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Abstract 

The availability of fresh and safe drinking water is considered to be the most critical issue in 

the coastal region.   The sources of drinking water have been mainly groundwater, which has 

limitations in that in many places groundwater has high salt concentrations at shallow depths 

and have high Arsenic and iron concentrations.  Extraction of water from deeper aquifers 

also has the risk of aquifers being mined or becoming infiltrated with salt or arsenic 

contaminated water. On top of these, the cyclonic storm surge is a major threat to the water 

supply system in the coastal area. 

The present study was an attempt to delineate the present status of drinking water supply in a 

coastal area, assess feasibility of different water supply options, and evaluate the options 

through multi-criteria analysis.  Four villages of two Upazilas of Barguna district, located in 

the exposed area of coastal area, were chosen as the study area.  

A participatory multi-criteria approach, adapted from Social Multi-Criteria Evaluation 

(SMCE) framework of Munda (1995) for combining participatory and scientific approaches, 

was used to evaluate alternative water supply options. It involved definition and 

characterization of the proposed problem through literature review, and in-depth unstructured 

interviews and group discussion, exploration of options for the case study and the definition 

of a set of criteria facilitated by ensuring stakeholder involvement through questionnaire 

survey, analysis of the feasibility of the options in the contexts of technical, social and 

environmental aspects, performing multi-criteria analysis (i.e. developing the impact matrix 

and ranking the options) using a outranking method, the NAIADE model, performing another 

multi-criteria evaluation based on an equity matrix (analyzes the value judgments of the 

stakeholders involved in the evaluation process for each option) through a stakeholders’ 

workshop, and finally sharing the outcome with the stakeholders in the workshop and 

clarifying the information obtained from the stakeholders.  

Five different water supply options are available in the study area, viz. manually operated 

deep tube wells (DTW), manually operated shallow tube wells (STW), pond sand filter 

(PSF), rainwater harvesting system (RWHS) and natural ponds. The important criteria for the 

ranking of the options were implementation cost, operation cost, impact on other uses, water 

availability, environmental impact, social acceptance, water quality and resilience to storm 

surge. Multi-criteria analysis of the options gave a ranking in which RWHS was ranked first 

followed by followed by Pond Sand Filter in the second position. DTWs, STWs and Pond 

were ranked third, fourth and fifth, respectively. Five equity issues came up from the local 

communities, which are: (i) distribution of maintenance cost among the users, (ii) Access to 

water points, (iii) Gender equity, (iv) discrimination of rich and poor in decision making and 

(v) influence free site selection (i.e. free from influence of powerful groups) of the facility.  

The ranking obtained by multi-criteria evaluation of the equity matrix is in the order: RWHS, 

PSF, DTW, STW and Pond. The ranking obtained from the exercise can be used by the 

planners and decision makers who are interested to make any interventions in the area. As the 

RWHS and PSF got high scores in both the impact and equity matrix evaluations it can be 

said that these two options have a good acceptance in the community and they are technically 

feasible. For the installation of other three options, technical feasibility (i.e. availability of 

suitable aquifer, salinity level etc.) as well as community acceptance should be verified.  
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Chapter 1 

INTRODUCTION 

 

1.1 Background 

The coastal zone (CZ) covers 19 districts facing or having proximity to the Bay of Bengal 

and the exclusive economic zone (EEZ).The coast of Bangladesh is known as a zone of 

vulnerabilities as well as opportunities. It is prone to natural disasters like cyclone, storm 

surge and flood. The combination of natural and man-made hazards, such as erosion, high 

arsenic content in ground water, water logging, earthquake, water and soil salinity, various 

forms of pollution, risks from climate change etc have adversely affected lives and 

livelihoods in the coastal zone and slowed down the pace of social and economic 

developments in this region(GoB,2005) 

 

Admitting the crisis of quality drinking water the government of Bangladesh has emphasized 

on improving the status and introducing various means of water supply options (GoB, 1999). 

The availability of fresh and safe drinking water is considered to be the most critical issue in 

the coastal region. People used to drink water from the natural ponds and during rainy season 

stored the water for the dry season. But pond water can be easily contaminated by fecal 

coliform and causes epidemic like Diarrhea and Cholera etc. Unlike other areas of 

Bangladesh shallow aquifers are mostly unused for drinking water purposes because of 

salinity intrusion; the usability is further decreased by the contamination of shallow aquifers 

in some places by arsenic.  

The most common source of potable drinking water in rural areas of the coastal zone is the 

deep-water aquifer, and as such the general way to extract this ground water has been by 

tube-wells, installed under government and non-government initiatives. The use of tube-well 

technology in the coastal zone has had limitations in that shallow aquifers in coastal areas is 

mostly saline and installation of deep tube-well is expensive as well as not feasible 

everywhere. 
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The hydrogeological conditions of the coastal area vary considerably even within short 

distances.  The entire area is underlain by thick water bearing formations of varying depths 

and the regional hydrogeology is very complex. It was observed that the salinity distributions 

in Khulna, Barisal and Patuakhali regions were not in agreement with the Ghyben-Herzberg 

theory (Shamsuddin, 1986).   Brackish ground water is available within 0 to 2.5m below the 

ground surface. In some regions low saline ground water is present in deep aquifers at a 

depth greater than 200 m.  It is believed that a continuous flow of fresh water in these deep 

aquifers from north to south has pushed saline water towards the sea.  Pockets of fresh water 

are also available around low saline surface water sources usually beneath the old ponds and 

the rivers. The lens of fresh water has been formed due to outflow of fresh water or 

accumulated rain water from the surface water source into the aquifer for years (Ahmed, 

1996). 

The deep aquifer is considered to be under high risk of being mined or becoming infiltrated 

with salt or arsenic contaminated water (WARPO, 2002). In some tube-wells, high 

concentration of iron and presence of salinity have been detected. On top of these, the 

cyclonic storm surge is a major threat to this system; the cyclone Sidr in 2007 damaged 

11,612 tube-wells in the affected districts, which significantly deteriorated the water supply 

and sanitation condition of the communities (GoB, 2008). 

There have been some initiatives and advocacies by water professionals to develop and 

promote small-scale alternative fresh water supply systems, such as rainwater harvesting, 

pond sand filter techniques, SONO Filter and piped water supply system, to ensure 

sustainable solution to the problem (Ahmed, 1996; Ferdausi and Bolkland, 2000ab, 2000; 

Ibrahim, 2004). To ensure the basic need of safe drinking water Government as well as Non-

Governmental Organizations are trying to introduce various means of water supply 

(WARPO, 2005). Some of these technologies are traditional like tube-well, some of them are 

little modified version of traditional technologies like Pond Sand Filter and Rain Water 

Harvesting System.  

All these technologies have been analyzed and tested in different geographic and cultural 

settings and were found successful. The rainwater harvesting system (RWHS) uses rainwater 
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as the source of water, which is collected in a storage tank from the roof and then is used for 

drinking and cooking purpose. This stored water can be used for 8 months of a year (Ferdausi 

and Bolkland, 2000a).   Pond sand filter (PSF) is a slow sand filter unit developed to treat 

surface water, usually pond water for domestic water supply.   PSF is installed near or on the 

bank of the pond, which does not dry up in the dry season, with the water from the pond 

being pumped by a manually operated hand tube well to feed the elevated filter bed and 

collected through tap(s) on treatment.  It has been found that the treated water from a PSF is 

usually bacteriologically safe or within tolerable limits.  

Although there has been many technologies introduced for drinking water supply as 

discussed above, not all the technologies are always appreciated by the coastal rural 

communities.   For example, a study conducted on the design improvement of the PSF found 

that only 48.5% of the total samples were found functioning (Ferdausi and Bolkland, 2000).  

Furthermore the coastal zone is very susceptible to natural disaster like Cyclone and Storm 

Surge.  After cyclonic disasters like Sidr and Aila, the source of safe drinking water has 

become the most crucial issue in the affected area.  Due to lack of a safe water source several 

waterborne diseases have spread in the area and cause fatality.  

The present study was an attempt to assess the feasible drinking water supply options in a 

cyclone prone area.  Barguna district was chosen as the study area.  The district is in the 

south-central part of Bangladesh with a total area of 831.31 sq km and a total population of 

about 0.9million. Among them 89% are rural people (BBS, 2001).  Total 1343 tube-wells 

were damaged in this district by cyclone Sidr in 2007 (MoFDM, 2008).  Two Upazilas 

(Barguna Sadar and Patharghata) of this district, badly affected by Sidr, were selected as field 

sites.   After Sidr, access to safe drinking water within one kilometer was to only 20% and 

30% of the total households for the two Upzilas respectively (IFRC, 2008). 

 

1.2  Objectives of the Study: 

The overall objective of this study was to evaluate alternative options for water supply and 

determine the most suitable option for water supply in the study area.  The specific objectives 

of this research were: 
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(i) To delineate the present status of drinking water supply in the study area; 

(ii) To assess technical and social feasibility of different options and 

(iii) To evaluate water supply options through multi-criteria analysis. 

 

1.3 Organization of the Thesis 

The rest of the thesis is organized as follows. 

Chapter two contains the review of drinking water status in the coastal area of Bangladesh. It 

includes the origin and extent of existing problems in this sector. In Chapter three a brief 

description of Multi-criteria Decision Analysis is presented. It discussed different methods of 

multi-criteria analysis. The chapter also discusses at length the participatory or social multi-

criteria evaluation process. In addition example applications of multi-criteria analysis in 

water resources or environmental management, especially in Bangladesh are reviewed.  

Chapter four includes a comprehensive description of the study area.  Apart from delineation 

of climate, river system and hydrology of the study area, it also includes a brief description of 

storm surge hazards, public health status and existing domestic water supply provisions in the 

study area.   The methodology of the study is presented in Chapter five.  It elaborates 

different steps and processes of participatory multi-criteria evaluation of the water supply 

options considered in the study.  The chapter also includes descriptions of in-depth 

interviews, focus group discussions and sampling and questionnaire survey employed in the 

study for data collection and development of impact and equity matrices for subsequent 

ranking of options.  In addition a description of the MCA model chosen for the study, the 

NAIADE model is provided in the chapter. Chapter six contains the results and discussion of 

the study. It includes a synthesis of the results obtained from participatory processes (e.g. in-

depth interviews, focus group discussions) and questionnaire survey.  It presents the results 

obtained for the impact and equity matrices, and the ranking obtained for different water 

supply options.  Additionally, a sensitivity analysis of the MCA model is also presented in 

this chapter.  Finally, conclusion and recommendations are presented in Chapter seven.  
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Chapter 2 

REVIEW OF DRINKING WATER SUPPLY 

IN COASTAL AREA 
 

2.1 Introduction 

Drinking water or potable water is water of sufficiently high quality such that it can be 

consumed or used without risk of immediate or long term harm.  Over large parts of the 

world, humans have inadequate access to potable water and use sources contaminated 

with disease vectors, pathogens or unacceptable levels of dissolved chemicals or suspended 

solids. Drinking or using such water in food preparation leads to widespread acute and 

chronic illness and is a major cause of death in many countries. The rural areas of 

Bangladesh suffer from lack of quality drinking water. Surface water supplies are generally 

polluted and groundwater, which till now had been the best source of safe drinking water, is 

contaminated with arsenic in many parts of the country. Heavy withdrawals of groundwater 

for irrigation have also lowered the water table in many areas below the effective reach of 

hand tube wells.  Seepage of agrochemicals into shallow aquifers may also pollute water for 

human and animal consumption. Salinity intrusions from seawater deep into the land in the 

southwest are rendering groundwater unfit for consumption. 

Water supply in Bangladesh is primarily based on groundwater sources. In the context of 

very high prevalence of diarrheal diseases in Bangladesh, bacteriological quality received 

priority as a criterion for drinking water supply. Groundwater is free from pathogenic 

microorganisms and available in adequate quantity in shallow aquifers for development of 

low-cost tube well based water supply for scattered rural population. Bangladesh achieved a 

remarkable success by providing 97% of the rural population with bacteriologically safe 

Tube well water (BGS, 2001). This is the largest population coverage in the region. 

Unfortunately, when the rural people have developed the habit of drinking tube well water 

being aware of its importance to avoid diarrheal diseases, arsenic in excess of acceptable 

limit has been found in tube well water in many parts of Bangladesh. 

http://en.wikipedia.org/wiki/Disease
http://en.wikipedia.org/wiki/Vector_(epidemiology)
http://en.wikipedia.org/wiki/Pathogen
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At present, the success achieved in hand tube well based rural water supply is on the verge of 

collapse due to presence of arsenic in groundwater in excess of acceptable levels in the 

shallow aquifers. It has now been estimated that about 29 million people in Bangladesh are 

drinking water with arsenic in excess of 50 m g/L. Arsenic in excess of 50 m g/L is 

considered unsafe in Bangladesh. Thus arsenic problem alone has reduced the national 

population coverage by safe water supply from 97 percent to 74 percent (Ahmed, 1996). 

The main sources of water in Bangladesh are surface waters in rivers, reservoirs, lakes, 

canals and ponds and groundwater in shallow and deep aquifers. Both ground and surface 

water sources are dependent on each other. Many streams receive a major portion of their 

flow from groundwater. Elsewhere, water from surface streams is the main source of 

recharge for groundwater. In general, groundwater flows into the surface water sources in dry 

season and surface water enters into ground during monsoon. The two sources of water are 

interrelated and the use of one usually affects the water available from the other source. In 

recent years, large-scale use of groundwater for irrigation purpose has caused lowering of 

groundwater level and drying up of surface water sources. Rainwater is an alternative source 

of water available in adequate quantity in the wet season of the year. The average yearly 

rainfall in Bangladesh is around 2450 mm, which is a major source of water for the 

replenishment of both surface and groundwaters. 

 

2.2 Drinking Water Status in Coastal Areas 

The coastal zone of Bangladesh (as shown in Figure 2.1) is divided into exposed and interior 

coast according to the position of land.  The Upazilas that face the coast or river estuary are 

treated as exposed coastal zone. Total number of Upazillas that fall in exposed coastal zone is 

48 in 12 districts. A total of 99 Upazilas that are located behind the exposed coast are treated 

as interior coast. 
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Fig 2.1: Coastal zone of Bangladesh (PDO-ICZMP, 2004). 

 

The coastal belt extending over 76 Upazilas is identified as problem area where complex 

hydrogeological conditions and adverse water quality make water supply difficult as 

compared to other parts of the country. Lack of safe drinking water has been identified as the 

number one issue in the daily life of the coastal population (PDO-ICZMP, 2004). 

The entire coastal belt is crisscrossed by rivers and their tributaries which are under active 

tidal influence. In spite of having large number of natural streams, ponds and good 

groundwater storage, the scarcity of potable water is acute. The river water, in most of the 

time in the year, is highly turbid and saline. The salinity levels of few coastal districts 

surrounding the study area are shown in Table 2.1.  In the dry season because of the 

reduction in flow, more saline water enters in the tributaries and distributaries in the coastal 
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zone and shifts the salinity-front toward upstream. Not only the drinking water but also the 

agricultural practices are facing problems due to this phenomenon (PDO-ICZMP, 2004).  

Table 2.1: Surface water salinity in some coastal area (Source: PDO-ICZMP, 2004) 

District  Surface water salinity in ppm 

Bagerhat 5->10 

Barguna 1-5 

Barisal 0 

Bhola 1-10 

Patuakhali 1-10 

Pirojpur 0-10 

Satkhira 5->10 

Khulna 5->10 

 

The water supply sector has achieved commendable success over the last few decades 

primarily through extensive exploitation of available groundwater resources. But in recent 

years groundwater based rural water supply is suffering from a number of major problems 

like arsenic concentration, water table lowering, salinity and non availability of suitable 

aquifer. Table 2.2 shows percentage of households using different sources for drinking water 

in the rural coastal area.  

Table 2.2: Percentage of households using various sources for drinking water (Source: PDO-

ICZMP, 2004) 

District  Tap Shallow Tube-well Deep Tube-well Pond Other  

Bagerhat 1.4 45.2 15.6 36.7 1.1 

Barguna 0.4 45.7 21.8 29.3 2.8 

Barisal 0.3 44.2 45.4 6.5 3.7 

Bhola 0.2 47 42.6 6.7 3.5 

Patuakhali 0.2 47.2 43.6 5.5 3.4 

Pirojpur 0.8 57.8 26.9 14 4.0 

Satkhira 0.2 77.9 4.4 13 4.5 

Khulna 0.3 48.3 24.3 22.1 4.9 

 

Overall about 97 percent of the population now has access to water from tube wells, taps or 

ring wells.  Rural water supply is mainly dependent on tube wells.  About 29 percent of the 

total tube well in the country is in the coastal area. The tube well population ratio is slightly 
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higher in the coastal area: 111 people per running tube well compared to 115 nationally 

(PDO-ICZMP, 2004). Districts with lower density of tube wells are: Bagerhat, Barguna, 

Bhola, Cox’s Bazar, Khulna, Patuakhali and Satkhira.   

However, unlike other areas of Bangladesh, groundwater of acceptable quality is not 

available because of salinity in most parts of coastal area at relatively shallow depths for easy 

withdrawal by conventional hand pump tube wells (Ahmed, 1996).  Moreover the presence 

of Arsenic in high concentration has reduced the acceptability of groundwater. Though the 

concentration of Arsenic is still within tolerable limits in the area selected for this particular 

study, the presence of high arsenic in the surrounding districts shows that the area is also 

under high risk. The concentration of arsenic in the study area (Barguna district) and some 

surrounding districts are given in Table 2.3. 

