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Abstract: Floods are natural hazards with serious impact on many aspects of human life.
The Intergovernmental Panel on Climate Change (IPCC) reported that climate change already
has significant impact on magnitude and frequency of flood events worldwide. Thus, it is suggested
to adopt strategies to manage damage impacts of climate change. For this, involving the local
community in the decision-making process, as well as experts and decision-makers, is essential.
We focused on assessing the social acceptability of flood management strategies under climate
change through a socio-hydrological approach using the Contingent Valuation Method (CVM).
For this purpose as well, hydro-climate modelling and the Analytical Network Process (ANP) were
used. Among twelve investigated flood management strategies, “river restoration”, “agricultural
management and planning”, and “watershed management” were the publicly most accepted strategies.
Assessment of the social acceptability of these three strategies was carried out by use of the CVM and
Willingness to Pay (WTP) methodology. Generally, 50%, 38%, and 18% were willing to pay and 44%,
48%, and 52% were willing to contribute flood management strategy in zones 1, 2, and 3, respectively.
Overall, peoples’ WTP for flood management strategies decreased with increasing distance from the
river. Among different investigated dependent variables, household income had the highest influence
on WTP.

Keywords: Analytical Network Process; contingent valuation method; WTP; social acceptability;
flood management

1. Introduction

Floods are natural hazards with detrimental effects on the economy, social facets, and
environment [1]. According to the Intergovernmental Panel on Climate Change (IPCC), climate
change has had significant influence on magnitude and frequency of flood events in regions all over
the world [2]. Thus, IPCC has suggested adaption to actual or expected climatic impacts on human
life [3]. Adaptation refers to implementation of effective protection measures to moderate potentially
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destructive impacts [4,5]. Consequently, adaptive strategies are considered a key component in
management strategies to present and future impact of climate change [6].

For effective adaptive strategies against climate change, it is important to involve local participation
and community opinion in the decision making process as well as experts and decision-makers [7].
However, realizing an integrated approach in practical flood management remains a challenging
issue. This study investigates the social acceptability and feasibility of adaptive flood management
strategies in view of climate change for an experimental catchment. Social acceptability can be defined
as determination of a group of individuals support dealing with a set of regulations and management
tools mostly based on the geographic, social, economic, and cultural factors. Generally, assessing the
social acceptability is a complex matter due to the lack of clear and straightforward definition of its
concept that it relies on [8].

Generally, Multi-Criteria Decision-Making (MCDM) approaches provide effective tools for
exploring different alternatives for decision-makers. In this regard, flood management professionals
use this approach to help managers and policy makers to make proper decisions [9]. In this study,
the Analytical Network Process (ANP) was employed to prioritize among a set of flood management
strategies. The highest ranked flood management strategy as evaluated by experts through ANP
was used to assess social acceptability by the local community through the Contingent Valuation
Method (CVM). The CVM approach is widely used to monetize non-market goods and issues through
simulating actual market conditions [10]. Flood management strategies often affect local citizens and a
way to quantify social acceptability is to assess the WTP for implementation of flood risk mitigation
measures [11].

CVM approaches have to some extent been used in previous flood management studies. For
instance, the CVM approach used for evaluating household WTP for a flood control project in Brazil [12].
They investigated that on some features that have significant influence on the outcome of CVM results.
The study showed that this approach is not appropriate for flood control investments in low-income
areas of developing countries [12]. The CVM approach for flood risk improvement in Żuławy of the
Vistula delta showed that the residents agree to pay for protection and restoration of polder areas
and possible resettlement [13]. Markantonis and Bithas (2010) [14] used CVM to estimate the Greek
national mitigation and adaptation costs in view of climate change. The study indicated that the largest
part of the gross domestic product (GDP) for flood mitigation measures depends on efforts to reduce
greenhouse gas emissions. [14]. Moreover, Devkota (2014) [5] found that people’s perception and
preferences for particular adaptation strategies changed according to the climate change scenarios in
the West Rapti River basin of Nepal. In their study, socio-economic factors like age, gender, education,
income level, and flood damage cost showed noticeable impact on the level of WTP for flood mitigation.

In view of the above, the objective of this study is to explore the connection between local
community, researchers, and decision-makers using ANP as a decision-making approach and CVM as
economic valuation approach to quantify the flood mitigation efficiency and to assess social acceptability
of flood mitigation strategies in the study area.

2. Materials and Methods

2.1. Study Area

The Talar River Basin is a mountainous area in the Mazandaran Province in northern Iran close
to the Caspian Sea. It covers an area of 1727 km2 with a river length approximately 150 km flowing
through the neighborhood of Ghaemshahr City with about 321,000 dwellers and discharge to the
Caspian Sea at 21 m amsl [15].

