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Abstract 

The economy of Bangladesh partially depends on the agricultural sector. Anowara 

Upazila (sub-district) primarily comprises the farming community. As a result, 

agriculture plays a vital part in the local economy. In this study, farmers' willingness to 

pay (WTP) is determined to evaluate the economic value of irrigation water for a 

hypothetical Wide Scale Irrigation Water Management System (WSIWMS). This project 

will reduce irrigation water waste by stopping illegal private irrigation schemes. A 

double-bounded closed-ended format was employed to elicit the WTP of the farmers. It 

was found through the study that the majority of farmers used a private irrigation system 

to irrigate their land. Most farmers in the area expressed willingness to join this network 

since farmers faced water salinity problems throughout the year, especially in the dry 

season. The surface water used for irrigation contains a high salinity level due to salinity 

intrusion. Additionally, lack of irrigation water is another issue farmers encounter during 

the dry season. Moreover, compared to the current irrigation costs, the predicted WTP 

per Kani/season (1 Kani is equivalent to 17280 square feet of land) was 1214 taka (US$ 

14.28). The estimated WTP was lower than the present cost of irrigation in the study area. 

This cost was around 12% of farmers' families' average monthly household income. The 

study revealed that income, revenue sources, education level, farmland ownership, and 

irrigation management influenced farmers' WTP. Empirical findings will aid the 

authority in applying proper agricultural measures to improve production efficiency and 

promote water sustainability in the coastal areas of Bangladesh. 
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evsjv‡`‡ki A_©bxwZ AvswkKfv‡e K…wl Lv‡Zi Ici wbf©ikxj| Av‡bvqviv Dc‡Rjv g~jZt K…lK 

m¤ú«`vq wb‡q MwVZ| dj¯̂iƒc, K…wl ’̄vbxq A_©bxwZ‡Z GKwU ¸iæZ¡c~Y© f~wgKv cvjb K‡i| GB 

mgx¶vq, K…lK‡`i A_© cÖ`v‡bi B”Qv GKwU Abygvbg~jK IqvBW †¯‹j Bwi‡Mkb IqvUvi g¨v‡bR‡g›U 

wm‡÷g Gi Rb¨ †m‡Pi R‡ji A_©‰bwZK g~j¨ g~j¨vqb Kivi Rb¨ wba©vwiZ nq| GB cÖKíwU A‰ea 

e¨w³MZ †mP cÖKí¸wj eÜ K‡i †m‡Pi R‡ji AcPq n«vm Ki‡e| K…lK‡`i A_© cÖ`v‡bi B”Qv †ei 

Kivi Rb¨ GKwU Wej-evD‡ÛW †K¬vR-G‡ÛW dg ©̈vU e¨envi Kiv n‡qwQj| mgx¶vi gva¨‡g GwU 

cvIqv †M‡Q †h †ewkifvM K…lK Zv‡`i Rwg‡Z †mP †`Iqvi Rb¨ GKwU e¨w³MZ †mP e¨e ’̄v e¨envi 

K‡i| GjvKvi †ewkifvM K…lK GB †bUIqv‡K© †hvM w`‡Z B”QyK wQ‡jb KviY K…lKiv mviv eQi 

R‡ji jeYv³Zvi mgm¨vi m¤§yLxb nq, we‡kl K‡i ï®‹ †gŠmy‡g| †m‡Pi Rb¨ e¨eüZ f~-c…‡ôi cvwb‡Z 

jeYv³Zvi AbycÖ‡e‡ki Kvi‡Y D”P jeYv³Zv _v‡K| 

Dciš‘, ï®‹ †gŠmy‡g K…lK‡`i gy‡LvgywL nIqv Av‡iKwU mgm¨v nj †m‡Pi cvwbi Afve| AwaKš‘, 

eZ©gvb †mP Li‡Pi Zyjbvq, cÖwZ Kvwb/‡gŠmy‡g c~e©vfvwmZ A_© cÖ`v‡bi B”Qv (1 Kvwb 17280 

eM©dyU Rwgi mgZyj¨) wQj 1214 UvKv (14.28 gvwK©b Wjvi)| AvbygvwbK A_© cÖ`v‡bi B”Qv D³ 

GjvKvq †m‡Pi eZ©gvb Li‡Pi †P‡q Kg wQj| GB LiP wQj K…lK cwiev‡ii Mo gvwmK cvwievwiK 

Av‡qi cÖvq 12%| M‡elYvq †`Lv †M‡Q †h, Avq, ivR‡¯̂i Drm, wk¶vi Í̄i, K…wlRwgi gvwjKvbv 

Ges †mP e¨e ’̄vcbv K…lK‡`i A_© cÖ`v‡bi B”Qv‡K cÖfvweZ K‡i| GB M‡elYvi AwfÁZvg~jK 

djvdj¸wj evsjv‡`‡ki DcK~jxq AÂ‡j Drcv`b `¶Zv DbœZ Ki‡Z Ges cvwbi †UKmBqZv‡K 

DbœxZ Kivi Rb¨ h_vh_ K…wl e¨e ’̄v cÖ‡qv‡M KZ©…c¶‡K mnvqZv Ki‡e| 

 

1. Introduction  

Irrational water use for drinking, domestic activities, industrial and agricultural 

purposes is a concerning issue for the present world [1, 2]. On the other hand, 

agricultural operations are critical for rural communities' economic sustainability, 

social cohesion, and irrigation water are essential for increasing agricultural 

productivity [3]. In developing countries such as India, Morocco, and 

Bangladesh, irrigation accounts for more than 90% of total water consumption, 

with agricultural water use accounting for estimated three-quarters of global 

water consumption [4]. Groundwater remains one of the most important sources 

of irrigation in some Asian and African countries where surface water supplies 

are insufficient and surface water quality is unsuitable for irrigation of 

agricultural lands. Irrigation coverage has been dramatically enhanced during the 

previous three decades to boost worldwide food production [5]. Bangladesh is an 

agricultural country reliant on freshwater supply for sustainable agricultural 

production [6]. Approximately, 80% of irrigation water comes from groundwater 

in Bangladesh, which appears to be climbing [6].  