Table 2.3: Arsenic concentration in drinking water in the coastal area (Source: PDO-ICZMP, 

2004) 

District  Average Level 

(mg/l) 

No of sample tested % of well exceeding 50 

mg/l 

Bagerhat 156 62 60 

Barguna 1 33 0 

Barisal 92 92 30 

Bhola 10 48 4 

Patuakhali 3 42 0 

Pirojpur 30 47 17 

Satkhira 133 61 67 

Khulna 35 76 24 

 

Deep-water aquifer has been a most common source of potable drinking water in rural areas 

of the coastal zone. However, the deep aquifer is considered to be under high risk of being 

mined or becoming infiltrated with salt or arsenic contaminated water (WARPO, 2002).  

High concentration of iron and presence of salinity have been detected in some tube wells.  

Another constraint in using deep tube well in rural communities is its high installation cost.    
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Pond water is also used especially where groundwater is either saline or beyond affordability.  

The low saline pond water is used for many domestic purposes, but is completely unsuitable 

for drinking.   

Rainwater is also a source of drinking water supply in the rural coastal area. Bangladesh 

being a tropical country receives heavy rainfall during the rainy season. Collecting rainwater 

in large size earthen pitcher is a common practice in some coastal areas with acute salinity 

problem (Hussain and Ziauddin, 1989). But storing water in this way is not sufficient for the 

whole year and some time the water quality (color and odor) deteriorates after few months. 

Then the users have to depend on other sources which are not always reliable and available.  

The use of easily available water as source of domestic water supply requires extensive 

costly treatment like desalination by reverse osmosis or electro dialysis, which is not a 

practical proposition for scattered rural population nor affordable in the context of rural 

economic condition. Development of an alternative low cost water supply system is required 

to improve the water supply situation in the coastal area of Bangladesh. 

The problem becomes more critical when a cyclone or storm surge strikes in the area. The 

disasters like cyclone and storm surge destroy and damage the water supply sector 

devastatingly. All the ponds of the inundated area get contaminated by saline and turbid 

surge water. Surge water also deteriorates the water quality of the tube wells as mentioned 

above. Saline water goes through the suction pipe and contaminates the water in the aquifer. 

Without proper treatment the water cannot be used for drinking purpose. After the striking of 

a cyclone, population of the coastal area suffers massive deficiency of safe drinking water 

and it results in outbreak of diseases like diarrhea and cholera.  The cyclone Sidr in 2007 

damaged 11,612 tube-wells in the affected districts, which significantly deteriorated the 

water supply and sanitation condition of the communities (GoB, 2008). 
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Chapter 3 

MULTI-CRITERIA DECISION ANALYSIS  

 

3.1 Introduction 

Multi-criteria analysis (MCA), sometimes called multi-criteria decision making (MCDM), is 

a discipline aimed at supporting decision makers who are faced with making numerous and 

conflicting evaluations. A multi-criteria analysis (MCA) refers to a set of techniques, which 

aim to obtain a ranking of options or alternative strategies comparing the changes with 

respect to a reference baseline while the effects of the options or strategies cannot be 

translated to a single measuring rod (for example) monetary units, but are expressed in units 

which reflect as good as possible the nature of the criteria concerned. As such the analysis 

helps to take explicit account of technical, socio-economic, environmental and political 

viewpoints and priorities.  

An MCA method can also serve to make inventories, classify, analyze and conveniently 

arrange the available deformation concerning alternative strategies in resource planning. A 

characteristic is that they start from a number of explicit formulated criteria. Through 

structuring the criteria in the beginning of a study, considerable contribution can be made to 

the interaction between decision makers and analysis.  

MCA approach has widespread and growing application in the field of water resources 

management, water policy evaluation, strategic planning and infrastructure selection. Water 

resources management is essentially conflict analysis characterized by technical, socio-

economic, environmental and political value judgment. Therefore in a water management 

planning process it is very difficult to arrive at a straightforward and unambiguous solution. 

This implies that such a multi sector planning will always be characterized by the search for 

acceptable compromise solution, an activity which requires an adequate evaluation 

methodology. Multi-criteria evaluation aims to provide such a set of tools (Dunning et al., 

2000; Romero and Rehman, 1987). Multi-criteria method provides a flexible way of dealing 

with qualitative multidimensional environmental effects of decisions.    
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Integrated Water Resources Management (IWRM) has been in focus of research in the last 

decade. This multidisciplinary concept aims to consider quality and quantity problems of 

both surface and groundwater resources simultaneously with the water demand affairs. 

IWRM requires the cooperation of experts and decision makers with different backgrounds. 

It also needs the comprehensive consideration of all related aspects, e.g. technical, social,  

environmental, institutional, political, and financial aspects. In view of this, multi-objective 

models are now the preferred option in place of the conventional methods of cost-benefit 

analysis and single-objective models.  

 

3.2 Method of Analysis 

MCA can be defined as a decision model which contains:  

 A set of decision options which need to be ranked or scored by the decision makers; 

 A set of criteria, typically measured in different units; and  

 A set of performance measures, which are the raw scores (can be both qualitative and 

quantitative) for each decision option against each criteria.  

MCA aims to rank alternatives with respect to their overall performance to the different 

criteria. MCA starts with determining the performance of the alternative strategies with 

respect to the individual criteria. The performance values (scores) are entered into the so-

called scorecard (also frequently called impact matrix). The actual scores are often expressed 

in different unites, such as percentage (%) for shortages, dollar ($) for investments and 

volume (m
3
) for the amount of water diverted.   Through special procedures, which are 

characteristics of the selected MCA methods/ techniques, the scores are converted into a 

standardized number (units) between 0 and 1 to be able to compare the options. This 

procedure is called „standardization‟. Such a standard score represents a performance of the 

options for the considered indicator.  
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The decision maker may consider certain objective or criteria more important than others. In 

the ranking procedure or the options of alternative strategies, the criteria are given relative 

weights or preference. Weights are combined with the performance measures to attain an 

overall performance rank or score for each decision option. A wide range of ranking 

algorithms, which use ordinal and/or cardinal properties of the performance measures, can be 

used in this task (Hajkowicz and Collins, 2007). 

Sensitivity analysis is often performed by opting for systematic variation of the weights, 

performance measures and ranking algorithms, which could reveal where the MCA model 

needs strengthening and the robustness of results of  given input assumptions.  

There could be different types of outcomes from the impact matrix. Some methods only aim 

at determining a set of acceptable alternative solutions while other methods aim at the 

selection of one ultimate alternative, Thus there is a range of multi-criteria problem 

formulation which may take one of the following forms (Munda, 1995): 

(a) The aim is to identify one and only one final alternative; 

(b) The aim is the assignment of each action to an appropriate predefined category 

according to what one wants to become afterwards (for instance acceptance, rejection 

or delay for additional information); 

(c)  The aim is to rank all feasible action according to a total partial preordered; and 

(d) The aim is to describe relevant alternatives and their consequences.  

 

3.3 Types of MCA Methods/Techniques  

There are many different types of methods and techniques of MCA. Almost all MCA 

methods involve some arithmetic techniques to express the performance of the options in 

figures on which their ranking is based. Since the 1960s, a great many techniques have 

emerged to solve an MCA problem.  A number of authors (e.g. Cohon and Marks, 1975; 

Gershon and Duckstein, 1983; Eder et al., 1997; Figueira et al., 2005; Hajkowicz and Collins, 

2007) provide good review of the technologies used in water resource planning and 

management. Some of the major MCA techniques are briefly described below. 
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(i) Weighted sum method: The weighted sum is a widely applied method. The principal is 

that the standardized scores for the individual criteria are added up, leading to a single score 

for each strategy. To express preference of the importance of certain criteria compared to 

other criteria, the individual standardized scores may be multiplied by a weight coefficient 

before being added up. The sum is also called the utility function for alternative K (1…N) 

with respect to all criteria (1….M): 

Uk=Y1 x STDk,j +………+YJ x STDk,j + ……..+ YM x STDK,M =  Yj x STD K.J 

With:    Uk = the utility function of alternative strategy K 

 YJ = the weight coefficient for criterion J, where J is from 1 to M 

 STDK,J = the standardized score of alternative K for criterion J 

 M = the number of criteria.  

The strategy with the highest sum of scores (highest value of the utility function) may be 

considered to be the best strategy for the given weight coefficients and the chosen 

standardization method. 

(ii) Pair-wise Comparison: This is a method to determine indirectly the standardized scores 

of the alternatives. Each alternative strategy is compared with every other alternative for each 

criterion. This can be done both in qualitative and in quantitative terms, although initially the 

decision maker will prefer to do it qualitatively: a strategy scores “better” and “much better” 

than the other strategy for a criterion.  

The advantage of pair-wise comparison is that the judgments are better defined. The method 

can also be used for giving weight coefficient to criteria. Especially here the method helps to 

get a better overview of the choices to be made. The implication of giving weight to criteria 

is usually not always clear, especially when there are many criteria; the pair-wise comparison 

method helps to define the choices better.  

Analytical Hierarchy Process (AHP) (Saaty, 1987) is one of the most widely applied pair-

wise comparison method. The Analytical Networking Process (ANP) (Saaty, 2005) and 
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Measuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH) (Bana 

e Costa et al., 2005) are other MCA methods involving pair-wise comparisons. These 

approaches involve comparing criteria and alternatives in every unique pair giving n(n-1)/2 

comparisons. The comparisons can be made to attain criteria weights and decision option 

preference scores. Various scaling systems can be used in this process. 

The AHP method is implemented by the software package called “Expert Choice” 

(Hajkowicz and Collins, 2007).  In the AHP approach, pairwise comparisons are used for 

establishing priorities or weights among elements of the same hierarchical level. They are 

compared in pairs with respect to the corresponding elements in the next higher level, 

obtaining a matrix of pairwise comparisons. For representing the relative importance of one 

element over another, a suitable evaluation scale is introduced, called „Saaty‟s scale‟. It 

defines and explains the values 1 to 9 assigned to judgements in comparing pairs of elements 

in each level with respect to a criterion in the next higher level. 

(iii) Outranking Approach:  The development of the outranking methods was started in 

France in the late 1960s by Bernard Roy and his team (Roy, 1985).  Outranking methods 

were developed in an attempt to manage with less strong assumptions (about existence of 

utility function, additivity, etc.) and to require less information from decision makers 

(especially preference intensities, rates of substitution) than the methods described above.  

Outranking methods involve identifying every pair of decision options i and i' giving n
2
-n 

pair in total. The approaches apply some type of utility function, which contains criteria 

weights, to determine the amount option i outperforms i'. 

The outranking methods differ fundamentally from other methods in the approach insofar as 

they start from the assumption that the decision is a process during which decision-makers 

may change their preferences in response to the information provided and/or after thorough 

reflection about the problem.  For this reason the developers of outranking methods 

considered it important to allow at the beginning for incomparability of options. This avoids 

a complete ranking being identified too early; the aim is therefore to stimulate thorough 

consideration and to avoid premature conclusions. Hence, more than other methods, these 

methods encourage interaction between the model and the decision-maker/s. The outranking 
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algorithms also account for the political reality that options which perform very poorly in one 

dimension are likely to face severe opposition from at least some of the stakeholders and are 

therefore deemed unacceptable. 

The method of Preference Ranking Organization Method for Enrichment Evaluation 

(PROMETHEE) and Elimination of Choice Expressing the Reality (ELECTRE) are two 

commonly applied outranking approaches. There have been considerable variations made to 

the ELECTRE and PROMETHEE methods over time (e.g. ELECTRE I, II, III, IV, IS and 

TRI).  The underlying principle of the ELECTRE approach stems from processing a system 

of pairwise comparisons of the alternatives. This procedure involves the use of a system of 

preference relations (SPR) that is based on the exploitation of the outranking relation. 

According to this relation, an action will outrank another if the first action is considered to be 

at least as good as the second.  

A MCDA model called Novel approach to imprecise assessment and decision environments 

(NAIADE),  developed by Munda (1995), is an outranking method whose impact or 

evaluation matrix may include quantitative and qualitative data; in particular the values 

assigned to the criteria for each alternative may be expressed in the form of either crisp, 

stochastic, fuzzy numbers or linguistic expressions. Hence it allows the use of information 

affected by different types of uncertainty. It is a discrete method, and no weighting of criteria 

is used explicitly.  

(iv) Distance to Ideal Point Methods: These approaches identify ideal and anti-ideal values 

for the criteria. They then identify the decision options that are closest to the ideal and 

furthest from the anti-ideal. Where no ideal or anti-ideal is easily defined the minimum and 

maximum criterion values may be used. Two common techniques of this type are 

compromise programming and Technique for Ordered-Preference (TOPSIS) (Hajkowicz and 

Collins, 2007).   

(v) Fuzzy Set Analysis:  Fuzzy Set Theory was first used by Zadeh (1965) in the development 

of decision support method. It was later applied in MCA applications (Buckley, 1984; 

Leberling, 1981).  Fuzzy set theory is based on a gradual transition from one class to another. 

Items can have partial membership in multiple sets. This can be particularly powerful in 
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handling uncertainty inherent in MCA problems. Fuzzy approaches may apply concept from 

the other MCA methods.    

As reviewed by (Hajkowicz and Collins, 2007), the most commonly applied methods in 

water resources planning and management have been fuzzy set analysis, compromise 

programming (CP), the analytic hierarchy process (AHP), ELECTRE and PROMETHEE.   

Several researchers have conducted comparative studies of MCA in water resource 

management (Gershon and Duckstein 1983; Ozelkan and Duckstein 1996; Eder et al. 1997). 

These comparative studies involved the application of numerous MCA techniques to a single 

problem followed by comparison of the resultant ranking or scoring of decision options. 

These studies show that different MCA methods were in close agreement and there was no 

clear methodological advantage to any single technique. Having found similar results in 

forestry management Howard (1991) concluded that the most important aspect of MCA is 

the selection of criteria and decision options. 

 

3.4 Participatory/ Social Multi-Criteria Evaluation 

Nowadays, the MCDA method is widely used in many water resources and environmental 

management problems where conflict management and stakeholders‟ participation is of 

prime importance. This method is a very useful tool for practical analysis to facilitate 

learning process between analyst and stakeholders (Marttunen and Suomalainen, 2005).  

For making a water resource project successful and sustainable it is very important to involve 

all the concerned groups in the decision making process. However, in Bangladesh 

stakeholder participation during planning is not a very common phenomenon (Chowdhury 

and Rahman, 2008). As a result many projects are not functioning as they were expected. 

Participatory, or Social Multi-Criteria Evaluation (SMCE), as Munda (2004) puts it, 

combines participatory and scientific approaches within the framework of multi-criteria 

evaluation.  In short, SMCE is inter/multi-disciplinary with respect to the research team and 

participatory with respect to the local community.  A representation of a SMCE scheme is 
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presented in Figure 3.1. The process is outlined in a step-by-step structure to facilitate its 

comprehension.  

 

 

Figure 3.1: Theoretical participatory/social multi-criteria evaluation scheme (Munda, 2005).  

 

(i) Approaching phase:  This first step involves identification of relevant actors, their 

interests and aims, and the relationships between them.  It also gives the analyst independent 

sources of knowledge about the situation and help them define the problem.  Historical and 

institutional analysis as well as different participatory approaches are carried out (e.g. focus 

groups, in-depth interviews and meetings) in order to define the problem at hand from the 
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different (technical and social) perspectives.   In-depth interviews are also aimed at knowing 

needs, values, interests, objectives and expectations of the interviewees, as well as to 

understand their relationships with other actors.  Focus groups are useful to generate 

discussion and exchange opinions among participants.  This is a good opportunity to look for 

intermediate view points to reach consensus.  But, it is also a good opportunity to manage 

conflicts in order to provoke the expression of opinion in a transparent way. 

(ii) Representing phase:  In this phase, the problem previously defined is translated into 

multi-criteria structure, which is conceived as a set of alternatives compared under several 

criteria.  Alternatives and criteria are built relying upon the information gathered in the 

previous step trying to include different world-views.   The definition and valuation of 

criteria is a multi/inter- disciplinary task, understood as a technical translation of the social 

actors‟ perceptions and aims (Munda, 2004).  In a SMCE (or participatory) framework, 

criterion scores are not directly determined by social actors.  The impact impact matrix is a 

result of a technical translation operationalized by the scientific team.  This is the main 

reason why to combine a social impact matrix (also called „equity matrix‟) with technical 

impact matrix is highly recommended (Munda 2005).   

(iii) Evaluating phase:  According to the characteristics of the problem at hand, types of 

criteria elucidated (qualitative or quantitative), use of weights, and presence of uncertainties, 

the appropriate multi-criteria technique is selected.  The multi-criteria model is applied in 

order to obtain technical and social rankings of alternatives.  This evaluating phase also 

includes the social analysis and discussion of the results of the assessment.      

