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Abstract 

Given the ever-increasing demand for water and the limitation of sources of rising freshwater supply, logical 

economic decisions and a more accurate assessment of water demand seem obvious. In this regard, relatively 

strong economic literature has emerged concerning water demand in agricultural, urban and industrial sectors. 

But with regard to the issue of transferability of water from one sector to another, there is a need for coherent 

studies to consider the total water demand for each of the three sectors. Therefore, the purpose of this study was 

to estimate the water demand function in agricultural, urban and industrial sectors in three cities of Mashhad 

plain, which is one of the prohibited plains of Khorasan Razavi province. In order to achieve water demand 

function in the agricultural sector of the three counties, a positive math planning model was used. After 

calibrating the 3 levels of the crop area, the water inventory of each city changed in 20 different scenarios and 

the price of shady water was obtained. Then, using the least squares method, a regression between the two 

variables of water inventory and the water shadow price of each city was estimated and the widths of the origin 

and gradient of water demand for each of these cities were thus obtained. Also, urban water and urban water 

demand functions in the study area were obtained using consumption values and prices per cubic meter of urban 

water per year, and with the help of price elasticity, the estimated demand in previous researches was 0.29. Given 

that the water demand function in the industrial sector is a function derived from production, in order to estimate 

the water demand function in it, the econometric approach of the production function was used, and from the 

information set of industrial workshops, 10 employees and more, the statistical center was used. For this purpose, 

three functional quadratic forms, Cobb-Douglas and Transfer were estimated for estimating industrial production 

function at the catchment area. In these patterns, the dependent variable of gross production of industrial units 

and independent variables including two variables of the Dviaghia index and the total amount of water consumed 

annually they were. The results showed that the Translog model was superior to the other two models. Finally, 

the industry's water demand stretched by 0.373. 

Keywords: demand function, urban and industrial water, Khorasan Razavi 

 

1. Introduction 

Water resources are considered to be a commodity of natural capital, due to the ability to create streams of goods 

and services in urban, agricultural and industrial sectors. Since the value of a capital item is called at an asset 

point of time, then water resources can be referred to as a natural asset. This natural asset is a valuable and 

indispensable commodity in the economic, social development of countries and an important component in 

maintaining the balance and sustainability of ecosystems and the environment. Given the ever-increasing 

demand for water and the limitation of sources of rising freshwater supply, logical economic decisions and a 

more accurate assessment of water demand and the factors affecting it seem evident. 

In Khorasan Razavi, 32 plains out of a total of 36 plains of the province are among the forbidden and prohibited 
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plains (Karbasi and Rafiee Darani, 2014). Among them, Mashhad Plain, due to unplanned and unauthorized 

exploitation of groundwater resources in the plain, the groundwater level has gradually decreased and has been 

met with a reservoir deficit. Therefore, Mashhad plain is one of the supercritical plains in terms of land 

subsidence in the plains of the country, which is referred to as a geomorphic hazard, because its collapse has 

appeared in different forms and has changed the landscape of the plain (Behnifar et al., 2010) . Therefore, 

choosing the right strategies to reduce water consumption is essential. 

In this regard, relatively strong economic literature has emerged concerning water demand in agricultural, urban 

and industrial sectors. But with regard to the issue of transferability of water from one sector to another, it is felt 

that the need for cumulative studies that takes into account the total demand for water in an interactive manner 

has led to little studies in this area. For example, Khoshakhalagh and Rajabi (1391), in the first article, estimate 

the aggregate demand function of water (aggregate demand functions of 3 urban, agricultural and industrial 

sectors) through a system of simultaneous equations for Isfahan province. Then the aggregate demand function 

was estimated by classifying the variables and then, under a selective option, the water demand, water supply 

and water balance prices were predicted up to 1400 solar years. In other studies, Jalili Kamjo and Khak Akhlagh 

(1395), using the theory of games under various scenarios, assessed the relationship between five water users 

including residential, agriculture, industry, tourism and environment and long-term economic supply of water in 

the Zayandehrud catchment area. The water price in the industrial and agricultural sectors was estimated to be 

12072.21 and 1698.444. Also, the per capita minimum water revenues for urban and residential, general, 

production and commercial purposes and green space were estimated at 91.11 liters per day. 