The coastal region of Bangladesh consists of 19 districts and covers around 20% 

of the total land area, which encompasses 30% of the total cultivable land area. 
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More than 35 million people reside in the country's coastal areas and directly or 

indirectly depend on agricultural production for their food supply and livelihood 

[7, 8]. However, with the rise of salinity in soil and water, people of coastal 

regions are experiencing a scarcity of freshwater for cultivation [5, 7, 9]. Notable 

agricultural lands were abandoned as the non-saline water for irrigation was 

scarce in the coastal region of Bangladesh [6, 7, 10]. Anowara, a sub-district of 

Chattogram in Bangladesh's coastal region, is affected by salinity and the people 

are in considerable physical and economic distress due to the excessive salinity 

in the soil, surface and groundwater Datta et al. [11]. Paul and Jabed [12] found 

out that the primary cause of financial hardship in that area is a lack of freshwater 

in Anowara Upazila due to salinity contamination in the surface and groundwater. 

Also, the high cost of irrigation water is another leading cause of the irrigation 

problem. The rural areas of this Upazila contain a sizable population of 

individuals involved in agriculture for livelihood. Irrigation of this Upazila 

depends on local surface water sources, including canals and rivers. However, a 

scarcity of fresh water forced some farmers to give up farming.  

In a developing country like Bangladesh, proper irrigation water management is 

critical since the extensive use of groundwater for irrigating and expanding the 

growth of crops throughout the dry season places a tremendous strain on 

groundwater. Most of the farmers in our country are below the poverty line [13]. So 

they cannot afford the personal irrigation system. In that case, the government and 

people combined irrigation systems can play an important role. However, irrigation 

water valuation is necessary to plan and establish government-peoples joint irrigation 

plants. Irrigation water valuation is a neglected research sector in our country. The 

majority of Bangladeshi studies on irrigation water deal on water quality [14-18]. 

Some studies are found about irrigation water valuation for neighboring countries 

such as India, Pakistan, and Nepal [19-21]. Biswas and Venkatachalam [19] stated 

that farmers are willing to spend higher than they currently do. The same result has 

been found by Joshi et al. [20] and Reid Bell et al. [21].  

The Willingness To Pay (WTP) for irrigation water and the viability of developing 

an irrigation water supply project in Anowara have never been evaluated in any 

previous study. So, irrigation valuation-related studies are needed. Researchers 

have utilized the Contingent Valuation technique to assess the worth of 

environmental amenities [22], which builds hypothetical markets for commodities 

with no market value [13, 23-25]. This study aimed to estimate WTP for the 

improved and salinity-free irrigation system for the farmers in Anowara Upazila 

under the Chattogram district of Bangladesh. The key objective of conducting this 
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study is to estimate WTP for improved and salinity-free irrigation water supply in 

Anowara Upazila and identify significant socioeconomic variables that affect 

willingness to pay. This study will help inform policy-makers to reform the 

irrigation water policy in the coastal area of Bangladesh. 
 

2. Methodology 

The study was conducted in Anowara Upazila under Chattogram District of 

Bangladesh from August to December 2021.  

2.1 Description of the study area 

Anowara is a coastal Upazila (sub-district) in the Chattogram district. The 

Anowara Upazila has a total area of 164.13 km2. It lies between the latitudes of 

22°07' and 22°16' north and the longitudes of 91°49' and 91°58' east. The average 

temperature in Chattogram is 25.3 °C. About 2889 mm of precipitation falls 

annually [26]. Agriculture is the primary source of income for most people. 

Around 50% of the land is suitable for yearly two cultivation [27]. Anowara 

Upazila is divided into 11 Union parishad, i.e., Bairag, Barakhain, Barasat, 

Burumchhara, Battali, Chatari, Haildhar, Juidandi, Paraikora, and Roypur (Figure 

1). There are 81 villages inside the Unions. The overall population of the Upazila 

was 259022 people. There are 49966 households, of which 37350 are farmers, 

with a literacy rate of 47.04%. The major rivers that pass through Anowara are 

the Karnafully and Sangu. In Anowara Upazila, the total temporary cultivated 

land is 8067 ha, and irrigated land is 6681 ha [27].  
 

 

Figure 1. Study map of Anowara Upazila, Chattogram, Bangladesh. 
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There were eleven Anowara Upazila unions, but only ten of them were 

chosen to conduct this study. The unions were chosen based on the 

Department of Agricultural Extension's water salinity information and the 

local people's opinion of their irrigation water problem as determined from 

Focus Group Discussions (FGD). We excluded Bairag union from our 

analysis due to the union's hilly terrain, which is not used for agricultural 

production. There are 34061 farmer households in the ten unions 

representing our study population [27].  
 

2.2 Conceptual framework of the willingness to pay 

The Contingent Valuation Method (CVM) is frequently used as a standard 

method for evaluating the values of natural resources and the environment that 

are not in use or marketable. This technique establishes a hypothetical market 

for potable water of acceptable quality and provides individuals with a 

suggested price for the commodity. The responses of individuals to proposed 

prices or bids are determined by their utility maximization [13, 24, 28-32]. 

