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Valuation of the Benefits of Improving Drinking Water Quality for
Households in Dhaka

Abstract

Consumption of contaminated drinking water brings about economic losses to households in
Dhaka. Hence, this study attempts to appraise the social benefits of improving drinking water
quality by estimating the monthly WTP for improved quality of drinking water using the
contingent valuation method. Thirty households in Dhaka were surveyed, of which 70Yo were
willing to pay for safe drinking water, and the mean monthly WTP was found to be BDT
4066.04. The study finds that disease averting behavior and exposure to information media have

a positive effect on the WTP. Therefore, the paper emphasizes the importance of public
campaigns using mass media to inform people about water quality, purification methods, hygiene
and safe storage of drinking water, and encourage them to share such information with other
household members in order to improve their perception of drinking water quality and influence
coping behavior.
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Valuation of the Benefits of Improving Drinking Water Quality for
Households in Dhaka

1. Introduction

Water quality and quantity are being degraded globally due to reasons such as growth in

population, rapid industrialtzation and urbanization, expansion of business activity, adverse

climate change effects, and undue extraction of groundwater aquifers. According to the Global

Water Supply and Sanitation Assessment 2000 Report (World Health Organization & UNICEF

Joint Water Supply and Sanitation Collaborative Council, 2000), 1.1 billion people worldwide do

not have access to improved water supply. Improving water supply and water quality can reduce

incidence of diarrheal diseases by 25 per cent and 3l per cent respectively, while approximately

10 per cent of the global burden of disease could be prevented by improving drinking water,

sanitation, hygiene and water resource management (Prtiss-Ustiin et al., 2008). The burden of

disease can be up to 240 times higher in developing regions in comparison to developed regions

(Priiss et al., 2002). Hence, improvement in the quality and quantity of drinking water in the

developing world is a major public health policy concern.

Dhaka, capital city of the developing country Bangladesh, faces enormous challenges in meeting

the public demand for safe water. The mega city has had an annual population growth rate of

4.9%o during 1995-2000 and accounts for about 38.9% of the total urban population (Talukdar,

2006). Currently, the water supply coverage by the Dhaka Water Supply and Sewerage Authority

(DWASA) is 75Yo, of which 82olo comes from groundwater sources while the rest of the l8% is

obtained from surface water sources (Rahman & Hossain, 2008). Rapid population growth has

caused a surge in the demand for water while the city remains greatly constrained by its

'hydrological context' due to reasons such as depletion of groundwater tables and distribution

losses from the water supply and sewerage system (Talukdar, 2006). As a result, the city must

increasingly switch to feasible alternative sources such as surface water to manage the scarcity of

water arising due to growing demand and restrained supply. However, the surface water sources

are highly polluted due to discharge of municipal and industrial wastewaters, resulting in the

progressive aggravation of water quality (Rahman & Hossain, 2008). In other words, water
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scarcity is being instrumental in exacerbating water quality, and hence, the quality of the water

supply availed by consumers in Dhaka is increasingly deteriorating over time.

Households in Dhaka consume approximately 94o/o (including distributional losses) of the water

supply and often face unsatisfactory water quality (Asian Development Bank, 2005).

Contaminated water brings about adverse health impacts including incidence of diarrheal

diseases, and loss of leisure and work time due to illness. Drinking water often lacks aesthetic

qualities, for instance, in case of water clvracterned with poor taste, smell and/or odor.

Design of viable solutions to the potable water crisis in Dhaka requires economic analysis of the

social costs and benefits of alternatives. Thus, it is imperative that people's demand for safe

potable water is considered when valuing social benefits. Therefore, this paper will attempt to

assess household willingness to pay for potable water in Dhaka city.

The objectives of this paper are:

To estimate the household willingness to pay for improving quality of drinking water

To identifu the factors that determine the willingness to pay

The paper has been organized as follows. A review of related literature is presented in section 2.

Section 3 includes the conceptual model for the study and the econometric model. Section 4

illustrates the sampling procedure, study area and descriptive statistics of the surveyed

households. Section 5 provides the results of econometric estimation. Finally, section 6

concludes the paper and proposes policy recommendations.

2. Review of Related Literature

Considering the demand side is essential for economic valuations of projects and policies related

to water supply services (Pattanayak et al., 2005). Many studies have used non-market valuation

techniques to estimate how consumers value improved quality of water service. The direct or

stated preferences method uses contingent valuation to elicit people's preferences for a described

hypothetical scenario and is proper when accounting for the total economic value, i.e., use and

non-use values, which is more appropriate for decision-making (Gunatilake,2003). The indirect

or revealed preferences method scrutinizes consumer behavior for avoiding the costs from

consumption of poor quality water services using the averting behavior model, and accounts for
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the burden of diseases and the maximum potential gains or losses resulting from the prevention

of the diseases caused by poor water quality using the cost of illness method.