2. Research Methodology 

Estimation of water demand functions for agriculture, industry and urban 

As seen in the research model (Equation 1), the demand and demand functions of agricultural, urban and 

industrial consumers in Mashhad plain are required from the origin and slope of demand. Estimating water 

demand functions varies when water is introduced (agriculture and industry) or the final product (urban). Based 

on theoretical foundations, water demand functions in the agricultural and manufacturing sectors are 

demand-driven production functions, but in the consumer and consumer sector the final demand is. Therefore, 

the methodology of estimating demand functions varies in each of these uses, which are described below in a 

brief description of its estimation in each section. 

 

Method for estimating water demand functions for agricultural purposes 

In order to determine water demand in agriculture, agricultural capacities must first be identified in Mashhad's 

study area. Therefore, in order to determine the water volume requirement (demand) in agricultural sector, the 

cropping area and the garden with the corresponding water requirement and the combination of plain cultivation 

and plain irrigation efficiency should be determined. In this research, we use the Positive Math Planning (PMP) 

to estimate the agricultural sector's profitability function under different water allocation scenarios. The PMP 

model was first introduced in 1995 by Hoveit. This model is useful in analyzing agricultural policies and is 

widely used to calibrate economic models. The PMP approach usually requires changing the target function 

using dual calibration constraints, so that the observed activities give the base year data. 

The demand function for agricultural water is extrapolated from a marginal maximization problem (gross profit). 

Therefore, in this study, the estimation of water demand functions for agricultural use in each of the study 

periods in the catchment area is considered by solving a problem of positive mathematical programming (). For 

this purpose, each study period is considered as a large water consuming unit, and at its level a positive 

mathematical programming model is developed and implemented. 
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In the linear programming literature, a decision problem is based on a technological description of how the 

relationship between outputs and inputs is, and often the issue of the farmer's decision to maximize profits with 

respect to production technology is expressed. Accordingly, the structure of the linear programming model () is 

at the level of each study area as follows: 

 

Problem 6 maximizes the profits from agricultural activities at each level of study, taking into account the 

limitations of agricultural inputs (water and land). The output of this model is the optimal level of cultivation of 

each product and the profitability of agricultural activities in each study area, which is different from the levels 

of cultivation and profit of agricultural activities in the real world. In other words, due to the lack of a calibration 

mechanism, in this model, due to the lack of a calibration mechanism, it is difficult to reconstruct the levels 

observed in the base year of the decision variables. 

Positive mathematical programming patterns for overcoming the mathematical programming utility feature were 

introduced by Havett (1995). In a pattern contrary to the patterns of the science, some of the parameters are 

modified to reconstruct the reference conditions, which is referred to as the calibration process, which is to find 

hidden values that lead to all activities in the On the base year, the final cost will be equal to the final income. To 

this end, contrary to the patterns of the ethic in this pattern, it is assumed that the observed composition of the 

activities is an optimal combination chosen according to the existing constraints. Due to the impossibility of 

identifying all the constraints for the modeler, the objective function of the nonlinear components is introduced 

to contain these constraint-constraints. In fact, by applying a non-linear cost section in the objective function, the 

method determines the parameters of the profit function in such a way that the model is more or less calibrated to 

the activity levels observed in the base year. Compared to linear programming patterns, the introduction of a 

nonlinear objective function leads to a more uniform and rational behavior of the model than changes in 

exogenous parameters (Howitte, 1995). In general, it can be stated that calibration of a mathematical 

programming model is performed using the method in three stages: 

A) Estimated cost of products; 

B) Estimate the nonlinear cost function; 

C) Model calibration and its application in order to extract water demand functions. 

