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A B S T R A C T   

Iran experiences insufficient precipitation, resulting in excessive use of groundwater resources, leading to 
negative water balances in many plains. As a result, the Ministry of Energy began implementing the Groundwater 
Rehabilitation and Balancing Plan (GRBP) in 2006 to replenish the aquifers. The plan includes measures such as 
Blocking Illegal Wells (BIW), Equipping Wells with Volumetric Meters (EWVM), Increasing Patrol and Control 
(IPC), and inspecting the degree of exploitation of groundwater, etc. In this study, researchers examined the level 
of social agreement between farmers and experts on the effectiveness of the Ministry of Energy’s policies for the 
GRBP and assessed the farmers’ response to droughts in this descriptive-analytic study. The data were collected 
using questionnaires designed in Likert scale, and they were analyzed in R programming language using the t- 
test, independent-sample t-test, and Friedman test. It was found that 84% and 58% of the farmers have negative 
attitudes towards BIW and IPC respectively. Farmers have demonstrated the greatest level of cooperation (90%), 
towards the use of pressured irrigation system (IPIS). The study revealed that farmers and experts disagree about 
the effectiveness of all measures in reviving and balancing groundwater resources. Farmers are not willing to 
cooperate with the government on the implementation of measures that limit their agricultural freedom. Ac-
cording to Friedman’s results, unlike farmers, experts prefer structural and procedural measures, such as 
blocking unauthorized wells, instead of relying on educational methods and culturalization. This study dem-
onstrates how understating and discrediting farmers’ roles in sustainable water resources and constructing a 
monocentric governance system has led to the current situation, which is not ideal for groundwater 
sustainability.   

1. Introduction 

The majority of Iran is located on the world’s desert belt. This, in 
addition to rapid population growth in the 21st century and food inse-
curity, has created controversy over natural resources in Iran (Sadeghi 

et al., 2004; Parhizkari et al., 2015; Jafarzadeh et al., 2016; Yadegari 
et al., 2018). 

In Iran, like a lot of arid and semi-arid countries, groundwater is the 
main resource for domestic, industrial, and agricultural uses. Recently, 
accelerating urbanization, industrialization and climate changes pose 
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threats to the quantity and quality of groundwater (Huan et al., 2018). 
Untapped exploitation and increasing water withdrawal from aquifers 
aggravate the threat to groundwater resources (Jafarzadeh et al., 2016). 
The cumulative groundwater depletion has risen from 65 to 109 billion 
cubic meters in the period of 1994–2014. Water abstraction in 291 out of 
609 main aquifers in Iran has been banned, due to over-exploitation of 
aquifers (Moridi, 2017). 

To prevent this harmful process and preserve resources, it is neces-
sary to implement reduction and balancing policies. The successful 
implementation of these policies needs cooperation among all stake-
holders (Gregory and Leo, 2003; Mohammadi kangarani and Rafsanjani 
Nezhad, 2015; Curtis et al., 2014; Prager et al., 2015; Qobadpour et al., 
2018; Valizadeh et al., 2017, Higuchi et al., 2020). The effectiveness of 
policies depends on the social agreement and cooperation among 
farmers and the government. The experts’ and planners’ better under-
standing of farmers’ behavior and attitude, and vice versa, is funda-
mental to the success of any management policy, therefore identifying 
factors influencing farmers’ motivation in social participation is one of 
the most important components of any project (Savari and Shokati 
Amghani, 2021). 

A study undertaken by Afshar identified factors such as the economic 
status of exploiters, collectivist spirit, the scope of farming, education, 
attitudes toward participatory irrigation management, and the age of 
farmers are the most important factors in their willingness to participate 
in irrigation management. The study concluded that before a water 
supply organization can be established, conducting attitude assessment 
surveys, selecting leading people with appropriate characteristics, 
improving irrigation facilities and their active and sustainable partici-
pation will attract the participation of users in irrigation management 
(Afshar and Zarafshani, 2011). 

The results of a study of five irrigation networks, showed that the 
small size of land plots and the low income of network operators are the 
cause of miss management problems in these networks (Montazer and 
Hedarian, 2000). A study by Karbasi et al. on the relationship and 
participation of researchers and farmers in the wheat production process 
showed that gaining farmers trust relies on measures such as raising the 
level of experience and skills of experts, timely consultation of farmers 
and experts, visiting professional experts and supervisors and moti-
vating farmers to cooperate with experts (Karbasi et al., 2010). Using 
different methods of production and transfer technology is not only a 
way to develop the participation and further interaction of researchers 
and farmers, but also change the attitude of farmers and increase their 
awareness (Croxton, 1999). In their study regarding farmers’ satisfac-
tion with the agricultural extension services in northwestern Ethiopia, 
Elias et al. identified that about 45% of farmers were dissatisfied with 
the extension services, which showed that this program needs to be 
improved. Also, their results showed that the development of 
demand-driven extension services instead of supply-based services is 
more effective (Elias et al., 2016). 

Bashirzadeh et al. analyzed the existing relationships between 
important water sectors in Iran using Ucint and NetDraw software and 
network analysis and identified the main stakeholders as well as the 
most vulnerable ones. The study revealed that some sectors, such as 
farmers, water cooperatives, and the Land and Water Organization, are 
not sufficiently connected with others. The efficiency of water policy in 
Tehran, assessed using network analysis methods and components of 
governance, was found to be low due to the lack of balanced distribution 
of power and lack of coordination and communication between water 
authorities, and not paying attention to the good governance component 
in water management (Bashirzadeh et al., 2009). 

Studies showed that the success of farmers’ participation in the 
implementation of any water resources management policy depends on 
the actual involvement of farmers associations (Sheikh et al., 2016). The 
implementation of such a plan has many stages and takes a long time, 
therefore in developing such plans, attention should be paid to the 
attitude and interest of the users (Montazer and Hedarian, 2000). 