Contingent valuation (CV) is a social survey in which participants are 

informed about a particular environmental issue whose values are not 

recognized by market-based instruments. The CV surveys are used to elicit 

individual viewpoints, societal attitudes, and inclinations toward a particular 

environmental improvement and its nonmarket merits. Respondents are 

frequently questioned about their willingness to pay to evaluate the impact of 

a proposed project on public welfare (WTP). The aggregated economic 

welfare value is determined when the mean WTP value is multiplied by the 

number of customers who benefited from the intervention. Throughout the 

welfare aggregation process, various affecting factors must be considered. 

This study focuses on the valuation of the irrigation water supply in Anowara 

Upazila through the CV method by measuring WTP and finding out the region 

behind the irrigation problem.  
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Figure 2. Framework of valuation of irrigation water in Anowara Upazila, 

Chattogram, Bangladesh. 
 

The overall processes identify irrigation problem objectives, create a 

questionnaire, collect data, analyse data, and estimate mean and aggregated WTP 

(Figure 2). Each broader phase will include several central aspects of WTP 

influencing factors and calculation methods. Based on standard principles and 

empirical work cited in the literature, Farmers' willingness to pay for irrigation 

water supply is influenced by their income, socioeconomic demographic features 

(e.g., age, family size, education, and firming characteristics (i.e., size of 

cropland, amount of fertilizer use, experience with irrigation water) [13].  

Following the study of Akter [13], a private irrigation water supply scheme 

represented as a0 and the proposed government-managed irrigation water 

providing scheme represented as a1. So, the utility function of private irrigation 

and the hypothetical "Wide Scale Irrigation Water Management System 

(WSIWMS)” can be written in the following two forms: 

1. Present private irrigation water supply: 

U0 = v0  (a0,I,F,S, e0) (1) 

2. Hypothetical WSIWMS: 

U1 = v1  (a1,I-M,F,S, e1) (2) 

(e0 and e1 in equations 1 and 2 are the errors terms distributed normally) 

Where, I is average monthly household income, F is farming features, and S is 

household socioeconomic characteristics. Households are willing to trade off a 

hypothetical WSIWMS for 'M' (money). The farmer's decision to pay for 
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WSIWMS is influenced by the usability of the current water delivery system and 

the change in revenue levels for obtaining the hypothetical source of water. 

Respondent/household will agree to pay for irrigation water under WSIWMS if: 

v1 (a1,I-M,F,S, e1) > v0  (a0,I,F,S, e0)         

So, when farmers receive more utility from WSIWMS than the private scheme, 

then farmers are interested in joining this irrigation program.  

On the other hand, The WTP bid value is correlated with some farm characteristics 

and the socio-economical factor. To determine this, binary logistic regression is used. 

Influencing factors are age, sex, education, family size, and household income. The 

dichotomous choice model was used to conduct CV surveys for this investigation. 

The Dichotomous Choice format, according to Calia and Strazzera [33], is the most 

extensively used approach in contingent valuation due to its ease of application in 

data collection. When using this elicitation method, the respondent has to state YES 

or NO when asked if she or he is willing to pay a given amount for the public benefit. 

The double-bound approach allows for rectifying a faulty initial bid vector selection. 
 

2.3 Water sample collection  

Water samples were obtained from the study region to ascertain the water's salinity 

and determine irrigation water quality. A total of 54 samples were collected from 3 

irrigation sources which were Sangu River, Parki Khal, and Borkol Khal (Figure 3).  

 

Figure 3. Irrigation water source's sample collecting point in Anowara, 

Chattogram, Bangladesh. 
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We collected water samples from each water source in a systematic way. First, 

we selected the location for collecting water samples. We selected three spots for 

each water source. After that, we collected 3 samples from every spot in both high 

and low tide. So, we got 18 samples from each water source from 3 spots, where 

9 samples were in high tide and 9 in low tide (Figure 4). Following this process, 

we collected the remaining water samples from the other two sources. Finally, we 

got 54 water samples from those 3 irrigation water sources. Water samples were 

collected from salinity, the mass in grams of dissolved inorganic particles in one 

kilogram of water [34], often determined by the water's electrical conductivity. 

Electrical conductivity (EC) is a water property directly connected to its salinity 

level. The water samples were sent to the Soil Research Development Institute, 

Regional Laboratory, Chattogram, to determine the concentration of salinity 

through electrical conductivity measurement. 

 

Figure 4. Process of water sample collection from the irrigation water source in 

Anowara, Chattogram, Bangladesh. 
 

2.4  Sampling procedure and data collection  

This study has purposively chosen ten Unions of Anowara Upazila for household 

selection, but the representative households were randomly sampled. All types of 

major, medium, small, and landless farmers were surveyed in this study. The 

Anowara Upazila Department of Agricultural Extension counts farmers' homes. 

To calculate sample size, Cochran [35] formula was used.  
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 When the population is infinite [36] (1),   

no = 
𝑧2𝑝𝑞

𝑒2
                          (1) 

=
(1.96)2 × (0.5) × (0.5)

(0.05)2
 

= 
0.9604

0.0025
 

= 384 

Where, no is the sample size, z is the selected confidence interval level of 1.96, p 

is maximum variability equal to 50% or 0.5, q is (1-p) which is 0.5, and e is the 

desired level of precision which is 0.05.  

However, it was pointed out that the sample size could be reduced slightly if the 

total population was known [36]. Larger populations tend to have more 

information available than smaller ones. Cochran [36] proposed a correction 

formula for calculating the final sample size is given below (2) 

n = 
𝑛𝑜

1+
(𝑛𝑜−1)

𝑁

                                   (2) 

= 
384

1+( 
384−1

34061
)
 

= 
384

1.011
 

= 379.82  

= 380 

Where N is the population size (34061), and no is the sample size derived from 

equation (1). So the final sample size is 380 households for the questionnaire 

survey is determined using Cochran [35] formula with a 95% confidence interval 

and precision level of ±5%.   

