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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Evaluate attributes of policies to guar-
antee agricultural water supply by using 
CE method. 

• Farmers didn’t have an amount of 
guaranteed irrigation water supply due 
to frequent droughts. 

• CL model with interaction effects has 
been used to import the socio-economic 
characteristics of farmers. 

• The policies aimed at the adoption of 
water-saving technologies should be 
given a higher preference. 

• A common understanding of water 
management is needed by stakeholders.  
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A B S T R A C T   

The efficient and sustainable use of water has become a necessity in regions prone to drought and water scarcity. 
One such region is the Fars province of Iran, where farmers often face uncertainties in irrigation water supply due 
to frequent droughts and declining groundwater levels. This study employed a quantitative research method-
ology, utilizing surveys and questionnaires to collect data. Specifically, the study used the choice experiment 
(CE) methodology to evaluate policy attributes aimed at guaranteeing agricultural water supply. The research 
was conducted in Marvdasht County within the Fars province, with a sample size of 170 farmers and 4080 
observations collected in 2015. The collected data were analyzed using the conditional logit (CL) model. The 
sample size was determined using the stratified random sampling method. The results of the study indicate that 
age has a negative effect on farmers’ willingness to pay (WTP) for guaranteed water supply, while education has 
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a positive effect. Additionally, the study found that farmers’ WTP for different policies varied, with the highest 
WTP observed for the use of water-saving technologies (estimated at 254.89 IRR per m3) across all areas. 
Consequently, the study recommends that policies promoting the adoption of water-saving technologies should 
be prioritized globally. It is worth noting that water policies can significantly differ between countries and re-
gions due to various factors, including local water challenges, legal frameworks, cultural norms, and socio- 
economic conditions. Therefore, when formulating water policies, it is crucial to consider the specific context 
and tailor them to the unique circumstances of each region or country.   

1. Introduction 

Climate change is one of the most important disasters that has 
numerous negative effects on the environment and humans, such as 
poverty, political and social conflicts, water scarcity, and water shortage 
(Karimi et al., 2018, 2023). Water, as a crucial input for agricultural 
production, holds a special place in the sustainable development of the 
agricultural sector, which in turn contributes to the economic develop-
ment of other sectors. The imbalance in water availability can be 
attributed to two factors: natural limitations in terms of precipitation 
and temperature, and non-economic use of available water by certain 
economic activities, whether on a local, national, or even global scale 
(Chizeri et al., 2005; Barati et al., 2023). 

Irrigation represents the largest consumer of water demand, ac-
counting for 70% of total freshwater resources worldwide (Albiac et al., 
2006; Islami and Rahimi, 2019). However, it is also the least efficient 
sector in terms of water use. Presently, the most significant challenge in 
irrigation water supply is associated with two issues: an increase in the 
uncertainty of the quantity and timing of supply (Kavosi Kelashomi and 
Peykani, 2014). The water crisis is a major challenge currently faced by 
regions worldwide, particularly arid and semi-arid areas. These chal-
lenges, combined with issues such as population growth, low efficiency 
of water consumption, and high evaporation and transpiration rates, 
significantly limit economic growth in many countries (Nasiri et al., 
2009; Amiri et al., 2020). 

In Iran, a substantial portion of the total annual water consumption, 
approximately 90%, is attributed to the agricultural sector, while the 
municipality and industry sectors account for about 2% and the services 
sector for about 8% (Irans’ energy ministry, 2023). The lack of efficient 
and sustainable water use poses significant challenges for policymakers 
worldwide, particularly in water-scarce countries. Therefore, it is crucial 
to consider information on the economic value of water in 
decision-making processes, utilizing supportive decision tools such as 
cost-benefit analysis. In the absence of water markets, shadow prices are 
determined through economic valuation methods. Such 
decision-making processes adopt a social welfare perspective to prevent 
the misallocation or under-optimal allocation of scarce resources 
(Turner et al., 2004). 

Water pricing serves as an economical and efficient option to pro-
mote sustainable water use (Turner et al., 2004; Dinar and Mody, 2004; 
Karimi et al., 2024), as it provides monetary incentives for consumers to 
conserve water. According to economic theory, water consumption in 
irrigated land should decrease as water prices rise (Gomez-Limon and 
Riesgo, 2004). However, Dinar and Mody (2004) argue that water 
valuation alone may not be sufficient to stimulate desirable changes in 
water consumption. In some cases, when opportunities to increase water 
productivity arise, farmers may become more market-oriented, assign-
ing higher value to products that require more water. This results in a 
more inelastic demand for water (Fernandez-Zamudio et al., 2012; 
Karimi et al., 2024). 

To effectively manage scarce water resources in agriculture, a range 
of strategies have been proposed, including supply augmentation and 
demand management, along with various policy instruments and eco-
nomic incentives (Tiwari and Dinar, 2002; Karimi et al., 2017). While 
several options exist to create economic incentives for water savings 
(Tsur, 2005; Mirzavand and Bagheri, 2020), equity issues play a critical 

role in developing effective and politically acceptable instruments. It is 
generally expected that pricing approaches built upon local experiences 
and involving local stakeholders have a better chance of acceptance 
(Martin-Ortega, 2012). Economic policy instruments often complement 
each other since they operate within an institutional context (Sterner, 
2003; Sabzevar et al., 2021). Therefore, developing socially appropriate 
instruments to govern water resources in a fair, equitable, and envi-
ronmentally sustainable manner should consider local institutional set-
tings and the range of alternative incentives and enabling environments 
available to modify human behavior. While water supply reliability is 
crucial for the survival of irrigated agriculture, achieving a balance 
between water demand and supply is no easy task (Alcon et al., 2014; 
Karimi et al., 2021). 

Addressing the issue of water supply reliability requires an inte-
grated approach and a set of actions, as no single source of supply can 
fully alleviate water scarcity (Jaber and Mohsen, 2001). In recent years, 
the use of non-conventional water sources, such as treated wastewater 
from urban areas or desalinated water, has been considered as com-
plementary sources to mitigate the shortage of conventional water 
supply, especially in regions where the potential of fresh water resources 
has been fully exploited. Therefore, the reuse of treated wastewater is 
seen as a promising measure to alleviate water shortages (Carr et al., 
2011; Karimi et al., 2023). 

In addition to supply-side measures, demand-side management 
practices are essential for promoting sustainable water use in agricul-
ture. These practices include improving irrigation efficiency through the 
use of modern irrigation techniques, such as drip irrigation and preci-
sion agriculture, as well as adopting water-saving practices like deficit 
irrigation and crop rotation (Karimi et al., 2021, 2023). Implementing 
water-saving technologies and practices can significantly reduce water 
consumption in agriculture without compromising productivity. 

Furthermore, effective water governance and institutional frame-
works are crucial for managing water resources sustainably. This in-
volves establishing clear water rights and regulations, promoting 
stakeholder participation and collaboration, and ensuring the enforce-
ment of water laws and regulations (Karimi et al., 2017, 2024). Inte-
grated water resources management approaches that consider the 
interconnectedness of water systems and the various competing de-
mands for water can help optimize water allocation and reduce conflicts. 

In conclusion, addressing the water crisis in agriculture requires a 
combination of supply-side and demand-side measures, along with 
effective water governance. Pricing mechanisms can provide economic 
incentives for water conservation, but they should be complemented 
with other policy instruments and consider local contexts and equity 
issues. Improving water-use efficiency, promoting water-saving tech-
nologies, and adopting sustainable irrigation practices are essential for 
reducing water consumption in agriculture. Additionally, exploring 
alternative water sources, such as treated wastewater and desalinated 
water, can help alleviate water scarcity. Ultimately, integrated ap-
proaches that consider the economic, social, and environmental di-
mensions of water management are necessary for achieving sustainable 
water use in agriculture. 