The contingent valuation method simply asks an individual how much he/she is willing to pay

for improved water quality based on a hypothetical scenario. Certain studies emphasized only on

the quality of water (Sukharomana and Supalla, 1998; Adamowicz et al., 2005; Tanellari et al.,

2009), while other studies have taken a more holistic approach and estimated the willingness to

pay for improved water services (Calkins et a1.,2002; Fujita et a1.,2005; Genius et al., 2008;

Mehrara et al., 2009; Olajuyigbe and Fasakin, 2009). The monthly willingness to pay values

were obtained as 7.85 CFA in Mali (Calkins et al., 2002),USD 9.72 in the U.S.A. (Sukharomana

and Supalla, 1998), NPR 126.1 1 in Nepal (Katuwal and Bohara, 2007), 10.64 Euros in Greece (Genius

et al., 2008).

According to the averting behavior model, households alter behavior and expenditure allocations

with respect to perception of risk (Rosado, 1998; Dupont,2005; Pattanayak et a1.,2005; Aftab et

a1.,2006; Rosado eta1.,2006; Haq et aL,2007; Sattar and Ahmed,2007; Katuwal and Bohara,

2008; Roy, 2008; Jessoe, 2010). Averting expenditures are theoretically considered a lower

bound of willingness to pay (Pattanayak et al., 2005). However, a few studies have come across

the contradictory finding that averting expenditures are higher than the willingness to pay

(Katuwal and Bohara, 2008). Coping costs/averting expenditures per month have been calculated

to be NPR 81.54 (Katuwal and Bohara, 2007) and USD 2.94 (Pattanayak et al., 2005) in Nepal,

BDT 1873 per year for slums in Dhaka, Bangladesh (Alam and Pattanayak,2009), and INR 283

(Chen, 2010) in India.

The cost of illness method includes the costs of treatment of the illness and the opportunity cost

of sick time spent. The cost of illness is also a lower bound of willingness to pay as per Berger

(1987). The cost of illness was estimated to be INR 143 per month in India (Chen, 2010). The

total cost of illness due to outbreak of the water-borne cryptosporidium outbreak was USD 96.2

million in 1993 in Milwaukee, Wisconsin (Corso et al., 2003), which emphasized failure to

maintain safe drinking water.

The level of awareness, risk perception and incidence of disease due to exposure to poor

environment are significant determinants of the value to consumers of environmental goods such

.Il
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as drinking water. Abdalla et al. (1992) emphasized that averting behavior was determined by

awaxeness factors such as information about water quality and perceived health risks.

Sukharomana and Supalla (1998) found that the willingness to pay for safer water was positively

correlated with risk perception of the respondent. Pattanayak et al. (2005) found that households

who believed drinking water contamination to be the most serious environmental problem in

Kathmandu were more likely to adopt coping activities. Whitehead et al. (1998) demonstrated

that awareness about adverse health impacts resulting from consumption of contaminated

drinking water and perceived quality of present drinking water increase the probability of opting

for safe drinking water. Similarly, Jalan et al. (2003) stressed that reading newspaper and

listening to radio increased the probability of adopting safe drinking water practices. Haq et al.

(2007) accentuated that the general public perception towards the opportunity cost of consuming

unsafe water was largely determined by the quality of drinking water and the level of awareness.

Sattar and Ahmed (2007) showed that the effect of awareness through newspaper and/or

television media would be higher than that of formal education on willingness to pay for water

quality improvement. Genius et al. (2008) demonstrated that households that value water quality

as important, drink bottled water and drink water from a spring or another municipality exhibit a

higher willingness to pay for drinking water quality and quantity. Alam and Pattanayak (2009)

estimated the cost of coping with unsafe water supply in the slums of Dhaka and found that

listening to radio and hand-washing (proxy for hygiene awareness) had a positive effect on the

coping cost to slum households. Aftab et al. (2006) underscored awareness of arsenic-related

negative health consequences and government and/or non-government intervention in terms of

safe drinking water option installation as important determinants of averting behavior. Jalan et al.

(2010) confirmed in their study that the demand for environmental quality could be increased

through awareness rather than through wealth.

Household water usage, and water quality and supply characteristics play a crucial role in

determining household demand for improved water services. Haq et al. (2007) found that there is

a strong effect of water quality such as taste/smell for taking averting action. Genius et al. (2008)

demonstrated that households who had higher water consumption, faced chlorine smell in water

and had run out of water revealed relatively greater willingness to pay for drinking water quality

and quantity. Aftab et al. (2006) illustrated that number of times households collected drinking
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water determined their whether they would adopt coping activities to consume safe drinking

water.