Anowara is an agriculture-oriented Upazila. So before starting face-to-face 

interviews, we collected union essential farmers’ lists from the Upazila 

Agricultural Extention Department. The number of farmers was not equally 

distributed. However, to ensure that the data collected represents the farmer 

population, we needed to classify sample numbers based on the farmers in each 

union (Table 1). 
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Table 1. Union basis farmer sample list for a face-to-face interview in Anowara 

Upazila, Chattogram, Bangladesh.  

Union name 

Total Farmer 

household 

number 

Selected farmer household number: 

(
𝑼𝒏𝒊𝒐𝒏′𝒔 𝒕𝒐𝒕𝒂𝒍 𝒇𝒂𝒓𝒎𝒆𝒓𝒔 × 𝟏𝟎𝟎

𝑼𝒑𝒂𝒛𝒊𝒍𝒂 𝑻𝒐𝒕𝒂𝒍 𝒇𝒂𝒓𝒎𝒆𝒓𝒔
) × 𝟑𝟖𝟎 

Anowara sadar 1693 19 

Barakhain 4428 49 

Barasat 4257 47 

Burumchhara 3051 34 

Battali 3632 41 

Chatari 2891 32 

Haildhar 3638 41 

Juidandi 2565 29 

Paraikora 3123 35 

Roypur 4783 53 

Total 34061 380 
 

The study was planned based on the farmer's contribution to the irrigation plant. More 

than one individual farmer from the same household was excluded throughout the 

interview process. Farmers are chosen based on their household location rather than 

their land location. Each farmer's house was chosen using a systematic sampling 

approach, with every ninth household located along the right side of the main village 

road being interviewed. The sampling interval was obtained by dividing the total 

sample households by the average number of households in the ten unions [13, 23, 

37, 38]. Each interview lasted about 15-20 minutes on average. 

We conducted informal focus group discussions (FGDs) before household 

surveys to define hypothetical baselines, variable selection, questionnaire design, 

and initial and final bid selection for determining WTP [13, 23, 37, 38]. The focus 

group discussions (Table 2) ensured that necessary revisions were made to the 

hypothetical scenario, which will be conveyed to respondents about irrigation 

water supply in the future. In this study, four informal FGDs were conducted in 

four Unions of Anowara Upazila, such as Battali, Haildhar, Paraikora, and 

Roypur. All of the participants were male farmers of different age groups. Each 

FGD consisted of an average of 18 participants. Based on the information 

gathered from FGD, the maximum and lowest bid amounts were decided. The 

benefits of the irrigation water project were explained to respondents to 

participate in the survey process.  
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Table 2. Focus group participants selected minimum and maximum bid levels 

in Anowara Upazila, Chattogram, Bangladesh.  

Union 

  Battali Haildhar Paraikora Roypur Total 

Number of 

the Farmers 
18 19 17 18 72 

The conversation centered on land ownership, own irrigation system, times of 

agriculture, water salinity, demand for irrigation water, the possible amount of 

WTP, and socio-economic situation. The study used the data from the FGDs to 

estimate the lowest-level bid for season/Kani1 at BDT 1200 (US$14.11) and the 

highest-level bid at BDT 2000 (US$23.52). The procedure of distributing 

irrigation water to the participants was discussed in depth in order for them to 

have a better knowledge of the hypothetical market scenario, and their subsequent 

questions were also answered. Following the bid levels determined by FGDs, a 

survey with a structured questionnaire was launched. Hypothetical, strategic, 

starting point and knowledge bias were all reduced by using these FGD to define 

the WTP situation and provide a detailed overview of the processes involved to 

participants [13, 39]. 

2.5  Questionnaire designing and data collection 

The questionnaire was constructed using the contingent valuation methods 

conceptual framework as a guide. Three sections were included in the survey: (i) 

Irrigation water and associated information (cultivation times, cost of production, 

cost, type of ownership, significant advantages and disadvantages of the current 

irrigation water source), and (ii) WTP for irrigation water under the hypothetical 

irrigation plant. (iii) Includes socio-demographic information (age, occupation, 

educational background, family size, sources of income).  

After introducing the hypothetical product to the respondents, two WTP questions 

were administered (WSIWMS). First, respondents were asked if they would pay 

'in principle' under the WSIWMS for irrigation water per Kani for every cropping 

season. Those who said 'Yes' were then asked if they were willing to pay a 

specific bid amount in the form of a dichotomous choice question. The bid 

amounts were classified into four classes such as 1200 BDT/Kani/season 

(US$14.11), 1500 BDT/Kani/season (US$17.64), 1800 BDT/Kani/season 

(US$21.17), and 2000 BDT/Kani/season (US$23.52). 

 
1 1 Kani equals 30 decimals or 17280 square feet of lands.  
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The bidding path is depicted in Figure 5 for each 'Yes' or 'No' response to a 

matching bid. If the respondent was unwilling to pay, socio-economic data were 

collected and the subject was questioned about the reason. 

 

Figure 5. Bidding path for valuation of irrigation water in Anowara Upazila, 

Chattogram, Bangladesh. 

2.6  Mathematical theory to estimate mean WTP  

A simplified process suggested by Honu [40] was employed to estimate the mean 

WTP for irrigation water for Anowara Upazila. This process allowed 

incorporating the WTP of the sample respondents willing to pay less than the 

minimum bid level of BDT 1200 monthly. A modified formula was derived to 

estimate the mean WTP by following the four steps mentioned below [40].  