There are similar studies which has been done in the field of water 
pricing: 

Baghestani and Zibai (2010a,b) used contingent valuation method in 
a study to estimate the WTP of farmers for underground water in 
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Ramjerd region in Iran. The results showed that the WTP of farmers who 
use underground water and surface water in combination is less than 
farmers who only use underground water. Cropping pattern, the area 
under rice cultivation, lands dispersion and farmer’s income and age 
have shown a significant effect on WTP. 

In another study, Baghestani and Zibai (2010a,b) used the para-
metric programming method to measure the WTP of farmers for un-
derground water in Ramjerd region in Iran. The results showed that the 
WTP of farmers for using of deficit irrigation strategies and increasing 
irrigation efficiency increase with increasing in water price. 

Asad Falsafizadeh and Saboohi Saboon (2011) calculated the value 
of water input and the amount of WTP of farmers in Beyza region, in 
Iran, using the CE method. The results showed that the WTP of farmers is 
between 10 and 15 percent of the water price they pay. 

Alcon et al. (2010) calculated the non-market value of reclaimed 
wastewater for use in agriculture in the Segura River basin located in the 
southeast of Spain using the contingent valuation method. The results 
showed that the use of reclaimed wastewater for irrigation has signifi-
cant non-market environmental benefits. 

Mesa-Jurado et al. (2012) in a study using contingent valuation, 
obtained WTP of farmers for guaranteed irrigation water supply in the 
Guadalbullon River located in southern Spain. The results showed that 
farmers are willing to increase 10–20% more than their current annual 
payment also willing to reduce the average supply by 30% of their 
official water rating to increase the guarantee of water supply. 

Alcon et al. (2014) in a study using CE method and the conditional 
logit model, investigated the acceptance of policy strategies by farmers 
to increase the guaranteed water supply in Segura, in the southeast of 
Spain. The results showed that farmers are willing to pay twice the 
current price of irrigation water. 

This study makes several contributions. First, this is one of important 
studies in Iran to calculate the WTP for farmers, using CE method, with 
focus on socio-economic variables for attributes such as amount of 
guaranteed water supply and water supply measures including: water 
transfer from Doroodzan dam and river, control over groundwater 
abstraction, strengthening and development of agricultural water mar-
ket and use of water-saving technologies. Second, although several de-
cades have passed since the introduction of the CE method in the world, 
the number of researches conducted based on this method in the field of 
water in Iran is few and mostly the contingent valuation method has 
been used. Also, the advantages of the CE method are more than the 
contingent valuation method, so it is appropriate to use the CE method 
in this research. Finally, the prioritization of WTP for attributes helps 
policy makers to make policies and decisions to guarantee irrigation 
water supply in Iran and findings of this research enable policy makers 
to consider farmers’ preferences for accepting water supply and demand 
management policies. 

Overall, the objective of this study was examining the agricultural 
water policies that guarantee water supply in the South of Iran and the 
research questions are given below:  

1. What effect does amount of guaranteed water supply attribute have 
on the guarantee of water supply for farmers?  

2. What effect does water supply measures attribute have on the 
guarantee of water supply for farmers?  

3. WTP for which of the attributes such as amount of guaranteed water 
supply and water supply measures is greater? 

2. Research area 

Marvdasht County, with an area of 4649 km2, has occupied 8.3% of 
the total area of the Fars province. This county is located almost in the 
center of Fars province. Center of Marvdasht County is located at 52◦

and 48 min of longitude and 29◦ and 52 min of latitude and altitude 
1595 m above sea level. Its climate is temperate and the most important 
rivers in this county are the Kor and Sivand River, which are very 

important and vital (Nasiri et al., 2009). The average annual rainfall is 
about 500 mm (Khosh Akhlagh et al., 2010). This is located in a suitable 
area, which is important for the cultivation of agricultural products, 
including grain and vegetables. Marvdasht County, despite the expan-
sion of physical activities in the last three decades to store seasonal 
surface water by converting runoff to the aquifer, has faced a decrease in 
the static level of aquifers and other water sources, including springs, 
wells and even aqueducts, This reduction in water sources is due to the 
irregular increase in population, the development of agricultural and 
industrial activities, irregular abstraction of water and also intermittent 
droughts (Roosta et al., 2009). Considering the existence of these con-
ditions in this county, it is necessary to study what policies would be 
acceptable to farmers to increase the reliability of water supply in this 
region. 

3. Methodology 

3.1. Choice experiment method (CEM) 

CEM is used for valuing non-market goods. Non-market valuation 
methods are important when determining the costs and benefits of 
public projects. Non-market goods valuation research has been devel-
oped using two types of methodologies: One, revealed preference (RP) 
method, and two, stated preference (SP) method. The revealed prefer-
ence method values a non-market good by studying actual behavior in a 
relevant market. The general advantage of the revealed preference 
method is that it is based on real choices of individuals. However, it also 
has disadvantages. The stated preference method evaluates the value of 
environmental goods through the use of the expressed behavior of in-
dividuals in a hypothetical set. This method includes different view-
points, including contingent valuation (CV) and CEM. In most studies, 
the contingent valuation method (CVM) has been used (Sharzei and 
Javidi Abdollahzadeh Aval, 2011). 

CEM is a subset of a choice modeling method and it is from the family 
of stated preference approach. Choice modeling is one of the derivatives 
of conjoint analysis (Carson et al., 1994). Theoretical structure of CEM 
results from multinomial discrete choice (MDC) analysis in which re-
spondents choose the most preferred option from several choices 
(Arcidiacono et al., 2012). Each option includes several attributes that 
are described at the corresponding levels. The main purpose of CEM is 
the estimation of the structure of consumer preferences by emphasizing 
the relative importance of attributes. To achieve this goal, the person is 
asked to choose one of several choices that are gathered in a choice set 
and the utility that the person obtains from a particular option in a 
choice set is computed by the individual’s utility of the levels of each 
attribute in the selected option (Sharzei and Jalili Kamjoo, 2013). 

3.2. Economic valuation model 

CVM and CEM have a common theoretical framework, so that both of 
them are expressed in the form of a random utility model (RUM). In this 
template, the indirect utility function of each individual can be shown as 
below (Adamowicz et al., 1998): 

ui = vi + εi (1) 

This utility function consists of a visible component (vi) and a 
random component (εi). In CEM, the visible component includes the 
characteristics of that selective option, but in CVM, it includes the 
suggestion variable and intercept. Econometric justification of the 
random component may be the eliminated variables, the measurement 
error and the audience’s disregard relative to the decision taken. The 
existence of this component in the model makes it possible for the an-
alyst to have a probabilistic explanation of consumer behavior (Ada-
mowicz et al., 1998). In this situation, the individual will choose option i 
versus option j if the following relationship is instated (Adamowicz 
et al., 1998). 
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UI >UJ ≡ vi + εi > vj + εj (2) 

This relationship can be rewritten in the form of possibilities and 
with more than one option, as shown below: 

Pr(i)=Pr
{
vi + εi > vj + εj;∀ i∕= j

}
(3) 

The systematic component of utility is a part of the product’s 
attractiveness, which could be related to its characteristics, so that its 
amount depends on the individual’s ability to identify and measure 
them. Also, key factors, including individual characteristics, economic 
and social conditions can affect individual choices. An analyst must first 
define the correct combination of variables that make the individual’s 
systematic preferences, then select the utility function that correctly 
predicts the relationship between defined variables and the choice of 
individuals (Adamowicz et al., 1998). The systematic component of the 
utility function can be shown as a linear function in the parameters, as 
below: 

Vi = β´Xi (4)  

where, β is the vector of utility coefficients related to explanatory var-
iables of a model including individual characteristics, price, product 
characteristics, and their interactions (Adamowicz et al., 1998). There-
fore, the Relationship (4) can be rewritten as below: 

Pr(i)=Pr
{

β´Xi + εi > β´Xj + εj;∀ i∕= j
}

(5) 

The choice is systematically different from person to person. In order 
to take into account these individual differences, it is necessary to use a 
set of explanatory variables, including psychological and demographic 
variables. Individual differences may affect utility by affecting the 
intercept component, and may change the vector of coefficients β. The 
final goal of estimating the choice model is unbiased estimation of taste 
parameters (vector β), which includes marginal utility of attributes 
(Adamowicz et al., 1998). One of the advantages of CEM is to compute 
the marginal willingness to pay (MWTP) for each of the attributes, so 
that the implicit price of the attribute indicates the final rate of substi-
tution between non-market attributes and monetary attribute. The im-
plicit price can be obtained from Equation (6) as the ratio of the 
coefficient of non-monetary attribute to the coefficient of monetary 
attribute (Adamowicz et al., 1998). 