 

3.5 Previous Studies Using MCA 

3.5.1 MCA application in water management  

Sections 3.2 and 3.3 already presented a number of studies that used different MCA 

techniques in water resources planning and management.  Hajkowicz and Collins (2007) 

reviewed 113 MCA studies in water management from 34 countries, and analyzed the 

reasons for using MCA in water management.  In many studies MCA was found to provide 
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transparency and accountability to decision procedures which may otherwise would have 

unclear motives and rationale (Brown et al., 2001; Joubert et al., 1997).   Conflict resolution 

is a common reason for adopting MCA. It becomes an issue when multiple perspectives are 

applied to a single water management decision (Cai et al., 2004; Yin et al., 1999; Mustajoki 

et al., 2004).  A striking example comes from Mimi and Sawalhi‟s (2003) use of multi-

criteria techniques to inform the allocation of Jordan River water amongst Palestine, Israel, 

Syria, Lebanon and Jordan.  Multi-stakeholder engagement and community participation 

were also seen as reasons for adopting MCA in water management decisions (Fernandes et 

al., 1999; Nayak and Panda, 2001). Brown et al. (2001) used MCA to engage stakeholders 

and build consensus based approaches to the management of a marine protected area.  Bana e 

Costa et al. (2004), Joubert et al. (1997) and Prato (1999) argue for the adoption of MCA to 

supplement benefit cost analysis (BCA). 

3.5.2 Social MCE application 

Evaluation of water governance alternatives in the Costa del Sol (Málaga) 

A participatory multi-criteria evaluation of urban water supply alternatives in Costa del Sol 

Occidental in Málaga (Spain) was carried out for the study (Salgado et al., 2009). Multi-

criteria and social research techniques were combined, relying on social actors' involvement 

throughout the research work. The study allowed unveiling framings, perspectives, values 

and interests, as well as understanding of the social and institutional context in which the 

waters are governed. The methodological approach proved useful for problem structuring in 

a collective, flexible and iterative way, unveiling existing water management conflicts and 

their motivations, and improving the quality and effectiveness of the information exchange 

and the reflection process, among social actors, even if the whole process developed in a 

research setting. The study found that participatory multi-criteria evaluation could contribute 

to identify policy options that could be better defended before all the social actors, including 

the general public, thus attempting to achieve shared ground.  

 

Social multi-criteria evaluation in energy analysis 
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This study was conducted to evaluate the alternatives of energy sector in Italy (Russi, 2007). 

It showed that SMCE can be of great usefulness to support in energy policies and that the 

methodology can be used for decision making in both local and national levels. SMCE was 

applied to two case-studies. In the first one, the problem was how to provide some isolated 

rural households in a natural park near Barcelona with electricity, whether by extending the 

grid or installing stand-alone photovoltaic systems. The issue caused a conflict between 1995 

and 2000 among the Park administration (in favor of solar energy) and the household 

inhabitants and owners, plus the Mayor (in favor of traditional electricity). A retrospective 

SMCE was performed in order to explain the positions of the involved stakeholders and the 

factors that help the diffusion of off-grid photovoltaic systems in rural areas. 

 

The second part of the study dealt with the opportunity for the Italian government of 

supporting a large-scale biofuels production. The pros and cons of satisfying part of the 

energy need of the transport sector with biodiesel were analyzed through a variety of 

assessment criteria and taking into account different scales and dimensions. 

 

MCA applications in Bangladesh 

In Bangladesh, applications of MCDA tools on water and environmental management have 

been very limited.  A brief review of few applications is presented below.  

Khulna-Jessore Drainage Rehabilitation Project 

Because of construction of a series of polders in the south-west coastal region in the sixties, 

tidal flow into the floodplain were restricted, preventing sedimentation in the floodplain and 

reducing flow velocity (flushing action) in the river during ebb tide. This ultimately led to 

huge sedimentation in the tidal river around the polders and caused severe drainage 

congestion inside the polders. CEGIS conducted an Environmental and Social Impact 

Assessment of Khulna-Jessore Drainage Rehabilitation Project (EGIS, 1998). Multi-criteria 

analysis was conducted in the study of the KJDRP to identify the strategy to solve the 

problem.  The alternatives selected were: (i) Doing nothing; (ii) Kedaria Tidal Basin (KTB); 

(iii) Tidal river Management; (iv) Shibnagar Regulator (SIB); and (v) Madhukhali regulator 
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(MAD).   The MCA process was participatory in nature, with tidal river management option 

in fact coming from the local stakeholders, and the stakeholders being involved in the steps 

of developing the impact matrix.     The indicators used for the evaluation were surface water 

condition, drainage condition, environmental, socio-economic and indicators for 

implementation. The methodology adopted for the study was Analytical Hierarchy Process 

(AHP) using corresponding computer package Expert Choice. 

 

CEGIS developed a participatory IWRM plan for KJDRP (CEGIS, 2002). The main 

objectives were to provide guidance to Water Management Organizations (WMOs), for them 

to become the core management organizations for water management, to prepare in a step-

by-step and learning-by-doing experience and through intensive interaction with WMOs a 

water resource management plan for local and regional levels.  

 

The first round regional planning was titled as tidal river management; here the planning 

issue was to design the next bills that would follow up on Kedaria tidal basin. The bills 

(Tawalia, Paira and khaksia) were selected and put through a participatory multi criteria 

system for selection. Water management association/water management federation members 

scored on several sets of issues under three matrices (physical, implementation and decision) 

and from the final calculation, decided the best preference of the bills that should follow up 

on Kedaria basin.  

  

In the second round of regional planning a comprehensive drainage issue was picked up and 

all the flow river systems (upper Bhadra, Harhar and southeastern Solmari) of Khulna Jessore 

drainage area were considered. An MCA was carried out for each river system like the first 

round exercise (CEGIS, 2002). 

 

Southwest Area Integrated Water Resources Planning and Management 

Another example of the application of MCA method in Bangladesh is in the Environmental 

Impact Assessment of the Southwest Area Integrated Water Resources Planning and 

Management Project (BWDB and WARPO, 2005).  The project aims to rehabilitate and 
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upgrade the existing flood control and drainage/irrigation (FCD/I) schemes in the southwest 

region of Bangladesh, so as to achieve their maximum development potentials in terms of 

agricultural and fishery production and incomes of beneficiaries in a sustainable manner. The 

MCA was conducted for two different subprojects called Chenchuri Beel Subproject and 

Narail Subproject. The alternatives for both the projects were: without project, single 

compartment and multiple compartments. The indicators included Economic Aspect, 

Physical Environment, Biological Environment, Human and Economic Development, and 

Quality of Life Values.  

 

Malnichara channel improvement in Sylhet 

One more example of application of MCA is the study on Malnichara channel improvement 

in Sylhet City Corporation by Chowdhury and Rahman (2008).  Malnichara is one of the 

natural channels in the city that drains out the storm runoff to the downstream of Surma 

River. Due to unplanned urbanization, the channel was encountering several problems like 

encroachment, waste dumping, water clogging and sediment deposition. Some alternatives 

which are very frequently used in Bangladesh for channel improvement were selected for the 

study. MCA method was adopted ensuring public participation to evaluate the options and 

determine the best one.  The alternatives were: (i) natural channel with sodding bank 

protection; (ii) natural channel with brick slope protection; and (iii) concrete box culvert.  

Four groups of evaluating criteria were selected (technical, social, economic and 

environmental).  The channel was divided into two parts for evaluation, which were analyzed 

separately.  For both parts, sodding bank protection was found to be the best alternative.  

Sensitivity analysis was also carried out to examine the effects of the weights of criteria on 

the result.  Average Weighted Sum method was used to perform the multi-criteria evaluation.  
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Chapter 4 

STUDY AREA 

 

4.1 Introduction 

The study was conducted for Barguna district. The District was selected mainly because of 

its geographic location in the coastal zone and considering the variation in water supply 

facilities and sources of drinking water being used by the rural communities.   The other 

reason for selecting the area was its high vulnerability to cyclonic storm surge.  High wind 

speeds up to 225 km/hr with consequent rise of sea water levels (surges) with heights of 9 m., 

created enormous damage to life, properties and ecosystems. From 1970 to 1996 a total of 

17(surge height 4-9meters) cyclones struck this area (WARPO, 2005).  Another 

consideration in selecting Barguna district as the study area was the accessibility to the area. 

 

The two Upazilas that were selected for the study are Barguna Sadar and Patharghata.  Both 

the Upazilas are within the exposed coast zone defined by the Government of Bangladesh.  

The following four villages were selected for detail study: 

 Gajimahamud in Barguna Sadar Upazila of Barguna district 

 Nishan Baria in Barguna Sadar Upazila of Barguna district 

 Padma in Parharghata Upazila of Barguna district 

 Shingra Bunia in Patharghata Upazilla of Barguna district. 

The number of total households in the study area (four villages) is 2574 and the total 

population is 12718.  

4.2 Area and Location 

The three criteria that were considered during the boundary identification of the Coastal Zone 

are tidal effect, salinity intrusion and Cyclone.  Based on these criteria, Barguna district 

(location shown in Figure 4.1) lies within the Exposed Coastal Zone.  The total area of 

Barguna Sadar and Patharghata Upazilas (locations shown in Figures 4.2 and 4.3) selected 
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for the study is 841 square kilometer and the total population is 402,000. The soil is mainly 

silty clay; but loamy soil is also found in some places.  Once the district was under the 

Sundarbans.  Currently the total amount of forest area in Barguna district is 12,451 hectare.  

Besides this, 13,516 hectare of land is covered by preserved forest by the Department of 

Forestry.  The area was included under the Coastal Green Belt Project in 1966. Accordingly 

several thousand of trees were planted during that time to protect the area from cyclone and 

storm surge. Biodiversity of this area is also very rich. Different types of animals including 

some rare species of reptiles are found in this area (WARPO, 2005).  

 

 

Figure 4.1: Detail map of Barguna district  
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        Figure 4.2: Barguna Sadar upazila             Figure 4.3: Patharghata upazila  

 

4.3 Climate 

4.3.1 Rainfall 

Like other parts of Bangladesh, the study area is also under tropical monsoon rainfall.  

Among the six seasons of Bangladesh, the winter, summer and the rainy seasons can be 

strongly distinguished in this area. The summer starts from March and lasts up to the end of 

May. The period is considered as pre-monsoon season. During this time the atmosphere 

becomes very hot and the humidity is very high in the air. This climatic condition sometimes 

initiates the formation of storms which is locally known as kalbaishakhi. From June to 

October is the rainy season. About 90% of the total annual rainfall occurs during this time. 

From November to February is the winter season. The total average annual rainfall of 

Barguna district is 2659 mm. The average monthly rainfall of the area is shown in Figure 4.4.   
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Figure 4.4: Average monthly rainfall of Barguna district 

4.3.2 Temperature 

The variation of temperature in this area is comparatively low because of the Bay of Bengal.  

The average maximum and minimum temperature of the nearest station (Khepupara, Station 

code: 984) from the study area is given in Table 4.1. 

Table 4.1: Average monthly maximum and minimum temperature of the area (BWDB) 

Temp(°C) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Max(°C) 25.8 28.4 31.7 32.6 32.5 31.2 30.5 30.6 31 31.2 29.4 26.8 

Min(°C) 13.8 16.8 21.7 24.7 25.7 26.1 25.8 25.8 25.6 24.4 20.3 15.3 

 

4.4 River System 

A total 160 square kilometer area of the district is occupied by the rivers, which are about 

22% of the total area. The district lies within the broad delta of Padma, Meghna, Arial Khan 

and Madhumati. The landscape of Barguna district is dependent mainly on river and sea. 

Large rivers like Haringhata, Burishwar, Paira and Bishkhali are flowing through the district 

(Figures 4.1-4.3). There are also several small rivers and canals scattered all over the district. 

The major small rivers of the district are Teeakhali Nadi, Teeakhali Done, Bagirkhal, Bahula 

Nadi and Amtali Khal. All these rivers are tidal river and with remarkable water fluctuation. 
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The rivers of the district are navigable all round the year. There are two estuaries in Barguna; 

one is in Haringhata where the Biskhali has merged with Burishar and the other is the estuary 

of the river Paira. There are many permanent and temporary islands in the district. The newly 

accreted lands are not very high from the sea level, and hence it has not been possible to 

establish permanent settlements there. The water level is high in the rainy season during high 

tide, during when the low-lying islands go under water. Sonakatar Char, Fatrar Char, Laldia 

and Nishanbaria Char are the main islands of the district (WARPO, 2005).  

 

4.5 Hydrogeology  

The hydrogeological conditions of the coastal area vary considerably even within short 

distances. In the main aquifer groundwater flows from north to south having localized 

outflow into rivers and ponds in dry season and inflow into the aquifer from surface water 

sources in the rainy season. 

 

In the coastal area brackish groundwater is available within 0 to 2.5 m below the ground 

surface. In some regions low saline ground water is available in deep aquifers at a depth 

greater than 200 m. Continuous flow of fresh water in these deep aquifers from north to south 

has pushed saline water towards the sea. Pockets of fresh water are also available around low 

saline surface water sources usually beneath the old ponds and the rivers (Ahmed, 1996). The 

aquifers of the coastal zone are mainly divided into two components. The shallow aquifer is 

mostly saline while the deep aquifer is comparatively less saline. The ponds in the area also 

serve as a low cost potential source of drinking water. The river water is not used for 

drinking purpose because of water salinity and all the rivers in the area are tidal.  

 

4.6 Groundwater Use 

Groundwater used in Barguna district for irrigation is comparatively low compared to its use 

in other districts. The main source of drinking water in Barguna is groundwater. About 72 

percent population of the district uses groundwater collected either by deep or shallow tube 

wells (WARPO, 2005). The average depth of shallow tube well in the area is 25 feet and 
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deep tube well is 1000 feet. The water is extracted using manually operated hand pumps. The 

salinity of the groundwater in some places is too high and people don’t use it for drinking 

purpose. The augmentation of salt water in the surface waters increases the abstraction of 

groundwater which then becomes vulnerable to a risk that salt water will be drawn into the 

aquifer (Rahman and Bhattacharya, 2006). A conceptual diagram of the salinity front of deep 

and shallow aquifers in the coastal area is shown in Figure 4.5. 

 

 

Figure 4.5:  Schematic of aquifer stratigraphy in the coastal zone of Bangladesh 

(Ravenscroft, 2003). 

 

4.7 Storm Surge Hazard 

Barguna district is highly vulnerable to tropical cyclone and storm surge. The district is 

almost flat and only few feet above the sea level. The entire southern part of the district and 

the islands are exposed to the Bay of Bengal and at the risk of cyclone and tidal waves. 

Cyclone with high surge water and heavy wind speed causes heavy damage and jeopardize 
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the life and livelihood of the people of Barguna. Cyclone Sidr struck the southwest coast of 

Bangladesh with winds up to 240 kilometers per hour. The category 4 storm was 

accompanied by tidal waves up to 5 meters high and surges up to 5 meters in some areas, 

breaching coastal and river embankments, flooding low lying areas and causing extensive 

physical destruction (BUET, 2008). High winds and floods also caused damage to housing, 

roads, bridges, and other infrastructure. Electricity and communication were knocked out, 

and roads and waterways became impassable. Drinking water was contaminated by debris. 

Many sources of drinking water were inundated with saline water from tidal surges, and 

sanitation infrastructure was destroyed. 

The area was severely damaged by the cyclone. Total damage and losses to the water supply 

and sanitation sector were estimated at BDT 2.03 billion (US$2.2 million), and was located 

predominantly (over 85 percent of the reported damage) in rural areas that were affected by 

the tidal surge that accompanied the cyclone (GoB, 2008). The damage by the devastating 

cyclone Sidr is shown in the Figure 4.6, and the estimated damage by Sidr in the rural water 

supply sector is presented in Table 4.2. 

 

Figure 4.6: Map of the coastal area showing the damage and loss by the cyclone Sidr 
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Table 4.2: Estimated damage by cyclone Sidr in the rural water supply sector (MoFDM, 2008) 

District Tube Well Pond Pond Sand Filter 

Barguna 

Physical 

(nos) 

Financial(BDT) Physical 

(nos) 

Financial(BDT) Physical 

(nos) 

Financial(BDT) 

1343 2,349000 475 1,425,000 41 308,000 

 

 

Water supply and sanitation in Bangladesh is managed predominantly by private households, 

where groundwater, extracted by hand or motorized pumps, is the most common source of 

drinking water. Water points and household latrines damaged or destroyed by the cyclone are 

primarily affected by increased salinity intrusion and flooding that accompany the storm’s 

tidal surges. Tube wells are submerged by saline water and many surface water sources are 

contaminated by saline intrusion, random debris, and biodegradable materials.  

 

4.8 Household and Occupation  

The population density of Barguna Sadar upazila is 528 people per square Kilometer and 

Patharghata is 419 people per square Kilometer. There are respectively 50,000 and 34,000 

households in Barguna Sadar and Patharghata upazila respectively (BBS, 2001). Average 

size of households in Barguna Sadar and Patharghata Upazilas are 4.73 and 4.70, 

respectively. The economy of the study area is mainly based on agriculture. Total amount of 

cultivable land is 99,758 hectare. Only 21% families of Barguna Sadar and 16% of 

Patharghata are not related with agriculture. The second major occupation of the area is 

fishing (WARPO, 2005). 