1. Data collection on respondents' willingness to pay in ascending order of 

three bid levels and calculated acceptance and rejection frequencies for 

each offered bid, followed by cumulative acceptance and rejection 

frequencies. 

2. Determination of the upper bound for WTP at each bid level and 

frequency class. 

3. Calculated the WTP class average and associated frequencies for each 

class average 

4. Determination of the mean WTP using the following formula 

Mean WTP = ∑[ (fr-ubwtp )/100]X̅ 

Where, fr = Cumulative frequency of rejection 

ubwtp = WTP upper bound of the previous class 

X̅ = average of WTP class for each bid = 
𝐡𝐢𝐠𝐡𝐞𝐬𝐭 𝐰𝐭𝐩 𝐨𝐟 𝐭𝐡𝐞 𝐜𝐥𝐚𝐬𝐬−𝐥𝐨𝐰𝐞𝐬𝐭 𝐰𝐭𝐩 𝐨𝐟 𝐜𝐥𝐚𝐬𝐬

𝟐
 



40 

Farmers' willingness to pay for improved and salinity free irrigation water in Anowara 

Upazila, Chattogram, Bangladesh 

 

2.7 Elimination of biases 

This study needed to address strategic bias, Information bias, starting point bias, 

and payment vehicle bias and remove those biases using a suitable way (Table 3). 
 

Table 3. Bias removing procedure in data collection of Anowara Upazila, 

Chattogram, Bangladesh. 

Name of bias  Way of removing  

Strategic bias Further questions were asked to elicit the reasons 

for agreeing to a specific offer level [41]. 

Information bias Describe the plan in detail to the respondent in their 

native language and respond to their subsequent 

questions about the proposed intervention [40]. 

Starting and ending 

point bias 

FGD was conducted in four unions, as is customary 

in contingent valuation research. These bid 

amounts were determined using data gathered 

during the FGD [13]. 

Payment vehicle bias Farmers were allowed to analyze the offered bid 

and develop responses using a local and familiar 

payment method for irrigation water [13]. 

Embedding effect  Various irrigation water supply solutions were 

supplied to the farmers who responded to lower the 

WTP of irrigation water's embedding impact. 
 

2.8 Descriptions of variables 

Numerous research conducted using the Contingent Valuation (CV) technique to 

improved irrigation water supply found that socio-economic criteria such as 

income, education, occupation, family size and income sources influenced 

respondents' WTP [13, 23, 41, 42]. Additionally, the existing water source 

problem, present cost, and the demand for more significant water quality 

influenced people's WTP [13]. 
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Table 4. The significant variables influencing farmers' WTP for irrigation water 

in Anowara, Chattogram, Bangladesh.  

Major 

Factors 

Variables Description 

Land and 

irrigation  

Land ownership Owner of the land. 

Times of 

cultivation 

How many times a year do they cultivate their 

land? 

Own irrigation 

system 

Have they owned a personal irrigation 

system? 

Salinity problem  

 

Did they face any salinity problems on behalf 

of irrigation?  

WTP Willing to 

contribute 

financially 

If the respondent is willing to pay for 

irrigation water supply. 

Offered bid 

amount 

If the respondent accepts or rejects the 

offered bid. 

Socio-

economic 

information 

Age of the 

respondent 

Age of the respondent in years. 

Income sources  The number of earning people in the same 

household.  

Household income The total monthly income of the respondent's 

household in BDT. 

Family size The total number of people living in the 

household. 

Gender Male or female 

Education The level of education respondents has 

Occupation The respondent is unemployed, self-

employed, businessman, government or 

private service holder 
 

The variables listed in Table 4 were utilized to analyze the data and determine the 

factors impacting WTP. Descriptive statistics were produced by analyzing all of 

the sample data. However, 296 respondents agreed to contribute to this irrigation 

plan out of 380 respondents. 

2.9  Process of data analysis 

Studies have applied a binary logistic model of CVM to nonmarket commodities 

and identified critical factors influencing WTP. The WTP model is chosen based 

on the purpose and the variables employed in the study [37, 41, 43]. The data 

were analyzed using a binary logistic regression model to identify the relevance 

of the factors influencing WTP. In order to execute the binary logistic model, 
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IBM SPSS version 25 was employed. We used Microsoft Excel 2010 and a 

structured questionnaire survey for the initial data entry and organization. In the 

next stage, IBM SPSS version 25 software was used to classify and code the 

qualitative data categories. Because the binary logistic model was used to analyze 

the data during conceptualization, the dependent and independent variables were 

established. We examined the willingness to pay in four models for each bid tier 

(BDT 1200, BDT 1500, and BDT 1800). There were just two choices for the 

dependent variable, "Willingness to help financially" or "No," in the first model. 

The irrigation issue, land ownership, and agriculture duration were independent 

variables. Using Pearson's chi-square test, each independent variable was 

compared to the dependent variable to evaluate the significance of each one. An 

analysis of binary logical regression on the relevant variables using the 

willingness mentioned above to pay and bid levels as the only independent 

variables. The interconnection between socio-economic and irrigation problems 

was examined as the last step. The mean WTP and aggregated WTP were 

determined following the mathematical theory outlined in section 2.6. The total 

WTP for Anowara's farmer households was calculated using the mean WTP. 

Before beginning the regression analysis, we checked for multicollinearity using 

the Variance Inflation Factor (VIF) before beginning the regression analysis. As 

the mean VIF was 1.46, a number below 10, it was determined that 

multicollinearity was not an issue. 
 