Marginal WTP= −

[
β non Monetarey

β Monetarey

]

(6) 

Conditional Logit (CL) Model: In the CL model, the explanatory 
variables change during the options, but the parameters remain constant 
during the options. In this model, the probability that alternative j will 
be selected is equal to (Isazadeh et al., 2012): 

Pr[Yi = j /Wi] =
exp

(
β0,j + γlwi,j

)

∑J

l=1
exp

(
β0,l + γlwi,l

)
(7)  

j= 1,…, J  

In this model, the probability of choice depends on the explanatory 
variable as shown below (Isazadeh et al., 2012): 

wi =
(
wi,1,wi,2,…,wi,J

)
(8) 

One needs to apply a constraint to identify the intercept β 0j = 0 .So 
the parameter γl is the same for all options and is always identifiable, 
unless there is a common effect of γl on the probability: 

wi,1 =wi,2 = … = wi,J (9)  

In this case, it becomes the multinomial logit model. The probability of 
selection in the CL model is also a nonlinear function of the parameter γl. 
There is no direct interpretation of the model coefficients and the 

explanatory variables to the dependent variable and the odds ratio is 
used to investigate the effect of the independent variables. The odds 
ratio (OR) of choosing option j against option l is calculated by the 
following equation (Isazadeh et al., 2012): 

φj/l(wi)=
Pr[Yi = j/wi]

Pr[Yi = l/wi]
=

exp
(
β0,j + γlwi,j

)

exp
(
β0,l + γlwi,l

)= exp
(
β0,j − β0,l

)
+ γl

(
wi,j +wi,l

)

(10)  

l=1,…, J 

The interpretation of the intercept parameter will be similar to the 
multinomial logit model. Therefore, individuals prefer option j to option 
i for positive amounts of γl and larger positive amounts of 

(
wi,j − wi,l

)
, so 

that j ∕= 1. However, if γl < 0, the reverse effect is observed. The likeli-
hood ratio in the non-logarithmic Equation (10) for the j option shows 
the effect of the change in the explanatory variables on the probability 
that the j option is selected compared to the other options (Isazadeh 
et al., 2012). One of the important necessities for restating the CL model 
is that selections from within a choice set must follow the Independence 
of Irrelevant Alternative (IIA) feature, and based on this feature, the 
presence or absence of an option does not affect the likelihood ratio 
associated with other available options in the choice set (Louviere, 
2006). If the IIA is not accepted, more complex statistical models are 
needed to satisfy this assumption than CL. These models include the 
Multinomial Probit Model (Hausman and Wise, 1978), the Mixed Logit 
(ML) Model (Random Parameter Logit) (Train, 2003) and the Nested 
Logit Model (McFadden, 1978). There are various statistical tests that 
can be used to test the IIA hypothesis including the extended test by 
Hausman and McFadden (1984) which is widely used (Ghorbani and 
Firooz Zare, 2009). The Hausman-McFadden test is applied to test this 
property and its statistic is calculated by this equation (Isazadeh et al., 
2012): 

T=(β̂r − β̂)´(V̂ r − V̂)
− 1
(β̂r − β̂) ∼ χ2(m) (11)  

Wherein, β̂r is a column vector of the estimated parameters in the un-
constrained pattern, β̂ is the column vector of the estimated parameters 
in the constrained pattern, V̂r is the variance-covariance matrix of the 
constrained pattern and β̂ is the variance-covariance matrix of the un-
constrained pattern. This test has a statistic called χ2. The Hausman test 
is an application of comparing constrained and unconstrained models. 
At the completion of this test, the CL model is superior to the ML model. 

3-3- AIC and BIC criteria to assess the goodness-of-fit of the statistical 
models: 

The Akaike information criterion (AIC) is a mathematical method for 
evaluating how well a model fits the data it was generated from. AIC is 
most often used to compare the relative goodness-of-fit among different 
models under consideration and to then choose the model that best fits 
the data. AIC determines the relative information value of the model 
using the maximum likelihood estimate and the number of parameters 
(independent variables) in the model. Lower AIC values indicate a 
better-fit model. If a model is more than 2 AIC units lower than another, 
then it is considered significantly better than that model (Bevans, 2023). 

The Bayesian information criterion (BIC) is a well-known general 
approach to model selection that favor more parsimonious models over 
more complex models (i.e., it adds a penalty based on the number of 
parameters being estimated in the model) (Schwarz, 1978; Raftery, 
1995). Lower values indicate better model fit, and the model with the 
lowest BIC is generally preferred. BIC is a measure that considers both 
the likelihood value of a model and the number of parameters estimated. 
A good model, according to BIC, has a high likelihood value without 
using many parameters. This combination results in a low BIC value 
(Muthen and Muthen, 2000). 

The AIC and the BIC are two popular measures for comparing 
maximum likelihood models. AIC and BIC are defined as (StataCorp, 
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2023):  

AIC = – 2lnL + 2K                                                                       (12)  

BIC = – 2lnL + K lnN                                                                   (13) 

Where, lnL is the maximized log-likelihood, K is the number of param-
eters estimated and N is the number of observations (StataCorp, 2023). 
The default K is always 2, so if your model uses one independent variable 
your K will be 3, if it uses two independent variables your K will be 4, 
and so on (Bevans, 2023). 

3.3. Identifying the attributes 

Attributes and their levels in the study questionnaire are presented 
(Table 1). 

According to the defined attributes and their levels, the number of 
possible options for CE will be 125, but it is not possible to test this 
number of options and a limited number of these options should be 
selected using statistical methods. Accordingly, using the JMP software 
package based on the Fractional Factorial Design, 32 options were 
selected and 16 choice sets each containing two options were formed. 
Then a none-option or the status quo (SQ) was added to each choice set 
and divided into two blocks with 8 choice sets and placed into two 
separate questionnaires. In other words, each choice set consists of two 
hypothetical policies to guarantee agricultural water supply and a none- 
option or SQ option. An example of the choice set that was provided to 
the farmers has been presented (Table 2). 

This research is based on the positivist paradigm, and the method-
ology of this research is quantitative that the data collection tool is a 
questionnaire. 

3.4. Sampling method 

The statistical population of this study was farmers in Marvdasht 
County. The data used in this study was collected in 2015 through a 
questionnaire and field studies in this County. A stratified random 
sampling method was used to select farmers. According to this sampling 
method, first the study area was divided into three classes of low-water, 
medium-water and almost full-water based on the amount of water re-
sources and each of the villages in this area was assigned to each of the 
three groups according to the status of their water resources. A pilot 
study was performed to determine the number of samples in each class. 
The variance of the studied trait (area under cultivation) for each of the 
low-water, medium-water and almost full-water classes was calculated 
at 27.7, 41 and 54.8, respectively. According to the variance of the area 
under cultivation and the number of farmers in each class given in 
Table 3, using equation (14) which determines the number of samples in 

the stratified random sampling method, the total sample size was 
determined. 

n=

∑l

i=1
Ni δi

2

ND + 1
N

∑l

i=1
Ni δi

2
(14)  

Where, N is the number of sampling units in the population, Ni is the 
number of sampling units in the i-th class, L is the number of classes, δi

2 

is the variance of the studied trait in the i-th class, D is equal to β
2

4 where β 
is the amount of desired error by the analyst. According to equation (14) 
and the information related to the number of farmers and pilot study 
(variance of the area under cultivation in each class) given in Table 3 
and considering β = 1, the total sample size was obtained at 170. The 
information related to the number of farmers and the variance of the 
area under cultivation in three classes that has been obtained by con-
ducting the pilot study can be seen in Table 3: 

In the next step, according to the total sample size obtained from 
equation (14), the sample size in each of the three classes was propor-
tionally allocated using equation (15) given below. 

ni = n

⎛

⎜
⎜
⎜
⎝

Ni

∑l

i=1
Ni

⎞

⎟
⎟
⎟
⎠

= n
(

Ni

N

)

(15) 

Sample sizes for low-water, medium-water and almost full-water 
areas were obtained at 49, 52 and 69, respectively. 