Assuming maximization of the program's life, in the first step, the initial model 6 is rewritten as follows: 

 

In calibrating a nonlinear cost function, the dual vector is interpreted as the differential cost that, together with 

the cost vector of the activity accounting, determines the final cost of the actual variable of the observed vector 

of the activities (Hackley et al. 2012). In the second step of this method, the vector of values is used to specify a 

nonlinear objective function such that, at the observed levels of activities in the base year, the final cost of each 

product is equal to its income (Hackley & Britz, 2000 ) In most studies, using a variable cost function function, a 

second-class multi-product has been used as follows (part et al. 2011). 
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Gradient vector is the first derivative for. This form of specification of the final cost function indicates that the 

response of each product to the full matrix depends. In other words, the change in the final cost is both a function 

of the level of self-activity and function of the level of other products (successor and complement). The above 

specification is a bad state  because the number of parameters to be estimated is greater than the number of 

observations (see the final cost). To overcome this problem, various solutions have been used by Havett (1995), 

Paris and Havit (1998) and Hackley and Britz (2000), in which all the non-zero values of the matrix are assumed 

to be zero. This It means neglecting cross-product effects between products. For example, Hawith (1995), from 

the values obtained in the first step, has quoted a quadratic charge function simply by placing and placing 

non-zero elements equal to zero. He calculated the diagonal matrix elements as follows: 

 

The maximum entropy technique after its introduction by Shannon (1948) was considered as a mathematical 

method for measuring information. According to him, the information is inextricably linked to the probability of 

an event that shows signs to us. Shannon suggested several characteristics that a criterion of information should 

have, and showed that only and only a criterion of the content of the information satisfies these characteristics 

satisfactorily that the content of a sign is; the previous distribution Occurrence of the event. He then expanded 

his definition from a single probability to discrete distributions and defined the content of an earlier distribution 

as an entropy criterion as follows (Havit, 2005) 

 

 

 

 

 

 

 

By estimating the parameters of the nonlinear cost function of agricultural products in each study area, the 

second stage of the method is completed. In step 3, the nonlinear cost function estimated in the second step is 

replaced by the linear cost section in the objective function (1) and the problem becomes a nonlinear 

mathematical programming problem. At this stage, the calibration constraints are eliminated from the template 

and the model is maximized only with the system constraints as follows (Hackley & Britz, 2000): 
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For this, firstly, the inventory of agricultural water resources for each period in the base year of the study is 

estimated and in the pattern of 16 on the right side of the water restriction. Under these conditions, the pattern is 

run once and the price of water shadow is achieved. By adjusting the amount of water left to the right of the 

water resources limit, the corresponding prices are obtained. Based on this, a range of water resource inventory 

changes is considered and the model is executed each time under a quantity of water resources inventory. The 

result of solving this pattern several times is different prices for water for different volumes of water 

consumption 

 

The method of estimating water demand functions for household purposes 

Considering the increasing need of communities for urban water and good quality sanitation due to increasing 

urban population and increasing per capita consumption, paying attention to the demand for urban water and 

health in the plain of Mashhad due to the existence of Mashhad religious and sacred metropolis is of particular 

importance. A brief overview of the statistics shows that 50% of the water deficit in various cities is located in 

the Mashhad-Chenaran study area (other than Mashhad), which is about 37% in Mashhad. 

 Recent surveys show that population growth and higher water demand can make existing conditions unusual. 

The high rate of population growth over the past 40 years has been a major factor in reducing the per capita 

amount of renewable water. Therefore, protecting the country's water resources, optimal exploitation of them, 

and providing healthy and healthy water for all people, including the critical and critical issues of the country at 

present. 

Drink demand function 

Considering the importance of the urban sector in the field and the available statistics and information, one of the 

following methods can be used to estimate drink demand function. A - Demand for urban water in the household 

sector can be derived from the demand for the final product consumed to maximize the utility of the consumer 

(which is one of the variables of that water) in relation to his budget. Water for humans is a critical and very 

necessary material and therefore must always be of a minimum of consumption. Therefore, the utility function 

for Urban Water demand function is Acetone's utility function, which is minimally considered and consistent 

with the assumptions of the study. Assuming that the consumer is facing a basket of two commodities including 

water (w) and other commodities and services (Qoth), which is assumed to be a composite commodity, the utility 

function of Stone berg, and as a result of the problem of maximizing utility, will be as follows. 

