 

and quality. Expanding horticultural exports require 

the availability of additional water resources of high 

quality to meet sanitary requirements such as the 

GlobalGap and SPS regulations.  

In 2009, the total exports amounted to JD 3,579 

million whereas agricultural exports amounted to JD 

574 million (16% of total exports). The value of 

vegetable exports amounted to JD 280 million (48.7% 

of total agricultural exports or 8% of total export) [6]. 

However, total volume of horticultural exports 

amounted to a record figure in 2009 which is 816 

thousand tons of which 741 thousand tons are 

vegetables and 60 thousand tons fruits [5]. Total 

agricultural production of vegetables in 2009 

amounted to 1,508 thousand tons. While the 

production of fruits amounted to 419 thousand tons of 

which one third is olive. In other words, the vegetable 

exports in 2009 represented one-half of Jordan 

production of vegetables. While fruits exports 

constituted only 10% of the national production of 

fruits. It is still a debatable question and needs to be 

answered: is it socially acceptable and economically 

feasible for one of 10 poorest countries in water 

resources [7-10] to devote one-half of local 

horticultural production and one third of irrigation 

water for export purposes?  

3. Methodology of Valuations 

In an economic system most goods are allocated 

according to its highest value use. In other words, 

those who are willing to pay the most for it should 

have first claim to its use. Since there is one single 

price of water existed, there is no reason to believe 

that all users of water value it to the same degree, or 

think of it as being of infinite value. In theory, water 

managers could achieve a better allocation of water, 

one that improves social net welfare, if they know the 

value of water by use, region and season as they can 

distribute water in a manner that society values it or at 

the very least calculate the foregone benefits of 

allocating water in some less optimal manner [11]. 

Young [12] and Turner et al. [13] have undertaken 

comprehensive reviews of the methods employed to 

calculate the value of water to various users. Several 

methods for estimating the value of water have been 

developed. They can be grouped according to whether 

they rely on observed market behavior and data to 

infer economic value (indirect techniques), or 

alternatively use survey methods to obtain valuation 

information directly from water users (direct 

techniques) [13]. A detailed discussion of water 

valuation methods can be found in Young [12] and 

more recently in Lange and Hassan [3]. Agudelo [14] 

categorized water valuation methods into three 

categories: (1) methods that infer value from 

information regarding markets of water and 

water-related benefits, (2) methods that estimate 

values from the derived demand for water, where 

water is used as an intermediate good, and (3) 

methods that estimate the value of water from a direct 

consumer demand, as in the case where water is used 

as a final good. 

As a market good, value is derived from rentals and 

sales of water rights or land in case of a riparian 

ownership of water. When water used as an 

intermediate good, the value of water must be assessed 

from the producers’ point of view. The conceptual 

valuation framework for the welfare benefits of 

increases or decreases in water use is provided by the 

producers’ demand for inputs, including water. The 

following valuation methods are among the many that 

could be used to assess the value of water as an 

intermediate input in an ill-defined or dysfunctional 
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water market. These methods are: (1) estimating the 

producers’ water demand function, (2) the production 

function approach, (3) optimization methods using 

mathematical programming, (4) the residual 

imputation method, (5) the value added method 

derived from computable general equilibrium (CGE) 

models and, (6) financial and economic returns.  

Each method has advantages and disadvantages. 

For example, the generality of a CGE specification 

can be a disadvantage because it requires aggregation 

which may not be sufficient to represent local 

conditions [15], optimization techniques based on a 

farmer’s hypothesized behavior have been criticized 

for providing overestimates of water value, due in 

many cases to omission of variables or too optimistic 

estimates on crop prices [12]. Residual value methods 

are very sensitive to omitted variables. The problem is 

exacerbated when the intention is to estimate 

long-term water value using a short-term model with 

some omitted variables  

In general, the most scientifically accepted methods 

are those based on actual market behavior and 

information [2]. In the case of Jordan, since farmers in 

the Jordan Valley are paying for water of a neglected 

portion of production costs, it is difficult to establish a 

relationship between price and demand from actual 

behavior to generate demand functions. Moreover, 

because water is provided by the government with 

heavy subsidy, strategic biases or simply the belief 

among farmers that water is a free gift from God [16], 

could probably lead to erroneous estimations of water 

values when using direct methods such as contingent 

valuation [10]. Therefore, following Lange [3] and 

Speelman [17], the Residual Imputation Method (RIM) 

was used in this study. Although this method clearly has 

its shortcomings, which are discussed in the next section, 

it was considered the most suitable technique to estimate 

water values for the studied irrigation schemes. 