3.5. Variables and models specification 

The variables that were entered in the CL model and CL model with 
interaction effects have been presented (Table 4). 

In this study, Stata14, SPSS22 and Excel 2013 software packages 
have been used in different stages for the purpose of estimations and 
different statistical operations. 

We used the Statistics > Binary outcomes > Conditional logistic 
regression menu and the following syntaxes to estimate the conditional 
logit model and conditional logit model with interaction effects in 
Stata14, respectively: 

clogit choice sq guarand price trans ground market techno, group 
(idvar). 

Table 1 
Attributes and their levels.  

Attribute Level 

Amount of guaranteed water 
supply (m3/ha) 

18900 
19240 
19604 
19838 
20229 

Water supply measures Water transfer from Doroodzan dam and river 
Use of treated urban wastewater 
Control over groundwater abstraction 
Strengthening and development of agricultural 
water market 
Use of water-saving technologies 

Water price (IRR/m3) 130 
150 
170 
190 
210  

Table 2 
Example of a choice set.  

Attributes Plan A Plan B None 

Amount of 
guaranteed 
water supply 
(m3/ha) 

18900 19240 18666 (Your status 
quo (SQ) that is 
without guarantee) 

Water supply 
measures 

Water transfer 
from Doroodzan 
dam and river 

Use of treated 
urban 
wastewater 

Without any 
measures (Well and 
dam water) 

Water price (IRR/ 
m3) 

130 190 110 

Choice □ □ □  

Table 3 
The number of farmers and the variance of the area under cultivation in three 
classes.  

Area Number of farmers. Variance of the area under cultivation 

Low-water 5929 27.7 
Medium-water 6209 41 
Almost full-water 8363 54.8 
All areas 20501   
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clogit choice sq guarand price trans ground market techno pricearea 
sqage sqedu sqinc sqarea sqprodu sqflood sqwell, group (idvar). 

Choice is dependent variable, indicating choice of plan A or B or 
none of them and its amount is 1 for selected option and 0 for not 
selected option also idvar indicates each unique choice made by 
respondent on survey that its numbers for all 3 choices in every choice 

set for every respondent are the same. 
According to the function 4, the utility function of individual i for 

alternative j (Vij) in conditional logit model and conditional logit model 
with interaction effects can be written as bellow, respectively:  

Vij = βs SQ + βp PRICE + βg GUARAN + βt TRANS + βgr GROUND + βm 
MARKET + βt TECHNO                                                                         

Vij = βs SQ + βp PRICE + βg GUARAN + βt TRANS + βgr GROUND + βm 
MARKET + βt TECHNO + βpa PRICE*AREA + βsa SQ*AGE + βse SQ*EDU 
+ βsi SQ*INC + βsar SQ*AREA + βsp SQ*PRODU + βsf SQ*FLOOD + βsw 
SQ*WELL                                                                                            

Where βs, βp, βg are the coefficients for the status quo, water price and 
amount of guaranteed water supply, respectively, and βt, βgr, βm, βt are 
the coefficients for the various water supply measures. βpa is the coef-
ficient for interaction effect between water price and area under culti-
vation (PRICE*AREA) also βsa, βse, βsi, βsar, βsp, βsf, βsw are the coefficients 
for interaction effects of status quo with age (SQ*AGE), education 
(SQ*EDU), income (SQ*INC), area under cultivation (SQ*AREA), 
product type (SQ*PRODU), flooded irrigation system (SQ*FLOOD) and 
well irrigation source (SQ*WELL), respectively. 

4. Results and discussion 

4.1. CL model for low-water area 

The results of the CL model for low-water area are presented 
(Table 5). As it is clear from the table, the coefficients (Coef.) and pos-
sibility (P) for status quo, water price, amount of guaranteed water 
supply, water transfer from Doroodzan dam and river, control over 
groundwater abstraction, strengthening and development of agricul-
tural water market, use of water-saving technologies variables are 
− 0.832, − 0.006, 0.000, 0.457, 0.546, 0.524, 1.373 and 0.005, 0.032, 
0.996, 0.039, 0.015, 0.018, 0.000 respectively. It is observed that all 
coefficients except one for amount of guaranteed water supply attribute 
are significant at the level of 1%. In such models, the interpretation of 
coefficients is not done directly, except for the interpretation of the 
significance and relative size of the coefficients. Due to the insignifi-
cance of amount of guaranteed water supply, it can be concluded that 
this attribute at available levels is not important to the farmers in this 
area and does not play a significant role in their preferences. In other 
words, most farmers in this area have had a similar reaction to this 
component, while other variables play a role in their preferences due to 
their significance. The positive signs of the coefficients of variables, such 
as water transfer from Doroodzan dam and river, control over ground-
water abstraction, strengthening and development of agricultural water 
market, use of water-saving technologies indicate that farmers in this 
area accept policies which have applied water supply measures, such as 
water transfer from Doroodzan dam and river, control over groundwater 
abstraction, strengthening and development of agricultural water mar-
ket or use of water-saving technologies. The negative sign of the price 
coefficient indicates that farmers in this area do not prefer policies that 
lead to an increase in water price. This matter corresponds with the 
utility economic theory that a price increase leads to a decrease in utility 
by being constant for the rest of the conditions (Hashemi Bonab, 2012). 
In addition, one can see that the largest coefficient is estimated for the 
use of water-saving technologies. Control over groundwater abstraction, 
strengthening and development of agricultural water market, water 
transfer from Doroodzan dam and river and amount of guaranteed water 
supply are in the second, third, fourth and fifth ranks, respectively. The 
negative sign of the status quo coefficient indicates that farmers in this 
area prefer policies that guarantee irrigation water supply to their cur-
rent situation, that there is no guarantee for amount of water supply, no 
complementary measures are taken to ensure water supply in the future 
and water price remains unchanged. 

There are examples and case studies to illustrate how these policies 

Table 4 
Selected variables in the model.  

Variable name Definition of variable Operational form of 
variables in the model 
(Coding of variables) 

Status quo (SQ) The current situation 
of farmers 

Dummy variable 
Without water supply 
measures (SQ) = 1 
With water supply measures 
= 0 

Water price (PRICE) Corresponding levels 
of PRICE 

Continuous variable 

Amount of guaranteed 
water supply 
(GUARAN) 

Corresponding levels 
of GUARAN 

Continuous variable 

Water transfer from 
Doroodzan dam and 
river (TRANS) 

The first level of 
water supply 
measures 

Dummy variable 
Water transfer from 
Doroodzan dam and river =
1 
Other water supply measures 
and SQ = 0 

Control over groundwater 
abstraction (GROUND) 

The third level of 
water supply 
measures 

Dummy variable 
Control over groundwater 
abstraction = 1 
Other water supply measures 
and SQ = 0 

Strengthening and 
development of 
agricultural water 
market (MARKET) 

The fourth level of 
water supply 
measures 

Dummy variable 
Strengthening and 
development of agricultural 
water market = 1 
Other water supply measures 
and SQ = 0 

Use of water-saving 
technologies (TECHNO) 