Max U* =α1 Ln( W – Sw) +α2 Ln( Qoth – Soth) 

S.t    I = pw W + Poth Qoth 

B. Also, demand urban and domestic urban water functions in the studied area can be calibrated using 

consumption values and prices per cubic meter of urban water per year, as well as with the help of price 

elasticities of the estimated demand in previous studies for the study area. Estimated demand demand for urban 

water in each of the study periods can be estimated as follows: 

 

 

It is worth reminding that demand functions for domestic and drink water will be carried out 

on the basis of the above relationships in each of the study periods, which requires the use of 
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data on urban water consumption in each of them. However, a similar price level will be used for all the intervals 

that will be obtained from past studies at the study area of Mashhad plain. Estimates and estimation coefficients 

at this stage are also part of the coefficients used in Part I of Objective 1 function to be replaced. 

Method for estimating water demand functions for industrial use 

In order to estimate the water demand function in industrial use, the econometric approach of the production 

function is used. For this purpose, for each study area, the production function will be specified in different 

forms. The general form of the function will be as follows. 

y=f(w1, divisia)                               (21) 

To estimate the production function indicated at the level of each of the study periods, the amount of production 

of each industry and the amount of inputs consumed in the production of that industry are required. According to 

the surveys, the statistics center of Iran and also the provincial level can be used. Therefore, the demand function 

for water in industrial use will be estimated for the entire study area, not at the level of the study intervals. (Field 

studies, if necessary, can be used to obtain information from industry owners)Thus, by estimating the demand for 

agricultural, industrial and urban water demand, all the parameters of the water use demand functions specified 

in the objective function 1 are specified. 

Statistical population of the study: 

This study will study Mashhad plain basin. This basin is one of 13 sub-basins of Qarqagh and one of the most 

important plains of Khorasan Razavi province. The basin with a total area of 999.49 square kilometers consists 

of 3351 square kilometers of plain and 6558 square kilometers of altitude and an average annual precipitation of 

250 millimeters, which provides a volume of 1153 million cubic meters per year from the groundwater section. 

From the west, to the plains of Neishabur and Yingqia, from the north to the plains of Kalat and Quchan, from 

the east to the plains of Fariman and Kalat, and to the south to the plains of Fariman, Sangbath and Neishabour. 

The general direction of groundwater flow in this plain is from northwest to south east. The main river of this 

plain is Kasfrud River; its main branches are Radkal, Torghabeh, Jaghraq, Dehbar, Zashk, Golestan and 

Dolatabad. The sources of groundwater supply in Mashhad plain include Cheshmeh, Qanat, Deep and Hollow 

wells. 

In this research, the statistics and information needed, such as industries located in the catchment area, the need 

for aquaculture industry and the value added mines of the economic sectors, the volume of recycled waste from 

the industrial units, the urban and rural population, the pilgrims, the area under cultivation and the amount of 

production and Variety of crops and gardens and other statistics required by relevant organizations for 1394, as 

well as time series statistics and, if needed, cross-sectional.To estimate the production function of the industry 

sector at each of the study periods, the amount of production of each industry and the amount of inputs 

consumed in the production of that industry are required. According to the surveys, the statistics center of Iran 

and also the provincial level can be used. Therefore, the demand function for water in industrial use will be 

estimated for the entire study area, not at the level of the study intervals. (Field studies, if necessary, can be used 

to obtain information from industry owners) 

3- Results 

1- Water demand for agricultural sector in 3 cities of Mashhad plain 

In order to achieve the water demand function in the agricultural sector of the three counties, a PMP model was 

used. After calibrating the 3 levels of the cave, the water inventory of each city changed in 20 different scenarios 

and the price of shaded water was obtained. These 20 scenarios are presented in Table 1. In the first scenario, the 

water supply of each city is equal to 0.62 times the current water supply of each city, and in the 20th scenario, 
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the current water balance is multiplied by 1 and the rest of the scenarios are also considered. 