3.1 Adopted Methodology 

The Residual Imputation Method (RIM) is 

frequently used approach to estimate the value of 

water for irrigation. The total value of product can 

be divided into shares, such that each resource is 

paid according to its marginal productivity and the 

total product is completely exhausted. This is 

satisfied when the total value function is a linear 

homogeneous production function’. There is a 

standard mathematical result, called ruler’s theorem, 

which shows that if a production function involves 

constant returns to scale, the sum of the marginal 

products will actually add up to the total product. If it 

is considered a production function Y = f(X’s) in 

which four factors of production, namely capital (K), 

labour (L), other intermediate inputs (M) such as 

fertilizer, seed, pesticides et., and water (W), are used 

to produce a single output Y, then the production 

function can be written as [18]: 
Y = f(K, L, M, W)            (1) 

Assume production and prices are known. Py is the 

price of output, Px is the price of input under perfect 

information [19]. Assume the producer objective is to 

maximize profits with single input X. Then the profit 

equation is: 
 ∑ . ∑ .   .    (2) 

To find the conditions for optimal profits, take the 

first derivative of π with respect to x and set that equal 

to zero:  
  /   . /  –    0  

Therefore Py.dy/dx = Px, or Py.MPx = Px which 

means WMPx  Px . which is the value of the 

marginal product (VMP) inputs, the value of marginal 

product is defined as output price multiplied by the 

marginal physical productivity of the input [20]. In the 

case where just one commodity is produced, the use of 

the residual imputation method is based on the theory 

that the sales revenue exactly equals the total cost of 

production. This implies that the sales revenue (TV = 

price multiplied by the quantity sold) exactly equals 

the sum of the inputs used, multiplied by their 

respective prices. This relationship is expressed below 

as: 
. ∑ .   .       (3) 
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 If all the inputs, including water, are exchanged in 

a competitive market and employed in the production 

process, the value of water (price multiplied by its 

volume used) will be; 
 .  .  ∑ .        (4) 

The RIM determines the incremental contribution 

of each input in a production process. If appropriate 

prices can be assigned to all inputs but one, the 

remainder of total value of product is attributed to the 

remaining or residual input, which in this specific case 

is water [3, 11, 12, 17, 21]. Residual valuation thus 

assumes that if all markets are competitive, except the 

one for water, the total value of production (TV = 

. ) equals exactly the opportunity costs of all the 

inputs. It is assumed that the opportunity costs of 

non-water inputs are given by their market prices (or 

their estimated shadow prices). The residual, obtained 

by subtracting the non-water input costs from total 

annual crop revenue equals the gross margin (water 

related contribution equal gross margin minus the 

water costs) and can be interpreted as the maximum 

amount the farmer who could pay for water and still 

cover costs of production. It represents the at-site 

value of water: 
∑           (5) 

Where: GM = gross margin; Pi = price of input i. 

This monetary amount, divided by the total quantity of 

water used on the crop, determines the marginal value 

for water (VMPw), corresponding to the irrigator’s 

maximum willingness to pay per unit of water for that 

crop [22]. Average values were used in this study as a 

proxy of the marginal ones: 
∑  ⁄        (6) 

This method can be extended to a multi-input and 

multi-product situation, in which different sectors 

compete for the use of the scarce resources 

(production inputs) and sell their products in a 

non-differentiated market. This implies that the firms 

are in perfect competition. The residual value of water 

in the ith sector producing the jth commodity is; 
 .  ∑  .    ∑ .    (7) 

For a sector with n inputs and m outputs, using a 

different nomenclature, the residual calculation can 

be expressed as follows: 

Pw* = 
 ∑ .  – ∑ .