The fifth level of 
water supply 
measures 

Dummy variable 
Use of water-saving 
technologies = 1 
Other water supply measures 
and SQ = 0 

Age (AGE) Age of the studied 
people 

Continuous variable 

Education (EDU) Education level of the 
studied people 

Dummy variable 
Diploma and under diploma 
people = 0 
Top of diploma = 1″ 

Income (INC) The monthly income 
of the studied people 

Less than 1 million tomans =
1 
1 to 2 million tomans = 2 
2 to 3 million tomans = 3 
More than 3 million tomans 
= 4 

Area under cultivation 
(AREA) 

Area under 
cultivation of the 
studied people 

Continuous variable 

Product type (PRODU) The planted product 
type by the studied 
people 

Dummy variable 
Products with high water 
requirement = 1 
Products with low water 
requirement = 0 

Flooded irrigation system 
(FLOOD) 

Irrigation system type 
of the studied people 

Dummy variable 
Flooded irrigation system =
1 
Pressurized irrigation 
system, flooded and 
pressurized irrigation system 
together = 0 

Well irrigation source 
(WELL) 

Irrigation source type 
of the studied people 

Dummy variable 
Well irrigation source = 1 
River, river and well 
irrigation source together =
0  
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might impact agricultural practices in the studied areas: 
Water-saving technologies have a significant impact on the produc-

tion efficiency of high-quality farmers. By mastering water-saving 
technologies, high-quality farmers can better utilize water resources, 
improve irrigation efficiency and soil fertility, thereby increasing agri-
cultural production efficiency and farmers’ income (Xiankai and 
Dongmei, 2024). 

Findings of Foster et al. (2017) have important implications for 
research and policy related to groundwater management. They suggest 
that, in a depleting aquifer, efforts to reduce groundwater use should be 
targeted spatially and temporally to minimize future reductions in well 
yields and resultant negative impacts on agricultural productivity and 
resilience to drought. 

In order to increase the efficiency of water consumption, increase the 
income of farmers, reduce the risk of farmers’ income, increase the in-
vestment of the private sector in the Iran’s water industry, increase the 
participation of people in the management of water resources, and 
reduce the government’s expenses in the management and distribution 
of water resources, it is necessary to form and strengthen water markets 
should be taken into consideration by the policy makers of the water 
industry and the agricultural sector (Jofreh and Alizadeh, 2010). 

Hailiang et al. (2008) investigated the water transfer effects on 
agricultural development in the lower Tarim River, Xinjiang of China. 
Water transfer improved greatly both agricultural production and ani-
mal husbandry, the areas utilized or available for farming increased 
greatly; furthermore, the total value of agricultural production increased 
by 128%. 

Mesa-Jurado et al. (2012) concluded that, when water is scarce, 
farmers have non-market values associated with increased guarantee in 
addition to direct use for supplied water. This means that farmers 
perceive benefits in this change as their welfare increases, providing 
evidence of the predisposition to measures or strategies that permit such 
improvement. 

Zamani et al. (2021) found that a water-pricing policy can change the 
cropping pattern and also irrigation system within the limitations of the 
case study. It can also be a driver to motivate farmers to use a modern 
and more efficient irrigation system. 

4.2. CL model for medium-water area 

The results of the CL model for medium-water area are presented in 
Table 5. Based on the presented information in this table, it is observed 
that the coefficients of measures, such as water transfer from Doroodzan 
dam and river, control over groundwater abstraction and use of water- 
saving technologies are significant at the level of 1%, which has been 
important to the farmers in this area and plays a role in their prefer-
ences. The coefficients of attributes, such as amount of guaranteed water 
supply, and strengthening and development of agricultural water mar-
ket, are not significant and therefore, not important to farmers. In fact, 
the farmers in this area have had a similar reaction to these components. 

The positive signs of the coefficients of water transfer from Doroodzan 
dam and river, control over groundwater abstraction and use of water- 
saving technologies indicate that farmers in this area accept policies 
which have applied water supply measures such as water transfer from 
Doroodzan dam and river, control over groundwater abstraction and use 
of water-saving technologies. The price is significant and its coefficient 
is negative, which indicates farmers in this area do not prefer policies 
that lead to an increase in water price because it reduces their utility. 
This subject corresponds with the utility economic theory that a price 
increase leads to a decrease in utility by being constant for the rest of the 
conditions (Hashemi Bonab, 2012). In addition, we can see that the 
largest coefficient is estimated to the use of water-saving technologies. 
Control over groundwater abstraction, water transfer from Doroodzan 
dam and river, strengthening and development of agricultural water 
market and amount of guaranteed water supply are in the second, third, 
fourth and fifth ranks, respectively. The coefficient of the status quo 
variable is not significant and its sign is negative, which indicates 
farmers in this area do not care about the current situation and it has no 
role in their preferences. 

4.3. CL model for almost full-water area 

The results of the CL model for almost full-water area are presented 
in Table 5. Based on the presented information in this table, it is 
observed that the coefficients of attributes such as amount of guaranteed 
water supply, control over groundwater abstraction and use of water- 
saving technologies are significant at the level of 1%. Also, the co-
efficients of attributes such as water transfer from Doroodzan dam and 
river and strengthening and development of agricultural water market 
are not significant. This means that they are unimportant to the farmers. 
In other words, the farmers in this area have had a similar reaction to 
these components. The positive signs of the coefficients of amount of 
guaranteed water supply, control over groundwater abstraction and use 
of water-saving technologies indicate that farmers in this area accept 
policies which increase amount of guaranteed water supply and have 
applied water supply measures such as control over groundwater 
abstraction and use of water-saving technologies. In addition, the vari-
able of water price is not significant and its coefficient sign is negative, 
which indicates the water price changes are unimportant to farmers in 
this area and are ineffective in their preferences. In addition, we can see 
that the largest coefficient is estimated for the use of water-saving 
technologies. Control over groundwater abstraction, strengthening and 
development of agricultural water market, water transfer from Dor-
oodzan dam and river and amount of guaranteed water supply are in the 
second, third, fourth and fifth ranks, respectively. The coefficient of the 
status quo variable is significant and its sign is negative, which indicates 
farmers in this area prefer policies that guarantee irrigation water sup-
ply to their current situation. 

Table 5 
Results of CL for low, medium and almost full-water areas.   

Variable 
Low-water area Medium-water area Almost full-water area 

Coef. Std. Err. P Coef. Std. Err. P Coef. Std. Err. P 

SQ − 0.832 0.300 0.005 − 0.313 0.300 0.297 − 0.842 0.261 0.001 
PRICE − 0.006 0.003 0.032 − 0.005 0.003 0.053 − 0.004 0.002 0.082 
GUARAN 0.000 0.000 0.996 0.000 0.000 0.265 0.000 0.000 0.013 
TRANS 0.457 0.221 0.039 0.872 0.225 0.000 − 0.183 0.189 0.331 
GROUND 0.546 0.224 0.015 0.901 0.228 0.000 0.690 0.187 0.000 
MARKET 0.524 0.221 0.018 0.308 0.230 0.182 0.340 0.185 0.066 
TECHNO 1.373 0.270 0.000 1.320 0.269 0.000 1.079 0.225 0.000 

Obs 1176   1248   1656   
LL − 381.19   − 406.01   − 513.56   
LR chi2(7) 98.94  0.000 102.03  0.000 185.76  0.000 
Pseudo-R2 0.11   0.11   0.15    
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4.4. CL model for all areas 

The results of the CL model for all areas are presented in Table 6. 
Based on the presented information in this table, it was observed that all 
of the coefficients are significant at the level of 1%. The positive signs of 
coefficients of variables such as amount of guaranteed water supply, 
water transfer from Doroodzan dam and river, control over groundwater 
abstraction, strengthening and development of agricultural water mar-
ket and use of water-saving technologies indicate that farmers in all 
areas accept policies which increase the amount of guaranteed water 
supply and have applied water supply measures such as water transfer 
from Doroodzan dam and river, control over groundwater abstraction, 
strengthening and development of agricultural water market and use of 
water-saving technologies. In other words, the farmers in the whole area 
prefer all attributes of policies that guarantee the supply of irrigation 
water. The negative sign of price variable means that the options with 
higher suggested prices reduce the utility of farmers and have a lower 
probability of choice than other options. In other words, the farmers in 
all areas did not prefer policies that lead to an increase in water price. 
This subject corresponds with the utility economic theory that a price 
increase leads to a decrease in utility by being constant for the rest of the 
conditions (Hashemi Bonab, 2012). In addition, one can see that the 
largest coefficient was for the use of water-saving technologies. Control 
over groundwater abstraction, strengthening and development of agri-
cultural water market, water transfer from Doroodzan dam and river 
and amount of guaranteed water supply are in the second, third, fourth 
and fifth ranks, respectively. The negative sign of the status quo variable 
indicates that farmers in the whole area under study prefer policies that 
guarantee irrigation water supply to their current situation. 