3. Results and Discussion 

3.1 Socio-economic characteristics of the respondents 

The average household consisted of about six family members of the 380 

respondents interviewed. The average age of the respondents was around 42 

years. Moreover, all the respondents were male. In our country, most male 

farmers are the head of their households [13]. About half of the respondents were 

illiterate. 

Moreover, about 90% of respondents did not cross the primary education level. The 

majority of farmers (51%) cultivated their lands (Figure 6). The average monthly 

household income is about 10431 BDT. Nevertheless, our country's average 

household monthly income is 15988 BDT [44]. As a result, the respondent's 

monthly income is lower than our national average. However, 80% family had one 

earning person in their family. However, the mean monthly household income was 

slightly high in small families (4-6 people) and farmers who cultivated their land.  
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[Note: BDT= Bangladesh taka.]     

Figure 6. Socio-economic characteristics of the farmer respondents in Anowara, 

Chattogram, Bangladesh. 

3.2 Land and existing irrigation factors 

Most of the lands of Anowara were suitable for cultivation three times per year. 

So, it represented that proper management could make this Upazila a food bank. 

Family size and mean household income have opposite relations. It indicates that 

household income is high in small-sized families and lowest in large families 

(Table 5). Moreover, large families suffer more irrigation problems than small 

size families. However, more than 50 percent of farmers used a private irrigation 

system for their cultivation, and also only 10 percent of people had their irrigation 

system. For irrigation of their land, they had to pay more than 2000 BDT per 

season/Kani. More than half of the respondents faced water salinity problems 

during a cultivation year. Those farmers faced more salinity problems using the 

river or khal as a source of irrigation water (Table 5). On the other hand, farmers 

with irrigation systems faced fewer salinity problems than others. In contrast to 

the private irrigation system, river and dam using farmers faced more salinity 

problems (Table 5). Also, the highest 40% of farmers who do not have a personal 

irrigation system suffered a shortage of irrigation water and high prices.  

More than 90% of the respondents faced different types of irrigation problems. 

About 143 respondents (37.6% of the sample) faced water shortages and a high 
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value of irrigation water problems. Furthermore, 15.8% and 24.7% of 

respondents separately addressed water shortness and high-value problems. Also, 

49% (12.9% of the sample) of people addressed irrigation pump problems during 

cultivation time. In contrast, farmers who used the river or khal as an irrigation 

source faced a lower problem than other users. About 60% of the farmers 

suggested making soil drainage systems for irrigation water supply comparing 

concrete-based drainage. 

Table 5. Correlation between socio-demographic and land-specific information 

of Anowara Upazila, Chattogram, Bangladesh. 

 Household 

income 

Salinity 

problem 

(%) 

kind of irrigation problem (%) 

Mean 

BDT 

No Yes 

 

A shortage 

of water 

during the 

dry season 

The 

current 

irrigation 

price is 

too high 

Irrigation 

pumps got 

out of order 

sometimes 

A shortage 

of water 

during the 

dry season; 

Current 

irrigation 

price being 

too high 

No 

response 

Land 

ownership 
No 9372 42 58 16 23 8 34 19 

Yes 11416 37 63 16 26 17 41 0 
Source of 

irrigation 

water 

River / 

khal 

10098 34 66 20 25 12 37 7 

Dam 9632 32 68 21 42 21 0 16 

Private  10787 44 56 12 23 13 42 10 
Own 

irrigation 

system 

No 10522 38 62 16 24 13 40 7 

Yes 9641 54 46 18 31 10 13 28 

Size of the 

family 

(Number) 

4-6 12755 46 54 15 25 13 40 8 

7 8852 38 62 15 26 11 37 10 

.>7 9000 28 72 19 22 16 35 8 
 

3.3 Contingent valuation and WTP result of irrigation water 

Most farmers (91.1%) responded favorably to the first WTP question regarding 

their willingness to receive irrigation water. However, 8.9% of the farmers in the 

area were not interested to get this. In response to second question, 296 farmers 

agreed to contribute to irrigation water under the WSIWMS project. In a follow-

up inquiry, those unwilling to pay were then asked why they were unwilling to 

do so. The most often cited reason for refusal to pay was 'do not have the financial 

means to pay for irrigation water (5.78%), followed by 'I have access to my 

irrigation water source' (8.67%) and 'I am not certain that my money will be spent 

wisely (1.23 percent). Respondents who refused to pay because they believed 
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their money would be spent appropriately are called protest bidders in CV 

surveys. Protest bidders account for fewer than 1% of the sample size [13, 28]. 

The calculation reveals that the farmers of Anowara Upazila were willing to pay 

BDT 1214 per season/per Kani to irrigation water for their cultivation. The total 

farmers’ household of ten selected unions in Anowara was 34061. The aggregated 

WTP was BDT 41,350,054. The average estimated WTP was lower than the 

current price level in an existing irrigation system. Thus, if the government is able 

to complete this WSIWMS project within 41,350,054 BDT, both farmers and 

government authorities will gain.  

Most CVM research is undertaken in underdeveloped countries [22, 32, 45], on 

WTP for drinking water under improved water supply conditions. Few of them 

are on the valuation of irrigation. Considering CVM surveys conducted in 

developing countries which are the most comparable to this paper [13, 23, 30, 31, 

46], have calculated the economic worth of irrigation water or increased irrigation 

under a variety of CVM scenarios (Table 6). 

Table 6. Summary of some CVM studies worldwide about the valuation of 

irrigation water. 

Study area Influencing factor Mean WTP Reference 

Homna, 

Comilla, 

Bangladesh  

- Respondent age,  

- Respondent 

education,  

- Respondents' 

family size,  

- Number of 

income sources,  

- Ownership of 

farmland 

Per season, 1670 Taka 

(US$ 27.83) per Kani (30 

decimal). 