Table 1: Water shadow prices due to changes in water inventory in 3 cities of Mashhad plain 

City 

scenario 

Mashhad Chenaran Binalood 

Water supply 

(million 

cubic 

meters)) 

Shadow price 

of water 

Water supply 

(million 

cubic meters) 

Shadow price 

of water 

Water supply 

(million 

cubic meters) 

Shadow price 

of water 

0.62 148 207 130 140 31.8 125 

0.64 153 187 134 138 32.8 123 

0.66 158 171 138 136 33.9 122 

0.68 163 162 143 134 34.9 121 

0.70 167 154 147 131 35.9 119 

0.72 172 150 151 139 36.9 118 

0.74 177 146 155 127 38.0 116 

0.76 182 142 159 125 39.0 115 

0.78 187 139 164 123 40.0 114 

0.80 191 135 168 120 41.0 112 

0.82 196 131 172 118 42.1 111 

0.84 201 128 176 116 43.1 110 

0.86 206 124 180 114 44.1 108 

0.88 210 120 185 112 45.1 107 

0.90 215 117 189 109 46.2 105 

0.92 220 113 193 107 47.2 104 

0.94 225 109 197 105 48.2 103 

0.96 230 106 201 103 49.2 101 

0.98 234 102 205 101 50.3 100 

1.00 239 99 210 99 51.3 99 

Source: Research findings 

 

Then, using the least squares (OLS) method, a regression between the two water inventory variables and the 

water shadow price of each city is estimated, as follows. It should be noted that the width of the origin and 

gradient of these three regressions is used in writing the goal of maximizing social welfare (as alpha and beta). 

 

 

 

 

 

 

 

 

 

Figure 1: Water demand function in the agricultural sector of Mashhad 
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Figure 2: Water demand function in the agricultural sector of the Chenaran city 

 

Figure 3: Water demand function in the agricultural sector of Torqabeh 

Drink demand function: 

Using the method described in the research method and having current consumption values and taking into 

account the price elasticity of 0.29 for water consumption and the price of 290 tomans per cubic meter, the alpha 

and beta values of urban water demand function for three cities of Mashhad plain the following is obtained: 

Table 2: Widths of origin and slope of demand urban water functions in 3 city 

City Mashhad Chenaran Binalood 

Water consumption 181.13 48.45 39.13 

Alpha (width from origin) 7340.274 7340.763 7340.571 

Beta (slope) 0.01811 0.00520 0.00412 

Source: Research findings 

 

3- Functional demand of the industrial sector: 

Typically, in studies similar to those of the present study, which require extensive information and high volume 

of work, cited elasticity's in previous studies at national level and even studies carried out in other countries, this 

action Calibrate the parameters of the demand function using consumption and price values. Since the research 

showed that reliable estimates of water demand in the industrial and mining sectors have not been carried out 

both at the national and regional levels and in the catchment areas of the country, it has been necessary to 

estimate the trend of water demand in the industrial sector And the mine of Mashhad plain. Given that in the 

industrial sector, water is used as an intermediate input in the production process, the water demand function in 

this section is a function derived from production. This means that the willingness to pay per cubic meter in this 

section is equal to the final production value of each unit of consumption. Therefore, in this research, an 
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econometric method of production function has been used to estimate this value. In order to estimate the 

production function at the level of each study period, the time series or time series information is needed from 

the amount of production of each of the industries located at the catchment area and the amount of inputs 

consumed in the production of that industry. Since such information does not exist for industrial enterprises and 

requires extensive field information (past studies and expert opinions suggest that field studies have not been 

successful in obtaining information from industry owners), based on the information collected at the time of the 

Center of Statistics in Iran Provincial level is used. So, here the demand function for water in industrial use is 

estimated for the whole basin rather than at the level of study intervals. Obviously, the basic assumption for this 

estimate is that the diversity and nature of industrial activities are distributed throughout the study period in a 

homogeneous manner and the estimated function at the basin level can be generalized to all the intervals. 

Information on industrial accumulation of capital for industrial activities of provinces is not available in 10 

industrial and industrial workshops. Therefore, using an explicit method of fixed capital formation data, the 

value of capital stock estimated and then, using the assumption, the capital injection was extracted. In these 

calculations, the average cost of depreciation is 5.05%, based on the studies carried out in the field of estimating 

the value of capital stock of industrial activities (Amini & Neshat, 2005 and Mullay, 2005). Then, based on 

expert opinions, annual maintenance costs, 8% of the value of capital stock and opportunity cost of capital is 

equal to the average bank interest rate of 12%.Also, to avoid the existence of a coincidence between independent 