Since in CL models only the sign of the coefficients is interpreted, and 
since in this study the CEM was used, one can interpret the numerical 
amount of the coefficient so that larger coefficients can reflect the 
greater importance of attribute because it ultimately leads to more WTP. 
According to the results in Table 5 (in all three areas, including low, 
medium and almost full-water) as well as in Table 6 for all areas 
together, use of water-saving technologies is more important to farmers 
and leads to higher WTP for it compared to the other options. 

4.5. Results of the CL model with interaction effects 

Since socio-economic variables are the same throughout the choice 
sets but are different from person to person, to enter them, the inter-
action effects of these variables with the status quo and the interaction 
effect of price with the area under cultivation were added into the CL 
model. In this section, the results of the CL model with interaction effects 
for all three areas, including low, medium and almost full-water, as well 
as all areas are presented. 

4.5.1. Low-water area 
The results in Table 7 show that only the variables of the interaction 

effect that were found to be significant were age and the status quo, and 

well irrigation source and the status quo; other interaction effects were 
insignificant in the low-water area. On the other hand, the coefficients of 
the mentioned variables have become positive, which shows that an 
increase in the age of farmers raises the tendency to choose the current 
situation. Also, the positive sign of the coefficient of interaction effect 
between the well irrigation source and the status quo indicates that 
farmers using the well irrigation source tend to choose the status quo in 
this area compared to those using the river or river and well irrigation 
source together. 

4.5.2. Medium-water area 
The results of Table 7 show that only the variable of the interaction 

effect of flooded irrigation system and status quo was significant in this 
area, and other interaction effects have become insignificant. The pos-
itive sign of the variable coefficient of interaction effect of flooded 
irrigation system and status quo indicates that farmers using the flooded 
irrigation system tend to choose the status quo compared to those using 
the pressurized irrigation system or both of them together in this area. 

4.5.3. Almost full-water-area 
The results of Table 7 show that only three variables of the interac-

tion effect were significantly different from zero. These were: age and 
the status quo, education and status quo, and well irrigation source and 
status quo. In this area, the coefficients for the interaction effect of age, 
and the status quo and the interaction effect of the well irrigation source 
and the status quo, have become positive, similar to that observed for 
the low-water area. This indicates that older farmers and farmers using 
well water prefer the status quo in this area compared to those using the 
river or river and well water together. The negative sign of the variable 
coefficient of interaction effect of education and status quo indicates 
that farmers with higher levels of education have more tendency to 
accept the irrigation water policies to guarantee water supply in this 
area. 

4.5.4. All areas 
The results of the CL model with interaction effects for all areas are 

presented in Table 8. The results show that only the variables of inter-
action effect of age and status quo and that between education and status 
quo were significant in the combined all areas. Their coefficients were 
positive and negative, respectively, suggesting that the younger farmers 
and the farmers with higher levels of education have more tendency to 
accept the irrigation water policies to guarantee water supply in all areas 
rather than the status quo. Although it was expected that farmers who 
have more area under cultivation, are less sensitive to high water price, 
the results of this study showed that the interaction effect of price and 
area under cultivation variable was not statistically significant. 

4.6. Assessing the goodness-of-fit of the statistical models 

4.6.1. LR chi2 and pseudo-R2 statistics 
LR chi2 and pseudo-R2 statistics for CL and CL model with interac-

tion effects are presented in Table 9. LR represents the likelihood ratio 
criterion that is used to test the significance of the whole regression. 
Based on the obtained results, the null hypothesis based on the insig-
nificance of all coefficients is rejected for all models. Pseudo-R2 repre-
sents the explanatory power of the model. According to Louviere et al. 
(2000), in order that the results of the model to be acceptable, the 
McFadden statistic or Pseudo-R2 of the model must be above 0.1 and in 
other words, its amount in the range of 0.2–0.3 is equal to its amount in 
the ordinary least squares in the range of 0.7–0.9. The amount of this 
statistic for CL model for low, medium, almost full-water areas, all areas 
and CL model with interaction effects for low, medium and almost 
full-water areas, all areas are equal to 0.11, 0.11, 0.15, 0.12, 0.17, 0.13, 
0.19, 0.13, respectively, which indicates the good explanatory power of 
all models. 

Table 6 
Results of CL model for all areas.  

Variable Coef. Std. Err. P 

SQ − 0.674 0.163 0.000 
PRICE − 0.005 0.001 0.001 
GUARAN 0.000 0.000 0.025 
TRANS 0.321 0.119 0.007 
GROUND 0.702 0.120 0.000 
MARKET 0.384 0.119 0.001 
TECHNO 1.218 0.144 0.000 

Obs 4080   
LL − 1319.22   
LR chi2(7) 349.78  0.000 
Pseudo-R2 0.12    
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4.6.2. AIC and BIC criteria 
According to equations (12) and (13) and the amount of lnL, N, K in 

Tables 5–8, AIC and BIC for CL and CL models with interaction effects 
are calculated and presented in Table 10. 

When fitting models, it is possible to increase the maximum likeli-
hood by adding parameters, but doing so may result in overfitting. Both 
BIC and AIC attempt to resolve this problem by introducing a penalty 
term for the number of parameters in the model; the penalty term is 
larger in BIC than in AIC for sample sizes greater than 7 (Stoica and Selen 
2004). BIC favourises more parsimonious models than AIC due to its 
penalization (Gilbert, 2007) BIC is consistent. A consistent selector is 
one which will select the true model with probability approaching 100% 
as the number of observations (N) tends to infinity. AIC is not consistent 

because it has a non-vanishing chance of choosing an unnecessarily 
complex model as N becomes large (John et al., 2020). 

In this study the number of observations for statistical models are 
large so for choosing the best models we use BIC criteria. BIC criteria for 
CL model for low, medium, almost full-water area and all areas together 
are 826.01, 876.18, 1093.83 and 2713.26 also these figures for CL 
model with interaction effects for low, medium, almost full-water area 
and all areas together are 834.59, 919.86, 1105.75 and 2724.91, 
respectively, which these amount for CL models are lower than them for 
CL models with interaction effects in every area. Therefor CL models are 
preferable compared to CL models with interaction effects. 

4.7. Calculation of willingness to pay (WTP) 

Due to the impossibility of direct interpretation of coefficients in 
such models, the final rate of substitution between non-market attri-
butes and monetary attribute was calculated. The results of this calcu-
lation can be interpreted as the average ratio of marginal willingness to 
pay (MWTP) to change each attribute or the implicit prices of each 
attribute (Hausman and McFadden, 1984). In this study, the implicit 
price has been calculated as MWTP for farmers through an increase in 
water price per m3 for a change in each of the attributes of policies to 
guarantee irrigation water supply for two models (Table 11). 

Table 7 
Results of CL model with interaction effects for low, medium and almost full-water areas.  