Regarding the level of acceptance of pressurized irrigation technologies 
by farmers in Dashtestan city, a study showed that the knowledge var-
iable has the highest impact, among other variables such as agriculture, 
economics, technic, individual, psychology, and support affecting the 
acceptance of pressurized irrigation technology (Behbahani Motlagh 
et al., 2017). A study by Zawojska led to the development of a model that 
showed the relationship between farmers’ trust and the different di-
mensions of the agencies’ performance on restructuring and moderni-
zation of the irrigation network representatives in Poland. This model 
showed that farmers’ trust and satisfaction with these institutions had a 
relationship with how agencies work and the level of services and pro-
grams provided by Agencies (Zawojska, 2010). 

Investigation of farmers’ satisfaction with the installation of smart 
meters on water wells in the Mahidasht region of Kermanshah province 
by Ghobadpour et al. using a questionnaire showed that farmer’s satis-
faction is impacted by factors such as farmers’ attitude towards water 
protection, understanding the value of water protection, fair installation 
of meters, the usefulness of meters, income, the farmer’s opinion of his/ 
her impact on water protection, access to resources needed for the 
protection of water, education, and training after meter installation 
(Qobadpour et al., 2018). Research carried out by Alipour et al. 
regarding the status of the Groundwater Rehabilitation and Balancing 
Plan (GRBP) in the Neishabour plain in Iran showed that there is no 
necessary infrastructure to implement the project. Problems such as 
delays in information and annual statistics of protection, mistakes in the 
water budget, use of different methods to calculate water balance, un-
informed statistics of illegal wells and even legal withdrawals and un-
availability of funds and patrols and inspections groups’ salaries have 
made the project difficult (Alipour et al., 2016). 

Donya and Sarraf assessed the status of the plan with a view of in-
tegrated water resources management from respective of the structural- 
administrative and social-economic systems to find solutions to the 
existing challenges. According to the analysis, the formation of joint 
working groups of the Ministry of Energy and the Judicial system to 
remove obstacles and review to accelerate the judicial process in this 
area and also create incentive packages to improve the cultivation 
pattern with changes in administrative structure and policy of defining 
the guidelines of the plan are among the necessities for reviewing the 
plan in order to promote and achieve great goals (Donyaei and Sarraf, 
2018). 

There is a pressing need to address these problems because a 
considerable amount of Iranian irrigation water comes from ground-
water, resulting in a negative balance in many aquifers. Therefore, the 
GRBP has been developed by the Ministry of Energy to prevent the 
decline of groundwater levels. The plan is being implemented in the 
plains of Iran such the as Qazvin Aquifer(QP). 

QP is one of the plains known for widespread agricultural produc-
tion, which, like many other plains in Iran, has a negative groundwater 
balance. The agricultural sector of this region, by contributing 2.38% of 
the value added to the total agricultural sector, is the second-largest 
producer of agricultural and horticultural products in Iran (Qazvin 
economic affairs and finance, 2015) and accounts for more than 93% of 
the total water consumption in the plain (Abkhan consulting engineers, 
2013). 

The implementation of the GRBP has been a costly project. For 
instance, in QP, the cost of 15 inspection patrols to prevent violations of 
water resources for 24 months has been one million dollars. Three 
million dollars have been spent in 12 months to block illegal wells and 
1.5 million dollars to equip 1000 wells with a volumetric meter. Even 
though more than 10 years have passed since the start of the GRBP, the 
aquifer continues to experience the same annual water level decline. 
Due to such high costs without any improvement of the groundwater 
level, the evaluation of the project during implementation, the identi-
fication of potential strengths and weaknesses, and efforts to encourage 
the strengths and reduce the weaknesses are essential. To do this, we 
have investigated the opinions of farmers and experts about the 
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management measures of the GRBP in QP by analysis of data collected 
using questionnaires. The study provides useful information for the 
Ministry of Energy, the Ministry of Agriculture-Jahad, exporters, and 
farmers. 

2. Data and methods 

2.1. Study area 

2.1.1. Location of study area 
Qazvin province, with a total area of 15821 square kilometers, is 

located between a longitude of 48◦45′E to 50◦50′E and a latitude of 
35◦37′ to 36◦ 45′, in the northern and western half of the Salt Lake 
catchment of Iran (Fig. 1). The mountainous and the plain areas in the 
plain amount to an area of 4492 and 5059 square kilometers respec-
tively. The elevations within the plain range from 2902 to 1131 m. Fig. 1 
shows the climatic classification, location of water resources, and 
cropping pattern in the research area. 

2.1.2. Challenges to the groundwater resources of the study area 
Groundwater resources of QP are under serious threat. Fig. 2 shows 

the changes in the unit hydrograph of the groundwater table over a 21- 
year period from 1998 to 2018. The period could be divided into two 
periods, before and after the implementation of the GRBP. As shown in 
Fig. 2, the groundwater table continues to decline after the imple-
mentation of the GRBP. The aquifer has an annual negative balance of 

314 million cubic meters and the withdrawal rate of renewable water is 
1.26 m (Abkhan consulting engineers, 2013). 

2.2. Data tool 

2.2.1. Questionnaire 
Separate questionnaires were developed for farmers and experts in 

the study. In order to validate the questionnaire, a 15-member panel of 
academicians and officials was invited to participate. They have expe-
rience in sociology, agriculture, economics, hydrology, hydrogeology, 
and social hydrology, the scientists on the panel have also worked on 
assessing the projects, and officials from the Regional Water Company 
and the Center for Agriculture and Natural Resources Research and 
Education also participated. People who helped revise the question-
naires were not asked to complete the questionnaire. 