 

4.9 Public Health Status 

The public health facilities of the Barguna district are not sufficient to ensure the health 

services. There is only one government general hospital in the area. A survey conducted by 
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UNICEF shows that 4% of the children is suffering from malnutrition (Ahmed, 2002). The 

main diseases that are prevailing in this area are common cold, fever, diarrhea, cholera, 

typhoid fever and gastric problems. In Barguna district, 37% of the families have good 

sanitation facilities, 56% have pit latrine (Rings and Slabs are made of concrete and other 

superstructure material are locally collected e.g. bamboo mat, plastic sheet etc) and the 

remaining 7% families have no latrines in their households. For drinking water, 72.2% 

families use tube well and the remaining 23.8% use other sources (WARPO, 2005). The 

average Arsenic concentration in the study area is 1 microgram per liter (µ gm/ liter).  

 

4.10 Water Supply Options 

The sources of drinking water in the study area are both surface and ground water. The 

extraction of groundwater is done by using either shallow or deep tube wells. The technology 

is determined depending on which aquifer is being used as the source. For treating the 

surface water, normally Pond Sand Filter (PSF) is used.  However, some people drink water 

from the natural ponds. Normally the pond water is treated with Alum or boiled before 

drinking. Besides surface water and groundwater, rainwater is also used. Though the 

technology is comparatively new, people have been using rainwater in the coastal areas for 

drinking purposes even before the introduction of tube wells.  

Manually operated deep tube well 

The deep tube well operates under the suction mood of the hand pump. In most saline zones 

the depth of deep tube well is more than 300 meters. The No.6 tube well can be made into a 

manually operated deep tube well by adding blind pipes to reach the desired aquifer. A deep 

borehole is required to install a deep tube well. Normally in the area the boreholes are 

constructed by drilling manually applying rotary drilling method. The common practice is to 

install a 1.5 inch diameter pipe to extract the water. The filter is installed in a suitable sand 

layer. Soil samples are collected during drilling and are later analyzed to help determine 

suitable layer of aquifer. 
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Manually operated shallow tube well 

This is a low-cost hand pump tube well technology designed and installed in the coastal areas 

to collect water from very shallow aquifers formed by displacement of saline water by fresh 

water. The shallow tube well can be convenient methods for withdrawal of fresh water in 

limited quantities. Over-pumping sometimes yields contaminated water. There are several 

functioning and non-functioning shallow tube wells in the study area. All the tube well heads 

used in the area are No. 6 hand pumps.  The system may be considered a suitable service for 

drinking water supply for small settlements where water demand is low. 

Pond sand filter 

An alternative and popular option of potable water supply in the coastal areas is the Pond 

Sand Filter (PSF). It is a package type slow sand filter unit developed to treat surface waters, 

usually low saline pond water for domestic water supply in the coastal areas. Slow sand 

filters are installed near or in the bank of a pond which does not dry up in the dry season. The 

water from the pond is pumped by a manually operated hand tube well to feed the filter bed, 

which is raised from the ground and the treated water is collected through taps. It has been 

tested and found that the treated water from a PSF is normally bacteriologically safe or 

within tolerable limits. 

Rainwater harvesting system 

Rainwater harvesting is a common technology in the coastal area of Bangladesh mainly 

where the groundwater is saline. Traditionally people used to collecting water in large size 

earthen pitcher and used it for next few months in the dry season. Later some improvements 

were made in the design of storage and collection methods to improve the water quality. 

Usually the corrugated iron sheet roof is used as the catchment area and brick or fero-cement 

tanks are used as storage. Most of the rainwater harvesting systems is household based in the 

study area.  

Pond 
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Ponds are traditional man-made closed surface water bodies. In rural areas they are used for 

fish production, sometimes for irrigation, but mainly for domestic purposes, such as drinking 

cooking, bathing and washing clothes and kitchen utensils. Traditionally, before and during 

the early stages of tube wells installation, rural water supply was largely based on protected 

ponds. Though the water quality of pond is not always appropriate to drink, areas having no 

other water supply options still uses pond water as the source of drinking water.  
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Chapter 5 

METHODOLOGY 

 

5.1 Introduction 

A participatory multi-criteria approach following the Social Multi Criteria Evaluation (SMCE) 

framework presented in section 3.4 was used to evaluate the alternative water supply options of 

the study area. The conceptual framework of the study is shown in Figure 5.1.  

 

                                                                                                             Indepth interview 

                                                                                                              

                                                                                                             Focus Group  Discussion  

 

                             Indepth interview 

 Questionnaire Survey 

                                                                                             Literature   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Conceptual framework of participatory multi-criteria approach (adapted from 

Munda, 1995) 

Problem Identification 

 

Definition of the Objective 

 

Delineation of Alternatives and Criteria 

 

Decision and Recommendation 

Evaluation of the Equity Matrix and 

Developing the Ranking 

Stakeholder Workshop and Scoring 

 

Formation of Equity Matrix 

 

Formation of Impact Matrix 

 

Evaluation of the Impact Matrix 

and Developing the Ranking 

 

Selection of MCA method and 

application 
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There are different types of water supply options existing in the study area. Primarily a 

comprehensive inventory of the options was developed and the feasibility of the options in the 

study area was examined. Relevant data and information for the options were collected from 

various sources and literature.  In-depth interviews were conducted with the users to obtain a 

clear understanding of the problem.  Then the options were evaluated based on some criteria. 

The final selection of criteria was done by ensuring the active participation of the stakeholders 

using a questionnaire containing a list of criteria. Later the alternatives were evaluated based on 

the criteria. For evaluating the options NAIADE model of Munda (1995) was used which 

produces a ranking of the alternatives based on the preference relations. Finally, a stakeholder 

workshop was organized in the community to discuss the equity issues and the options were 

evaluated against the equity issues. The equity matrix also gave a ranking of the alternatives.  

 

5.2 Problem Identification and Definition of Objective 

The first step of analysis was a thorough study of the proposed problem, which resulted in its 

definition and characterization.  Relevant data and information for this step were collected from 

published reports and literature and through in-depth unstructured interviews and group 

discussion. For understanding the problems of the study area several published reports and 

literature were studied including the need assessment reports by different organizations after 

the area was hit by the cyclone Sidr. To examine and crosscheck the scenario described by the 

reports and for getting a clear perception of the problem from the local people a number of 

unstructured in-depth interviews and a few group discussion were conducted in the area. The 

technologies used by the people of this area for getting drinking water were identified during 

the interviews.  

 

5.3 Multi-criteria Analysis   

5.3.1 Identification of alternatives and definition of criteria 

The second phase of analysis included exploration of alternatives of drinking water supply for 

the study area and the definition of a set of criteria, which would allow these alternatives to be 
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analyzed and compared.   Identification of the alternatives and evaluation criteria were 

facilitated by ensuring stakeholder involvement through individual interviews and 

questionnaire survey (e.g. incorporating partial list of alternatives in the questionnaire, and 

asking the respondents to accept or reject those proposed and add new alternatives). 

 

The criteria are the measures of performance by which the alternatives will be judged. The 

criteria serve the performance measures of a Multi Criteria Analysis so they need to be 

operational. A measurement or judgment need to specify how well each alternative meets the 

objective expressed by a criterion (DCLG, 2009). 

 

The criteria for this study were selected ensuring the active participation of the stakeholders. 

In-depth interviews were conducted in the study area to define the problem. An initial list of 

criteria was thus formulated based on literature as well preliminary information obtained from 

the stakeholders through in-depth interviews. The interviewees were selected randomly while 

visiting the area. This list was included in the questionnaire and the respondents were given the 

choice to add or remove criteria based on their own judgment.  

 

Determination of sample size for questionnaire survey: 

The sample size was determined by the number of agricultural households in the selected 

villages and calculated by the following equation of (Berensen and Levine, 1992): 

no = z
2
p(1-p)/e

2 
               (5.1)  

where, 

no = the sample size not corrected with the finite household correction factor. 

z = the level of confidence 

p = the proportion of the households 

e = the accepted sampling error 

 



34 

 

The sample size was determined with 95% confidence (z = 1.96) and 10% error margin (e = 

0.1). The total number of households in the study areas was finite; so the finite correction factor 

was used to correct the calculated sample size using the following equation.  

 

n = no N/ {no+ (N+1)}          (5.2) 

 

 

Where, 

n = the sample size considering the finite household correction factor 

N = the total number of households in the study area e.g. approximately 2500 

 

For example form equation (5.1) after calculation the size was obtained as 96.04, than using the 

value no equation (5.2) gave the result as 92.45.  

  

The calculated number of household for the study area is 93. The data were collected from the 

study area using a designed questionnaire. A total of 100 (25 from each village) households 

were selected from the four villages. The selection was done using stratified random sampling 

method. The method was chosen to ensure homogeneity and to make the data repetitive. The 

population was divided into five strata based on current source of drinking water. These are 

Deep Tube well (DTW), Shallow Tube well (STW), Pond Sand Filter (PSF), Rain Water 

Harvesting System (RWHS) and Natural Pond. 

 

Administering the Questionnaire Survey: 

A questionnaire was designed to collect the data from the community. The questionnaire was 

designed in such a way which will ensure the stakeholder’s participation. As discussed in 

section 5.3.1 a pre-testing was done in the study area to test the questionnaire. The 

questionnaire was found satisfactory and the final survey was conducted using the 

questionnaire. The survey was conducted in such a way that users of all the options participated 

in the survey from each village.  
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5.3.2 Multi-criteria evaluation of alternatives to form impact matrix 

The third phase of analysis involved evaluation of alternatives through multi-criteria analysis.  

This included thorough technical and social feasibility analysis of the options against identified 

criteria. Different data were collected regarding rainfall, water level and bore log of the study 

area to perform the technical analysis. Average rainfall data were collected from BWDB for 

Barguna district (station no: 256). The lowest static ground water level data for Barguna Sadar 

and Patharghata upazila were collected from Department of Public Health Engineering. Bore 

log data of existing manually operated deep tube well were collected also from the Department 

of Public Health Engineering.   The data regarding the social acceptance, economic and 

environmental impacts were collected through the questionnaire survey. 

 

The data collected from the different sources as well as from the questionnaire survey 

conducted in the study area were analyzed to examine the feasibility of different options both 

form technical and social aspects. The rainfall data were used to check the feasibility of the 

rainwater harvesting system. The data were used to identify the cumulative rainfall of the study 

area. The lowest static groundwater level data were used to see the feasibility of manually 

operated shallow tube wells. The data were used to plot graphs that show the trend of static 

ground water levels of the study area. The bore log data were used to examine the lithology of 

the study area.  

The data obtained from the questionnaire survey were used to assess the social acceptance of 

different options. Community perception about water quality, contribution in the installation 

and maintenance cost, economic impact of the facility over the users, environmental impact, 

duration of the water availability and secondary sources of water were collected from the area.  

 

5.3.3 Selection of multi-criteria ranking method 

Complex multi-criteria evaluation problems (i.e. those characterized by the uncertainty of 

outcomes and dealing with various types of ordinal, stochastic, linguistic and fuzzy inputs) 
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requires integrative methods in order to capture the diversity of the relevant aspect. It is 

difficult to determine which method will be appropriate for the evaluation of one specific 

problem. The method selected was the NAIADE model, discussed at length in chapter 3 

(details are also provided in for the current study is an outranking method which was discussed 

in this chapter (details in Appendix B). From the available literature on the model and its 

application, it was understood that the model is an outstanding method with a number of 

features that makes it ideal for the study of socio-environmental problems like the present one. 

Some of the pertinent aspects of the NAIADE model are (Munda, 1995): 

I. It allows the use of information affected by different types and degrees of uncertainty, 

such as qualitative, quantitative, precise and fuzzy information, which is of great 

importance when processing information that is not wholly accurate, reliable, 

exhaustive and unequivocal.  

II. There is no differential weighting of the different criteria used to evaluate the 

alternatives, i.e. the criteria are not prioritized according to whether they are economic, 

environmental, social or institutional in nature.  

III. The purpose is not to produce an undisputable or “optimum” ranking of alternatives, but 

to structure the problematic and provide a framework for communication among the 

social actors involved. 

5.3.4 Multi-criteria analysis using NAIDE model 

The multi-criteria analysis, which was performed on the impact matrix, is based on a 

comparison algorithm of the alternatives made up by the following steps: 

1. Completion of the criteria/alternatives (impact) matrix, 

2. Pair wise comparison of alternatives using preference relations, 

3. Aggregation of all criteria, and finally 

4. Ranking of alternatives. 

The analysis process of the NAIADE model can be illustrated in Figure 5.2. 
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Figure 5.2: Steps of Analysis in the NAIADE model 

 

Impact Matrix 

As for most of the discrete multi-criteria methods, the starting point is the creation of the 

criteria/alternatives matrix. Firstly, the user has to input the value associated to each criteria 

according to each alternative. The user may assign a value in the form of a pure number (e.g.: 

for the cost criterion a precise number expressed in currency unit), or give a quantitative 

definition affected by different levels and types of uncertainty. In the case of fuzzy uncertainty, 

the user must define the membership function of the fuzzy number. In the case of stochastic 

uncertainty the user has to choose the probability density function. Lastly, it is possible to give 

a value using a qualitative evaluation expressed by pre-defined “linguistic variables” such as 

“Good”, “Moderate”, “Very Bad” and so on. The linguistic variables are treated as fuzzy sets. 
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NAIADE allows the use of all these types of information provided they are consistent for each 

alternative/criterion, i.e. it is not possible to assign different “types” (i.e.: linguistic, fuzzy, 

stochastic) of scores to the same criteria for different alternatives (all alternatives must be 

evaluated for the same criteria and the types of criteria must be the same for all alternatives). 

NAIADE multi-criteria model 

 

NAINDE is an outranking multi-criteria method that manages mix information; criterion scores 

may be expressed in crisp, stochastic, fuzzy number of linguistic expression. NAIADE is a 

discrete multi-criteria method (i.e. the set of alternative is finite) that does a pair-wise 

comparison between alternatives in order to generate a ranking of options. A brief description 

of how the model works is given below. 

 

a) Definition of Alternatives 

 

The alternatives are defined by clicking on the first row of the Criteria/Alternatives or 

Groups/Alternatives matrix. The name and description of the alternatives proposed are simply 

defined (Figure 5.3).  

 

Figure 5.3: Dialogue Box for Definition of Alternatives 

 

b) Definition of Criteria 

Clicking on the first column of the Criteria/Alternatives matrix, it activates the window where 

the type of criterion (fuzzy, stochastic, qualitative or quantitative) and its characteristic 

parameters, such as the measurement units, the optimization criterion (maximization or 

minimization) and the crossover points of its preference relations can be defined. The latter can 
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be defined either by directly assigning it a numerical value or by moving graphically the 

vertical blue line. The vertical blue line represents the crossover value or the point where the 

preference function intersects the crossover line (i.e. when it reaches the value of 0.5). Figure 

5.4 shows the dialogue box for defining criteria. 

 

 

Figure 5.4: Dialogue Box for Definition of Alternatives 

 

c) Filling the matrix 

The matrices are simply filled by clicking on the cell to be defined. In the Impact matrix the 

types of input data depend upon the type of criteria chosen for the analysis whilst in the 

Groups/Alternatives matrix the data are always of linguistic type. For fuzzy criteria a window 

is popped up from which the fuzzy set and its parameters can be defined when choosing from 

four possible types. For stochastic criteria a window appears where the type of probability 

density function and its parameters can be defined. Finally when the criterion is qualitative a 

window appears where the user simply selects the variable. The user must assign a name to the 

linguistic variables which will appear in the matrix. If the criterion is numerical the user can 

simply type the number in the corresponding box. 
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Figure 5.5: Defining fuzzy and linguistic criteria 

 

d) Running the aggregation  

i) Semantic distance 

Inured to compare the criteria values for the alternatives, it is necessary to introduce the 

concept of distance. In the case of numeric evaluation, the distance is simply defined as the 

difference between two numbers. In case of fuzzy or stochastic evaluation the concept of 

semantic distance between two functions is taken into account. It considers the position and 

shape of the function.  

 

ii) Preference relation and pair-wise comparison   

Preference relations are defined by means of six functions that allows to express (depending on 

the distance between alternatives) for each criteria, an index of credibility of the statement that 

an alternative is much better, better, approximately equal, equal, worse and much worse than 

another. The credibility index goes from 0 (definitely non-credible) to 1 (definitely credible) 

increasing monotonically within this range. Figure 5.4 shows the function that defines the 

preference relation much better and better which are symmetrical respectively to the much 

worse and worse.  
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iii) Criteria aggregation 

The pair-wise comparisons of alternatives generate a set of index of credibility.  Then through 

an aggregation algorithm of the credibility index, NAIADE calculates a preference intensity 

index of one alternative with respect to another. In particular the α parameter is used to express 

the minimum requirement of the credibility index. Only those criteria whose indexes are above 

the α threshold will be counted positively in the aggregation.  

 

In order to use information on the diversity among the assessment of the single fuzzy relations, 

according to each criterion the entropy concept is useful. Entropy is calculated as an index 

variance of the credibility indexes that are above the threshold, and around the cross over value 

0.5.  

 

iv) Ranking 

The intensity of preference for each preference relationship (much better, better, almost equal, 

equal, worse and much worse) is calculated by means of aggregating the respective indexes of 

credibility.  The ranking of alternatives is obtained from the intersection of two separate 

ranking. One of the rankings is based on the aggregation of: the intensity of preference indexes 

and entropy of the better and much better preference relations. The other ranking is based on 

the aggregation of the intensity of preference indexes and the entropy worse and much worse 

preference relation. The final ranking is a result of a sort of each against all competence, and 

multi preference independence does not hold. Therefore position in the ranking may be 

contradictory with binary relationship between alternatives.   