Variable Low-water area Medium-water area Almost full-water area 

Coef. Std. Err. P Coef. Std. Err. P Coef. Std. Err. P 

SQ − 2.789 0.838 0.001 − 0.063 0.889 0.944 − 3.645 0.926 0.000 
PRICE − 0.001 0.003 0.608 − 0.005 0.006 0.338 − 0.005 0.003 0.055 
GUARAN − 0.000 0.000 0.778 0.000 0.000 0.291 0.000 0.000 0.009 
TRANS 0.409 0.225 0.070 0.860 0.226 0.000 − 0.166 0.189 0.379 
GROUND 0.514 0.226 0.023 0.893 0.229 0.000 0.716 0.188 0.000 
MARKET 0.465 0.224 0.038 0.294 0.231 0.204 0.371 0.187 0.047 
TECHNO 1.306 0.273 0.000 1.303 0.270 0.000 1.123 0.227 0.000 
PRICE*AREA − 0.000 0.000 0.095 0.000 0.000 0.959 0.000 0.000 0.352 
SQ*AGE 0.058 0.013 0.000 − 0.003 0.125 0.805 0.042 0.012 0.000 
SQ*EDU − 0.672 0.374 0.073 − 0.095 0.316 0.765 − 0.885 0.312 0.005 
SQ*INC − 0.253 0.180 0.158 − 0.075 0.167 0.656 0.181 0.156 0.247 
SQ*AREA − 0.003 0.154 0.825 − 0.010 0.040 0.809 − 0.119 0.015 0.442 
SQ*PRODU 0.101 0.423 0.811 0.500 0.277 0.071 0.467 0.312 0.134 
SQ*FLOOD − 0.255 0.326 0.434 0.743 0.301 0.013 − 0.002 0.308 0.996 
SQ*WELL 1.023 0.375 0.006 − 0.412 0.323 0.202 1.369 0.511 0.007 

Obs 1176   1248   1656   
LL − 357.20   − 399.33   − 489.87   
LR chi2(7) 146.91  0.000 115.38  0.000 233.14  0.000 
Pseudo-R2 0.17   0.13   0.19    

Table 8 
Results of CL model with interaction effects for all areas.  

Variable Coef. Std. Err. P 

SQ − 0.792 0.441 0.000 
PRICE − 0.004 0.002 0.026 
GUARAN 0.000 0.000 0.032 
TRANS 0.310 0.119 0.009 
GROUND 0.696 0.121 0.000 
MARKET 0.371 0.120 0.002 
TECHNO 1.206 0.145 0.000 
PRICE*AREA − 0.000 0.000 0.612 
SQ*AGE 0.031 0.007 0.000 
SQ*EDU − 0.668 0.176 0.000 
SQ*INC 0.019 0.086 0.828 
SQ*AREA − 0.008 0.009 0.369 
SQ*PRODU 0.215 0.166 0.195 
SQ*FLOOD 0.073 0.162 0.650 
SQ*WELL 0.323 0.193 0.094 

Obs 4080   
LL − 1291.82   
LR chi2(7) 404.58  0.000 
Pseudo-R2 0.13    

Table 9 
LR chi2 and pseudo-R2 statistics for CL and CL model with interaction effects.   

Statistic 
CL model CL model with interaction effects 

Low-water Medium-water Almost full-water All areas Low-water Medium-water Almost full-water All areas 

LR chi2 (7) 98.94 (0.000) 102.03 (0.000) 185.76 (0.000) 349.78 (0.000) 146.91 (0.000) 115.38 (0.000) 233.14 (0.000) 404.58 (0.000) 
Pseudo-R2 0.11 0.11 0.15 0.12 0.17 0.13 0.19 0.13  

Table 10 
AIC and BIC for CL and CL model with interaction effects.  

Statistical models AIC BIC 

CL model for low-water area 780.38 826.01 
CL model for medium-water area 830.02 876.18 
CL model for almost full-water area 1045.12 1093.83 
CL model for all areas 2656.44 2713.26 
CL model with interaction effects for low-water area 748.40 834.59 
CL model with interaction effects for medium-water area 832.66 919.86 
CL model with interaction effects for almost full-water area 1013.74 1105.75 
CL model with interaction effects for all areas 2617.64 2724.91  

Z. Saeedi et al.                                                                                                                                                                                                                                  



Groundwater for Sustainable Development 26 (2024) 101233

10

Results for the CL model with interaction effects are not compatible 
with reality or, in other words, are very far from reality, but in the first 
model, which is the CL, the results are consistent with reality and its 
results can be used as a basis of calculating WTP also according to the 
BIC criteria CL models are preferable compared to CL models with 
interaction effects. Since WTPs in the CL model are compatible with 
reality and did not lead to illusory results, it is not necessary to do the IIA 
test (In this study, other models including the ML Model were estimated, 
but because MWTPs had not much difference to the CL model, CL is 
sufficient). The highest WTP of farmers for amount of guaranteed water 
supply was estimated for low-water area. This shows that farmers are 
willing to pay more for amount of guaranteed water supply attribute in 
low-water area than those in the other two areas due to water shortage 
and no guarantee of irrigation water. The WTP of farmers for this 
attribute in the almost full-water and medium-water areas ranked sec-
ond and third, respectively. The highest WTP of farmers for water 
transfer from Doroodzan dam and river attribute and control over 
groundwater abstraction attribute were estimated for the medium-water 
area. The WTP of farmers for water transfer from Doroodzan dam and 
river attribute in the low-water and almost full-water areas have the 
second and third ranks, respectively. The WTP of farmers for this attri-
bute have been negative in the almost full-water area. In other words, 
WTP is less than the willingness to receive. This shows that the farmers 
in this area do not tend to pay for the transfer of water from the Dor-
oodzan Dam, but they have willingness to receive because the wells of 
the farmers in this area have enough water and they do not have any 
limitations on water use. In fact, it can be inferred that if water is sup-
plied from Doroodzan Dam, they have to limit the water abstraction of 
the well so that somehow the government has to pay reserve subsidy for 
non-abstraction of well water, which is one of the policies of the water 
sector. The farmers in low-water area had the highest WTP for the 
strengthening and development of agricultural water market attribute. 
In other words, they are willing to pay more money than the other two 
areas in order to develop and strengthen the agricultural water market. 
Also, WTP of farmers for this attribute in the almost full-water and 
medium-water areas are in the second and third ranks, respectively. 
Also, the farmers in the almost full-water area have the highest WTP for 
the use of water-saving technologies, because the area under cultivation 
for the pressurized irrigation in this area is less than the other two areas 
and the farmers in this area have more tendency to implement it. The 
WTP of farmers for this attribute in the medium-water and low-water 
areas are in the second and third rank, respectively. The highest WTP 
of farmers is related to the use of water-saving technologies in all three 
areas. According to the results of Tables 11, it can be observed that the 
highest WTP for the use of water-saving technologies is 254.89 IRR per 
m3 and the lowest WTP for amount of guaranteed water supply is 0.05 
IRR per m3 for each farmer in the whole of area under study. WTP of 
farmers for control over groundwater abstraction, strengthening and 
development of agricultural water market and water transfer from 
Doroodzan dam and river are 146.92, 80.33 and 67.21 IRR per m3, 
respectively. These are in the second, third and fourth ranks, respec-
tively. WTP of farmers for water supply measures is more than WTP for 
amount of guaranteed water supply. Alcon et al. (2014) implemented a 
similar study in Segura, the basin of a low-water river in the south-east 

of Spain and found that the highest WTP for amount of guaranteed water 
supply and the lowest WTP is related to the strengthening and devel-
opment of agricultural water market. Considering that WTP for amount 
of guaranteed water supply was higher than WTP for water supply 
measures in the recent study, it can be found that the results of this study 
are not in the same direction with the study of Alcon et al. (2014). 