The climate of the Talar Basin is semi-humid and cold with an average annual precipitation and
temperature of about 610 mm and 11 ◦C, respectively. The altitude varies between 216 and 3967 m
amsl (Figure 1).
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2.2. Multi-Criteria Decision-Making

The conceptual framework used in this study is illustrated in Figure 2. The objective of the
study was to investigate the relationship between local community, researchers, and decision-makers.
For this purpose, ANP as a decision-making approach and CVM as economic evaluation were used to
quantify the flood mitigation efficiency and to assess social acceptability of flood mitigation strategies
in the study area.
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Multi-Criteria Decision-Making (MCDM) is a widely known technique for decision-making by
formally structuring multi-aspect problems [9,16]. Using MCDM will not lead forward to a final and
optimum decision, rather to provide a set of available alternatives to better inform decision-making.
In this regard, MCDM approaches try to integrate interests and possible choices of decision-makers
and present a priority of available choices through weighting calculations for each criteria [16]. Among
various MCDM methods, ANP is a mathematical-based method developed based on an analytical
hierarchy process, which is explained below [17,18].

2.3. Analytical Network Process Questionnaire

In order to follow the ANP methodology, pairwise comparisons between suggested flood
management strategies by selected experts (decision-makers) were considered. A pairwise comparison
of alternatives was scaled based on 1–9, where 1, 3, 5, 7, and 9 denote equal, moderate, strong, very
strong, and extremely dominant, respectively. Note that the ANP method was processed in Super
Decisions software. The detailed information of ANP procedures in Super Decisions software is
documented in [18,19]. The questionnaires were sent to twenty selected experts by mail. These experts
were selected among managers and researchers with at least 5 years of experience in the field of flood
management in Iran. In the ANP questionnaire, in total, twelve alternatives for flood management
strategies were ranked through the ANP method. These strategies are categorized as structural,
non-structural, and a combination of structural and non-structural measures to manage the flood
frequency and magnitude impacts in view of climate change. The pairwise comparisons of proposed
flood management strategies are described in Table 1.

Table 1. List of investigated flood management strategies.

Criteria Description of Strategies (Sub-Criteria)

Structural (C1)

(S11): Dams and reservoirs
(S12): Construction standards and building codes
(S13): Flood relief channels
(S14): River restoration
(S15): Embankments

Non-structural (C2)

(S21): Rising public awareness
(S22): Agricultural management and planning
(S23): Flood forecasting and warning
(S24): Flood insurance or compensation

Combination of structural and non-structural (C3)
(S31): Watershed management practices
(S32): Land use policy, planning, zoning, and regulation
(S33): Flood spreading systems

It should be mentioned that the questionnaires were accompanied by a cover letter giving detailed
information on climate change impacts on flood frequency and source areas based on future climate
scenarios and results from hydro-climate modelling in the study area conducted by [2]. The following
section briefly describes the climate change impact on flood behavior in the study area. Further,
physical information for a better understanding of the basin condition, such as physiography, soil
characteristics, and land use, was presented in the cover letter.

2.4. Hydro-Climatic Modeling

Assessment of the impact of climate change on flood frequency and flood source area at basin
scale considering Coupled Model Intercomparison Project phase 5 General Circulation Models (CMIP5
GCMs) under two Representative Concentration Pathways (RCP) (2.6 and 8.5) for the experimental
basin was carried out by Maghsood et al. (2019). In that study, the Soil and Water Assessment Tool
(SWAT) was calibrated and validated. Then, the calibrated SWAT model was run under the two RCP
scenarios using a combination of twenty GCMs from CMIP5 for the near future (2020–40). Two indices
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including Flood Frequency Index (FFI) and Sub-basin Flood Source Area Index (SFSAI) were employed
to investigate the impact of climate change on flood frequency pattern and to quantify the contribution
of each sub-basin on the total discharge [2]. The output of that study was used to help managers and
policy makers to better define mitigation and adaptation strategies through the ANP approach.

2.5. Contingent Valuation Method

The Contingent Valuation Method (CVM) is a widespread approach used by economists and
policy makers [20] to assess individual’s WTP for valuing environmental non-market goods and
services. This is done in order to find the value that stakeholders place on an economic good or
environmental service and quantify costs and benefits that the society obtains [21]. The assumption
behind the WTP estimation is that individuals tend to accept or refuse a proposed payment for using
the good or environmental service to improve their benefit:

υ(1, Y −A; s) + ε1 ≥ υ(0, Y; s) + ε0 (1)

where υ is the individual’s indirect benefit, which is expected to equal the value of benefit υ; Y is
income, A is an offered bid (payment), and s consists of different socio-economic features influencing
individual choice such as age, education level, etc. The identical, independently distributed random
variables with zero means are denoted ε0 and ε1. The benefit difference can be expressed as:

∆υ = υ(1, Y −A; s) − υ(0, Y; s) + (ε1 + ε0 ) (2)

In the case that ∆υ is larger than zero, the individuals amplify their benefit by answering “Yes”
and accepting to pay the suggested payment. The probit and logit models are usually employed as a
qualitative choice method and the logit has advantage of simple computation. The probability, Pi, that
an individual will accept an offered bid, A, can be described as the following logit model:

Pi = Fη(∆υ) =
1

1 + exp(−∆υ)
=

1
1 + exp

{
−(α − βA + γY + θS)

} , (3)

here Fη() is the Cumulative Distribution Function (CDF) for a standard logistic variate and considered
socio-economic feature. The β, γ, and, θ are coefficients that are estimated using collected data [22,23].