Akter [13] 

Addis Ababa, 

Ethiopia 

- Farm's location,  

- Respondent 

Education,  

- Number of years 

with irrigation 

experience,  

- Total annual 

yield value 

- Single-bounded 

model ETB 39.57 

(US$ 3.44)/ 

hectare/year,  

- The bivariate-probit 

ETB 39.10 (US$ 

3.40)/hectare year. 

- ETB 39.72 (US$ 

3.45) from the 

interval-data model. 

- ETB 35.35 (US$ 

3.07) from the open 

follow-up question. 

Weldesilassie 

et al. [31] 
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Study area Influencing factor Mean WTP Reference 

Tamil Nadu, 

India 

- Income  

- Age  

- Amount of land  

  

218.50 Indian Rupees 

(US$ 4.46) per hectare 

per annum 

[23] 

Malaprabha, 

Karnataka, 

India 

- Age  

- Gender 

- Crop income 

- Education 

- Family size 

INR 219/acre/year (USD 

2.94) 

[19] 

Rajapani,  

Rupandehi 

district, 

Nepal 

- Water source to 

paddy field 

distance 

- Health condition  

- Sexual 

orientation 

USD 77.13 per ha per 

year 

[47] 

 

3.4 Irrigation water quality in Anowara Upazila, Chattogram, Bangladesh 

More than 50% of the respondents opined about salinity problems in irrigation 

water, especially in dry seasons. We collected 54 samples from three water 

sources which were popular irrigation sources. We collected water samples at 

high and low tides. And also, from different locations. From the result, the water 

source indeed contained high-level salinity. Parki khal had a high salinity level at 

both high and low tide, 5.68dS/m* and 3.38ds/m, respectively. Among the three 

irrigation water sources, Borkal khal had the lowest salinity. It was 2.67dS/m at 

high tide and 1.27dS/m at low tide. During high and low tides, the Sangu River 

had a moderate salinity. It was 2.75ds/m at high tide and 2.22dS/m at low tide 

(Figure 7). Another study by Datta et al. [11] showed the same result for these 

three irrigation water sources, where Parki Khal and Sangu rivers contained 

higher salinity than Borkol khal. 
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Note: ds/m= Deci Siemens per meter. 

Figure 7. Average water salinity level in three irrigation water sources in 

Anowara Upazila, Chattogram, Bangladesh. 

3.5 Factors affecting WTP for irrigation 

The determinants of stated WTP answers (n=380) were examined. The predictive 

power of this regression model was greater than 86 percent.  

Table 7 Estimated binary logistic WTP model for improved and salinity-free 

irrigation water in Anowara Upazila, Chattogram.  

 B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

Farming characteristics 

S

t

e

p 

1
a 

Land ownership 0.992 0.494 4.031 1 0.045 2.697 1.024 7.106 

Own irrigation system  -4.159 0.806 26.593 1 0.000 0.016 0.003 0.076 

kind of irrigation 

problem (2) 

1.222 .0701 3.042 1 0.081 3.394 0.860 13.403 

A shortage of water 

during the dry season., 

The current irrigation 

price is too high. 

4.996 1.291 14.966 1 0.000 147.764 11.760 1856.707 

Salinity problem 0.920 0.461 3.988 1 0.046 2.509 1.017 6.191 

Socio-economic and demographic characteristics 
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 B S.E. Wald df Sig. Exp(B) 

95% C.I.for 

EXP(B) 

Lower Upper 

Education of the 

respondent (Primary 

level) 

1.026 0.503 4.159 1 0.041 2.789 1.041 7.473 

Number of income 

sources (2 Sources) 

2.162 0.914 5.596 1 0.018 8.688 1.449 52.100 

Income of the 

household (12000-

15000 BDT/month)) 

2.705 1.150 5.530 1 0.019 14.948 1.569 142.415 

Income of the 

household (More than 

15000 BDT/month) 

17.687 6611.

672 

.000 1 0.998 480312

18.936 

0.000 . 

Constant 0-.894 0.527 2.877 1 0.090 0.409   

Variable(s) entered in step 1: Land ownership, Own irrigation system (Y/N), kind of 

irrigation problem, Salinity problem, Education of the respondent, Number of income 

sources, income of the household (BDT/month). 

This model takes 95% confidence interval level. However, land ownership, own 

irrigation system, types of problem, education level of the respondent, number of 

income sources and household income significantly impacted farmers' 

willingness to pay for irrigation water under WSIWMS (Table 7). 

A respondent's level of education had a major impact on whether or not they will 

accept a bid amount from WSIWMS. Additionally, this outcome aligns with 

theoretical and empirical research [13]. Farmers with at least a primary school 

education were likelier than their illiterate counterparts to accept a bid amount. 

This finding demonstrated the general truth that education raises people's 

appreciation for the scarcity of natural resources like water. Because of this 

correlation, farmers were more likely to accept a bid for irrigation water under 

WSIWMS if they had more than one source of income. The whole family's 

income rises due to a rise in the source of income. Since these households had 

two earners, they were eight times more motivated to invest in better irrigation 

(Table 7). The willingness to pay for irrigation water is strongly influenced by 

farmer income. Farmer revenue rose due to improved crop yield, so they accepted 

a lower bid amount for better irrigation than anticipated. Akter [13] stated the 

same findings in another study conducted in Homna, Cumilla.  
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In addition to agricultural features, the research showed how specific farming 

factors influence the acceptance of a bid amount for irrigation water under 

WSIWMS. As predicted, farmland ownership (land ownership) had shown an 

upward trend. This showed that farmers who owned the cultivated land were more 

inclined to accept a bid amount (Table 7). Landowners and farmers who face 

salinity problems offer more than twice as many salt issues in exchange for 

upgraded irrigation systems. WTPs for irrigation water has been significantly 

affected by the WSIWMS because of the current irrigation supply management 

system. That means farmers who owned water pumps were less likely to accept 

the offered bid than farmers who did not own a water pump (Table 7). Because 

water owner farmer rent their water pump to other farmers who do not have their 

water pumps. Akter [13] found the same result for those farmers who had their 

irrigation system.  