 

5.4 Multi-criteria ranking using equity matrix 

In order to evaluate the proposed alternatives according to the respective positions of the 

stakeholders, multi-criteria evaluation based on an equity matrix was also performed, which 

analyzed the value judgments of the stakeholders involved in the evaluation process for each 

alternative.  Rankings based on both impact and equity matrices allowed an acceptable solution 
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of the problem. The equity issues which came up during the questionnaire survey were 

consulted with the users to identify sustainable solutions.   

The workshop was arranged in Gazi Mahamud High School come Cyclone Center. The school 

was selected because it is situated at the central place of the villages. The participants were 

invited one day prior to the workshop. Two Red Crescent Volunteer assisted extensively to 

carry out the invitation process and also to organize the venue. Authorizations to use one of the 

classrooms during Friday were taken from the school management committee. Although all the 

invited participants did not show up, the number (25) was satisfactory. Reasonable numbers of 

users of each of the options were present. Starting the workshop was delayed because all the 

participants couldn’t manage to arrive by the schedule. Total length of the workshop was one 

and half hour. Light snacks and tea were provided at the end of the workshop.  

A stakeholder workshop was organized in the community to fill up the equity matrix (a 

photograph is shown in Figure 5.3).  The participation of users of all the five options was 

ensured in the workshop. The workshop was conducted for three hours in the community. 

During the discussion, the participants were asked to score the alternatives considering the 

equity issues. Each of the issues was discussed elaborately and the value judgments of the users 

were documented.  The alternatives were scored by the participants themselves using linguistic 

variables to the equity matrix was then analyzed by NAIDE model. 

 

Figure 5.6: Stakeholder workshop organized to evaluate equity matrix  
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Chapter 6 

RESULTS AND DISCUSSION  

 

6.1 Introduction 

As stated in Chapter one, the objective of the study was to delineate the present water supply 

status, assess the feasibility of different supply options, and to conduct a multi-criteria 

evaluation of the options.  This chapter presents the results of the application of participatory 

framework in evaluating the options for drinking water in the study area.  

 

6.2 Options and Criteria for Multi-criteria Analysis 

The impact matrix that was formed using the options and criteria (without the scores) is 

shown in Table 6.1. 

 

Table 6.1 Impact matrix using the alternatives and criteria 

                Options 

 

Criteria  

Deep 

Tubewell 

Shallow 

Tubewell 

Pond Sand 

Filter 

Rainwater 

Harvesting 

System  

Pond 

Implementation Cost       

Operation Cost 

Impact on other uses  

Water Availability 

Environmental impact 

Social Acceptance 

Water Quality  

Resilience to storm surge 
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6.2.1 Options for drinking water supply 

The possible options for drinking water supply based on the literature review, in-depth 

interviews and focus groups discussions with the local people in the study area included 

manually operated deep tube well, manually operated shallow tube well, pond sand filter and 

rainwater harvesting system. Following the questionnaire survey, natural ponds were 

identified as a source of drinking water by many respondents.   

 

To meet the drinking water supply demand of the study area various water supply technology 

were introduced in the area. Formerly people were drinking rainwater during the rainy season 

and they used to store the water in large size earthen pitcher for using in the dry season.  

During the dry season the main source of drinking water was the ponds which were specially 

conserved for drinking purposes. Afterward shallow and deep tubes well were introduced in 

the area. The tube well reduced the prevailing problems of water supply and quality up to 

some extent but created some new problems like high concentration of arsenic, iron and 

salinity. Options like Pond Sand Filter and Rainwater Harvesting System were also 

introduced in the area to improve the water quality of the ponds and ensure the availability of 

the rainwater year around.  

 

6.2.2. Criteria for evaluation of options  

As discussed in previous chapters, one of the major objectives of this survey was to identify 

the criteria for evaluating the options. From in-depth interview, literature review and focus 

group discussion with the local peoples, potential criteria were identified, which were 

assumed to be significant for sustainable use of drinking water supply options in the area by 

the users. These criteria were selected on the basis of communities‟ long-term perception as 

well as the vast knowledge they gathered by dealing with different drinking water problems. 

The respondent of the questionnaire survey all agreed with the list and did not add any new 

criteria to the list.  The final list of criteria thus obtained is as follows: 

(i) Implementation Cost 

(ii) Operation and Maintenance Cost 

(iii) Impact on other uses 

(iv) Water Availability 
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(v) Environmental Impact 

(vi) Social Acceptance  

(vii) Water Quality 

(viii) Resilience to storm surge 

 

All the criteria seems plausible and rational for the present study. Moreover similar types of 

criteria were used to evaluate drinking water problem in different water resources 

management studies (e.g. Salgado, 2009).  Among the criteria, the response of the 

participants about the most important criteria can be put in the following hierarchy:  

1. Implementation Cost 

2. Operation and Maintenance Cost  

3. Impact on other uses  

4. Water Availability 

 

Figure 6.1 shows the percentage of the respondents‟ choice for the main criteria of drinking 

water supply options.   

 

Figure 6.1: Main criteria for drinking water facilities 
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6.3 Evaluation of Options from Secondary Data and Analysis  

6.3.1 Manually operated deep tube well 

Deep tube wells are used to extract water from the deep aquifer. Normally the boring depth 

varies from 270 to 330 meter in the area. Since the water level lies very close to ground level 

in the area a suction pump having a No.6 pump head can operate successfully throughout the 

year. A deep borehole is required to install a deep tube well. The construction of deep 

boreholes is different from the boreholes for shallow tube wells. Normally in the area 

boreholes are constructed by drilling manually applying rotary drilling method. The common 

practice is to install a 1.5 inch diameter pipe to extract the water. This pipe is called the blind 

pipe. The filter is installed in a suitable sand layer.  

The installation of deep tube well is costly compared to shallow tube well.  Information 

collected from the study area revealed that the installation cost of a deep tube well is 50,000-

80,000 taka in the area. The installation has been mostly done by government organizations 

(e.g. Department of Public Health Engineering, Local Government Engineering Department 

etc.) rather than private initiatives.  

It is difficult to find a suitable aquifer layer to install the filter in all the places of the study 

area. The bore log data of 14 deep tube wells of the study area were collected from the 

Groundwater Circle of DPHE. The geographic locations of these 14 places are shown in 

Figure 6.2. The lithology of these boreholes is presented in Figure 6.3.  There are many areas 

where the separate impermeable layers are absent and aquifers are formed by stratified layers 

of silt and medium sand. The deep tube wells in those areas may yield safe water initially but 

are likely to increase salinity content of water with time due to mixing of contaminated and 

uncontaminated waters. Again, there is a possibility of contamination of deep aquifer by 

inter-layer movement of large quantity of groundwater.  As the deep aquifer is mainly 

recharged by vertical percolation of contaminated water from the shallow aquifer above, the 

deep aquifer is likely to be soon contaminated by saline water. 

From the data (Figure 6.3) it is clear that normal boring depth of the area varies from 280 to 

330 meter. The upper portion of the soil is covered by different types of clay or silty clay 

layer, followed by  different layers of fine sand, very fine sand, clay or silty clay. Suitable 
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layers of sand (course to medium or medium to fine sand) are finally found at a depth of 280 

to 330 meter. But there are also some areas where no suitable aquifer of fresh water is found 

even after boring of 350 meter. Mainly the areas very close to the coast encounter this 

problem.  

 

 

 

Figure 6.2: Geographic locations of deep tube wells in the study area 

Deep tube well 

Barguna Sadar and Patharghata 
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Figure 6.3: Bore log data of the 14 manually operated deep tube wells 

 

Deep tube well could be a better water supply option considering the continuity of water 

supply and maintenance cost but it also has some adverse impact on the environment and 
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health. The deep aquifer is considered to be under high risk of being mined or becoming 

infiltrated with salt or arsenic contaminated water (WARPO, 2002).  About 33% of the 

respondents said that the taste of the water from the deep tube well was a little saline. And 

the installation cost of deep tube well is very high and needs special equipments like drilling 

rig, dunking pump and skill manpower for the boring. The major maintenance activity of 

deep tube well includes the maintenance of the hand pump. The body of the pump, plunger, 

washer, cylinder rod and the handle are the components that need to be replace frequently.  If 

the pump is inundated during a cyclone, washing of the borehole needs to be carried out by 

pumping out water followed by disinfecting the well using chlorine.  

 

6.3.2 Manually operated shallow tube well 

The shallow tube well is used to get water from the shallow aquifer. Normally No.6 hand 

pump is used to get the water from the aquifer. The pump is a suction mode hand pump. A 

vacuum is created within the cylinder of the pump by raising the piston. In order to fill up the 

vacuum water enters in to the cylinder. In the second stroke when the piston is lowered 

down, the water enter into the upper chamber and comes out through the spout when the 

piston is raised to create a vacuum again. The atmospheric pressure plays a role in lifting the 

water. Theoretically the lifting capacity of the pump is 32.8 feet. However due to vacuum 

pressure and frictional losses in different sections of the pump the lifting capacity ranges 

from 22-25 feet in working condition.  

The discharge from a pump depends on the aquifer condition to a great extent. The average 

discharge from the pump is 30 to 40 liters/ minute.  A No.6 hand pump if installed properly 

can serve 15 to 20 years or more.  Groundwater analysis in the study area revealed that using 

shallow tube wells solely and continuously may be a problem in the future.  The lowest 

groundwater level data that were available of the study area are presented in Table 6.2 and 

Figure 6.4.  As can be seen in Figure 6.4, the trend lines for both the places are upward which 

indicates that the groundwater level is declining gradually.  And if this trend continues, it will 

not be possible in all the places to get water from the aquifer all over the year because the 

groundwater level may decline below the suction limit of tube wells.  As per the information 
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obtained from interviews, some places where the filter of the tube well was installed in a 

higher position started to encounter the problem.  From the questionnaire survey, it came out 

that about 18% of the shallow tube well users had to change their source of drinking water 

because of the unavailability of water.  

Table 6.2: Lowest static ground water level of Barguna Sadar upazila and Patharghata 

upazila 

District  Upzila Lowest groundwater level in feet 

  1990 1992 1994 1996 1997 2000 2003 2008 

Barguna  Barguna  2 2 4 6 6 2 7 10 

Barguna  Barguna  2 1 3 5 5 2 6 10 

Barguna  Barguna  2 1 3 4 6 2 4 12 

Barguna  Barguna  2 1 4 5 5 2 6 10 

Barguna  Barguna  2 1 4 5 5 2 6 10 

Barguna  Barguna  2 1 4 5 5 2 7 11 

Barguna  Barguna  2 1 4 5 6 2 6 12 

Barguna  Barguna  2 1 4 6 6 2 7 10 

Barguna  Barguna  1 1 3 4 4 1 6 9 

Barguna  Patharghata  4  5 5  4  8 

Barguna  Patharghata  2  1 2  2  10 

Barguna  Patharghata  2  2 2  2  7 

Barguna  Patharghata  2  2 2  2  8 

Barguna  Patharghata  4  4 2  4  7 

Barguna  Patharghata  4  4 4  4  10 

Barguna  Patharghata  2  2 2  2  8 

 

 

Figure 6.4: Graphical presentation of the lowest static ground water levels in the study area 
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The installation cost of the shallow tube well is comparatively low. It mainly depends on the 

depth of boring.  Generally the installation cost of a shallow tube well including the pump 

varies from 10-30 thousand Taka. The shallow tube well is comparatively easy to install.  

Due to low cost several shallow tube wells were installed in the study area. These tube wells 

were installed by different government and non government organizations and also under 

private initiatives.  But the water quality is not satisfactory. All of the respondents who use 

shallow tube wells reported that the concentration of salts in the wells were moderately high.  

Secondary literature reveals that the concentration of Arsenic in the area is within tolerable 

limit till now; but very high concentration of Arsenic was found in some places of Bagerhat 

(BGS and DPHE, 2001) which is the adjacent district of the study area.  

Due to high concentration of salts the hand pumps are frequently damaged by rust. Several 

tube wells were found non-functioning and damaged because of corrosion.  There are some 

tube wells in the area which were considered as abandoned due to high concentration of salt 

and people are using pond water for drinking and cooking purposes. As the water extraction 

method is same for both deep and shallow tube wells, the maintenance is also similar for both 

the technologies.   

 

6.3.3 Pond sand filter 

Pons Sand Filter is the combination of slow sand filter and the roughing filter. PSFs are 

installed to improve the water quality of natural ponds. The roughing filter is mainly used for 

removing the turbidity of the pond water. The pond water in the study area is highly turbid 

and visual observation during the field visit revealed that it hits the upper limit during the 

rainy season because of water coming from outside. Rainwater drainage from the 

surrounding catchment brings huge suspended sediments and makes the pond water highly 

turbid. During the dry season there is excessive growth of algae in the stagnant pond water in 

most of the ponds. The slow sand filter cannot work if the turbidity is more than 30 NTU; so 

to maintain lower turbidity the roughing filter is installed prior to the sand filter.  

Roughing filters are the pre-treatment chambers of the unit. The filter consists of one or more 

chambers in which gravel of different sizes are arranged in decreasing size in the direction of 
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the flow. The water flow in the roughing filter could be toward up, down or horizontal 

direction. If the unit has only one chamber of roughing filter the gravels are installed in 

layers one after another. The filtrate is collected from the opposite sides and fed into the next 

chamber. The removal efficiency of the roughing filter depends on the thickness, size and 

distribution of the filter material. Roughing filter removes suspended solid up to 95% and 

turbidity removal is 50-90%. It also reduces the fecal coliforms (ITN-Bangladesh, 2003). The 

sand filter works as a remover of organic material and retains fine organic and inorganic 

matter from the water. The thickness of the filter bed is 0.5 to 0.7 meter. The upper part of 

the filter bed is filled up with water up to a height of 1 meter. Clean sand free from clay, silt 

and organic matter is used as filter material. The sand should not be too fine to avoid high 

initial head loss. The sand used as filter material should have an effective size D10 between 

0.1 to 0.3 mm. The organic film that develops on the upper surface of the sand filter oxidizes 

the organic matter and reduces the organic loading from the raw water. It takes 20-30 days 

after starting the operation of the filter to develop the film. The film decomposes the organic 

content in the water to get energy. A study conducted by Asian Arsenic Network found that 

no E.Coli bacteria were present in the water treated in five different PSF in Jessore 

(JICA/ANN, April 2004). The study also found that the turbidity of filtered water is less than 

1 NTU. This seems that the PSF if operated properly could remove all the micro-organisms 

from the water.  

 

Figure 6.5:  Schematic diagram of a pond sand filter. 
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The installation cost of PSF depends on the design of the PSF. There are many design 

developed by different organizations for low cost PSF construction. The questionnaire survey 

unveiled that installation cost in the study area varied from 70,000 to 120,000 depending on 

the size and materials used. The designs are prevalently chosen based on the number of 

population to be served, the place available for the construction and cost. If any PSF is 

installed by Government organizations like DPHE or LGED, they choose their own design 

for construction. Normally the practice is that the users will choose the pond based on some 

criteria like water availability, willingness to provide pond, accessibility of all users, etc.  If 

the pond needs renovation like excavation, fencing and constructing embankment around the 

pond, these have to be done before starting the construction. There is usually a caretaker 

committee to take care of the filter because it needs regular cleaning of the filter materials. 

Normally back wash is the cleaning procedure. But the filter material should be cleaned 

properly and the upper portion of the sand should be changed once in a year. The caretaker 

committee is also responsible for other repair and maintenance of the filter.  PSFs are 

normally communal water supply options and a collective approach is needed among the 

users to ensure the proper functioning of the option. In the study area the PSFs were found to 

be installed by either DPHE or an NGO (NGO Forum) working in that area. Both the 

organizations have their own specific design for the unit depending on the population (300 or 

500 persons) to be served. The survey also revealed that none of the PSF user respondent 

contributed to the installation cost of the unit. The average maintenance costs of the 

respondents were 3876 taka. As the source of the unit is a pond, it is vulnerable to the storm 

surge as well and it was found from the survey that no PSF were functioning after the 

striking of cyclone Sidr.  

In the questionnaire survey, 77% of the PSF users said that the taste of the water from PSF 

was moderate.  The main reason for this was irregular cleaning of the filter bed.  If the filter 

beds are not cleaned regularly the biological growth in the filter media can cause 

deterioration of the taste and odor of the supplied water. The major maintenance activity of 

PSF includes cleaning of the filter materials and replacing them. Different parts of the hand 

pump and collection taps also need to be replace depending on the condition of the 

equipments.  
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6.3.4 Rainwater harvesting system 

Rainwater harvesting and storage is not a new technology in Bangladesh. It has been used for 

domestic water supply for a long time. The technology allows storing the rainwater during 

rainfall in a storage chamber which can be used for different purposes later on. Ahmed 

(1999) gave a thorough description of rainwater harvesting system. The available rainwater 

can be estimated by the equation:  

Q = C I A                   (6.1) 

where Q is the total quantity of rainwater available in m
3
/ year, C is coefficient of available 

runoff, I is the rainfall intensity in m/year and A is the catchment area in m
2
. 