∑
               (8) 

where: Xi stands for quantity of input I, i = l, 2,..., n; Yj 

refers to quantity of product j, j = 1, 2,..., m; Py, and 

Pxi are the prices of products and inputs respectively; 

Qw denotes the quantity of water input. This Pw* will 

represent the shadow price of water, i.e., the net 

benefit imputed as the value per unit of water input. 

To estimate the water value in specific commodity 

group such as field crop, we use the following formula 

to get an weighted average water value in the entire 

sector as: 

Pwj = 
  .

∑
                         (9) 

Where Pwi is the estimated water value in crop i, 

Qwi is the quantity of water use to produce crop I, and 

Qw is the total amount of water used in the group j. 

However, the assumptions of the RIM are not overly 

restrictive, but care is required to assure that 

conditions of production under study are reasonable 

approximations of the conceptual model. The main 

issues can be divided into two types [3, 12]: (1) those 

relating to the specification of the production function 

and (2) those relating to the market and policy 

environment (i.e., the pricing of outputs and 

non-residual inputs). If inputs to production are 

omitted or underestimated (incorrect production 

function) or if there are inputs that are unpriced or not 

competitively priced, then the RIM will generate 

inaccurate estimates.  

4. Data Collection 

The basic source of data was the records of the 

Department of Statistics’ (DOS) agricultural survey 

for the year 2009. These data encompass production 

(ton), cultivated area (du), yield (kg/du) by season in 

12 governorates and four districts in Jordan Valley. 

The estimation of the value of water for agriculture is 

performed on a per crop basis. The main field crops, 

vegetables and fruit trees in Jordan are selected. The 

net irrigation water requirement is gathered from 
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MWI and Shatanawi [23], more specifically, the data 

on net water requirements for crop cultivated in 

different agro-climatological zones in different 

seasons (winter and autumn) are collected for an 

aggregated using weighted average to represent whole 

country. 

The term “prices received by farmers” as a 

farm-gate price used in to be estimated the agricultural 

national account available from DOS database, should 

in theory refer to the national average of individual 

crops comprising all grades, kinds, and varieties. 

These prices are determined by the farm gate or 

first-point-of-sale transactions when farmers 

participate in their capacity as sellers of their own 

products. Of course, data might not always refer to the 

same selling points depending on the prevailing 

institutional set-up in the country. An enterprise 

budget is prepared for each crop, listing the 

production activities, resource requirements, and 

economic returns. An enterprise budget contains the 

following elements: (1) production quantities of 

primary and secondary products, (2) the market price 

and gross receipts, (3) the quantities and vales of 

inputs activities required for the production process 

such as fertilizers, seed, pesticides etc..  

The gross margins are calculated for each cop 

grown in Jordan in order to analyze the value of water 

for these crops. The main components of the gross 

margin analysis are the total return, which is the field 

production in kg/du multiplied by the farm gate price 

JD/kg minus the variable cost except the cost of water 

in (JD/du). Furthermore, the cost of hired labor, 

family labor, the opportunity costs land, depreciation 

of capital investments are collected for estimating the 

operation surplus. The operation surplus represents the 

difference between the gross value added including 

producer subsidies minus: (1) the consumption of 

fixed capital, (2) compensation for employees, and (3) 

indirect taxes. Two indicators are used to estimate the 

water values in agriculture: (1) water values based on 

value added (VA): the VA represents the difference 

between the gross output of an industrial sector minus 

the intermediate consumption, (2) water values based 

on the operating surplus (OS): the OS is the measure 

of the surplus accruing from production before 

deducting property income and thus a proxy for total 

pre-tax profit income. The resulting water value gives 

an indication about the economic efficiency of water 

consumption with regard to the profitability of 

specific crops in Jordan. 

5. Results and Discussions 

Crop production is then a dynamic process in which 

decisions about inputs are made sequentially as crops 

are planted, grown and harvested. Linking water 

supply and agricultural production is a complex 

research issue, as it integrates different dimensions of 

water supply and several decisions taken by farmers at 

different periods of time (planning of farming activities, 

water scheduling, water use, etc.). Farm level decisions 

use field level information on the soil-water-plant 

relationship, and watercourse level information 

regarding potential access to (or sharing of) water 

resources. Irrigation management activities are usually 

individual decisions but often include interactions with 

other water users [24]. Each farmer’s decision in this 

process is contingent upon results of past decisions, 

past events, and information regarding future events. 