Anowara's farmers faced two significant challenges, e.g., lack of irrigation water 

and the high cost of irrigation. According to (Table 7), farmers were eager to take 

advantage of this initiative because the bid amounts were lower than the current 

irrigation costs. This Experiential (B) is higher than the salinity problem because 

around 90% of farmers faced a shortage of irrigation water in the dry season and 

high irrigation prices, but around 50% faced water salinity problems.  

Table 8. Factors related to different bid levels in farmers' willingness to pay in 

Anowara, Chattogram, Bangladesh.  

Name of Variables 1200 BDT 1500 BDT 1800 BDT 

B Sig. Exp 

(B) 

B Sig. Exp (B) B Sig. Exp 

(B) 

Own irrigation 

system (Y/N) 

-3.256 0.00 0.039 -0.563 0.741 1.757 -

12.97 

0.998 0.010 

Salinity problem 0.887 0.009 2.428 -0.496 0.352 .609 7.009 0.620 0.611 

A shortage of water 

during the dry 

season., The current 

irrigation price is 

too high. 

1.941 0.001 6.963 -0.002 0.998 .998 18.94 0.966 1688.9 

Education of the 

respondent 

(Primary level) 

-0.282 .0413 0.521 1.638 0.004 4.325 -

0.660 

0.584 0.517 

Income of the 

household (12000-

15000 BDT/month) 

-3.752 0.000 0.023 3. 80 0.000 589.642 16.27 0.994 11705.5 

Income of the 

household (More 

than 15000 

BDT/month) 

-5.171 0.000 0.006 4.812 0.000 122.934 21.19 0.992 16053.9 

Variable(s) entered in step 1: Own irrigation system (Y/N), kind of irrigation problem, Salinity problem, Education of 

the respondent, Income of the household (BDT/month). 
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That means irrigation systems, salinity issues, irrigation type, and respondent 

household income substantially impacted respondents' willingness to pay bids at 

$1200. Salinity-affected farmers were interested two times more in paying 1200 

BDT than non-affected farmers (Table 8). Furthermore, some farmers were seven 

times more interested in paying 1200 BDT amount who faced both a lack of 

enough water and high price problems. It was also less appealing to individuals 

who already had an irrigation system. On the other hand, higher-earning families 

were not interested in paying 1200 BDT. 

On the other hand, the study observed a distinct scenario with a bid amount of 

1500 BDT. In this scenario, educational level and household income positively 

correlated with this bid value (Table 8). Compared to individuals with no 

education, those with primary education were four times more interested. The 

exact relationship existed in monthly household income. Individuals became 

more interested in bidding on those items when household income improved. 

However, no significant variable was associated with accepting the bid of 

BDT1800 (Table 8). Most respondents rejected this figure because it was similar 

to current irrigation costs. 

4. Conclusion and Recommendation 

4.1 Conclusion 

Irrigation has increased agricultural productivity internationally by allowing for 

increased crop and livestock varieties and providing predictable output. 

Expanding agricultural productivity requires irrigation. This study aimed to 

ascertain farmers' willingness and ability to pay for enhanced irrigation services 

in Anowara Upazila and identify the factors influencing people's willingness and 

ability to pay for improved irrigation services. This study aimed to determine 

farmers' WTP for irrigation water under small-scale irrigation water supply 

projects and to discover factors associated with WTP variation. The study 

estimated that the WTP for irrigation water under the WSIWMS were BDT 1214 

(US$ 14.24) per Kani for every crop season, which was significantly less than the 

current cost of irrigation. It indicates that farmers and government will gain if the 

government can finish this WSIWMS project in BDT 41,350,054. Education 

level, total household income, number of income sources, farmland ownership, 

existing irrigation system, and salinity impacted the WTP. Unlike prior 

contingent valuation research on irrigation water, this study revealed no 

indication of a significant direct effect of respondents' family size or crop patterns 

on their WTP. Additionally, the salinity issue was a significant factor in farmers' 
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interests. As a coastal area, the people confronted salt issues throughout the dry 

season, which harmed their agricultural productivity. 

The current study's findings imply that at least a primary education level is 

necessary for reforming the existing irrigation system. Additionally, it reveals 

that improved pricing highly depends on the region's land ownership structure 

since landowners are more likely than landless farmers to pay higher prices for 

scarce irrigation water supplies. However, some farmers were disinclined to have 

their irrigation systems installed. After the study, the farmers' primary motivation 

for participating in this WSIWMS project is to save money on irrigation and have 

a secure irrigation system. 

This study's drawback is that, due to time and resource constraints, the next step 

of doing a cost-benefit analysis of the scheme based on the study's findings was 

not carried out. Researchers could measure WTP throughout two different 

seasons (wet and dry) in order to investigate seasonal variations in WTP, as this 

was not taken into account in this study. 

4.2 Recommendation 

The government planning authority should complete this irrigation project within 

the amount of BDT 41,350,054. Moreover, it needs to investigate why surface 

water sources were contaminated with salinity and take proper steps to reduce 

this situation. However, extracting groundwater for irrigation is not an 

environment-friendly solution. So, it is needed to find a sustainable way to 

irrigation water supply, which can be applied to all coastal areas of Bangladesh.  
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