Generally, three different methods are used in WTP calculations. These methods are mean WTP,
overall mean WTP, and truncated mean WTP that calculate the expected value of WTP through
numerical integration ranging from 0 to ∞, −∞ to +∞, and 0 to maximum bid, respectively. The
truncated method was used in this study due to its straightforward interpretation and statistical
efficiency [24].

The logit model was calculated using the maximum likelihood (ML) estimation technique and
the expected value of WTP can be calculated by numerical integration, ranging from 0 to maximum
offered bid, A, as:

E(WTP) =
∫ Max . A

0
Fπ(∆υ)dA =

∫ Max . A

0
(α∗ + βA)dA, (4)

where E(WTP) is the expected value of WTP and α * is the adjusted intercept that is added by the
socioeconomic factor to the original intercept term a. The area under the function can be inferred to
estimate the truncated mean of WTP [22,25]

2.6. Contingent Valuation Method Questionnaire

The CVM questionnaire to assess the WTP was designed to state the preferences and local
community’s WTP for selected flood management adaptive strategies under climate change scenarios.
The questionnaire was based on a dichotomous-choice contingent valuation method (DC-CVM) format
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as it is more cognitively controllable and mimics a real marketing scenario [21,26]. Two well-trained
and experienced interviewers were employed specifically for conducting face-to-face interviews with
members of the local community for both pre-tests and final data collection. Since the accuracy of the
CVM estimation strongly depends on the presented information during the interviewing [27], the
respondents were provided illustrative pictures regarding flood and climate change impacts during
the interviews.

The CVM survey was performed during two weeks in July 2018 in three different zones according
to distance to the main river (Figure 3). The zones considered were 500, 1000, and 1500 m distance to
the river (Zone 1, 2, and 3). In total, 100 interviewees including men and women settlers of the basin
were randomly chosen in each zone in different villages.
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In general, the questionnaire was organized in three sections. The first section of the questionnaire
included attitude and perception questions on topics about climate change impact and flood risk and
management. The attributed questions are shown in Table 2.

Table 2. Attitude and perception questions included in the questionnaire.

Section 1: Respondents’ Perception of Climate Change and Its Impacts

Q 1.1 How much do you feel temperature has changed over the past years?
Q 1.2 How much do you feel extreme rainfall has changed over the past years?
Q 1.3 How much are you aware of the climate change and its impacts?

Section 2: Respondents’ Perception of Flood Risk and Management

Q 2.1 How much has floods affected your family over the past years?
Q 2.2 What is your concern about the flood risk in your area?
Q 2.3 Do you think flood control plans are effective to reduce flood risks?

In the second section, respondents were asked about their WTP for flood management adaptive
measures (Table 2). In this section, two ways of questioning were applied; firstly, direct determination
of WTP thorough paying by cash (C-WTP) in three determined bids 40,000 (~US $1), 80,000 (~US $2),
and 160,000 (~US $4) Rials per month in a year. It should be mentioned that historical exchange rates
for Iranian Rials (IRR) were obtained from XE online (xe.com). 1 US dollar equaled 0.000028 IRR on 1
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January 2018 and 0.000024 IRR on 30 December 2018. The midpoint of this range was taken for the
conversion here. Purchasing power parities from the World Bank are only available until 2017 and are
expressed in international dollars.

Secondly, indirect determination of WTP as a non-cash through contributing labor in flood projects
(Nc-WTP). For the direct way, people were asked according to the below:

Question 1—Would you be willing to pay money to financially assist the government for the
implementation of mentioned flood management adaptive measures? (Yes/No)

If a negative answer according to the above, respondents were asked to give a reason [28] in four
follow up questions: (1) This is government responsibility; (2) Implementation of these measures is
not necessary; (3) We have economic problems; and 4) Other reason. If the answer was positive, this
question followed:

Question 2—Would you like to pay 80,000 Rials (~US $1) for flood management adaptive measures?
(Yes/No)

If the answer was “yes” respondents were referred to the 3rd question, otherwise they were
referred to the 4th as follows:

Question 3—Would you like to pay 160,000 Rials (~US $2) for flood management adaptive
measures? (Yes/No)

Question 4—Would you like to pay 40,000 Rials (~US $4) for flood management adaptive measures?
(Yes/No)

Finally, they were asked about the maximum amount they were willing to pay (Question 5).
For the indirect way, respondents were asked whether they would like to participate as labor in

the flood management projects. If they answered “yes” they were asked about the number of days per
month that they were willing to work. The Nc-WTP was calculated according to:

Nc−WTPi = Dave,i × Incomeave,i ×Ni (5)

where Nc-WTPi stands for the non-cash WTP, Dave is the average of accepted days in zone i (sum of
accepted days/total respondents), Incomeave is the average daily income for a labor in zone i, and N is
the total number of people living in zone i.