Thus, the character of his decisions could be either 

extensive (as for land devoted to a crop) or intensive 

(as for application of fertilizers, water, etc.). 

5.1 Value of Water in Field Crops 

The estimated quantities of water consumed by crop 

are shown in Table 1. Clover for livestock feed 

consume about 25 million cubic meter (mcm) or about 

60% of water used in field crops followed by corn 

with about 5.4 mcm (12.8%), followed by wheat and 

barley with a percent of 10% and 9% of total water 

used in field crop production, respectively. The results 

of the calculation of value added per cubic meter of 

water presented in Table 1, show that the value of water 
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Table 1  Production, irrigated areas, water use and economic return and computed water values of field crops in Jordan. 

Crops 
Production 
(ton) 

Irrigated 
areas 
(du) 

Water use  
(1,000 m3)  

Gross output 
(1,000 JD) 

Value added 
(1,000 JD) 

Operation 
surplus 
(1,000 JD) 

Value added 
(JD/m3) 

Operation 
surplus 
(JD/m3) 

Wheat 2,597 12,146 4,300  1,122  785.5  561.0  0.183 0.130 

Barley 1,748 9,728 2,391  555.8  400.2  300.1  0.167 0.126 

Lentils 4 48 16.8  1.8  1.1  0.6  0.063 0.035 

Vetch 6 58 15.1  1.8  1.1  0.6  0.072 0.040 

Chick-peas 77 520 182.2  46.2  27.7  15.2  0.152 0.084 

Maize 18,544 7,965 5,418  3,210  1,541  898.8  0.284 0.166 

Sorghum 9,607 6,939 4,091  1,153  599.5  368.9  0.147 0.090 

B. millet 9 71 42.3  1.4  0.8  0.5  0.018 0.011 

Tobacco 0 4 2.1  0.1  0.1  0.0  0.034 0.017 

Garlic 228 61 17.7  104.8  60.8  35.6  3.438 2.015 

Sesame 1 22 9.0  0.7  0.4  0.2  0.040 0.021 

Clover 150,083 45,693 25,561  21,762  15,233  10,010  0.596 0.392 

Alfalfa 1 52 30.0  0.2  0.1  0.1  0.004 0.003 

Others FC 4 704 212.9  1.1  0.6  0.3  0.003 0.001 

Field crops 182,911 84,009 42,289  27,961  18,652  12,191  0.441 0.288 
 

ranges from the highest of 3.44 JD/m3 for garlic to the 

lowest of less than 0.08 JD/m3 for irrigated vetch, 

lentils, sesame, tobacco, broom millet and other field 

crops. The cost of water used to produce these crops 

in Jordan Valley is 0.012 JD/m3. Therefore, it is still 

profitable for farmers to produce these crops under 

irrigation. However, the weighted average for water 

value in field crop production is 0.44 JD/m3. However, 

it is worth mentioning that garlic is classified as field 

crop according to DOS database, and it might be that 

historically garlic is cultivated in an open field in 

highland areas.  

5.2 Value of Water in Vegetables 

The quantities of water consumed by vegetables 

crops are shown in Table 2. It clearly shows that 

tomatoes consume 48 mcm or about 38% of water 

used in vegetable production followed by potatoes 

with about 16 mcm (12.7%), followed by eggplants 

(7.3%), squash (6.5%), cauliflower (4%), and water 

melon (3.5%). Irrigation water values (VMPw) are 

calculated per crop for vegetables in Jordan. Results 

of the RIM calculations of water value per crop are 

presented in Table 2. Cucumber has the highest water 

values (6.05 JD/m3), followed by sting bean (2.64 

JD/m3), and sweet pepper (2.54 JD/m3). The lowest 

return to one cubic meter was found for squash (0.67 

JD/m3), radish (0.66 JD/m3) and hot pepper with the 

lowest value of (0.38 JD/m3). Using the operation 

surplus as an indicator for net profit, again cucumber 

has the highest net profit of (3.95 JD/m3). Followed by 

string beans (2.24 JD/m3), sweet pepper of (1.36 

JD/m3), and cow-peas (1.25 JD/m3) then okra with 

about (1.0 JD/m3). One crop (tomatoes) consume 

about 50 mcm of water with an gross value added of 

about 1 JD/m3, whereas cucumber consume about 3 

mcm and has the highest value added per cubic meter. 