The farmers’ questionnaire contains two main parts while the ex-
perts’ questionnaire contains three main parts. These questions were 
designed to evaluate farmers and expert reactions to groundwater 
reclamation and conservation strategies during droughts. Accordingly, 
questionnaires with 21 questions for farmers and 12 questions for ex-
perts were developed. In the case of farmers, as a result of their illiteracy, 
a face-to-face method was used; in the case of experts, it was used to 
avoid misunderstandings, to receive precise answers, and to save their 
time. 

The first part of both the farmers’ and experts’ questionnaires 
contain questions that assess independent research variables (Table 1). 

Fig. 1. Detailed map of study area with (a) Climate classification, (b) Mountains and plains, (c) Water bodies, and (d) Orchards and arable land.  
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In the second part of the questionnaire of farmers and experts, con-
taining two subparts, the dependent research variables were assessed 
through a set of questions with five-choice answers from ‘very low’ to 
‘very high’ in the form of a Likert scale. The questionnaire of experts 
contains a third section designed to investigate their opinion about the 
effectiveness of the nine strategies implemented to conserve ground-
water resources. The detailed structure and the content of the ques-
tionnaire of both farmers and experts are given in (Table 1) below. 

In this study, the statistical populations were farmers, and experts 
from agricultural-Jihad experts and regional water companies in the 
cities Buin Zahra, Takestan, Alborz, Qazvin and Abyek located on QA. 
Due to the dispersion of the farmers, in small cities such as Abyek and 
Buin Zahra, 10 villages and other cities, 20 villages have been selected to 
determine the sample of the farmers. Villages that have been impacted 
by all GRBP strategies are randomly selected in each city. Experts were 
selected from all service centers and offices of Qazvin Agriculture-Jihad 
Organization and Qazvin Regional Water Company that have been 
involved in implementing GRBP. Multi-stage random sampling was 
employed to select the target sample from the five cities in QA. This 
survey was conducted with 290 farmers and 100 experts according to 

the Krejcie and Morgan methods (Krejcie and Morgan, 1970). In the case 
of farmers, as a result of their illiteracy, a face-to-face method was used; 
in the case of experts, it was used to avoid misunderstandings, to receive 
precise answers, and to save their time. 

2.3. Used statistical tests to analyze the data 

Kolmogorov-Smirnov normality (K-S) test (Chakravati, Laha, and 
Roy, 1967)was used in this study to determine the most appropriate 
analysis method for the data distribution. K-S test results showed all 
variables except the last question of the expert’s questionnaire followed 
the normal distribution at 95% confidence level. 

Based on the result of the K-S test, one sample t-test and independent 
t-test were used for the farmers questionnaire and first two parts of the 
expert questionnaire which followed normal distribution data, and 
Friedman test for the last question of the expert questionnaire. To test 
whether farmers’ and experts’ average opinions regarding each of the 
study variables are statistically different from the hypothesized mean 
(M=3), an One Sample t-test (tOs) is performed (Kent State University 
Libraries, 2017). An independent sample t-test (tIs) is then performed to 
compare the means of two independent groups (farmers and experts) 
(Kent State University Libraries, 2017). The Friedman (FM) test is con-
ducted at the end of the analysis, which is a non-parametric statistical 
test similar to repeated measures ANOVA. It is used for comparing and 
ranking the mean of K strategies (Friedman, 1937). Hence, we used FM 
test to rank the data collected from the last question in the expert 
questionnaire. The tests were all performed in the R programming lan-
guage at a 95% confidence level. 

3. Results and discussions 

3.1. Respondents ’ Information  

A. The experts 
According to the collected data, 84% of the experts are male, 25% 

of the respondents have 6–10 years of experience and 52% of them 
have a master’s degree. Most of them are expected to have the 
necessary ability to make decisions due to their work experience and 
high level of education.  

B. The Farmers 

The average age of the farmers is 45 years old and most of them are in 
the age group of 30–50 years, which indicates that they are mostly in the 
educable and young age group. In terms of gender, all respondents 
except one were male. The level of education of 74% of the farmers is 
secondary education or less. Analysis of data related to the variable 
"having or not having a non-agricultural job" showed that 84% of the 
farmers have agriculture as their main occupation and 38% of them have 
jobs other than agriculture. 

Fig. 2. Groundwater level fluctuation of Qazvin Aquifer (Qazvin Regional Water Company).  

Table 1 
Responses of the Experts About the Reaction of the Farmers.  

Farmer’s questionnaire Expert’s questionnaire  

1. First Part   

✓ Age  
✓ Education  
✓ Income  

1. First Part   

✓ Education  
✓ Work experience  

2. Second part  
21. First subpart   

✓ Effectiveness of the measures 
implemented to revive and balance 
groundwater resources  

✓ Effectiveness of the measures 
implemented to revive and balance 
groundwater resources on farmers’ 
income  
22. Second subpart   

✓ Actions taken in response to 
agricultural drought  

✓ Selected approaches in the absence 
of agriculture which is currently the 
main livelihood of the farmers 

2. Second part 
2.1 First subpart  
✓ Farmers’ reaction to the measures 

implemented to revive and balance 
groundwater resources  

✓ Effectiveness of the measures 
implemented to revive and balance 
groundwater resources  

✓ Effectiveness of the measures 
implemented to revive and balance 
groundwater resources in improving 
farmers’ income 

2.2 Second Subpart  
✓ Actions taken in response to 

agricultural drought  
✓ Selected approaches in the absence of 

agriculture which is currently the main 
livelihood of the farmers  

3. Third part   

✓ Determination of the ranks of nine 
policies based on their effectiveness in 
preserving groundwater resources  
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In order to assess the acceptability of agricultural jobs among the 
farmers, the willingness of the farmers’ children for future agricultural 
jobs was investigated. Options for obstacles to continue farming 
included: insufficient income, water crisis, lack of agricultural knowl-
edge, and interest and attractiveness of other jobs. It is found that 66% of 
respondents’ children are unwilling to continue farming for two reasons: 
insufficient income and water crisis. As the statistical results showed, the 
farming community of QP is composed of relatively young people who 
are forced to migrate to cities and the capital due to a lack of job security 
and insufficient income. Therefore, creating jobs in other industries and 
fields such as tourism, handicrafts, carpet weaving, and animal hus-
bandry that do not require higher knowledge and education, in addition 
to conserving water resources, can prevent social harm caused by water 
shortages in the future. 

