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Abstract: Among the production factors of agricultural sector, water is considered as one of the most important factors in crop 

production. Estimating the cost share of this input from total cost of crop production and checking time trend of this input in 

the studied area can provide an overview of the situation of agricultural economics in terms of water input. In addition, by 

determining the cost share of water, we can achieve a measure for estimating water productivity in this sector.The economic 

value of water is determined by a set of costs that are somehow effective in water supply and exploitation and its economic 

value would be different according to its type of use. In this study and in order to estimate the economic value of water, the 

most common production functions in the classic method are determined and using econometric methods the best form of 

production function is selected. The results show that translog production function is as the best to  estimate the economic 

value of water in the agricultural sector of Khorasan Razavi province. To achieve the final value or the economic value of 

water, the coefficient values obtained from the estimation were substituted in derivative of translog function with respect to 

water and finally the result was multiplied by the ratio of output to water consumption in agricultural sector of Khorasan Razavi 

province in 2018. The results of calculation show that this value is equal to 850 rials per cubic meter of water for Gharehghom 

basin in sugar beet crop in 2018. This value for Namakzar basin in Khaf is equal to 580 rials per cubic meter of water. 

Therefore, the best area for investing on sugar beet crop is Namakzar basin in Khaf.  

Keywords: The Economic Value of Water, Production Function , Econometric, Iran.  
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1.  INTRODUCTION  

  

In the law of the fourth economic, social and 

cultural development plan of Islamic Republic of Iran 

from the importance of water role has been taken into 

consideration from its two perspective of economic 

and inherent emphasizing on sustainable development 

and for this purpose in paragraph C of Article 17 of 

this law it is noted that: "The economic value of water 

in each watershed should be considered taking into 

account the intrinsic value and capital to exploit, 

protection, and recycling in consumption sectors 

programs." So, simultaneously paying attention to two 

aspects of the intrinsic value and the economic value 

of water and checking both aspects as a necessary and 

sufficient condition in economic considerations of 

water as a social and economic good seems necessary. 

Although, in the concept, the economic value of water 

does not have the complexities of inherent value, but 

its calculation is accompanied with difficulties in 

practice. The economic value of water is determined 

by a set of costs that are somehow effective in water 

supply and exploitation and its economic value would 

be different according to its type of use. In other 

words, Full Economic Cost of water includes the total 

of Full Supply Cost, opportunity cost related to goods 

produced by water resources and economic burden 

due to the economic externalities of water use.1 

Investment costs or capital charges as well as 

operation and maintenance costs play a key role in 

determining the value of water and are considered as 

components of the full supply cost of water. 

Opportunity cost and economic externalities of water 

along with full supply cost of water make up the full 

economic cost of water. The resultant of combining 

two full economic cost of water and environmental 

externalities of water is the full cost of water that to 

achieve the goal of sustainable development should be 

equal to the sustainable value in use or, in other word, 

should be in balance with the intrinsic value of water.  

This paper is organized as follow: section 2 

presents the literature and previous studies; in section 

3 research model, statistical population, and research 

variables are presented; section 4 is related to data 

analysis and results; and finally concludes the paper.  

  

2.   LITERATURE AND RESEARCH 

BACHGROUND   

2.1.  Location of plan  

Gharehghom basin with an area of 44200 square 

kilometers is located in the farthest end of north east  
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of Iran. From total area of this basin about 67.4 percent 

is mountain area and 32.6 percent is foothills and 

plains. Dagh Petregan basin of Namakzar in Khaf with 

an area of 32980 square kilometers is located in the 

East of Iran.   

  

    2.2. The share of water cost in total production 

inputs  

Among the production factors of agricultural 

sector, water is considered as one of the most important 

factors in crop production. Estimating the cost share of 

this input from total cost of crop production and 

checking time trend of this input in the studied area can 

provide an overview of the situation of agricultural 

economics in terms of water input. In addition, by 

determining the cost share of water, we can achieve a 

measure for estimating water productivity in this sector 

.The share of water cost in the agricultural sector is 

computable using data of crop production cost 

published by the Agricultural Jihad Department. For 

this purpose, after preparing the data, we calculated the 

share of water costs for major agricultural products of 

Gharehghom basin.  

  

    2.3. Trend of water productivity in sugar beet 

crop  

Due to the increasing growth of population 

and limitation of inputs and production resources in the 

agricultural sector as well as the lack of efficient use of 

these factors, the necessity and importance of paying 

more attention to productivity growth in the future of 

agricultural development become clear more than ever. 

In this regard, given that the studied areas including 

Gharehghom basin are located in dry and low rainfall 

areas, the productivity of water is of very importance. 