In addition, respondents were asked to rank, by percentage of importance, the flood management
strategies. The third section of the CVM questionnaire concerned respondents’ socioeconomic
conditions such as age, gender, education level, occupation, and income level according to Table 3 [5].

Table 3. Summary of socioeconomic conditions.

Factors Category

Gender Male/ Female

Education Level Illiterate/Elementary degree/Middle school degree 1/High school
degree/College degree 2/Bachelor’s degree/Master or Ph.D. degree.

Occupation Office work/Labor/Military/Farmer/Cattle farmer/Private business/ Other

Income level (Monthly) <10, 10–20, 20–30, 30 < (Million Rials)

Age <30, 30–40, 40–50, 50 <

1 9th grade degree. 2 Two years’ university studies.

3. Results and Discussion

3.1. Analytical Network Process Results

This section presents the socioeconomic key characteristics of selected experts and decision-makers
(Table 4) and final weight and ranking of the different criteria and sub-criteria (Table 5). Table 4 shows
the key statistics of experts and decision-makers involved in this study. According to the table, 75% of
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the interviewed experts are male and a majority of their ages ranges between 35 and 40. Half of the
expert group have 5 to 10 years’ experience in water related studies and management. In terms of
education level, half of them have a PhD degree.

Table 4. Key characteristics of experts and decision-makers.

Key Character Specification Frequency (%)

Gender
Male 75

Female 25

Age (Year)

<30 10
30–35 25
35–40 40
>40 25

Work experience (Year)
<5 20

5 to 10 50
10 to 15 30

Education level (degree)
PhD 50

Master 40
Bachelor 10

Table 5. Final weight and rank of criteria and sub-criteria.

Criteria and Sub-Criteria Weight Rank

Criteria
Structural (C1) 0.25 3
Non-structural (C2) 0.33 2
Combination of structural and non-structural (C3) 0.41 1

Sub-criteria structural

(S11): Dams and reservoirs 0.09 5
(S12): Construction standards and building codes 0.24 2
(S13): Flood relief channels 0.11 4
(S14): River restoration 0.33 1
(S15): Embankments 0.20 3

Sub-criteria
non-structural

(S21): Rising public awareness 0.29 2
(S22): Agricultural management and planning 0.34 1
(S23): Flood forecasting and warning 0.19 3
(S24): Flood insurance or compensation 0.16 4

Sub-criteria combination
of structural and

non-structural

(S31): Watershed management practices 0.46 1
(S32): Land use policy, planning, zoning and
regulation 0.34 2

(S33): Flood spreading systems 0.14 3

Table 5 presents the final weight and rank of criteria and sub-criteria that were obtained from
the Super Decisions software. According to this, it can be seen that a combination of structural
and non-structural measures (C3) was chosen as a best option. Regarding structural measures,
“river restoration” was given rank one by receiving a 0.33 weight. Among non-structural measures,
“agricultural management and planning” was given the highest rank and a weight of 0.34. In terms of
combined measures, “watershed management practices” was ranked highest and a weight of 0.46.

3.2. Contingent Valuation Method Results

Respondents’ Attitudes

Figure 4a–c shows the percentage of responses regarding their perception on climate change
and flooding. In this part, the interviewees in the three different zones were asked three questions.
The responses showed that more than half of the respondents (Zone 1 (64%), Zone 2 (54%), and Zone 3
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(52%)) feel that temperature has changed in recent years by selecting the “High and Very High” option
(Figure 4a). Moreover, respondents were asked about recent rainfall changes and flood events due to
extreme rainfall. The answers showed that a majority in all three zones feel that rainfall has changed
and has led to more frequent flood events (Figure 4b). Regarding climate change awareness, their
responses showed that most feel that they do not have much information, the “don’t know” option
was selected by 36%–44% of participants in all three zones (Figure 4c).