3.2. Evaluation of the effectiveness of the implemented strategies 

3.2.1. The level of farmers’ cooperation 
To evaluate the effectiveness of the implemented strategies on the 

rehabilitation and balancing of groundwater resources, the experts’ 
opinions on the reaction of the farmers to the implemented strategies in 
the region, including Blocking Illegal Wells (BIW), Equipping Wells with 
Volumetric Meters (EWVM), Increasing Patrol and Control (IPC), and 
Implementing Pressured Irrigation System (IPIS) was examined 
(Table 2). 

Table 2 illustrates that 83% of the experts believe that the farmers 
did not cooperate with BIW in order to preserve groundwater resources, 
and 17% believed in the farmers’ cooperative behavior. Half of the ex-
perts believe that the farmers have cooperated by equipping wells with 
volumetric and smart meters and 42% of them believe that the farmers 
are cooperative towards IPC. According to most of the experts, 90% of 
the farmers have cooperated with the measure of applying pressurized 
irrigation systems. According to the experts, the farmers do not coop-
erate with any strategy that led to the reduction of water extraction and 
areas under cultivation. As a result, the feasibility of such schemes will 
be fraught with difficulty, lawlessness, and sometimes heavy financial 
and social costs. Thus, considering the cooperative behavior of the 
farmers towards the application of pressurized irrigation systems the 
expansion of this system without affecting the area under cultivation 
should be given more attention and support by the government. 

3.2.2. Evaluating the effectiveness of the strategies implemented 
In this section, the opinion of farmers and experts on the effective-

ness of measures taken in maintaining groundwater resources were 
examined (Table 3). Also, to determine the level of awareness of the 
perspective of the farmers by the experts, the answers obtained were 
tested using tIs (Table 4). 

3.2.2.1. Analysis of the experts’ opinion. The average response of the 
experts to the impact of measures such as BIW (t(99) = 4.45, p = .000), 
EWVM (t(99) = 5.26, p = .000), IPC (t(99) = 3.61, p = .000), and IPIS 
(t(99) = 2.88, p = .005) taken to maintain groundwater resources 
differed significantly from the theoretical average (M=3). According to 
experts, their impacts have been high. 

3.2.2.2. Analysis of the farmers’ opinion. According to the tOs obtained, 
there is no significant difference between the average farmer’s opinion 
and the theoretical average (M=3) of the two proposed measures: BIW (t 
(289) = 0.21, p = .83) and EWVM (t(289) = 0.51, p = .61). According 
to the farmers, the reason for the ineffectiveness of these methods is the 
lack of comprehensiveness of the plan throughout the region, as well as 
the intermittent neutrality of government officials in the proper imple-
mentation of these strategies which lead to farmers breaking the rules of 
the system. The method and guidelines used to execute GRBP cause 
farmers to move to other places or options where there is a lack of rules 
and government practices because they do not want to reduce the area of 
cropland or change the cropping pattern. 

Additionally, the mean of the farmers’ response on the two measures 
of IPC and IPIS have significant differences from the theoretical average 
(M=3). This difference is negative for IPC strategy, which indicates the 
inefficiency of this measure on the restoration of aquifers according to 
the farmers, (t(289) = − 3.77, p = .000. The difference of the actions of 
IPIS is positive, which indicates the effectiveness of this action on the 
restoration of the aquifer from the perspective of the farmers, t(289) =
12.66, p = .000. 

3.2.2.3. The level of agreement between experts and farmers. Table 4 
shows that farmers (M=3.02, SEM=0.10) differ from experts (M=3.52, 
SEM=0.12) regarding the impact of blocking illegal wells on ground-
water quantity, t(388) = 3.25, p = .001. The average value of farmers’ 
opinions (M=3.05, SEM=0.09) about EWVM was lower than the 
average value of experts (M=3.51, SEM=0.10), according to an inde-
pendent test, t(388) = 3.42, p = 0.001. Thus, farmers did not believe the 
measure would end the negative balance. Compared with the average 
opinions of farmers (M=2.67, SEM=0.09), experts thought (M=3.38, 
SEM=0.11) patrols and control should be increased, t(388) = 5.19, 
p = .000. In addition, farmers (M=4.02, SEM=0.08) and experts 
(M=3.29, SEM=0.10) disagreed about IPIS’ effectiveness, t(388) = −

5.68, p = .000. 
As shown in Fig. 2, the trend of water table changes has not changed 

after the implementation of the GRBP, while according to the experts 
this plan is considered to be effective and efficient. Unfortunately, the 

Table 2 
Responses of the Experts About the Reaction of the Farmers (%).  

Strategies Cooperation Non-cooperation 

BIW 17 83 
EWVM 50 50 
IPC 42 58 
IPIS 90 10 

BIW: Blocking Illegal Wells; EWVM: Equipping Wells with Volumetric Meters; 
IPC: Increasing Patrol and Control; IPIS: Implementing Pressured Irrigation 
System 

Table 3 
tOs results of the effectiveness of the procedure implemented in order to revive 
and balance groundwater resources.  