5.3 Value of Water in Fruit Trees 

The quantities of water consumed by fruit trees are 

shown in Table 3. It shows that olive trees consume 

about 145 mcm or about 46% of water consumption in 

fruit trees followed by banana with about 21.2 mcm 

(6.7%), then lemons (5.1%), dates (5%), and grape 

(5%). Banana has the highest total value added to 

national economy with about JD 20 million generated 

from 15.42 thousand dunum compared with olives 

with JD 16.7 million generated from 248 thousand 

dunum. The aggregate average water value for the 

fruit trees is 0.226 JD/m3 as shown in Table 3. From 
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Table 2  Production, irrigated areas, water use and economic return and computed water values of vegetables in Jordan. 

Crops 
Production 
(ton) 

Irrigated 
areas 
(du) 

Water use 
(1,000 m3) 

Gross output
(1,000 JD) 

Value added 
(1,000 JD) 

Operation 
surplus 
(1,000 JD) 

Value added 
(JD/m3) 

Operation 
surplus 
(JD/m3) 

Tomatoes 598,200 124,000 48,358.0 80,278.5 56,632.8 37,161.6 1.171 0.768 

Squash 47,470 30,716 8,375.1 11,136.6 5,679.6 3,786.4 0.678 0.452 

Eggplants 99,818 29,912 9,366.2 15,691.3 9,854.2 5,852.9 1.052 0.625 

Cucumber 125,478 13,855 3,379.9 29,236.4 20,465.5 13,374.3 6.055 3.957 

Potato 139,787 50,735 16,240.0 30,068.1 15,936.1 9,020.4 0.981 0.555 

Cabbage 22,263 5,273 1,604.9 2,680.5 1,688.7 1,206.2 1.052 0.752 

Cauliflower 54,535 19,583 6,024.7 10,225.3 6,441.9 4,601.4 1.069 0.764 

Hot pepper 15,049 8,280 2,295.9 1,354.4 886.1 568.9 0.386 0.248 

Sweet pepper 36,365 8,646 2,253.2 8,974.9 5,744.0 3,083.4 2.549 1.368 

Broad beans 8,176 8,307 2,098.6 3,482.3 2,263.5 1,776.0 1.079 0.846 

String beans 11,063 8,462 1,815.3 6,224.2 4,790.2 4,068.1 2.639 2.241 

Peas 1,319 1,353 330.4 622.8 404.8 317.6 1.225 0.961 

Cow-peas 477 456 120.9 308.0 197.1 150.9 1.631 1.249 

Jew’s mallow 33,955 9,453 2,175.8 3,796.2 2,163.8 1,670.3 0.994 0.768 

Okra 3,954 6,282 2,106.0 5,652.6 3,699.1 2,134.4 1.756 1.013 

Lettuce 41,570 11,994 3,458.3 5,749.2 3,762.2 2,732.0 1.088 0.79 

Sweet melon 28,174 6,894 2,270.6 6,074.4 3,069.6 1,648.2 1.352 0.726 

Water melon 97,527 21,851 4,583.5 13,253.9 7,554.7 3,976.2 1.648 0.867 

Spinach 4,850 1,143 509.8 664.5 434.8 275.9 0.853 0.541 

Onion green 3,426 1,286 878.9 1,248.2 723.9 474.3 0.824 0.54 

Onion dry 22,885 9,266 4,344.1 5,323.1 2,980.9 1,650.2 0.686 0.38 

S. cucumber 540 619 146.8 183.2 119.9 69.2 0.817 0.471 

Turnip 312 94 21.1 34.6 22.7 13.1 1.074 0.62 

Carrot 7,391 1,887 464.9 948.3 620.6 358.1 1.335 0.77 

Parsley 2,689 716 173.5 322.7 211.2 121.8 1.217 0.702 

Radish 665 395 99.3 100.7 65.9 38.0 0.664 0.383 

Others veg. 8,279 6,082 3,955.9 1,200.4 785.6 453.3 0.199 0.115 

Vegetables 1,416,219 387,540 127,451.9 244,835.4 157,199.5 100,583.2 1.233 0.789 
 

the perspective of improving water allocation, farmers 

should prefer the crops with higher water value. 