Regarding flood damages in recent years (Figure 4d–f), however, a large number of respondents
stated that they have not suffered much by flooding by choosing “Very Low and Low” options
(Figure 4d), but their concerns about flood risk in their area still remained “High” and “Moderate”
(Figure 4e). This might be a result of experiencing flood events in the vicinity of their villages during
recent years [29]. The perception on flood risk management measures and their efficiency showed that
most respondents are aware of flood risk management, and they stated that the efficiency of flood
management strategies is necessary in their area by choosing “High and Very High” options (Figure 4f).
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In order to define WTP for implementation of the three flood management strategies (FMS)
described in previous section, respondents in the three zones were asked about their WTP (by cash).
Totally, 50%, 38%, and 18% of respondents were willing to pay in zones 1, 2, and 3, respectively.
The respondents who showed willingness to pay, were asked about WTP in three bids according to
80,000(~US $2), 160,000 (~US $4), and 40,000 (~US $1) as cash (Table 6). It can be seen that the WTP
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80,000 (~US $2), 160,000 (~US $4), and 40,000 (~US $1) Rials per month were accepted by 35%, 21%,
and 11% of respondents in zones 1, 2, and 3, respectively. Among respondents that said “Yes”, 12, 7,
and 3% were WTP 160,000 (~US $4) Rials. Among those who chose “No”, 18%, 17%, and 7% were WTP
40,000 Rials (~US $1) for implementation of selected FMS. The maximum WTP (more than 160,000
Rials) in zones 1, 2, and 3 was 4%, 2%, and 2% of respondents, respectively.

Table 6. Mean monthly WTP per household in three determined bids in three different zones.

Bid (Rials) Response Zone 1 (%) Zone 2 (%) Zone 3 (%)

80,000 Yes 35 21 11
No 65 79 89

160,000 Yes 12 7 3
No 88 93 97

40,000 Yes 18 17 7
No 82 83 93

Maximum (Rials) >160,000 4 2 2

Figure 5 shows the allocation of each FMS in the three different zones in view of respondents’
WTP. According to this, river restoration strategy was the most popular in zone 1 (47%), zone 2 (45%),
and zone 3 (60%).

Sustainability 2019, 11, x FOR PEER REVIEW 10 of 18 

No 65 79 89 

160,000 
Yes 12 7 3 
No 88 93 97 

40,000 
Yes 18 17 7 
No 82 83 93 

Maximum (Rials) >160,000 4 2 2 

Figure 5 shows the allocation of each FMS in the three different zones in view of respondents´ 
WTP. According to this, river restoration strategy was the most popular in zone 1 (47%), zone 2 (45%), 
and zone 3 (60%).  

 
Figure 5. Preferred FMS depending on the three investigated zones. 

As for non-cash payment, respondents were asked about their willingness to participate in FMS 
projects in the region. Table 7 shows the percentage of respondents that is willing to contribute labor 
in flood management projects instead of payment. It can be seen that 44%, 48%, and 52% of 
respondents were willing to contribute in this way in zones 1, 2, and 3, respectively.  

Table 7. Respondents’ willingness to contribute as labor in FMS. 

Response Zone 1 (%) Zone 2 (%) Zone 3 (%) 
Yes 44 48 52 
No 56 52 48 

Table 8 shows the willingness by respondents in terms of number of days to work in flood 
management strategy projects. Among respondents who are willing to contribute, the willingness in 
terms of number of days to work in flood management strategy projects in five categories is shown 
in Table 8. It is seen that the majority of respondents were willing to work at least 2 days per month 
during a year. For example, among 44% of respondents who were willing to contribute in zone 1, 
33% (about 14 respondents) were willing to work 2 days per month. 

Table 8. Respondents’ willingness to spend x number of working days as labor (day/month). 

Days (Day/Month) Zone 1 (%) Zone 2 (%) Zone 3 (%) 
One 21 22 14 
Two 33 45 45 

Three 16 12 27 
Four 12 4 6 
Five 19 16 8 

Figure 5. Preferred FMS depending on the three investigated zones.

As for non-cash payment, respondents were asked about their willingness to participate in FMS
projects in the region. Table 7 shows the percentage of respondents that is willing to contribute labor in
flood management projects instead of payment. It can be seen that 44%, 48%, and 52% of respondents
were willing to contribute in this way in zones 1, 2, and 3, respectively.

Table 7. Respondents’ willingness to contribute as labor in FMS.

Response Zone 1 (%) Zone 2 (%) Zone 3 (%)

Yes 44 48 52
No 56 52 48

Table 8 shows the willingness by respondents in terms of number of days to work in flood
management strategy projects. Among respondents who are willing to contribute, the willingness in
terms of number of days to work in flood management strategy projects in five categories is shown
in Table 8. It is seen that the majority of respondents were willing to work at least 2 days per month
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during a year. For example, among 44% of respondents who were willing to contribute in zone 1, 33%
(about 14 respondents) were willing to work 2 days per month.

Table 8. Respondents’ willingness to spend x number of working days as labor (day/month).

Days (Day/Month) Zone 1 (%) Zone 2 (%) Zone 3 (%)

One 21 22 14
Two 33 45 45

Three 16 12 27
Four 12 4 6
Five 19 16 8

Among respondents that were not willing to pay, less than 2% thought that implementation of
flood mitigation measures is not necessary in the study area (Table 9). About 34, 41, and 70% in zones
1, 2, and 3, respectively, considered that the government is responsible for this.