Variables Experts Farmers 

M SD t P M SD t P 

BIW 3.52 1.17 4.45 .000 3.02 1.70 0.21 .83 
EWVM 3.51 0.97 5.26 .000 3.05 1.60 0.51 .61 
IPC 3.38 1.05 3.61 .000 2.67 1.51 -3.77 .000 
IPIS 3.29 1.01 2.88 .005 4.02 1.38 12.66 .000 

BIW: Blocking Illegal Wells; EWVM: Equipping Wells with Volumetric Meters; 
IPC: Increasing Patrol and Control; IPIS: Implementing Pressured Irrigation 
System 

Table 4 
tIs results of the effectiveness of the procedure implemented in order to revive 
and balance groundwater resources.   

Experts Farmers   

Variables M Standard error of 
the mean 

M Standard error of 
the mean 

t P 

BIW 3.52 0.12 3.02 0.10 3.25 .001 
EWVM 3.51 0.10 3.05 0.09 3.42 .001 
IPC 3.38 0.11 2.67 0.09 5.19 .000 
IPIS 3.29 0.10 4.02 0.08 -5.68 .000 

BIW: Blocking Illegal Wells; EWVM: Equipping Wells with Volumetric Meters; 
IPC: Increasing Patrol and Control; IPIS: Implementing Pressured Irrigation 
System 
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government tends to implement measures that are only temporary so-
lutions without considering the opinion of all stockholders. Such mea-
sures wouldn’t address the problem. This stresses the importance of 
formulating management measures that are agreed on by all stake-
holders and that treat the root cause of the problem. 

3.2.3. The effect of the measures taken on farmers’ incomes 
The average response of the farmers on the effectiveness of all four 

measures taken has a significant difference from the theoretical average 
(Table 5). This difference is positive for the measures BIW (t(289) =
5.81, p = .000) and EWVM (t(289) = 5.70, p = .000) and negative for 
IPC (t(289) = − 3.13, p = .002) indicating a significant and low impact 
of the measures in the reduction of the income of farmers respectively. 
The average of the significant difference of IPIS was positive hence, 
according to the farmers’ opinion, had a positive impact on their in-
come, t(289) = 17.73, p = .000. 

Analysis of the results of the previous measures shows that in order to 
increase the success of the project and the agreement of stakeholders, 
using pressurized irrigation system while keeping the area under culti-
vation constant can be implemented as a priority, followed by options 
such as BIW and EWVM. The farmers and experts believe that the effect 
of IPC on reducing the drawdown of the aquifer and their income has 
been low (Table 3, Table 4). Thus, the continuation of the current system 
of IPC has no justification and it is necessary to apply smart patrolling 
and controlling and revise the current method. 

The analysis of the farmers’ behavior shows that they have been 
cooperative in applying methods that have positively affected their in-
come. This implies that the government should look for solutions that 
cause the least financial and social harm to the farmer, as they are one of 
the most vulnerable stakeholders. The government can establish and 
support low water-consuming industries in arid and semi-arid regions of 
the country to preserve the employment and livelihood of the farmers. In 
this way, while controlling the decline of the aquifer, attention can be 
paid to maintaining the livelihood of the farmers. 

3.3. Evaluation of the future of project implementation 

3.3.1. Evaluation of the effectiveness of future measures 
In this section, possible future measures, including government 

support for the water market, reduction of import tariffs on agricultural 
products, and the impact of pre-planting crop prices on the cultivation 
pattern and the water resources management from the perspective of the 
farmers and the experts are discussed (Table 6). 

3.3.1.1. Analysis of the experts’ opinion. As can be seen in Table 6, the 
mean of the responses of the experts on the two strategies are govern-
ment support for the water market (t(99) = 6.44, p = .48) and deter-
mining the cultivation pattern based on the specified price of products (t 
(99) = 13.08, p = .001) has a significant difference from the theoretical 
average (M=3). The difference is positive, which implies that the 
effectiveness of each of these strategies on groundwater resources 
management will be high. In fact, according to the experts, if the price of 

crops before planting is known, the farmers’ acceptance of planting 
more affordable crops will be high. The mean of the experts’ responses 
on the strategy of reducing import tariffs does not differ significantly (t 
(99) = 1.25, p = .012) from the theoretical average(M=3). This shows 
that the effectiveness of this strategy on groundwater management will 
be moderate. 

3.3.1.2. Analysis of the farmers’ opinion. Examining the effectiveness of 
the strategies on groundwater resources management from the 
perspective of the farmers based on the results of tOs in Table 6 shows 
there are statistically significant differences between the theoretical 
mean (M=3) and the mean response of the farmers on different strate-
gies. The difference between the theoretical mean and the mean 
farmers’ response to the two strategies: government support for the 
water market (t(289) = − 3.04, p = .003) and the reduction of import 
tariffs on agricultural products is negative (t(289) = − 8.05, p = .000), 
which indicates the low impact of these strategies on groundwater re-
sources management. The farmers oppose this strategy because lowering 
import tariffs on agricultural products will reduce sales of domestic 
products. The difference between the theoretical mean (M=3) and the 
mean response of the farmers on the strategy of determining the culti-
vation pattern based on the specified price of crops is positive (t(289) =
16.53, p = .000), which shows that determining the price in the market 
before planting the crop, would have a great effect on the cultivation 
pattern. Similar to research from Hashemi et al. (2019), this study found 
that the farmers determine the pattern of cultivation based on the most 
profitable crops. 