variables and low degree of freedom in the estimation of production functions, all variables (labor, capital, 

energy, office and administrative services), except for the amount of water consumed, have been accumulated 

using the Dvyjia index. Then, three functional quadratic forms, Cobb-Douglas and Transferg were used to 

estimate the industrial production function at the catchment area and in the SHAZAM bundle. In all of these 

models, the dependent variable of gross production of industrial units and independent variables including two 

variables Dvyjia and the total amount of water consumed annually. After estimating the mentioned patterns, 

co-tests, heterogeneity variance, self-correlation and normal error tests were used to investigate the classical 

suppression. As expected, given the cross-sectional nature of the data, apart from the existence of heterogeneity 

variance rooted in the heterogeneity of the industrial units, none of the above problems were confirmed in any of 

the estimated models. The estimated results and good criteria for fitting the production functions of the industrial 

and mining watershed are presented in Table 5.  

Table 5: Estimates of production functions of the industrial sector in the province 

 

Variable 

 

Description 

Estimated pattern coefficients 

Cobb-Douglas second grade Translog 

Water Amount of water consumed 0.37 1.36 0.112 

Divisia Divyghia Index 0.79 0.4 0.614 

Water2 Second degree of water consumption - -0.031 -0.039 

Divisia*Water Interaction of Water and Dvyjia Index - 0.0021 -0.034 

Constant The width of the center -0.45 38.23 -0.183 

R2 statistics - 0.85 0.78 0.88 

Number of 

observations 
- 74 74 74 

Source: Research findings 
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The value of the R2 statistic for all patterns shows that the explanatory variables entered in the patterns explicitly 

explain the variations of the dependent variable, so that the value of this statistic is obtained in all patterns of 

about 90% or more. Also, the Jakou-Bart statistic and its significance at the 1% level indicate that the 

disturbance components in all patterns are normal distribution. However, the translog model is superior to the 

second-order model in terms of the number of parameters and the value of the R2 statistic and is superior to the 

Cobb-Douglas pattern due to its flexibility and the R2 statistic. Therefore, the form of the production function is 

the selected model for calculating the final production value and the demand for water in the industrial sector. 

As shown in Table 5, all the parameters of the selected model are significant at different levels and their 

coefficients are as expected. The value of the final production of water, which is the same economic price, is 

obtained by calculating the tensile output of water input and its multiplication in the ratio of gross value added to 

water consumption. The stretch of the industrial sector's production relative to the input of water, which also 

represents the percentage change in the value of production due to a percentage change in water consumption, is 

obtained by deriving the production function from the input of water, which value is 0.051 for the selected 

function of the transgul . With the pull of the production of water, the demand for water has been calculated from 

the following equation (Wang and Lal, 1999). 

𝜀𝑤 = −
𝜎

𝜎 − 𝜎2 − 𝛽
= −0.373 

In this regard, the stretching of the industrial sector relative to the input of water and is the second-order variable 

parameter of the input of water in the transformational model (0.083). The value obtained for pulling water 

demand (-37.33) indicates that the demand for this input in the industrial sector and the mine is unclear, meaning 

 

 Table 6: Parameters of water calibrated demand functions in the industrial and mining sectors of the plain 

Study Range Slope coefficient The width of the source 

Mashhad -0.00298 21539.659 

Chenaran -0.000314 21539.012 

Binalood -0.00052 21539.124 

Source: Research findings 

that a 1% increase in water prices will reduce its consumption by less than 1%. In such a situation, the use of a 

policy of rising water prices will lead to an increase in regional water company revenue. The low demand for 

water for this sector is unpredictable because the share of water inputs in industrial production is typically low, 

and this low share encourages firms to use alternative sources such as using recycled water in conditions where 

water prices rise does not guide. Other similar studies have shown that demand for water supply in the Bishkek 

industry sector. For example, Dapont and Ronzati (2001) reported water demand growth in the Canadian 

industry at -0.77, and Linz and Sigai (2009) reported this stretch for the South African mining sector at -0.76 to 

-0.96. The World Bank (1995) also reported that the price elasticity of industrial demand in developing 

countries is generally in the range of -0.35 to -7.7. 
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