Table 9. Reasons given by respondents who are not willing to pay.

Reason Zone 1 (%) Zone 2 (%) Zone 3 (%)

It is a government responsibility 34 41 70
I don’t think these measures are necessary 1 2 0

I have economic problems 18 23 26
Other reasons 47 34 4

Table 10. Socioeconomic characteristics of the interviewees in the three zones.

Characters Categories Zone 1 (%) Zone 2 (%) Zone 3 (%)

Gender
Male 80 85 70

Female 20 15 30

Education Level

Illiterate 5 2 5
Elementary degree 10 8 11

Middle school degree 16 12 8
High school degree 33 44 44

College degree 9 12 11
Bachelor degree 20 19 19

Master and Ph.D. degree 7 3 2

Occupation

Office work 17 18 16
Labor 16 21 10

Military 0 1 0
Farmer 15 15 11

Cattle farmer 5 2 0
Private business 40 42 62

Other 7 1 1

Income (Million Rials)

<10 18 19 28
10 to 20 44 42 45
20 to 30 25 31 22

>30 13 8 5

Age

<30 27 26 21
30–40 23 28 27
40–50 24 19 27
>50 26 27 25

Table 10 shows socioeconomic characteristics of respondents in the three different zones. According
to Table 10, out of the 100 respondents in each zone, 80%, 85%, and 70% were male in zones 1, 2, and
3, respectively. In terms of education, the respondents could be divided into seven different groups
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including: illiterate, elementary degree, middle school degree, high school degree, college degree,
bachelor’s degree, master or Ph.D. degree. The dominant category was high school degree for all
three zones. Furthermore, the respondents’ occupations were classified in seven different groups
including: office work, labor, military, farmer, cattle farmer, private business, and other. More than
40% of respondents in all three zones could be categorized as private business occupation. About 20%
of people participating in the study depend on agriculture and cattle for their livelihood. Very few
people (<1%) are employed in the military. Besides this, respondents’ income was grouped into four
classes with about 40% earning 10–20 million Rials per month. The respondents’ age is well distributed
in four groups.

3.3. Inferential Results of WTP

Logit regression model was used to investigate the characteristics affecting the WTP [30]. In this
method, the bid is the dependent variable, and other variables such as age, gender, education, and
income are independent variables for the three different zones. The model parameters were estimated
by using a maximum likelihood approach. Logit regression model estimation results are presented in
Table 11. Total WTP through the direct (Cash) and indirect (Non-cash) WTP calculations are presented
in Table 12. Percentage of each flood management strategy in the three different zones is presented in
Table 13.

According to Table 11, in zone 1, among independent variables, the respondents’ monthly income
is significant at the 99% level and amount of bid is significant at 95% level, and other dependent variables
such as age, gender, and education had no significant effect on the WTP. The negative coefficient and
elasticity estimation for amount of bid show that by increasing bid amount, the probability of accepting
the bid decreases by 0.68%. Considering the marginal effect of the monthly income variable, with an
increase of 10 million Rials to household income, the probability of accepting the proposed amount
will increase by 32% (Table 11).

Further, the expected value of mean C-WTP to implement selected flood management strategies
was estimated through numerical integration from the range of zero to the maximum bid (160,000
Rials, ~ US $4) using estimated parameters from logit model:

E(C−WTP)=
∫ 160000

0

(
1

1 + exp
{
−(0.21186492 + 0.000013498× Bid)

} )dBid

= 122692 Rials ≈ US $3.19

(6)

The C-WTP calculated for zone 1 shows that respondents are on average willing to pay about
122,700 Rials (~US $3.19) per month which is about 1,472,000 Rials per year (~US $38) for the
implementation of selected flood management strategies. Thus, as 772 dwellers live in zone 1, the total
C-WTP in this zone can be calculated as 1137 million Rials per year (~US $30,000) (Table 12). According
to the Nc-WTP calculation in zone 1, a total of 118 labor days were accepted by the respondents in
zone 1, and the average daily income for labor is 505,627 Rials (~US $13), so the final Nc-WTP can
be estimated at about 5527 million Rials (~US $144,000). Thus, the total WTP in zone 1 was about
6664 million Rials (Table 12). On average during 2018, this is equivalent to US $173,261 per year.
Considering that in zone 1, respondents are willing to pay 47% of the payment for the river restoration
measure, the annual WTP for that is estimated about 3132 million Rials (US $81,433) per year. This
value for agricultural management and planning measures is about 2132 million Rials (US $55,444)
per year as well as for watershed management measures is 1399 million Rials (US $36,385) per year
(Table 13).
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Table 11. Logit model results of the demand function.