3.3.1.3. The level of agreement between experts and farmers. As a result of 
comparing the opinions of experts and farmers about the effectiveness of 
the above strategies, Table 7 shows that the experts (M=3.65, 
SEM=0.10) and farmers (M=2.73, SEM=0.09) disagree with the gov-
ernment’s support for the water market strategy, t(388) = 6.85, 
p = .000. The average response of the experts to the strategy was higher 
than that of the farmers, suggesting that the experts viewed the case as 
more effective than the farmers. Similar to the strategy of reducing 
agricultural import tariffs, experts (M=3.15, SEM=0.12) had a higher 
average than farmers (M=2.34, SEM=0.08), t(388) = 5.58, p = .001. 

The results of tIsin Table 7 showed that there is a similarity between 
the opinions of the experts (M=4.01, SEM=0.08) and the farmers 
(M=4.09, SEM=0.07) about the strategy of determining the cultivation 
pattern based on the specified price of crops, t(388) = − 0.82, p = .41. 
Given this issue, if the government sets a guaranteed purchase price for 
products with high economic value and low water consumption, positive 
change will be observed in the process of reviving the aquifer. 

Measures such as reducing import tariffs on agricultural products 
and supporting the water market, which have not been considered by 
the farmers, can play an effective role in reviving the aquifer because 
they provide information about the price of water and products, and will 
automatically prevent the planting of products that have no real eco-
nomic justification. With better information about water prices, the 
choice of cultivation pattern according to the amount of water con-
sumption, the improvement of water use efficiency, and the use of 
modern technologies will rapidly accelerate. Reducing import tariffs will 
also prevent prices from rising too much. In such circumstances, if the 
government creates a platform for the formation of other industries with 
less water needs, the farmers will be led to choose the best strategy. 

3.4. Farmers’ response to water shortages and review of solutions in case 
of an insufficient farmers’ income 

3.4.1. The farmers’ response to water shortages 
From the perspective of farmers and the experts (Table 8), measures 

proposed to be implemented to address water shortage (drought) are 
discussed (including planting crops that require less water, reducing the 

Table 5 
Farmers’ response on the impact of ground water revival procedures on farmer’s 
income.  

Variables tOs  

M SD t P 

BIW 3.53 1.56 5.81 .000 
EWVM 3.48 1.44 5.70 .000 
IPC 2.73 1.48 -3.13 .002 
IPIS 4.28 1.23 17.73 .000 

BIW: Blocking Illegal Wells; EWVM: Equipping Wells with Volumetric Meters; 
IPC: Increasing Patrol and Control; IPIS: Implementing Pressured Irrigation 
System 
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area under cultivation, and avoiding the planting of crops and selling 
water). 

3.4.1.1. Analysis of the experts’ opinion. The average of the responses of 
experts on strategies of avoiding planting crops and selling water (t 
(99) = − 5.65, p = .001), and reducing the area under cultivation (t 
(99) = − 2.55, p = .012) are significantly different from the theoretical 
average (Table 8). The difference is negative, which shows that the 
farmers are less inclined to choose these strategies during the dry season. 
The average of the response of experts on the strategy of planting crops 
with less water requirement (t(99) = − .071, p = .48) is not significantly 
different from the theoretical average (M=3), which shows that ac-
cording to the experts’, the farmers’ tendency to choose this strategy 
during the dry season is moderate. 

3.4.1.2. Analysis of the farmers’ opinion. Based on the tOs given in 
Table 8, the mean of the responses of the farmers on all of the three 
strategies deviates significantly from the theoretical average. The dif-
ference between the theoretical average and the mean of the response of 
the farmers on the measure to reduce the area underplanting crops (t 
(289) = 6.30, p = .000) is a large positive number, showing that the use 
of this strategy during the dry season will be of interest to the farmers 
while the use of planting crops with less water requirements (t(289) = −

9.04, p = .000) and avoiding planting crops and selling water is of lower 
interest (t(289) = − 20.67, p = .000). The results show that the farmers 
are not willing to choose the option of no planting under low water 
conditions. This will lead to further extractions from the aquifer and the 
creation of a reverse hydraulic gradient. In QP, the reverse gradient near 

the salt marsh has caused the salt to enter the aquifer. Even under such 
problems, agriculture continues in the region. This underscores the 
importance of the farmers’ job security and should be given serious 
consideration by the government through methods such as expanding 
other occupations when reviewing rehabilitation policies. 

3.4.1.3. The level of agreement between experts and farmers. The values 
of tIsobtained are used to compare the opinions of experts and farmers on 
measures to be taken during drought. These values indicate that there is 
no agreement between the opinions of the experts and the farmers to-
wards all the three measures proposed (Table 9). For the strategy of 
planting crops with less water requirement, the experts’ average opinion 
(M=2.93, SEM=0.10) was higher than the farmers’ (M=2.18, 
SEM=0.09), t(388) = 5.60, p = .000. Additionally, for the strategy of 
not planting crops and selling water, farmers (M=1.59, SEM=0.07) had 
a lower average than experts (M=2.42, SEM=0.10), t(388) = 6.76, 
p = .000. Therefore, experts believe farmers choose these two strategies 
because they are the most effective. On the other hand, the average 
opinion of the farmers about the strategy of reducing the area under 
cultivation (M=3.57, SEM=0.09) is higher than of the experts (M=2.67, 
SEM=0.13), which indicates that the farmers reduce the area under 
cultivation in times of drought, t(388) = − 5.71, p = .000. 

3.4.2. Review of some strategies used in case of insufficient income from 
agriculture 

In this section, the degree of effectiveness of measures such as 
changing the pattern of cultivation and job, technology development, 
water purchase and sale of water in the absence of agricultural income is 
assessed (Table 10). 

3.4.2.1. Analysis of experts’ opinions. The tOscorresponding to the 
response of the experts show that the mean of the response of experts on 

Table 6 
tOs of Effectiveness of Possible Future Proceedings on Groundwater Resources Management.  