According to the results the highest added value for the 

consumption of one cubic meter of water is related to 

the studied area of the Shahreno- Bakharz. This is due 

to the high percentage of saffron cultivation in this area 

compared to other areas under study, so that 38 percent 

of the cultivated area in the studied year is related to 

this product. Thus, given the low use of water and high 

value added of this crop, the partial productivity of 

Shahreno- Bakharz area more than other areas in terms 

of Rials.  

Due to the high share of water allocated to the 

agricultural sector (about 90%) compared to other 

sectors, we can observe more and better irrigation 

 Determining the Economic Value of Water Using Production Functions and Selecting the Optimal Model for Sugar Beet Crop  

 



 

 

farming products through better efficiency in water use and 

reasonable pricing. In other words, the optimal pricing for this 

valuable input and provide grounds for its acceptance among 

farmers and legislators and its correct implementation, increase 

agricultural productivity and is effective in more efficient use 

of water. Data obtained from survey of agricultural fields are 

used to estimate the value of the marginal product of water in 

the agricultural sector. Using this data, econometric techniques 

can estimate the value of marginal product. This procedure is 

done with the help of primary and secondary data. Initial data 

is information we collected from farmers through 

questionnaires and provides the amount of input and crop 

production and their prices from various statistical samples. 

Secondary data provides information from the yearbooks and 

official statistics sources. In this project we also using such data 

estimate different production functions to calculate the crop 

production and share of inputs in the production including 

water and choose the best functional form based on the 

econometric criteria. Then, using water coefficient in the 

estimated production function and crop prices, we obtain the 

value of marginal product of water. This value indicates the 

value of each unit of water in the production of agricultural 

products.   

  2.4. Research Background  

Using production function method, [1] 

addressed the valuation of wetland hydrological 

services in Nigeria. The results of his study showed 

that the value of each unit consumption of water per 

by day households is 0.046 Naria.   

Valuation of industrial water using marginal 

productivity in China has been conducted by  [2] using 

inputs of labor, capital, water and raw materials. To 

achieve this purpose, they estimated two production 

functions of translog and Cobb-Douglas and selected 

translog function as the best according to the criteria 

of F, R2, and the number of significant coefficients. 

After estimating the production function, they 

obtained water value by computing the value of 

marginal product of input. The results of their study 

showed that the value of each cubic meter of water in 

China's industries is 2.5 Yuan.  
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In a study conducted for the Europe Union, 

[3] showed that considering regional characteristics 

including infrastructure and climatic and geological 

factors has the greatest significance in creating and 

implementing efficient policies for water pricing in 

these countries. Also, based on the results of his study, 

determination of the effective prices and investment on 

water are affected by many factors such as the value of 

water among the various classes of customers, 

seasonality of water demand, and randomness of 

supply and demand.  

About water pricing, [4] believes that 

determination of the appropriate tariff of water does 

not only include water supply cost, but tariffs are an 

important managerial tool that can be used for many 

purposes promotion. He argues that tariffs can be 

designed to guide and control water demand and it is 

possible to design tariffs that offer reasonable prices 

signs.  

By studying the water pricing method using 

the econometric models and simulations of social 

variables,[5]concluded that there is a significant 

difference between observed market prices and the 

value of the marginal product of water.  

The production function method has been 

employed to determine the economic value of water in 

numerous studies such as [6], [7], [8], [9].  

In a paper entitled "The economic value of 

water in the production function approach using classic 

and entropy models", [10] reached the conclusion that 

entropy method is unable to accurately estimate the 

coefficients of functions and its results cannot be used 

in calculating the economic value of water, while in the 

classical approach, translog function was selected as 

the best functional form among different forms of 

functions in wheat production, and the economic value 

of water was calculated about 1870 Rials.   
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3.  RESARCH METHODOLOGY  

  

In a general classification, methods of measuring the 

economic value of water may be classified into two 

categories: parametric and nonparametric methods. 

Among the most important non-parametric methods 

used in various studies, we can mention residual 

method, budgeting method, and linear planning 

method. Parametric method of determining the 

economic value of water are based on the econometric 

models and by estimating the production function, 

constrained profit function and constrained cost 

function, the economic value of water entered into 

these functions as an input is achieved [11].   

Among the methods of estimating the economic value 

of water, due to allowing for statistical test of 

estimated parameters as well as lack of a need to 

limitation of the volume of water available to estimate 

the economic value of water, parameter methods are 

of specific priority. Thus, according to the information 

available and the extent of studied area, in this study, 

the production function method is used to determine 

the economic value of water in industrial activities. 