Variables
Name

Zone 1 a Zone 2 b Zone 3 c

Coefficient T-Statistic Elasticity
in Mean

Marginal
Effect Coefficient T-Statistic Elasticity

in Mean
Marginal

Effect Coefficient T-Statistic Elasticity
in Mean

Marginal
Effect

Bid −0.135 × 10−4 −2.31 ** −0.683 −0.29 × 10−5
−0.189 × 10−4 −2.616 ** −0.96 −0.347 × 10−5

−0.267 × 10−4 −2.064 ** −1.31 −0.16 × 10−5

Age −0.0162 −0.953 −0.461 −0.00348 −0.0113 −0.617 −0.36 −0.00208 −0.0516 −1.543 * −2.052 −0.0031
Gender 0.728 0.838 0.534 0.156 0.354 0.266 0.274 −0.0649 −0.0989 0.095 0.0997 0.594 × 10−2

Education −0.0607 −0.408 0.176 −0.013 0.142 0.666 0.462 0.0261 −0.257 × 10−4 −0.845 −1.009 −0.0154
Income 0.150 × 10−6 4.425 *** 2.197 0.323 × 10−7 0.165 × 10−6 4.302 *** 2.343 0.303 × 10−7 0.274 × 10−6 4.224 *** 3.92 0.165 × 10−7

a Log-likelihood function = −73.6. Likelihood Ratio Statistic (LR Statistic) = 28.98. Probability (LR Statistic) = 0.00002. Maddala R-square = 0.19. Percentage of right predictions = 0.72. b

Log-likelihood function = −66.52. Likelihood Ratio Statistic (LR Statistic) = 26.75. Probability (LR Statistic) = 0.00006. Maddala R-square = 0.18. Percentage of right predictions = 0.78. c

Log-likelihood function = −32.1. Likelihood Ratio Statistic (LR Statistic) = 32.46. Probability (LR Statistic) = 0.00000. Maddala R-square = 0.24. Percentage of right predictions = 0.89. *:
Significant at 10% level. **: Significant at 5% level. ***: Significant at 1%level.
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Table 12. Cash and Non-cash WTP calculation for the three different zones (approximate values).

C-WTP 1

Zone 1 Zone 2 Zone 3
Number of households in zone [31] 772 1119 639

WTP (per month) 122,700 47,500 38,500
WTP (per year) 1,472,304 570,072 462,444

Total C-WTP in zone (million Rials) (~) 1,137 638 295

Nc-WTP 2

Zone 1 Zone 2 Zone 3
Number of respondents 100 100 100
Number of labor days 118 121 127

Average of respondents 14.16 14.52 15.24
Average income (Rials/day) 505,627 505,627 505,627

Total Nc-WTP in zone (million Rials) 5527 8215 4924
Total WTP (C-WTP and Nc-WTP) in zone (million Rials) 6664 8853 5219

1 Cash WTP, 2 Non-cash WTP.

Table 13. Percentage of WTP for each FMS in the three different zones.

Flood Management Strategies

Zone 1 Zone 2 Zone 3

% Million
Rials % Million

Rials % Million
Rials

River restoration 47 3,132 45 4,161 60 2,453

Agricultural management and
planning measures 32 2,132 25 2,833 23 1,670

Watershed management measures 21 1,399 30 1,859 17 1,096

Total WTP 100 6,663 100 8,853 100 5,219

In zone 2, the results show that the monthly income and amount of bid are statistically significant
at 99% and 95%, respectively, while the other dependent variables (age, gender, and education) are not
significant. The positive coefficient estimated for monthly income and negative for the bid amount
shows that if the monthly income increases and amount of bid decreases, the probability of intention
in accepting to pay will increase. The marginal effect value shows that in a case of increasing the
monthly income variable and considering other variables as constant, the probability of paying for
flood management strategies will not change. The percentage of statistically correct predictions in this
zone was 78%, which indicated a relatively good fit to the data (Table 11). The expected value of mean
C-WTP for selected flood management strategy implementation was estimated as:

E(C−WTP)=
∫ 160000

0

(
1

1 + exp
{
−(0.503478055 + 0.000018929× Bid)

} )dBid

= 47506 Rials ≈ US $1.25

(7)

Regarding to C-WTP calculated in zone 2, households are averagely willing to pay 47,506
Rials per month which is about 570,072 Rials (~US $15) per year for the flood management strategy
implementation in this zone. Considering 1119 inhabitant in zone 2, the final C-WTP can be calculated
as 638 million Rials (~US $17,000) per year (Table 12). According to the Nc-WTP calculation in zone 2,
121 labor days were accepted by the respondents in zone 2 and the final Nc-WTP can be estimated at
about 8215 million Rials (~US $214,000). The total WTP in zone 2 is approximately 8853 million Rials
(Table 12). This is equivalent to US $230,185 per year. Regarding Table 13, respondents in zone 2 are
willing to pay about 4161 million Rials of the total payment for river restoration measures (US $108,187).
This value for agricultural management and planning measures is about 2883 million Rials (US $73,659)
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per year as well as for watershed management measures is 1859 million Rials (US $48,339) per year
(Table 13).