Banana has the highest water value added (0.79 

JD/m3), followed by orange of Shamouti variety (0.58 

JD/m3), mandarins (0.54 JD/m3) followed by apricot 

(0.53 JD/m3) and apples (0.5 JD/m3). One reason for 

this could be the higher intensity in terms of labor and 

inputs, which generally leads to higher gross margins 

and consequently higher irrigation water values. The 

lowest return to one cubic meter was found for olive 

trees with only (0.069 JD/m3). Looking to the net profit 

to one cubic meter, it was found that it is about 0.51 

JD/m3 for Banana crop. Therefore, it is economically 

rational for banana producers to install RO unit to 

irrigate banana, since the cost of desalination of one 

cubic meter is about the half of net profit from one 

cubic meter as shown in Table 3. 

A recent study conducted by Al-Karablieh [25] 

showed that the exported horticulture consumes about 

208 million cubic meter of water which represents 

about 34% of the total irrigation water used in Jordan. 

The horticultural’ export value amounted to JD 323 

million in 2009. The total value of exported water if 

evaluated at the opportunity cost of water of JD 0.45 

per cubic meter will be JD 94 million. This means that 

the gross return per cubic meter of exported water in 

the form of horticultural product is only JD 1.1 m-3. 

The average social profitability is JD 0.67 m-3, 

whereas the private profitability is JD 0.48 m-3. It is 

worthwhile to mention that the quality of water used 
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Table 3  Production, irrigated areas, water use and economic return and computed water values of Fruit Trees in Jordan. 

Crops 
Production 
(ton) 

Irrigated 
areas 
(du) 

Water use 
(1,000 m3)

Gross 
output 
(1,000 JD)

Value 
added 
(1,000 JD)

Operation 
surplus 
(1,000 JD) 

Value 
added 
(JD/m3) 

Operation 
surplus 
(JD/m3) 