Many studies have identified socio-economic and behavioral factors that affect household coping

strategies and willingness to pay for improved water supply. Household income and wealth index

are key socio-economic factors that account for higher demand for safer water (Rosado, 1998;

Calkins eta1.,2002; Katuwal and Bohara,2007; Genius et al., 2008; Haq et a1.,2007; Sonia et al.,

2009). Female decision makers increase the probability of adopting coping strategies (Sattar and

Ahmed, 2007). Family/household size has a positive impact on willingness to pay as emphasized

in Calkins et al. (2002} Katuwal and Bohara (2007), and Alam and Pattanayak (2008).

Given the lack of access to proper sanitation and water services in rural regions and the incidence

of arsenic in groundwater, most studies on willingness to pay for improved water services in

addressed the issue of arsenic contamination in rural Bangladesh (Ahmad et al., 2002; Aziz,

2007;Madajewicz, 2007). Cost of illness and coping cost studies were conducted in slum areas

of Dhaka (Alam, 2007;2009), but the problem of contaminated water in urban regions has little

been considered for the non-slum urban households. This paper contributes to the domain of

existing literature by studying the demand for improved drinking water quality in this mega city

of the developing world by combining the averting behavior model, cost of illness method and

the contingent valuation method.

3. Methodology

3.1 Conceptual Model & Theoretical Framework

The theoretical framework for the study can be modeled with reference to Freeman (1993),

Dasgupta (2004), Pattanayak et al. (2005), Roy (2008), and Pattanayak and Pfaff (2009). The

standard neo-classical model of consumer behavior is assumed, i.e., households make rational

choices given constraints. The utility function of the household is defined as follows:

U = U{X,f,,5j...(I)

Here, X: composite good, L : leisure time and S : time spent sick.
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The household derives utility from consuming X and L, while it derives disutility from S. Hence,

8; P G, Ur F g,Us 4: G.

The time spent sick is a function of exposure to poor quality water (W), mitigating or adaptive

activities such as medical treatment expenditure (A), and stock of health capital (tI). Therefore,

the household health production function is:

5: S(H;,{,}J) ...G)

The health production function is increasing in exposure to poor quality water because (S,,, > 0),

while decreasing in mitigating activities (5* { S). The effects of exposure to poor quality water

and mitigating activities on the household health are taken to be non-linear, and hence, the

second order derivatives of the health production function with respect to poor water quality and

mitigating activities are assumed to be non-zero (-{,,*,,.+ 0,-ieri * o). The health production

function is decreasing in the stock of health capital (Ss o; fi).

The exposure to poor water quality is determined by the level of contamination (C), and the

averting or defensive strategies adopted by households to avoid or diminish exposure to poor

water quality (D), and therefore:

E4r : [f{C, r) ... (IID

Here, exposure to poor water quality is increasing in level of contamination while decreasing in

defensive strategies: >. iI, *- 0,

The defensive strategies adopted by households is a function of the time devoted to defensive

strategies (Tp), market goods purchased for such activities (Mp) and educational affainment,

awareness and knowledge about water contamination and adverse health effects of unsafe water

(E):

fl = D{To,Ms, E}... (IV)

Defensive strategies are increasinB in To, Mo and E: Dn F S" Bp,r, > O." 8E > S.

10
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^ Mitigating or adaptive activities are a function of defensive strategies (D) and market

goods/services devoted to such activitiesl:

- A={P,tr)...(V)

t Es < 0,4,q > $'

^ 
Substituting Eq. (IV) in Eq. (III) and Eq.(V), the following are obtained:

!r : tytc,?r,IEa,E ) ... ryf)
!|

E% > o,?yra < o,%rD < 0,t1tE < 0-

.q A = ATTD,MD, M*}... (VID

^ 
,{ro { 0rd*rp < 0,dH* > 0,

- 
Substituting Eq.(VI) and Eq. (VII) in Eq. (II), the following is obtained:

, $ : StC,TD,Mp".$,rc,If.E)... (VIID

A sc > o,s"a < o,sffs < B,se < o,sa < o,s' < o,

A Here, H and E aretakento be exogenous.

The household will maximize utility by choosing the optimal levels of X, L, To, Mo and Mn

- subject to time and budget constraints. The time constraint is used in the full-income budget

constraint (Freeman, 1993; Roy, 2008):

-
, f +wtr-J,-s-%)- E- Fe.MD- P*-'A:0...0X)

- The Lagrangian for this utility maximization problem has been set out below with 1' as the

' Lagrange muhiplier, which shows marginal utility due to an increase in total income:

- L=u{,r"t.s{c,rD,Ml,,,,l"Jt,E}}+,[(r+u/{r- L- s-ro}-ff -Pp P^. A)...(x)

I
t Adaptive activities are also a function of the time spent sick: the longer a person remains siclg the greater the
probability that he/stre will undertake adaptive actions to recover good health. Nevertheless, time spent sick is again
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