The catchment area for household based rainwater collection is usually the roof. A gutter is 

connected to the edge of the roof in order to lead rainwater to the storage tank. A rainwater 

collection system from a roof is shown in Figure 6.7. Rainwater can be collected from any 

types of roof but concrete, tiles and metal roofs give cleanest water. The C.I. sheet roofs 

commonly used in Bangladesh perform well as catchment areas (Ferdausi and Bokland, 

2000).  

 

 

Figure 6.6: Schematic diagram of typical rainwater harvesting system 

The minimum catchment area A, required for the collection of rainwater for N number of 

people supplied with q liters per capita per day (lpcd) of water, can be derived from the 

following equation:   



 55 

 A = 0.365 q N / (C I)                   (6.2) 

The unequal distribution of rainfall over the year requires storage of rainwater during rainy 

season for use in the dry season. The minimum volume of the storage tank V, required for 

rainwater can be computed by the equation:  

 V = O.365 f q N                  (6.3) 

where f is the fraction of water required to be stored for consumption of total available 

rainwater at a constant rate throughout the year.  

Rainwater is available in adequate quantities in the study area. The mean rainfall intensity of 

the study area is shown in Figure 3.3. It is estimated that the average yearly rainfall in the 

area is 2659 mm. That is 2.66 m
3
 of rainfall is available in per square meter of the catchment 

area in each year for the development of a rainwater based water supply system. 

About 25% of the rainwater may be assumed to be lost by evaporation and for washing the 

catchment area using initial rains that produces inferior quality water (Ahmed, 1999).  

Equation (6.2) can be re-written for an average annual rainfall of 2.659 m/yr, as  

 A= 0.189 qN                   (6.4) 

The average family size of the study area is 4.7 (found from questionnaire survey).  

Considering that there are 5 persons in a family, that each person will consume 10 liters for 

drinking and cooling purpose at a constant rate, the catchment area required for the family 

will then be:
 

 A= 0.189* 10* 5= 9.45 m
2
 or 101.67 ft

2
.  

This amount of area is available in almost every household roof.  

A mass curve was prepared considering 75% available rainfall for storage and a catchment 

area of 9.45 m
2
 as shown in Figure 6.8. The figure also shows the demand curve prepared by 

considering 5 persons in each family and per capita demand of 10 liters. 
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Figure 6.7: Available rainwater and demand. 

The blue lines in the figure represent the cumulative water demand for 5 persons and the red 

lines correspond to the available cumulative monthly rainfall in the study area. It is observed 

from the above mass curve that there is a shortfall of 4.8 m
3
 in the dry period and an excess 

of 3.5 m
3
 during the rainy season. For full utilization of rainwater potential, a storage tank of 

capacity 8.3 m
3
 (3.5 + 4.8), that is 44 percent (2.66 * 0.75 * 9.45 * 0.44) of the available 

rainwater is required for uninterrupted water supply at a constant rate throughout the year.  

 

There are, however, some quality issues with rainwater harvesting systems. The quality of 

rainwater is relatively good but it may not be free from all impurities. Previous analysis of 

stored rainwater has shown some bacteriological contamination (Ahmed, 1999). Cleanliness 

of roof and storage tank is critical in maintaining good quality of rainwater. The first runoff 

from the roof should be discarded to prevent entry of impurities from the roof. If the storage 

4.8 m3 

3.5 m3 
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tank is clean, the bacteria or parasites carried with the flowing rainwater will tend to die off. 

Some devices and good practices have been suggested by Ahmed (1999) to store or divert the 

first foul flush away from the storage tank. In case of difficulties in the rejection of first flow, 

cleaning of the roof and gutter at the beginning of the rainy season and their regular 

maintenance are very important to ensure better quality of rainwater. The storage tank 

requires cleaning and disinfection when the tank is empty or at least once in a year. The 

rainwater is essentially lacking in minerals, the presence of which is considered essential in 

appropriate proportions. The major maintenance activity of RWHS is cleaning the catchment 

sheets and storage tanks. Depending on the condition some other parts like collection tap, 

gutter, downspout etc are seldom needs to replace.  

 

6.3.5 Pond 

Ponds are traditional man-made closed surface water bodies. In rural Bangladesh, they are 

used for fish production, sometimes for irrigation, but mainly for domestic purposes, such as 

drinking cooking, bathing and washing clothes and kitchen utensils. Traditionally, before and 

during the early stages of tube well installation, rural water supply was largely based on 

protected ponds.  

There are a total 4,461 ponds in the Barguna district. But not all these ponds are used for 

drinking purposes (WARPO, 2005). Many ponds are used for fish culture and during dry 

season for rice cultivations. Normally very few ponds are used for drinking purposes all over 

the year. Only in the places where there are no alternative water supply sources, people use 

the pond water for drinking purposes. The areas where deep tube well is not feasible people 

use either shallow tube well or rainwater. Particularly the population of these areas uses pond 

water during the dry season mainly because of unavailability of water in the primary sources.  

The study area has a large number of ponds. Some people use pond water normally after 

either boiling or using Alum. Alum is used for making the sedimentation rapid to reduce the 

turbidity. But people using pond water in the study area suffer a lot whenever a cyclone or 

storm surge strikes in the area, because the ponds become highly contaminated by the debris 

brought by the surge water. The salinity of the ponds also increases because of the surge 
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water. A total of 7,155 ponds were damaged in the coastal area during the striking of cyclone 

Sidr, in which Barguna district was one of the worst hits areas (GoB, 2008). There is no such 

major maintenance activity that needs to be carried out regularly for the ponds. However 

repairing and raising the embankment and cleaning the ponds are seldom carried out by the 

users to protect them from flooding and surge water.  

 

6.4 Evaluation of Alternatives from Questionnaire Survey  

Percent user of drinking water supply options in study area 

Figure 6.8 shows the percent users of Deep Tube well, Shallow Tube well, Pond Sand Filter, 

Rain Water Harvesting System and Natural Pond. The chart shows that the percentage of 

users for Deep Tube Well, Shallow Tube Well (STW), Pond Sand Filter, Rainwater 

Harvesting System and ponds are 35%, 13%, 29%, 11% and 12%, respectively. 

 

Figure 6.8: Percent of population using each option in the surveyed household 
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Water availability 

From the data obtained by the questionnaire survey it was found that most of the people (total 

42 out of 100) using pond, PSF, RWHS or STW has seasonal effect on the availabilities of 

water from their drinking water source. In other words the primary source cannot serve the 

drinking water demand all year round. The secondary source of drinking water is mostly 

canal water and natural ponds. Different types of secondary source and the number of users 

for the 42 households are shown in Figure 6.9.  

 

 

Figure 6.9: Number of households (HH) using various secondary water sources 

 

Cost 

Although water availability is crucial for any water supply option, when the respondents 

were asked to choose the most important criteria for water supply option most of them said it 

was the implementation cost. This is because the study location is a low income area and 

their economic condition has deteriorated after the consecutive striking by several strong 

cyclones.  

Although implementation cost was cited by the respondents as the main criteria, not all the 

people have been historically required to bear the implementation cost. Among the total 

sample 72% did not contribute to the initial cost. The remaining 28% shared the 

implementation cost ranging from 1,000 to 50,000 Taka depending on the type of the option 

and the type of ownership.  For example, if someone installed the facility on his own, he paid 

the total cost; on the other hand if the facility was installed by some organization, sometimes 
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the organization itself collected a certain amount of money from the users to ensure 

participation and to buildup ownership among them.  

 

The range of yearly maintenance cost varies from 200 to 10,000 taka.  However, for about 

80% of the facilities, the maintenance cost was not regularly collected. Normally in this case 

when a facility is not working or gets damaged, the user collects the money and repairs it.  In 

some cases one or few rich families have to pay the cost only, because others are reluctant to 

contribute. This reluctance is mainly because of their financial instability.  About 36% of the 

respondents consider the maintenance cost to be a burden to them.  

 

The data about the implementation cost gathered from the survey are summarized in Table 

6.3.  The table also presents the operation and maintenance cost for each option. The highest 

implementation cost is for installing PSF and lowest for shallow tube well and pond. The 

maintenance cost is high for rainwater harvesting system and lowest for PSF.  

 

Table 6.3: Implementation and maintenance cost of various facility according to the 

community 

 

Name of the option  Average implementation cost 

(BDT) 

Operation and maintenance 

cost 

PSF 100,000-120,000 1655 

DTW 50,000-80,000 2478 

RWHS 50,000-80,000 3875 

STW 10,000-50,000 3329 

Pond 10,000-50,000 1880 

 

 

Impact on other uses 

From the data it was also seen that 7% of the respondents think their source of drinking water 

is somehow hampering their economic activity. All these people are either PSF or Pond 

water users. The reason for this type of opinion is that as they are drinking water from the 

pond, they can‟t use it for other purposes, like commercial fish cultivation with fertilizer.  

Also it is sometimes annoying for them that they cannot use the pond for bathing and 

cleaning clothes, utensils and cattle. About 3% of the respondents think that this economic 
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loss is even more significant than a safe drinking water source.  About 13% of the 

respondents think that their drinking water source is deteriorating the ecosystem. All these 

people are PSF users.  They mainly indicated that before installing the PSF they had several 

species of fish in their ponds; but during the installation all these were removed, and now as 

the ponds are detached from outside by small embankments, fishes cannot come even in the 

rainy season. Such impact on other economic uses of water do not exists for the other options 

such as DTW, STW or RWHS.  

 

Social acceptance 

In 93% of the households, water is collected by the women while in 6% by men and in 1% by 

the children of the family. About 17% of the households (in which collectors are women) 

reported that they face different types of problems during water collection. The problems that 

were mentioned by the people are social problems like harassment and difficulty in collecting 

water from mosque or market facilities and problems arising from difficulty in carrying water 

form a long distance.  Of the remaining households who have some complaints regarding 

water quality, 15% use pond water, 2% use shallow tube well and 1% use rainwater.  Most of 

the people (about 84%) can get water from within 500 meters, while for others the distance 

varies up to 1 kilometer from their households.   

 

Environmental impact 

In the environmental impact criteria, the impact of the water supply options on the water 

resources of the area was principally considered. Deep tube well extracts water from the 

confined aquifer of fresh water lying beneath the layers of different saline water aquifers. So 

the aquifer of fresh water is always under risk being mined or becoming infiltrated with salt 

or arsenic contaminated water (WARPO, 2002). Again continuous use of STWs solely may 

cause a decline in ground water level (there have been already decline trends found in the 

study area as analyzed in section 6.3.2) even reducing it below the suction limit of tube wells. 

Moreover both deep and shallow tube wells are a major threat to the groundwater resource 

during cyclone. The surge water can easily infiltrate through suction pipe to the aquifer and 

contaminate the source. Such impacts are very negligible for the other options such as PSF, 

RWHS and ponds.  



 62 

Impact on water quality 

 

The quality of the water was accessed by the respondents based on some linguistic variables. 

The three parameters that were assessed are: odor, color and taste. The data obtained from 

the people are presented in Figures 6.10-6.12.  

 

 

Figure 6.10: User perception about odor for different options 

 

 

Figure 6.11: User perception about color for different options 



 63 

 

Figure 6.12: User perception about taste for different options 

Regarding the odor parameter, the users of DTW and RWHS responded that there was no 

problem related to odor; however, most poor responses were obtained from the users of the 

ponds.  For the color parameter, it was same like odor, with DTW and RWHS users 

mentioning no problems, while some respondents of pond users have termed the water as 

bad.  For taste parameter, the users of pond thought it was moderate, while the users of PSF 

thought it was bad.  The responses from the respondents about the STW were mostly 

positive.  

 
Resilience to storm surge 

Resilience to cyclonic storm surge of the current water supply option was one of the criteria 

originally put in and agreed upon by the users in the questionnaire. The respondents were 

asked about their experience of the last devastating cyclone. Only 9.3% users (2 STW, 4 

DTW and 4 RWHS) said that the option was functioning after the cyclone Sidr. Those which 

were not functioning took 15 days to 5 months to repair and make it functioning again. The 

associated cost of repairing these options varied from 500 to 8000 taka. 

About 46% of the water supply options were non-functioning after 2 months of the strike of 

cyclone Sidr.  Out of this 46% non-functioning options, about 42% were PSF. The 

percentages for other options were 26%, 14%, 11% and 7%, respectively for DTW, STW, 

RWHS and ponds.  This is illustrated in Figure 6.13.  
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Figure 6.13: Percentage of non-functioning water options after 2 month of cyclone Sidr 

6.5 Ranking of Alternatives Using Impact Matrix  

The parameters of the NAIDE model were specified using numeric, fuzzy and qualitative 

(linguistic) variables in the Impact Matrix (Figure 6.14). The first two criteria were 

Implementation Cost and Operation and Maintenance Cost, which are numeric. The values of 

the first criterion for different options were obtained from the estimation of material cost and 

were also compared with the data obtained by the questionnaire survey. The maintenance 

costs for the second criteria were obtained directly from the questionnaire survey.  As the 

cost of maintenance was not constant, the average of the values mentioned by all the 

interviewee was used for each of the options.  

 

Figure 6.14: The Impact matrix in NAIADE model. 

(Note: * Good implies negligible impact) 
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The third criterion was impact on other uses, which implies whether the option has any 

financial influence, either positive or negative, on the other economic users of water. The 

criterion was defined qualitatively.  The qualitative definitions include Good, More of less 

good, Moderate, More or less bad and Bad. In the case of the criterion „Impact on other uses‟ 

„Good‟ score implies that the particular option has negligible impact on other uses. The row 

was completed using the data obtained from the questionnaire survey. The respondents of all 

the options were positive except the users of Pond Sand Filter. There dispute was as the pond 

water was only being used for the filter, any kind of commercial fish cultivation was 

prohibited, which restricted their income. 

The fourth criterion was Water Availability which was entered in the model using fuzzy 

relations. The vales were obtained from the questionnaire survey and also from the technical 

analysis conducted for the options presented in previous sections. Qualitative scoring was 

used in the Environmental Impact criterion, again „Good‟ score for this criterion implies 

there is very negligible environmental impact of the particular option. As both Deep Tube 

Well and Shallow Tube Well have some adverse impacts on the groundwater, these were 

scored as moderate. 

For the last three criteria (Social Acceptance, Water Quality and Resilience to storm surge), 

the scoring was carried out based on the questionnaire survey data.  Qualitative values were 

entered using different linguistic variables. For the Social Acceptance criterion, Deep Tube 

Well, Pond Sand Filter and Rain Water Harvesting System got a good score. All the 

respondents were very positive and the options were well accepted in the community. Few 

interviewees had some dissatisfaction with the Shallow Tube well because of the struggle 

that they have to encounter for collecting water during the dry season. Because of lowering 

of the water table, the water collection becomes a cumbersome task and requires more 

physical labor. Users, especially the females (in 92.5 % household water is collected by 

females) prefer the other three options. As the users have to shift to other options which are 

not always very close, they are not as positive as they were for the above mentioned three 

options. So the score for STW was lower. The users of ponds said they do not want to drink 

pond water as it is not safe and it needs further treatment while the water from other options 

can be used for drinking purpose directly. Again the treatment needs both time and money 
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(fuel for boiling and Alum for rapid sedimentation).  So the score of pond was lower than all 

other options. 

For defining the criterion of Water Quality both the perceptions of the users and the data 

from the relevant literature was used.  Water quality for the PSF and RWHS scored well 

because the water is safe and also the users are satisfied with the quality. As the water from 

the DTW is bacteriologically safe, it scored higher than the STW, which is under the risk of 

bacterial contamination by the nearby pit latrines.  However, the score of the STW was lower 

than PSF and RWHS because of salinity. 

For filling the row against the criterion Resilience to storm surge, data from the questionnaire 

survey were mainly used.  The respondents were asked whether the option was functioning 

after the cyclone Sidr, if not after how many days it was repaired and what was the repair 

cost. Also the technical feasibility was taken into account while deciding on the scores.  The 

best score was given to RWHS because of the fact that all the tropical cyclones in our 

country are accompanied by huge rainfall and the fact that the storage chamber is made of 

strong plastic, ferro-cement or brick missionary, which are less vulnerable during a cyclones. 

DTWs and STWs are in danger during cyclones if the surge water is higher than the base of 

the pump.  So the scores assigned to these options were given lower than the RWHS. The 

main source of PSF is pond, and hence ponds and PSF are equally vulnerable to cyclones.  

However, as the PSF committee takes care of the pond (constructs embankment around the 

pond), it is safer than ponds. 

 

Result from the NAIADE model 

The NAIADE model evaluates the alternatives based on the semantic distance between a pair 

of criteria. The model does the analysis by using six preference relations. The impact matrix 

in the model was formed with both numeric and fuzzy value depending on the type of the 

criteria. The semantic distance was calculated using equation A2.1 of Appendix 2. Figure 

6.15 shows the semantic distance of Water Availability and Implementation Cost criteria. 

Other semantic distances from the model are shown in Appendix 3.  
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The pair-wise comparison of the criteria was conducted using the six preference relation 

described in Appendix 2 (Equation A2.2 to A2.7). Semantic distance of each score and 

crossing over values for the preference relations were used to perform the calculation. Pair-

wise comparison values for the criteria of Water Availability and Implementation Cost are 

shown in Figure 6.16. The remaining results are shown in Appendix 3.  