Lemons 18,027 16,953 16,080.3 7,764.2 4,736.2 3,028.0 0.295 0.188 

Oranges, local 2,672 1,938 1,834.0 963.9 655.5 424.1 0.357 0.231 

Oranges, navel 14,216 11,762 11,254.1 5,401.9 3,673.3 2,376.9 0.326 0.211 

Oranges, red 5,032 3,174 3,026.1 2,128.4 1,447.3 936.5 0.478 0.309 

Oranges, Valencia 3,676 2,842 2,708.6 1,554.8 1,057.3 684.1 0.390 0.253 

Oranges, French 2,316 1,767 1,693.5 979.8 666.2 431.1 0.393 0.255 

Oranges, Shamouti 8,267 4,287 4,084.2 3,496.9 2,377.9 1,538.7 0.582 0.377 

Clementine 18,569 13,077 12,458.6 3,567.2 2,425.7 1,569.6 0.195 0.126 

Mandarins 8,515 6,318 6,019.5 714.4 414.3 257.2 0.069 0.043 

Grapefruits 3,681 1,958 1,866.0 573.5 344.1 217.9 0.184 0.117 

Medn. mandarins 155 60 57.2 52.0 31.2 19.8 0.546 0.346 

Pummelors 6,186 3,367 3,198.8 1,312.7 787.6 498.8 0.246 0.156 

Olives 38,588 248,291 145,878 16,747 10,048 6,363.9 0.069 0.044 

Grapes 17,857 20,920 15,616.9 8,782.2 4,303.3 3,161.6 0.276 0.202 

Figs 352 1,025 767.8 147.8 103.5 82.8 0.135 0.108 

Almonds 541 1,260 911.2 421.7 282.5 223.5 0.310 0.245 

Peaches 18,871 15,982 11,831.7 6,225.5 3,984.3 2,614.7 0.337 0.221 

Plums, prunes 1,748 2,863 3,473.3 1,604.6 722.0 320.9 0.208 0.092 

Apricots 6,086 8,376 6,141.6 5,124.6 3,279.7 2,152.3 0.534 0.350 

Apples 27,165 17,826 12,491.6 8,206.5 6,319.0 4,595.7 0.506 0.368 

Pomegranates 3,305 2,074 1,578.3 1,477.5 753.5 561.4 0.477 0.356 

Pears 2,015 2,978 3,992.6 1,336.0 855.0 561.1 0.214 0.141 

Guava 1,843 1,970 1,713.8 831.2 532.0 349.1 0.310 0.204 

Dates 7,437 15,727 15,948.1 4,461.9 3,480.3 2,364.8 0.218 0.148 

Bananas 41,540 15,418 21,213.0 20,944 16,755 10,891 0.790 0.513 

Others FT 10,913 12,492 7,311.6 1,036.8 622.1 394.0 0.085 0.054 

Fruit trees 269,573 434,705 313,151 105,858 70,658 46,620 0.226 0.149 
 

in agriculture is not of the quality of municipal or 

industrial purposes. This shows the very low 

contribution of water used in the horticultural exports. 

Therefore, they stress the government intervention to 

create and enhance private incentives for farmers to 

produce certain crops at the expense of others. It also 

stresses to improve allocative efficiency in water 

resources and resolve market failures in production 

system to achieve best allocative efficiency 

6. Conclusions and Recommendations 

In this study values are calculated for irrigation 

Jordan, using the residual imputation method. The 

average value of irrigation water is JD 0.51/m3 at the 

country level. The observed values of water were in 

the range of those found in other studies for irrigated 

vegetables. Haddadin [26] reported that the value of 

water is 0.48 JD/m3 for vegetables under plastic 

houses and 0.35 JD/m3 for citrus crops and 0.37 JD/m3 

for fruit trees. The study revealed a high level of 

variability in irrigation water values. It was shown that 

the differences in water values can be mainly 

attributed to two factors that can be relevant for policy 

makers and extension services: (1) the characteristics 

of irrigation system and (2) the type of crop grown. 

The aggregate average water value for field crops is 

0.44 JD/m3, for the vegetable crops in this study is 

1.23 JD/m3 and for fruit trees is 0.23 JD/m3. The 

aggregate average water value for horticulture is 0.51 

JD/m3. 



Estimation of the Economic Value of Irrigation Water in Jordan 

 

496

However, the results need to be interpreted with 

care as the crop with the lowest return to water is 

probably not the one to be sacrificed if water is 

restricted, since farmers plant crops for a variety of 

reasons (and sometimes not for the highest return to 

water that they can achieve) and shortage of supply 

from lowest return crop in next season lead to raise the 

market price of that crop and become more profitable 

and have a high value of return per cubic meter. 

Therefore, irrigation water pricing should be promoted 

in the hope that they will encourage more efficient 

water use. In which farmers take the opportunity cost 

of water into their account when allocating water 

among water consuming activities and determining 

future cropping pattern. The opportunity cost of water 

should be combined with crop-embedded water and 

the expected net return from unit volume of irrigation 

water. Therefore, a new water allocation mechanism 

needs to be developed for more efficient water use 

than the commonly practiced of farm quota and 

irrigation water rights. Therefore, cost recovery and 

water pricing system reflect real water values can be 

used as one of the most important measures for 

demand management to reach an efficient, sustainable, 

and socially acceptable use of scarce water resources 

Long-time subsidization distorts farmers’ 

perception of water as a scarce and thus valuable 

resource. Low water prices are thus likely to engender 

excessive use and thus worsen a situation an already 

tenuous situation. The most effective instrument to 

break this vicious cycle is to allow for water prices 

that recover the real cost of water supply and thus to 

obtain financial sustainability. Because there are 

relatively large climatic differences between highland 

and Jordan Valley and within Jordan Valley. 

Collections of detailed agricultural data are necessary 

to present water values in different climate conditions. 

Furthermore, for building appropriate water policy, 

water values should be distinguished by water quality 

such as fresh water, groundwater versus blended 

wastewater. Therefore, it is necessary to conduct a 

further detail study on the value of agricultural 

products according to above mentioned source of 

water, agro-climatological zones and production 

technology. 
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