In zone 3, the monthly income, bid amount, and age are factors that significantly affect the WTP
at 99%, 95%, and 90%, respectively. Gender and education did not have a significant effect on WTP.
The estimated coefficient for bid amount and age are negative and show that increases of bid and age
lead to decreased probability of WTP for flood management strategies. By increasing monthly income,
the probability for paying decreases (Table 11). Thus, 1% increase in age, results in reduced probability
of accepting the proposed amount by 2% (Table 11).

The expected mean C-WTP in zone 3 was calculated as:

E(C−WTP)=
∫ 160000

0

(
1

1 + exp
{
−(0.627291241 + 0.000026713× Bid)

} )dBid

= 38537 Rials ≈ US $1

(8)

The C-WTP means that people in zone 3 are willing to pay 38,537 Rials (~US $1) per month for
flood management strategy implementation. Since 639 people live in zone 3, the total C-WTP can be
calculated as 295 million Rials (~US $8000) per year (Table 12). In total, 127 labor days were accepted by
the respondents in zone 3 and the total Nc-WTP was about 4924 million Rials (~US $129,000). The total
WTP in zone 3 was about 5219 million Rials which is equivalent to US $ 135,706 per year (Table 12).
Respondents in zone 2 are willing to pay about 2453 million Rials of the total payment for the river
restoration measure (US $63,782). Moreover, the percentage of payment for agricultural management
and planning measure is about 1670 million Rials per year (US $43,426) and for watershed management
measure it is about 1096 million Rials per year (US $28,498) (Table 13).

4. Conclusions

This study focused on assessing the social acceptability and feasibility of flood management
strategies regarding climate change impacts in the Talar River Basin, northern Iran, through addressing
local participation, expert assessment, and integrative decision making. For this purpose, we used
Analytical Network Process (ANP) as multiple criteria decision making (MCDM), Contingent Valuation
Method (CVM) as an economic valuation approach, and hydro-climate modelling to study the
socio-hydrological system in the study area. Among twelve available flood management strategies in
three categories, structural, non-structural, and combination of structural and non-structural measures,
three highest rank measures were chosen by experts and decision-makers through ANP approach.
These measures included “river restoration”, “agricultural management and planning”, and “watershed
management” practices that gained the highest weight values of 0.33, 0.34, and 0.46, respectively.

The respondents’ attitude regarding effects of flood damage during recent year shows that a
large number of them has not experienced flood problems similar to those of other studies, e.g., [11].
However, due to experiencing flood events in other nearby basins, respondents’ concerns about flood
risk are considerable. The perception of flood risk has strong influence on the WTP, which in regions
with different level of flood risk and priority of flood leads to highly variable WTP [32]. The social
acceptability of the three selected FMS was assessed by WTP calculation through a CVM approach.
Among 100 respondents in each zone (determined based on the distance to the river), 50%, 38%, and
18% were willing to pay for implementation of the three selected FMS and 44%, 48%, and 52% were
willing to contribute in FMS projects in zones 1, 2, and 3, respectively. The total WTP calculated C-WTP
and Nc-WTP were about 6664 (US $173,261), 8853 (US $230,185), and 5219 (US $135,706) million Rials
in zones 1, 2, and 3, respectively. These sums represent the protection value of FMS against flood
under climate change impact. The CVM results show that among dependent variables, income has the
highest impact on the acceptance or rejection rate. Consequently, respondents with higher income in
all three zones were willing to pay more for flood mitigation measures. These results are similar to
previous studies [30,33–35]. Except for age in the third zone, other variables did not have a significant
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effect on the WTP in the three zones. The results indicate that the larger distance from the river, the
larger decrease in peoples’ WTP for flood mitigation measures. This is logical since flood risk decreases
with distance from the main river stream [21,36]. However, about half of the population has concern
about flood issues in the region.

For integrated flood management measures, it is necessary to consider public participation by
local communities in decision-making. In zones 1 and 3, agricultural management and planning
measures were ranked second in terms of acceptance by the respondents, but in zone 2, the watershed
management measures were ranked second. It should be noted that although two other watershed
management measures were considered, respondents tended to have a low WTP for these.

Increasing the social acceptability plays an important role in sustainability and maintenance of
FMS and in this regard news and social media as near real-time information channels share opinions
regarding concerns on climate change [37] and flood risk issues [38]. Thus, news and social media are
important as opinion builders for climate change and flood management and citizens’ willingness to
actively participate. The socio-hydrological framework used in this study is expected to be adaptable
for other local communities in different river basins of the world [5]. In this regard, the results of this
study are important for policy makers to make better decisions in order to accomplish effective flood
management strategies in view of climate change.
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