The criteria aggregation was performed using Equation A2.8 of Appendix 2. The value of α 

was used 0.4 for the calculation. The α parameter is used to express the minimum 

requirements on the credibility indexes. Only those criteria whose indexes are above the α 

threshold will be counted positively in the aggregation. By changing the minimum 

requirement one can determine the threshold value for considering the indexes in the 

aggregation calculation. A value of α = 0.4 indicates that for criteria m, the comparison 

between alternative a and b for one statement (e.g. a is better than b) will be counted 

positively if the index value is more than 0.4. Figure 6.17 shows the scores of each pair with 

respect to the six preference relations. 

Entropy in fuzzy set is the measure of fuzziness in the set. The entropy of a set A is 1 if for 

every x, μA(x) =0.5 and is 0 for every μA(x) = 1 of 0. The philosophy underlying this concept 

is, if fuzzy sets are interoperated as a profile determined on a set of polar scales it would be 

very unclear evaluation if each scale response is in the middle. On the other hand if each 

evaluation is oriented then the evaluation is clear. The entropy calculated by the model for 

the impact matrix using the Equations A2.9 and A2.10 is shown in Figure 6.18. 

Finally the degree of truth of the statements that “a is better than b or a and b are indifferent 

or a is worse than b” is determined using Equations A2.11- A2.13 of Appendix 2. The degree 

of truth for the impact matrix is shown in Figure 6.19. 
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Figure 6.15: Pair wise Semantic distance of the alternatives 
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Figure 6.16: Pair wise comparison of Water Availability and Implementation Cost criteria 

 

Figure 6.17: Criteria Aggregation scores for each pair of alternatives 
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Figure 6.18: Entropy calculated by the model 

 

Figure 6.19: Degree of truth 

The ranking from the model is developed using Equation A2.14 and A2.15 of Appendix 2. 

The final ranking comes from the intersection of two separate rankings. Equation A2.14 

develops the first ranking (Φ+(a): leaving flow) based on better and much better preference 

relation and goes from 1 to 0 (how a is better than all other alternatives). Equation A2.15 
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develops the second ranking (Φ-(a) entering flow) ranking using worse and much worse 

preference relation and goes from 0 to 1 (how a is “worse” than all other alternatives).  

Figure 6.20 shows the ranking developed by the evaluation of the impact matrix.  

Form the Figure 6.20 it can be observed that both the leaving (Φ+(a)) and entering (Φ-

(a))flow completely coincided each other, which means in both the calculation the order of 

the alternatives were the same. Rainwater harvesting system, which is in the first position of 

the final ranking got the highest score in both the leaving and entering flow calculations. 

Pond sand filter were occupied by got the second position in the evaluation. The third and 

forth position in the ranking is deep tube well and shallow tube well respectively. Pond got 

the fifth position, which is not surprising because fo the poor scores in most of the criteria in 

the impact matrix.   

 

 

Figure 6.20: Ranking of alternatives by NAIADE model 

 

6.6 Sensitivity Analysis 

Sensitivity analysis is very important due to unavoidable degree of uncertainty that 

characterizes most real-world decision making problems. In the present analysis, the 

minimum requirement parameter determines the threshold magnitude of the credibility 

indexes to be considered to perform the sensitivity analysis. In the model only those criteria 

whose indexes are above the α threshold are counted positively in the aggregation. So by 
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changing the value of α one can see the effect on the ranking. The higher value of α indicates 

that for one criteria only the significant differences between a pair of alternatives were 

considered and a lower value indicates all the major and minor changes were considered in 

the calculation.  For the sensitivity analysis, the value of α was varied from 0.2 to 0.8 with an 

interval of 0.2.  Table 6.4 shows the values of Φ+ and Φ- along with the ranking obtained 

from the model. 

The final ranking has changed with the changed value of α. In the first row of table 6.4, 

where α= 0.2, Rainwater harvesting system (RWHS) got the first position. In the leaving 

flow (Φ+(a)) the Pond sand filter (PSF) got the second position, but in the entering flow (Φ-

(a)) it is Deep tube well (DTW) instead. The third position is occupied by DTW and PSF for 

the two flow case, which is vice versa of the second position. The Pond got fourth position in 

the leaving flow (Φ+(a)) while Shallow tube well remain the same in the entering flow (Φ-

(a)). And the fifth position is again interchanged between STW and Pond for the two cases. 

So in combination of both the leaving and entering flows, the final ranking was developed. 

DTW and PSF both were positioned side by side to illustrate the scoring of second position 

in leaving and entering flow calculations. The same procedure was followed for the STW and 

pond.  

The second row in Table 6.4 is the result of evaluation originally carried out considering 

α=0.4. It has the same ranking for both the leaving and entering flow. And the serial in the 

ranking is in the order of RWHS, PSF, DTW, STW and Pond.  

For α=0.6 as shown in the third row of Table 6.4, RWHS was ranked first same as previous 

ranking. The second and third in ranking were similar to those for the case with α=0.2. So in 

the final ranking the two alternatives were positioned side by side. The forth and fifth 

position were respectively STW and pond (similar to the case with α=0.4) and they were 

placed in the final ranking accordingly.  

The last analysis was carried out considering α=0.8. This value of α gave the same final 

ranking as α=0.6, though the values in the leaving and entering flow was not same. The 

values of the leaving and entering flow was reduced because only the significant difference 

between a pair of alternatives were considered positively for the case of α=0.8.  
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To sum up, this sensitivity analysis was performed to see the impacts of considering all the 

little differences (i.e. when α=0.2) in the scoring of the impact matrix as well as to 

understand the changes in the final ranking considering the major differences (e.g. when 

α=0.6 & 0.8). Considering all the results of sensitivity analysis presented in table 6.4, it 

seems reasonable that the ranking obtained taking α=0.4 presents the ultimate ranking of 

options for the present study. In fact, α=0.4 refers to ideal case for evaluation because it 

nether emphasis on the minor scores nor ignores them, while considering on the major 

scores.  

Table 6.4: Results of sensitivity analysis for different α values 

Value of α Φ+ Φ- Ranking 

α= 0.2 D     0.63 

C     0.43 

A     0.34 

E     0.28 

B     0.25 

D     0.00 

A     0.38 

C     0.49 

B     0.50 

E     0.59 

D            .     

 

A            C 

 

B             E 

α= 0.4 D      0.31 

C      0.23 

A      0.16 

B      0.11 

E       0.10 

D      0.00 

C      0.17 

A      0.18 

B      0.24 

E       0.31 

D 

 

C 

 

A 

 

B 

 

E 

α= 0.6 D      0.12 

C      0.10 

A      0.07 

B      0.05 

E      0.03 

D       0.00 

A       0.06 

C       0.06 

B       0.10 

E        0.15 

D 

 

                     A                  C 

 

B 

 

E 

α= 0.8 D      0.03 

C      0.02 

A      0.02 

B      0.01 

E      0.00 

D       0.00 

A       0.00 

C       0.01 

B       0.03 

E        0.06 

D 

 

                     A                  C 

 

B 

 

E 
A= Deep tube well; B= Shallow tube well; C= Pond sand filter; D=Rainwater harvesting system and E= Pond.  
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6.5 Ranking of Alternatives Using Equity Matrix 

The equity issues which came up during the questionnaire survey were consulted with the 

users at the stakeholder workshop organized to develop the equity matrix and help identify 

sustainable solutions.   Five main issues were found noticeable during the discussion with 

users. They are: (i) sharing of maintenance cost among the users, (ii) Access to water points 

(obstruction by the land owner during water collection) (iii) Gender equity (ensuring easy 

access to options especially for women and adolescent girls in terms of easy access, 

harassment and dignity) (iv) discrimination of rich and poor in decision making and (v) 

influence free site selection (i.e. free from influence of powerful groups) of the facility.  

The first criterion indicates that the maintenance cost associated for the facility should be 

shared among the users according to the financial ability of each. For example dividing the 

total cost for one major maintenance activity equally might appear as a burden to low income 

users. The second criterion refers to a situation in which the owner is reluctant to allow 

everyone to get water from the option. The main reason is he/she thinks that if the water 

facility is used by few people it will last long and not everyone is using the option with care. 

So if the option is installed in such a household it will create problems during water 

collection by the other users. The third points to the accessibility to the option. If the site is 

closer to a mosque or market place it might create problem like harassment and annoyance to 

women and adolescent girls. The fourth criterion is about participation in decision making. 

Sometimes, only the influential and affluent families participate in the decision making 

process and the outcome might not be feasible for all the users. So the participation of all the 

users must be ensured in the decision making activities. The fifth criterion indicates that the 

site for the facility has to be selected neutrally without any influence of the powerful groups.  

 

According to some of the users the maintenance cost should be only borne by the affluent to 

ensure the smooth functioning of the facility. They mentioned that if all the users are 

included it is difficult to collect the monthly charge. This is because some of the users are not 

able to pay the amount regularly and eventually the discontinuity brings an end to the charge 

collection process.  Most of the users informed that household level water usage is mostly 

handled by women, so their free access to options needs to be ensured. They complained 
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about women encountering various forms of assault while collecting water from options 

installed in public places. Some respondents complained about obstruction by the land 

owners during the time of water collection. On the other hand, some of the users (households 

where the facility was installed) said that if they allow everyone to get water the facility will 

not last long as they (other users) do not use it carefully. Criticism also evolved about the 

discrimination of rich and poor during the selection of site for the new facility and in the 

formation of caretaker committee which is responsible to keep the water source functioning 

and facilitate the maintenance.  

In the stakeholder workshop, the participants were asked to consider all these issues and 

score each of the alternatives against the equity criteria based on their own opinions. There 

were disputes about some of the issues like distribution of maintenance cost and obstruction 

during water collection. But finally they were able to reach at a consensus and put a common 

score (qualitative) for the alternatives. The matrix formed by the opinions of the users is 

shown in the following table.  

Table 6.5: The scores in the equity matrix put in by the users 

 

 
 

The equity matrix in Table 6.5 was evaluated by the NAIADE model in the same way as for 

the impact matrix. The ranking of the alternatives thus obtained is presented in Figure 6.21. 

The figure shows that RWHS got the highest score and so obtained the first position.  The 

ranking according to the total scores was in the following order: RWHS, PSF, STW, Pond 

and DTW. 
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Figure 6.21: result from the model 

Comparison of rankings by Impact and Equity Matrices 

The ranking based on equity matrix matches with the ranking based on the impact matrix up 

to the second alternative. But for the last three alternatives the rankings are different from the 

two matrices (DTW, STW and pond for impact matrix, and pond, STW and DTW for equity 

matrix) respectively.  The main reason for the discrepancy is that the equity issues are not so 

significant for the pond. There is no discrimination of reach and poor and obstruction during 

water collection for pond water.  

On the other hand the DTW option has some equity issues in selecting the site without the 

influence of local powerful groups and in providing easy access to the users without any 

obstruction. That is why even though all the three options viz. DTW, PSF and RWHS are 

expensive (in fact is the most expensive), DTW got the lowest rank in the equity matrix.   

Also the ranking of the alternatives based on the impact matrix was shared with the users.  

The major opinions that came out from the workshop were: 
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 Individual option is more preferable and needs less maintenance. Communal options 

are not functioning properly, because if something is broken or stolen no one takes 

the responsibility to fix that. Though some of the newly constructed facility has a 

caretaker committee but in most of the cases it is inactive. Rather they showed the 

example of household based rainwater harvesting system which is functioning 

properly. 

 During site selection interest of women folk should get priority as they are the prime 

users of water options.  Hence, the sites should be selected in such a place where they 

feel comfortable, and where there is no threat of physical harassment and ensures 

their privacy. 

 The training regarding the maintenance of the facility should be enhanced. Specially 

the new technologies like PSF and RWHS are more sophisticated and need expertise 

to deal with the maintenance.  

 During site selection and formation of the caretaker committee all the users should be 

considered equally. For the communal options there should be proper memorandum 

between the users and the land owners. Priority should be given to maximum 

coverage rather than installing the facility in an affluent household. 

 Ownership of the options should be established among them for sustainability which 

requires much more social mobilization and community participation. 

 

6.6 Discussion 

The participatory multi criteria analysis of rural water supply options was carried out to 

establish a ranking of alternatives in the study area. Participation of stakeholders was ensured 

in all the parts of the analysis. Beside this technical analysis of the options were also 

performed to check the feasibility of the options.  

The responses from the interviewee obtained during the questionnaire survey reflected the 

social acceptance, water quality, status after cyclone and water availability of the 
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alternatives. Technical analysis of water availability was also carried out for the options. All 

these gave a clear idea about the drinking water supply facilities in the study area.  

The ranking from both the impact matrix and the equity matrix placed the first two water 

supply options in the same position i.e. RWHS and PSF. This implies that choice for the 

water supply option considering both impact matrix criteria and equity matrix criteria were 

same for these two options. The other three options i.e. DTW, STW and pond interchanged 

there positions in the two different rankings. It was formed from the survey data analysis and 

technical analysis that these three options had some limitations and also the respondents of 

questionnaire survey had some complaint about them. The technical analysis for the DTW 

and STW showed that water availability of these options is not consistent. In the dry season 

the STW may dry up and the there are limited suitable layers of aquifer for installing DTW. 

All the respondents of pond water user have said that they have to shift to other options 

during the dry season because of the drying up of the ponds. The interviewees also 

complained about the salinity and turbidity of these options. However the participants of the 

stakeholder workshop expressed more equity concerns for DTW and STW.  

The ranking obtained from the exercise can be used by the planners and decision makers who 

are interested to make any interventions in the area. As the RWHS and PSF received high 

scores in both the impact and equity matrix evaluation, it can be said that these two options 

have a good acceptance in the community and they are technically feasible. For the 

installation of other three options, technical feasibility (i.e. availability of suitable aquifer, 

salinity level etc.) as well as community acceptance should be verified.  
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Chapter 7 

CONCLUSIONS AND RECOMMENDATIONS  

 

7.1 Summary and Conclusions 

Mainly five different types of water supply technologies are available in the study area e.g., 

manually operated deep tube well (DTW), manually operated shallow tube well (STW), pond 

sand filter (PSF), rainwater harvesting system (RWHS) and natural pond. The sources of water 

for these technologies are either groundwater or surface water or rainwater.  

 

The important criteria for the ranking of the five water supply options are: implementation cost, 

operation cost, impact on other uses, water availability, environmental impact, social acceptance, 

water quality and resilience to storm surge. Not all the technologies are equally reliable in terms 

of these criteria. Among the criteria however, implementation cost was considered as the main 

criterion by the local communities, followed by operation cost and impact on other uses.  

 

The deep tube wells have high installation cost compared to shallow tube wells and ponds, and a 

low operation and maintenance cost. It provides water round the year even at 30 meter depth at 

some places, close to the coast. Additionally, DTW poses a risk of fresh water being mined or 

become infiltrated with salt or arsenic contaminated water. This option, however, is a socially 

accepted solution, which is also evident from the fact that it has been used as a source for a long 

time. DTWs have much less water quality issues compared to the other options (about 33% of 

the respondents of questionnaire survey considered the water to be a little saline). DTWs are, 

however, vulnerable to cyclonic storm, with 26% of all non-functioning water supply options 2 

months after the strike of cyclone Sidr belonging to this category.  

 

Shallow tube wells have comparatively low implementation cost, but moderately high operation 

and maintenance cost. This option provides water round the year. However, continuous use of 

STWs solely may cause a decline in ground water level (the analysis in the study showed that 

there are already declining ground water level trends in the study area). It was found from the 

questionnaire survey that about 18% of the STW users had to change their source of drinking 
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water because of unavailability of water. This option is more or less socially accepted, although 

few respondents had some dissatisfaction owing to the struggle they have to encounter for 

fetching water during dry season because of lowering of groundwater level. STWs have water 

quality issues which was evident from the majority of respondents (91%) that the concentrations 

of salts in the wells were moderately high. High salt contents also have damaged some wells via 

corrosion and rendered them non-functional. Like DTWs, STWs also are a major threat to the 

groundwater resource during cyclonic storm surge.  

 

The installation cost as well as the operation and maintenance cost of PSF are the highest among 

the options. However, this option has some impact on other economic uses of water as replied by 

100% of PSF users. The pond used in PSF cannot be used for commercial fish cultivation, which 

is an economic activity of many people. PSFs are also reported to have an impact on natural fish 

ecosystem in the ponds. There are no issues as far as water availability throughout the year is 

concerned. Environmental impact, social acceptance and water quality are also reasonable except 

the taste of water from the PSFs. About 77% of the PSF users thought the taste of water was 

moderate owing to irregular cleaning of the filter bed. However, vulnerability to cyclonic storm 

surge is rather high for this option. All the PSFs (46% of the total water users sampled in the 

survey) were damaged by the cyclone Sidr and even were non-functioning after two months.  

 

The rainwater harvesting system also has high implementation cost and operation and 

maintenance cost. Analysis carried out in the study for RWHS showed that rainwater can be used 

in the area as a means of drinking water supply all year round. Views of the local people also 

supported the analysis. There are no issues as far as impact on other uses, environmental impact, 

social acceptance, water quality and resilience to storm surge are concerned. However, rainwater 

lacks in minerals, the presence of which in appropriate proportion is beneficial for human health.  