The critical point in the production function approach 

to determine the value of marginal product or 

economic value is to choose the appropriate type of 

product function which in this study is addressed with 

great accuracy and using different econometrics 

criteria so that determined economic value to be 

consistent realities of studied population.  

  

 3.1. Production functions  

- Cobb- Douglas production function  

  

One famous production function that has long been 

used is Cobb-Douglas function. The general form of 

this function which also called exponential production 

function is as follows:  

Y = a∏𝑖 𝑋𝑖𝑎𝑖i = 1,…,n Where, Y is 

the amount of output, 𝑋𝑖 is the amount of ith input, 

and 𝑎𝑖 is the efficiency parameter.  

This function has the essential features of 

homogeneity, uniformity, concavity, continuity, and 

differentiability and is non-negative and nonempty. 

Cobb-Douglas production function parameters show 

inputs elasticity. This function makes it well visible 

the necessity of input use. Among the restrictions of 

this function we can mention the constant elasticity of 

inputs, showing only one production area for each 

input and constant returns to scale, regardless of 

production level [12]. The major reason for the use of 

this function is the ease of interpretation of results. In 

fact, this function allowing for simply determining the 

type of returns to scale, efficiency of factors of 

production, elasticity of substitution between inputs, 

and their output elasticity.  

-Transcendental production function  

One type of the generalized Cobb-Douglas function is 

the transcendental functional form. Literally, different 

meanings are considered for the term “transcendental” 

such as almighty, supreme, best, etc.[13]. The 

mathematical form of this function is as follows:  

Y = a∏𝑖 𝑋𝑖𝑎𝑖* 𝑒𝑏𝑖𝑥𝑖       i = 1,…,n  

    

This function is a modified form of Cobb-Douglas 

function which satisfies all the features of neoclassical 

production function. Output elasticity of inputs in this 

form is not fixed, but it only depends on the amount of 

the same input. One of the characteristics of this 

function is that the return to scale in not constant, but it 

depends on the amount of inputs. In addition, this form 

shows neoclassical three production areas. Given this 

set of characteristics, transcendental function can be 

known as one of the appropriate forms to express the 

production relations based on neoclassical production 

theory [14] .  

-Translog production function  

Translog production function is actually logarithmic 

transcendental production function. The general form 

of the function is as follows:  

Y=a0∏𝑖 𝑋𝑖𝑎𝑖  i,j=1,…,n  

One of the most important reasons for the widespread 

application of this function by economists is the ease of 

interpreting the results and the necessary calculations to 

extract the translog cost function[12] . This function 

also satisfies all the characteristics of neoclassical 

production function. Another characteristic of this 

function is to allow to elasticity of substitution and 

output elasticity to vary depending on inputs use level. 

In addition, the first derivative of the function has no 

restrictions in terms of sign. In other words translog 

function shows all three regions of production in which 

marginal product is increasing, decreasing or negative. 

In translog function, in addition to the main variables 

coefficients, the coefficients of interaction terms are 

also estimated. The necessity condition is undefined in 

this function[15] .  

The general form of quadratic production function is as 

follows:  

 Y=  a0  +  ∑𝑛𝑖=1 𝑎𝑖𝑋𝑖  +  ∑𝑛𝑖=1 𝑎𝑖𝑖Xi2  +  
𝑛𝑗=1 𝑎𝑖𝑗 𝑋𝑖 𝑋𝑗    

  

This function satisfies all the features of 

neoclassical production function except the necessity 

condition. The overlapping linear function exists in this 

form. Furthermore, as translog production function, 

output elasticity in this function also depends on the 

amount of inputs and its first derivative has no 

restrictions in terms of sign. This function shows the 

three areas of production. In this function the 

coefficients of interaction terms are also estimated and 

thus make it possible to simultaneously evaluate the 
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interaction of inputs on each other. In this function, the 

concavity condition is not a generality.  

 3.2. Dataset   

Data used in estimating the production function 

is derived from questionnaire information of the 

department of agricultural Jihad in Razavi Khorasan 

province for major products of cities located in the 

Gharehghom catchment basin including wheat, barley, 

sugar beet, cotton and watermelon. According to the 

agricultural report of this department, these products 

have accounted for over 75% of the cultivated area of 

this basin. Inputs used in the function include water, 

seed, fertilizer and labor as independent variables and 

the crop yields in terms of kilograms per hectare as the 

dependent variable (Y). The total number of data used 

in catchment basin for sugar beet is 152 samples.   