Variables Experts Farmers 

M SD t P M SD t P 

Government support of the water market 3.65 1.01 6.44 .48 2.73 1.51 -3.04 .003 
Reducing import tariffs of agricultural product 3.15 1.20 1.25 .012 2.34 1.4 -8.05 .000 
Determining cropping patterns based on the specified price of products 4.01 0.77 13.08 .001 4.09 1.13 16.53 .000  

Table 7 
tIs of Effectiveness of Possible Future Proceedings on Groundwater Resources 
Management.  

Variables Experts Farmers  

M Standard 
error of the 

mean 

M Standard 
error of the 

mean 

t P 

Government 
support of the 
water market 

3.65 0.10 2.73 0.09 6.85 .000 

Reducing import 
tariffs for 
agricultural 
product 

3.15 0.12 2.34 0.08 5.58 .000 

Determining 
cropping pattern 
based on 
specified price of 
products 

4.01 0.08 4.09 0.07 -0.82 .41  

Table 8 
tOs Results About Crop Pattern During Drought or Shortage of Water.  

Variables Experts Farmers 

M SD t P M SD t P 

Planting crops with less water requirements 2.93 0.99 -0.71 .48 2.18 1.55 -9.04 .000 
Reducing cropland 2.67 1.30 -2.55 .012 3.57 1.55 6.30 .000 
Planting no crops and selling water 2.42 1.03 -5.65 .001 1.59 1.17 -20.67 .000  

Table 9 
tIs Results About Crop Pattern During Drought or Shortage of Water.  

Variables Experts Farmers 

M Standard 
error of the 

mean 

M Standard 
error of the 

mean 

t P 

Planting crops 
with less water 
requirements 

2.93 0.10 2.18 0.09 5.60 .000 

Reducing 
cropland 

2.67 0.13 3.57 0.09 -5.71 .000 

Planting no crops 
and selling 
water 

2.42 0.10 1.59 0.07 6.76 .000  
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the two management measures changing the pattern of cultivation (t 
(99) = 3.68, p = .001) and application of pressurized irrigation system 
(t(99) = 5.16, p = .001) is significantly different from the theoretical 
average (Table 10). The averages of the response of the experts on the 
selected solutions: changing job (t(99) = − 0.42, p = .67), water pur-
chase (t(99) = − 0.92, p = .35) and water sale (t(99) = 0.74, p = .46) do 
not have a significant difference from the theoretical average (M=3), 
indicating the low contribution of the solutions to support the farmers. 

3.4.2.2. Analysis of farmers’ opinion. The results of tOs in Table 10 
showed that the average of the response of the farmers on the use of 
modern irrigation methods in case of insufficient income from agricul-
tural products (t(289) = − 0.48, p = .64) is not significantly different 
from the theoretical average (M=3). This indicates that the farmers do 
not choose to use the method. According to the farmers, the use of 
strategies including changing the pattern of cultivation (t(289) = −

4.16, p = .001), water sales (t(289) = − 30.02, p = .001), changing job 
(t(289) = − 4.49, p = .001), and water purchase (t(289) = − 2.55, 
p = .01) have a significant difference from the theoretical average (3). 
The negative average difference in all four strategies showed that the use 
of the strategies is minimal. As the initial information about the farmers 
showed, most of them do not have a high level of literacy or a specific 
profession other than agriculture. Thus, agriculture is the only job they 
can do, and as the results showed, they incline less to change jobs if 
agriculture does not support them. 

3.4.2.3. The level of agreement between experts and farmers. As the re-
sults of tIs in Table 11 showed, there is no agreement between the 
opinions of the experts (M=3.34, SEM=0.09) and the farmers (M=2.61, 
SEM=0.10) on the choice of strategy changing the cultivation pattern, t 
(388) = 5.55, p = .000. According to farmers (M=2.95, SEM=0.10), 
applying pressurized irrigation systems improves their livelihood in 
contrast to experts (M=3.46, SEM=0.09), t(388) = 3.72, p = .000. In 
terms of changing jobs, there was no agreement between famers 
(M=2.57, SEM=0.10) and experts (M=2.96, SEM=0.10), t(388) = 2.89, 
p = .004. Farmers’ opinions on changing jobs were significantly higher 
than those of experts. Also, both farmers (M=1.34, SEM=0.9) and ex-
perts (M=3.08, SEM=1.08) opposed selling water in times of low agri-
cultural income, t(388) = 14.36, p = .000. In the mentioned strategy, 

the average of the experts’ opinion was higher than the farmers’, which 
showed that the experts believe that the farmers support the strategies 
more than the farmers say they choose those strategies. But the farmers 
(M=2.76, SEM=0.10) and the experts (M=2.91, SEM=0.10) agreed on 
the choice of water purchase strategy to further increase income, t 
(388) = 1.11, p = .226. 

3.5. Ranks of policies in order of their effectiveness in the rehabilitation of 
groundwater reserves 

The Friedman ranking test was used to compare and rank nine pol-
icies based on their effectiveness in the conservation of groundwater 
reserves based on the opinion of experts. According to the results of the 
Friedman test, BIW is highly effective and has the first rank while the 
policy of creating trust between the farmers and managers of the agri-
cultural sector is the least effective one and stood ninth. The ranks of all 
the nine policies are given in Table 12 below. 

Based on the results of Friedman’s test presented in Table 12, it can 
be inferred that the experts prefer investing in the implementation of 
strategies with structural measures such as blocking unauthorized wells 
and applying pressurized irrigation systems to policies including 
nonstructural measures such as building trust and raising awareness. As 
the results of the previous sections showed, the farmers do not show 
participatory behavior towards such strategies. Based on the indepen-
dent t-test, both framers and exporters disagreed on most of the strate-
gies. Given that the implementation of any action requires a series of 
financial, credit, technical, social, and cultural infrastructures, it seems 
that the measures envisaged in this plan have been selected without 
considering all the effective aspects. The policies that are selected as the 
most effective ones by the experts are only quick fixes that would worsen 
the problem in the long run instead of reversing the problem, which in 
management is called a ‘fix that backfires’ (Braun, 2002). 