 

Ponds have the lowest implementation cost among the options. Also the operation and 

maintenance cost is relatively low. However, pond water use has several limitations. Pond water 

is not available for use during certain parts (during dry season) of the year when they dry up. 

Social acceptance of pond as principal drinking water source is moderate; only in places where 
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there are no alternative water supply source, people use pond water for drinking purpose. Pond 

water has considerable water quality issues, and need to be treated through boiling or using 

Alum. Ponds are the most vulnerable of the options to the cyclonic storm surge as they get 

contaminated by debris brought by saline water and the surge water.  

 

Multi-criteria evaluation of the options through analysis of the impact matrix using NAIADE 

model gave a ranking of the water supply options. Rainwater harvesting system was ranked first 

followed by Pond Sand Filter in the second position. DTWs, STWs and Pond were ranked third, 

fourth and fifth, respectively. The sensitivity analysis showed a more or less similar ranking for 

the first two options, while it varied for the other three options.  

 

Five equity issues came up from the local community, which are: (i) sharing of maintenance cost 

among the users, (ii) Access to water points (obstruction by the land owner during water 

collection) (iii) Gender equity (ensuring easy access to options especially for women and 

adolescent girls in terms of easy access, harassment and dignity) (iv) discrimination of rich and 

poor in decision making and (v) influence free site selection (i.e. free from influence of powerful 

groups) of the facility. 

 

The issue of sharing of maintenance cost is mainly associated with PSFs and Ponds, while DTW 

and STW options have considerable issues in access to the water source. There are issues of 

ensuring easy access to options, especially for women and adolescent girls associated with 

DTWs, STWs and Ponds. There are problems with participation in decision making due to rich-

poor discrimination with DTWs and PSFs, while there are issues of site selection without the 

influence of the powerful groups mainly with DTWs, but also with STWs and Ponds. The 

ranking obtained by evaluating the equity matrix by the NAIADE model is in the following 

order: RWHS, PSF, DTW, STW and Pond.  

 

On the other hand, the DTW option has some equity issues in selecting the site without the 

influence of local powerful groups and in providing easy access to the users without any 
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obstruction. That is why even though all the three options viz. DTW, PSF and RWHS are 

expensive (in fact PSF is the most expensive), DTW got the lowest rank in the equity matrix.   

The results from the impact and equity matrix showed that RWHS is the most preferred option in 

the study area. The second preference was for PSF from both the rankings. The remaining 

options interchanged their positions. So for interventions aiming to install these options, it is 

important that the specific problems regarding STW, DTW and pond are looked into prior to 

implementation of such options to ensure the sustainability of the drinking water facility.  

  

7.2 Recommendations 

The following recommendations are made based on the study: 

I. The ranking obtained from the exercise can be used by the planners and decision makers 

who are interested to make any interventions in the area. As the RWHS and PSF received 

high scores in both the impact and equity matrix evaluation, it can be said that these two 

options have a good acceptance in the community and they are technically feasible. For 

the installation of other three options, technical feasibility (i.e. availability of suitable 

aquifer, salinity level etc.) as well as community acceptance should be verified.  

II. The study has been conducted in 4 villages of 2 Upazilas. It should be carried out in more 

villages of different Upazilas in order to more firmly establish the findings.  
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Appendix A 
 
Questioner to identify the alternatives and the criteria  

:  
   

  
Basic information: 
  

 
 

 

 
Household information:  

 
 

                  

Length of time lived in the house  

 
Alternative Selection  

 
 

 

     
    

 
Criteria Selection  

Seasonal effect on water source  

Does your water source changes according to the 

different season?  

    
?  

:  

?  

: 

 
 
Better Option  

?  

   PSF  
    

   For a good water supply source prioritize the criteria  

Implementation Cost  Operation Cost  
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Cyclone resistance  Social 

Acceptance  

  

  

Implementation & Maintenance Cost  

What is the implementation of your source?  

Did you contributed to the installation 

cost?  

    
If yes in what percent of the total cost was contributed 

by you?  

What is the approximate yearly 

maintenance cost of your drinking water source?  

Is this cost is regularly collected by the authority?  

    
Is this generate a financial burden over the users?  

    

Effect on economic activity and on ecological status  
Is your water source is hampering your 

economic activity?  

    
If yes whether it is significant in 

comparing with the safe water source  

    
h¡Ù¹¥pwÙÛ¡ el Does the water source have any impact on the 

ecological system? Like PSF changes the normal ecological system of a pond,  

    
What are the impacts?  

i¨NÑiÙÛ f¡¢el Ù¹l ¢e Q 

e j k¡Ju¡ 

Ground water table 
lowering  

h¡Ù¹¥pwÙÛ¡e  

Destroying the ecology of the 
pond  

ÙÛ¡fe/ recharge 

Hindering ground water 

recharge  

 
Social  

  

             

  

      
:  
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,  

      L¥pwú¡l 
  

  

 
Water Source and Quality  

  



  



 



 

    

  

 (   

    

                        

?  

      


  gVL¡¢l/¢hÔ¢Qw 

f¡EX¡l 

 

Sand Filter     

If you don’t treat your water what is the reason:  

  

 

      

                                      
Cyclone resistance:  

Was the 

facility functioning after SIDR  

      

If not how many days it took 

to go to the previous condition  

…………………. 

 | 

  …………………. 

 | 
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Questioner to identify the alternatives and the criteria 

Form no: Date: 

Village: Upzila: 
 

Basic information:  
Name:   

Age:   

Gender:  

Education Level:  
 

Household information:   
Name of the head of HH:   

   

Total number of people living in the house   

   

Children: Male: Female:  

   

Length of time lived in the house   
Alternative Selection 

Alternatives  
Which water source do you use now for collecting drinking water? 

 

 Deep tube well   shallow tube well  PSF 

 

 Rain water harvesting  Pipe line water supply  Other 
Criteria Selection 

Seasonal effect on water source 
Does your water source changes according to the different season? 

    

 Yes  No   

    

If yes then how many month this source serves the purpose? 

    

Ans:    

    

What is the secondary source? 

 

Ans: 
 

Better Option  
Among the water supply options which option is the best according to you? 

    

 Deep tube well   shallow tube well  PSF 

    

 Rain water harvesting  Pipe line water supply  Other 
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For a good water supply source prioritize the criteria  

    

 Implementation Cost  Operation Cost  Water availability(over the 

year) 

 

 Cyclone resistance   Social Acceptance   Economic Impact  

   

 Maintenance      Others    

 

 

 

Implementation & Maintenance Cost 
What is the implementation of your source? 

 5,000-10,000  10,000-50,000  50,000-80,000  80,000-

100,000 

 more then 100,000 

Did you contribute to the installation cost? 

 

 Yes  No 

 

If yes in what percent of the total cost was contributed by you? 

 

 

 

What is the approximate yearly maintenance cost of your drinking water source? 

 

 

 

Is this cost is regularly collected by the authority?  

 

 Yes  No 

 

Is this generates a financial burden over the users? 

 

 Yes  No 

 

 

 

Effect on economic activity and on ecological status 
Is your water source is hampering your economic activity? 

      

 Yes  No 

 

If yes whether it is significant in comparing with the safe water source 
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 Yes  No 

      

Does the water source have any impact on the ecological system? 

 

 Yes  No 

 

What are the impacts? 

 

 Ground water table 

lowering 

 Destroying the ecology of the 

pond 

 Hindering ground water 

recharge 

 

 

 

 

 

Social  
Who collects water for the family? 

 

Female Male Children 5-10  Children 11-18 
 

Does he/she have to face any problem during water collection? 

 
Yes No 

 

If yes What are the problem: 
 

Difficult to collect water Difficult to carry water Time consuming  

 

Social problem Physical problem Economic problem Other 
 

Is there any objection about the quality of the water from the user 
 

Yes No 

  

If yes ,  
 

Not willing to drink pond water Not willing to drink rain water Superstation Other 
 

 
Water Source and Quality  
How far do you have to go to fetch water? 

  
 less than 20 m  over 500 m 1-1.5 km 2 km Over 2 km 

  
Is the water quality is satisfactory (only the perception of the user) 

Odour Colour Taste 

 Good  Moderate   Bad  Good Moderate  Bad  Good Moderate  Bad  

         

Do you treat your drinking water? 
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 Yes                                            No 

         

 Boil  Chlorinate  Sand Filter  Other 

 

If you don’t treat your water what is the reason: 

         

It is expensive  No need It is safe Other       
 

Cyclone resistance: 

Was the facility functioning after SIDR Yes No 

  

If not how many days it took to go to the previous condition  Approximately ………………….days. 

  

What was the cost of rearing  Approximately ………………….BDT. 
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Appendix B 

DETAIL OF CALCULATION PROCEDURE IN NAIADE 

The Semantic Distance 

In order to compare the criteria values for the alternatives, it is necessary to introduce the 

concept of distance. In the case of numeric evaluation, the distance is simply defined as the 

difference between the two numbers. In the case of fuzzy or stochastic evaluation, the concept of 

semantic distance is used. Semantic distance measures the distance between two functions: it 

takes into account the position and also the shape of the two functions (either for fuzzy 

membership functions or probability density functions). The formal definition of semantic 

distance is: 

Given two fuzzy sets:  μA1 (x) and μ2 (x)  

f(x)= k1 μA1 (x)     and    g(y)= k2 μ2 (x) 

 

Where f(x) and g(y) are two functions obtained by scaling the ordinates of μA1 (x) and μ2 (x) 

through k1 and k2 such as: 

 

The semantic distance  Sd(f(x), g(y)) between two fuzzy set is defined as follows:  

If f(x)  : X= [xL, xU] and g(y) : Y= [xL', xU' ] 

Where set X and Y can be non bounded, then 

Sd (f (x) ,g(y)) = ∫x∫y ∣x - y∣ f( x) g (y) dxdy         (A2.1) 

 

The same distance concept can be easily extended to stochastic measures. In this case f(x) and 

g(y) are the probability density` functions of the measures. 

 

Preference Relations: 

The comparison of criteria scores (values) of each pair of (alternatives) actions is carried out by 

means of the semantic distance described above. This comparison is based on preference 

relations, expressed by the user, for each single criterion starting from the distance between 
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alternatives. Preference relations are defined by means of 6 functions that allows to express 

(depending on the distance between alternatives), for each criterion, an index of credibility of the 

statements that an alternative is much better, better, approximately equal, equal, worse and much 

worse than another. The credibility index goes from 0 (definitely non-credible) to 1 (definitely 

credible) increasing monotonically within this range. The following are the definitions of the six 

preference relations: 

- The first two relations much better & better are defined as follows: 

 

       (A2.2) 

 

                      (A2.3) 

 

 

Where C> and C>> are the crossover values (the point where the functions equal 0.5) and d is the 

distance. The preference relations are shown in the following figure: 

 

 

Figure A2.1: Credibility Index of μ> and μ>> in NAIADE model. 
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- The preference relations approximately equal and equal are defined as follows: 

 

                  (A2.4) 

 

                 (A2.5) 

 

Where C== and C≅ are the crossover values (the point where the functions equal 0.5) and d is the 

distance. The preference relations are illustrated in the following figure: 

 

 

Figure A2.2: Credibility Index of μ== and μ≅ in NAIADE model. 

- Finally the two preference relations much worse and worse are defined as follows: 

 

         (A2.6) 

 

           (A2.7) 
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Where C< and C<< are the crossover values (the point where the functions equal 0.5) and d is the 

distance. The preference relations are illustrated in the following figure: 

 

 

Figure A2.3: Credibility Index of μ< and μ<< in NAIADE model. 

 

The following constraints apply to the preference relations: 

1. μ>> (d) = μ<< (-d)  &  μ> (-d)    (i.c. C>=-C< & C>>=-C<<) 

Two alternatives A and B at distance d, the credibility index of the statement A is better than B is 

equal to credibility index of the statement A is worse than B. 

2. C== < C≅  < C> < C>> The credibility index of the statement A is equal to B is less than  

the credibility index of the statement A is approximately equal to B increasing the distance d 

between A and B. The credibility index of the statement A much better than B is less than the 

credibility index on the statement A is better than B increasing the distance d between A and B. 

Moreover, the crossover value C≅ of the relation A is approximately equal to B must be less than 

the crossover value C> of the relation A is better than B crossover; in other words it is 

inconsistent to state that an interval of distance values exists where both the relations better and 

approximately equal are credible (above 0.5 credibility index). 

Independently from the type of information (fuzzy, numeric or stochastic), the user has to assign 

the numeric value of the distance where the credibility index equals 0.5 (crossover point). 

For each pair of alternatives and for each criterion, based on the 6 preference relations defined 

for that criterion, NAIADE calculates all the credibility indexes. 
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Criteria Aggregation 

Through an aggregation algorithm of the credibility indexes, NAIADE calculates a preference 

intensity index of one alternative with respect to another. In particular the α parameter is used to 

express the minimum requirements on the credibility indexes. Only those criteria whose indexes 

are above the α threshold will be counted positively in the aggregation. The intensity index μ*(a, 

b) of preference * (where * stands for >>, > , ≅, =, << and <) of alternative a versus b is defined 

as follows: 

          (A2.8) 

The intensity index μ*(a,b) has the following characteristics 

0≤ μ* (a,b) ≤ 1 

μ* (a,b) =0 if none of the μ* (a,b)m is more than α 

μ* (a,b) =1 if μ* (a,b)m ≥α ∀ m and μ* (a,b) > α for at least one criteria.  

In order to use information on the diversity among the assessment of the single fuzzy relations, 

according to each criterion, the entropy concept is useful. Entropy is calculated as an index 

varying from 0 to 1 that gives an indication of the variance of the credibility indexes that are 

above the threshold, and around the crossover value 0.5 (maximum fuzziness). An entropy value 

of 0 means that all criteria give an exact indication (either definitely credible or definitely non-

credible), whereas an entropy value of 1 means that all criteria give an indication biased by the 

maximum fuzziness (0.5). 

The entropy is given by: 

          (A2.9) 

Where N is the number of elements in X (being the finite) and ln(x) is the incertitude of the 

evaluation along scale x given by: 

ln(x)= -[μA(x)log2 μA(x)+ (1-μA(x)) log2 (1-μA(x))]                (A2.10) 

The information provided by the preference intensity index μ*(a,b) and correspondent entropies 

H*(a,b) can be used to build the degrees of truth (𝛕) of the following statements: 

“According to most of the criteria”: 

a is better than b 
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a and b are indifferent 

a is worse than b 

The statements a is better than b, a and b are indifferent, a is worse than b are calculated as 

follows: 

                       (A2.11) 

 

                   (A2.12) 

 

                (A2.13) 

 

Where C*(a,b) = 1 - H*(a,b) is the associated entropy level over the preference intensity index 

and the ^ operator can be replaced by the minimum operator which gives no compensation, and 

the Zimmermann-Zysno operator which allows for varying degrees of compensation (from 0 

minimum compensation to 1 maximum compensation). 

Finally the “according to most of the criteria” operator is implemented filtering the ωbetter , 

ωindifferent and ωworse values as follows: 

 

 

 

 

 

 

 

 

 

 

Figure A2.4: Degree of Compensation in NAIADE model. 
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Ranking of Alternatives: 

NAIADE allows for a ranking of alternatives based on the preference intensity indexes μ*(a,b) 

and correspondent entropies H*(a,b). The final ranking comes from the intersection of two 

separate rankings. The first one ϕ+(a) is based on the better and much better preference relations 

and with a value going from 0 to 1 indicates how a is “better” than all other alternatives. The 

second one ϕ-(a) is based on the worse and much worse preference relations, its value going 

from 0 to 1 which indicates how a is “worse” than all other alternatives . ϕ+(a) and ϕ-(a) are 

calculated as follows: 

 

                    A2.14 

 

         A2.15 

 

Where N is the number of alternatives and the ^ operator again can be chosen between the 

minimum operator which gives no compensation, and the Zimmermann-Zysno operator which 

allows for varying degrees of compensation (from 0 minimum compensation to 1 maximum 

compensation). 

 

The final ranking of the alternatives in a complete or partial preorder (γ problem formulation), is 

obtained by means of the basic idea of positive (leaving) and negative (entering) flows of the 

PROMETHEE methods. 
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The linguistic variables are defined in NAIADE by means of fuzzy sets defined in the 0 – 1 

scale. In the figure below illustrates the intersection points of the functions that define each fuzzy 

set and the respective membership values. 

 

 

Figure A2.5: Fuzzy functions for linguistic variable in NAIADE model. 

 

Finally the result of the evaluation can be obtained from the calculation of leaving (ϕ+
) and 

entering (ϕ-
) flow. The alternatives are ranked based on both leaving and entering flow.  The 

higher the leaving flow and the lower the entering flow, the better the alternative. As the two 

flows are based on two different approaches, they usually let to two different rankings. Then 

from the ranking it is upon the decision maker to choose the ranking.  
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Appendix C 

Result from the NAIADE Model 

The semantic distance and pair-wise comparison of water availability and implementation cost 

were show in chapter 6. The remaining results from the model of semantic distance and pair-wise 

comparison are shown below in Figure A3.1 and Figure A3.2 respectively.  

 

             

             

Figure A3.1: Value of semantic distance from the NAIADE model.  
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Figure A3.2 : Pair-wise comparison of different criteria. 
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