  

4.  RESULT AND DISSCUTION  

  

In this section, among various functional forms, 

translog, generalized quadratic and generalized 

Leontief forms are used to fit the data referred to in the 

preceding paragraph. To compare different estimated 

forms and choose suitable model several steps have 

been followed. In the first stage, estimated models 

were examined in terms of the significance of the 

entire relationship (R2, F and Log Likelihood 

statistics) and normal distribution of disturbance terms 

(Jarque-Bera statistic). Then, remaining models were 

compared based on criteria such as the number of 

significant coefficients (t statistic) and criteria for 

selecting superior model (Akaike and Schwarz 

statistic). The results are provided in the following:  

According to Table (1), although in terms of the 

coefficient of determination and F-statistic, translog 

production function is weaker than quadratic and 

Leontief functions, but in terms of Log likelihood 

statistic is extremely stronger than the both mentioned 

functions. And according to table (2), Translog 

production function is superior to two other functions 

in all three calculated statistics.  

  

Table1: Comparison of significance statistics of 

production functions in sugar beet crop of 

Gharehghom basin  

  

Scale  Translog 

function  

Generalized 

quadratic 

function  

Generalized 

Leontief 

function  

Rsquared  0,92  0,99  0,99  

F-statistic  108  3134  1769  

Log 

likelihood  

-68  -1927  -1971  

  

  

Table 2: Comparison of significance statistics of 

production functions in sugar beet crop of 

Namakzar basin  

Scale  Translog 

function  

Generalized 

quadratic 

function  

Generalized 

Leontief 

function  

Rsquared  0,89  0,99  0,99  

F-statistic  225  2812  2429  

Log 

likelihood  

-229  -5388  -5418  

  

To examine the normality of disturbance terms 

JarqueBera statistic is calculated for mentioned 

functions and its results are reported in Tables (3) and 

(4). According to the tables in two crops of wheat and 

barley the normality of all functions is confirmed, while 

in three crops of sugar beet, cotton and watermelon, the 

normality of translog function is confirmed. Table 3: 

Comparison of the normality in selected  

functions in sugar beet crop in Gharehghom basin  

  

Scale  Translo 

g 

function  

Generalize 

d quadratic 

function  

Generalize 

d Leontief 

function  

JarqueBera  5  24  30  

Significanc 

e level  

0,1  0  0  

   

Table 4: Comparison of the normality in selected 

functions in sugar beet crop in Namakzar basin  

Scale  Translo 

g 

function  

Generalize 

d quadratic 

function  

Generalize 

d Leontief 

function  

JarqueBera  269  13842  17953  

Significanc 

e level  

0  0  0  

  

Table (5) and (6) provide the results of comparing 

Akaike and Schwarz statistics as well as the number of 

significant coefficients at 10% significance level in 

production functions. Based on the table the translog 

function is selected as the superior function in all the 

crops of Gharehghom basin.  

Table 5: Comparison of statistics to choose the 

superior model in sugar beet crop in Gharehghom 

basin  

Scale  Translog 

function  

Generalized 

quadratic 

function  

Generalized 

Leontief 

function  

Number  

Coefficients  

15  15  15  
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Number  

Significant  

Coefficients  

6  8  7  

Akaike  1,09  25,56  26,13  

Schwarz  1,39  25,85  26,42  

  

Table 6: Comparison of statistics to choose the 

superior model in sugar beet crop in Namakzar 

basin  

Scale  Translog 

function  

Generalized 

quadratic 

function  

Generalized 

Leontief 

function  

Number  

Coefficient  

15  15  15  

Number  

Significant  

Coefficient  

6  12  9  

Akaike  1,5  25,9  26,1  

Schwarz  1,6  26,1  26,2  

  

  

CONCLUSIONS  

  

According to the results of the previous section and 

consider all parameters to determine superior model, 

translog production function was selected as a superior 

model in wheat, barley, sugar beet, cotton and 

watermelon to estimate the economic value of water 

in agricultural sector in Gharehghom basin. The 

coefficients obtained from outputs of Eviews software 

are substituted in the derivative relation of translog 

function with respect to the water and ultimately the 

result is multiplied by the ratio of crops yield to the 

amount of water used in these crops in 2018. The 

resulted value is the marginal value or the same 

economic value of water. Based on the calculations, 

this value for Gharehghom basin in 2018 in sugar beet 

crop was obtained equal to 850 Rials per cubic meter, 

while this value for Namakzar basin is equal to 580 

Rials per cubic meter.  

So, the best region to invest in sugar beet is Namakzar 

basin in Khaf. Therefore, policy making for 

agricultural-used water in Khorasan Razavi 

provincelevel regardless of inputs aggregation 

conditions can lead to misleading results, because a 

production function or total cost function for a country 

cannot express the properties and behavior of 

individual economic units. So, it is recommended that 

this point is considered by modelers so that the 

proposed policies reflect the realities more accurately 

and to be more effective.   
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