4. Conclusion 

This study investigated the opinion of and agreement between 
farmers and experts on groundwater rehabilitation strategies imple-
mented in QP by collecting data using two separate questionnaires. The 

Table 10 
tOs Results Provided Inefficient Agricultural Income.  

Variables  Experts Farmers 

M SD T P M SD t P 

Changing crop pattern 3.34 0.92 3.68 .001 2.61 1.61 -4.16 .001 
IPIS 3.46 0.89 5.16 .001 2.95 1.76 -0.48 .64 
Changing job 2.96 0.96 -0.42 .67 2.57 1.65 -4.49 .001 
Purchasing water 2.91 0.98 -0.92 .35 2.76 1.61 -2.55 .01 
Selling water 3.08 1.08 0.74 .46 1.34 0.94 -30.02 .001 

IPIS: Implementing Pressured Irrigation System 

Table 11 
tIs Results Provided Inefficient Agricultural Income.  

Variables Experts Farmers 

M Standard 
error of the 

mean 

M Standard 
error of the 

mean 

tIs P 

Changing crop 
pattern 

3.34 0.09 2.61 0.10 5.55 .000 

IPIS 3.46 0.09 2.95 0.10 3.72 .000 
Changing job 2.96 0.10 2.57 0.10 2.89 .004 
Purchasing 

water 
2.91 0.10 2.76 0.10 1.11 .226 

Selling water 3.08 1.08 1.34 0.9 14.36 .000 

IPIS: Implementing Pressured Irrigation System 

Table 12 
Ranks of Groundwater Conservation Policies.  

Policy Rank 

BIW  1 
IPIS  2 
Changing crop pattern  3 
Using smart and volumetric meters  4 
Increasing the awareness level of framers to use water effectively (education 

and extension agriculture)  
5 

Changing the water transit system to reduce evapotranspiration  6 
Using drought resistance plants and introducing new technologies in 

producing  
7 

Establishing industries related to agriculture in order to transfer additional 
workforce to the industries  

8 

Creating trust between the farmers and managers of the agricultural sector  9 

BIW: Blocking Illegal Wells; IPIS: Implementing Pressured Irrigation System 
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opinion of farmers and experts regarding the effectiveness of possible 
future measures are also investigated. Furthermore, based on the 
response of the experts, nine policies affecting the conservation of 
groundwater reserves were ranked based on their degree of effective-
ness. By doing so, the study unveils the reasons behind the failure of the 
groundwater rehabilitation strategies to meet their target of replenish-
ing the groundwater reserve in QP. 

The study identified a significant difference of opinion and a lack of 
social agreement between farmers and experts on the impact and 
implementation of the plan. The study attributes the following reasons 
to the failure of the plan to meet its target: preparation of the plan 
without thorough study of social issues arising from it and lack of suf-
ficient credit to run measures simultaneously. 

In Iran, around 80% of farmers have farming land less than 10 ha in 
size, and 11% have less than one hectare. These farms less than 10 ha 
make up about 37% of the cultivated area, but produces less than 10% of 
marked agricultural production (FAOSTAT, 2017). That means many of 
them are mainly subsistence farmers, and any decision that reduces his 
or her water rights will be met with a reaction, which needs to be 
considered at the highest level, as was proven by Yazdanpanah et al. 
(2014) and Mahdavi (2021). Additionally, farmers with less than 10 ha 
account for a greater percentage of the irrigated areas (about 50%) 
(FAOSTAT, 2017). As a result, agriculture sectors (small farms) repre-
sent the highest portion of water use, which is not associated with a large 
economic impact. A conflict exists between farmers and the government, 
which must be considered in order to find an equilibrium nobody wants 
to disrupt. 

Based on the analysis and interpretation of the results of this study, 
the following conclusions are made.  

✓ A careful and thorough study on the reaction of farmers and their 
cooperation towards the implementation of groundwater resources 
rehabilitation policies should precede the implementation of the 
policies.  

✓ Strategies included in the groundwater rehabilitation plan should 
focus on treatment of the root cause of the problem rather than the 
symptoms of the problem.  

✓ Talking to farmers and convincing them to change their practice 
should necessarily be done before the implementation of ground-
water resources rehabilitation plans.  

✓ The consent of all stakeholders involved must be obtained before 
implementing management measures. 

In addition, it is important to mention the limitations of the study. To 
collect data, researchers have had to travel to different locations, which 
has taken a lot of time and money. Lack of funding and time constraints 
have limited research on psychological variables, especially trust. 
Moreover, farmers’ illiteracy impacted the level of questions that we 
were able to ask. 

5. Recommendations 

The implementation of the GRBP has different results in different 
regions depending on the available water resources, diversity of in-
dustries, other sources of income and the number of small landowners. 
In order to improve the plan, the hydraulic, economic, and social pa-
rameters should be defined in such a way that the plan has the same 
result for everyone. Therefore, it is suggested that the implementation of 
each project be accompanied by social, economic and hydrological 
evaluation of working groups in the pilot areas to examine the pros and 
cons of the project according to the hydraulic, economic and social 
results. 

For future research, it is suggested that the cooperation of sociolo-
gists and water experts, the degree of effectiveness of the rehabilitation 
and balancing plan, and the priorities given to each action within the 
plan be investigated. The study did not assess psychological variables 

that lead to agreement between farmers and experts. We suggest future 
studies analyze this research gap. 
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