Calculating WTP estimates for water policy decision-making is a 
complex task that involves various limitations and uncertainties. It’s 
important to recognize these limitations to ensure that WTP estimates 
are interpreted and used appropriately including: 

Hypothetical bias (respondents may not behave the same way in real 
situations) and strategic behavior (respondents may manipulate their 
answers to influence policy outcomes) can affect the accuracy of WTP 
estimates (Whittington et al., 1990; Gschwandtner et al., 2020). 

WTP estimates heavily depend on the information provided to re-
spondents during valuation surveys. The way the survey questions are 
framed, the complexity of the information, and the context in which the 
valuation is conducted can influence respondents’ WTP responses. Small 
changes in framing or information presentation may lead to significantly 
different WTP estimates (Wang et al., 2010; Tussupova et al., 2015). 

The accuracy of WTP estimates depends on the representativeness of 
the sample used in the valuation survey. If the sample does not 
adequately represent the target population in terms of demographics, 
socioeconomic status, or geographic distribution, the estimates may not 
reflect the true preferences of the broader population (Kwak et al., 2013; 
Balana et al., 2013). 

In summary, while WTP estimates provide valuable information for 
water policy decision-making, their limitations and uncertainties should 
be carefully considered. Acknowledging these limitations and adopting 
a multidimensional approach can enhance decision-making processes 
and promote more sustainable and equitable water policies. 

5. Conclusion and policy implication 

In this study, which was carried out using the CE framework and 
estimated using the CL model, WTP of farmers in Marvdasht County, 
who do not have an amount of guaranteed irrigation water supply due to 
frequent droughts and a reduction in the level of groundwater, was 
investigated for attributes of agricultural water policies to guarantee 
water supply in 2015. Also, the CL model with interaction effects has 
been used to import the socio-economic characteristics of farmers. 
Estimation of the CL model with interaction effects showed that age and 
education have negative and positive significant effects on WTP of 
farmers in all areas, respectively. WTP of farmers in low-water area for 
attributes, such as amount of guaranteed water supply, water transfer 
from Doroodzan dam and river, control over groundwater abstraction, 
strengthening and development of agricultural water market and use of 
water-saving technologies were 1.60, 78.69, 94.01, 90.32, 236.38; in the 
medium-water area were 0.039, 168.32, 173.90, 59.42, 254.84; in the 
almost full-water area were 0.097, − 45.81, 172.20, 84.81, 269.35 and in 
all areas are 0.05, 67.21, 146.92, 80.33, 254.89 IRR per m3, respec-
tively. In other words, the highest and the lowest WTP of farmers are 
related to the use of water-saving technologies and amount of guaran-
teed water supply in the low-water and medium-water areas, 

Table 11 
MWTP of farmers for attributes in CL model and CL model with interaction effects (IRR/m3).   

Attributes 
CL Model CL model with interaction effects 

Areas All areas Areas All areas 

Low-water Medium- water Almost full- water Low-water Medium- water Almost full-water 

GUARAN 1.60 0.039 0.097 0.05 − 0.03 0.04 0.08 0.05 
TRANS 78.69 168.32 − 45.81 67.21 224.17 158.43 − 31.34 74.43 
GROUND 94.01 173.90 172.20 146.92 281.70 164.61 134.85 166.93 
MARKET 90.32 59.42 84.81 80.33 255.07 54.16 69.88 89.06 
TECHNO 236.38 254.84 269.35 254.89 716.25 240.04 211.51 289.32  
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respectively. The highest and the lowest WTP of farmers are related to 
the use of water-saving technologies and water transfer from Doroodzan 
dam and river in the almost full-water area, respectively. In other words, 
the farmers in this area have a willingness to receive for water transfer 
from Doroodzan dam and river measure. Also, the farmers in all areas 
have the highest to the lowest WTP for attributes such as use of water- 
saving technologies, control over groundwater abstraction, strength-
ening and development of agricultural water market, the water transfer 
from Doroodzan dam and river and amount of guaranteed water supply, 
respectively. According to the results, it is suggested that policy makers 
in Iran (and those for the Fars province) need to pay attention to this 
prioritization of the adopted policies and decisions to guarantee irriga-
tion water supply. Furthermore, the policies aimed at the adoption of 
water-savings technologies should be given a higher preference. The 
result of the study recommended that water policy has significant im-
pacts on the world, affecting various aspects of human life, the envi-
ronment, and socioeconomic development. In this study, some key 
impacts of water policy are mentioned: Water Resource Management: 
Effective water policies help in managing water resources sustainably. 
They involve strategies for water allocation, conservation, and pollution 
control. By ensuring the availability of clean and adequate water sup-
plies, water policies promote public health, agriculture, industry, and 
ecosystem preservation. Access to Clean Water: Water policies play a 
crucial role in ensuring access to clean drinking water for communities. 
They address issues of water quality, sanitation, and hygiene, particu-
larly in developing regions where waterborne diseases are prevalent. 
Accessible and affordable clean water improves public health, reduces 
child mortality, and enhances overall well-being. Agricultural Produc-
tion: Water policies influence agricultural practices and productivity. 
They often include irrigation management, water pricing mechanisms, 
and incentives for efficient water use. By promoting sustainable agri-
cultural water management, policies can enhance food security, increase 
crop yields, and reduce water-related conflicts between different sectors. 
Industrial and Energy Sectors: Water is essential for various industrial 
processes and energy generation. Water policies guide the allocation and 
use of water resources among industrial sectors, ensuring equitable 
distribution and efficient utilization. Policies may encourage water 
recycling, efficiency measures, and the use of alternative water sources, 
minimizing the environmental impact of industrial activities. Ecosystem 
Conservation: Water policies consider the needs of ecosystems and 
biodiversity. They aim to protect and restore aquatic habitats, wetlands, 
and river systems. By maintaining ecological balance, water policies 
support the health of ecosystems, preserve biodiversity, and safeguard 
the services provided by natural water systems. Climate Change Adap-
tation: Water policies increasingly focus on climate change adaptation. 
They address the potential impacts of climate change on water avail-
ability, such as altered precipitation patterns and rising sea levels. Pol-
icies may include measures like water storage infrastructure, flood 
management, and drought preparedness, ensuring resilience in the face 
of climate-related challenges (Karamidehkordi et al., 2024). Trans-
boundary Water Management: Many water bodies cross national 
boundaries, leading to shared water resources. Water policies facilitate 
cooperation and negotiation among countries for the equitable and 
sustainable management of transboundary waters. International agree-
ments and frameworks are crucial in preventing conflicts and promoting 
collaboration in water management. Economic Development: Water 
policies have economic implications at various scales. They influence 
sectors such as agriculture, industry, tourism, and transportation, which 
rely on water resources. Effective policies can stimulate economic 
growth, create employment opportunities, and attract investments in 
water-related infrastructure. Social Equity: Water policies aim to ensure 
equitable distribution and access to water resources, particularly among 
marginalized communities. They address issues of water affordability, 
water rights, and social inclusion. By promoting social equity, water 
policies contribute to reducing poverty, improving livelihoods, and 
fostering social cohesion. Conflict Prevention: Water scarcity and 

competition for water resources can lead to conflicts and tensions be-
tween different stakeholders. Well-designed water policies help prevent 
conflicts by establishing clear rules, promoting dialogue, and fostering 
cooperation among users. By providing a framework for equitable and 
peaceful water management, policies contribute to stability and 
peace-building efforts. It is important to note that the impacts of water 
policy can vary depending on local contexts, governance structures, and 
the effectiveness of policy implementation. 

Every research has a series of research limitations. This research 
includes several research limitations in the data collection phase, which 
including:  

• The lack of sufficient funds to collect data from all the villages of the 
county. 

• The lack of sufficient knowledge of farmers in completing the ques-
tionnaires, which leads to spending a lot of time in helping farmers to 
complete the questionnaires.  

• The lack of trust of local communities in the field of data collection.  
• The large dispersion of villages from each other, which led to 

spending a lot of time to reach the target community.  
• Non-cooperation of government organizations in the field of access 

to demographic information. 
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