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ABSTRACT

The Hindu Kush Himalayan (HKH) region comprises of areas which are highly vulnerable to ﬂood risks. The
region faces challenges from multiple non-climate stressors such as poverty, environmental and climate
shocks, and inadequate infrastructure. Addressing these deprivations in ways that reduce vulnerability
associated with a changing climate are critical for the communities that live here. This paper combines
data on ﬂood risks derived from a climate–hydrology model under two future scenarios of RCP 4.5 and
8.5, with socio-economic data from communities in the Gandak basin, to demonstrate how
mainstreaming climate change impacts into decision-making for sanitation interventions can reduce
socio-economic vulnerability to ﬂooding. A Cost-eﬀectiveness analysis of the alternative interventions
for sanitation reveals that gains are substantially higher under an intervention that takes note of
climatic events, both for the present and in the future. Substantial health costs and inconvenience
losses that are particularly acute for women during ﬂoods can be averted by investing in climatefriendly options. Climate adaptation (SDG goal 13 on climate action) can be synergistic with the
achievement of other SDGs (Goal 6 on sanitation, goal 3 on health and well-being, goal 5 on gender).

1. Introduction
The Hindu Kush Himalayan (HKH) region is a global climate
hotspot (Cochrane et al., 2017) and faces multiple risks from
climate and weather conditions (Khadka, Babel, Shrestha, &
Tripathi, 2014). A major concern is the current occurrence
and future risks associated with ﬂoods (Elalem & Pal, 2015;
Nibanupudi, Gupta, & Rawat, 2015). In an RCP4.5 scenario,
loss of glacial mass (Kraaijenbrink, Bierkens, Lutz, & Immerzeel, 2017), and the occurrence of more frequent, wetter days
in the HKH over shorter time periods leading to ﬂoods and
landslides (Lutz et al. 2016a) could be signiﬁcant risks.
Widespread poverty, lack of access to water, sanitation,
clean energy and health care facilities, unemployment, poverty
and inequity (Hunzai, Gerlitz, & Hoermann, 2011; Shrestha,
Grabs, & Khadgi, 2015) create complex situations in which climate change impacts amplify existing vulnerabilities. Diarrheal
diseases could become more prevalent with changes in freshwater and the frequency of ﬂood events (Ebi, Woodruﬀ, von
Hildebrand, & Corvalan, 2007) while landslides and ﬂoods
can adversely impact vulnerable groups such as the poor,
women and children (Eriksson, Fang, & Dekens, 2008). Thus,
to be eﬀective in addressing deprivations, developmental interventions need to be adaptive, taking cognizance of the climaterelated risk and mainstreaming it into decision-making.
At the household level, access to sanitation and water
becomes a critical concern during ﬂoods in the region
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(Mukherji, Scott, Molden, & Maharjan, 2018). The provision
of sanitation, in particular, has important welfare implications
with positive externalities for individual health status, women’s
well-being and public health (Minh & Hung, 2011; UN, 2018).
However, access to sanitation remains a challenge.
The Indian government has had various rural sanitation
programmes since the 1950s, with the Swachh Bharat Mission
(GoI, 2018), launched in 2014, being the most recent one. Its
objectives include eliminating open defecation, accelerating
sanitation coverage, encouraging cost-eﬀective and appropriate
technologies for ecologically safe and sustainable sanitation,
creating positive impact on gender and promoting social
inclusion through improved sanitation. An incentive amount
of up to INR 12000 is provided for construction of a toilet by
a household. Although the guidance on technologies mentions
that the appropriateness of technology diﬀers by hydrological
conditions and geology, there appears to be a clear preference
on the ground to implement a particular technology where
the construction costs are well within the standard incentive
amount oﬀered.
Given the acute deﬁcits in sanitation in the region, we
choose technology options to demonstrate how climate risk
management can be integrated with development targets for
poor and marginalized households. The study presents evidence that the cost-eﬀectiveness of the technology options
changes substantially when the costs of current and future
ﬂood events are incorporated, including the intangible beneﬁts
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that can be crucial for the poor and the women in the area. Our
approach reveals that engineering or construction cost-based
norms can under-estimate the beneﬁts of integrating climate
risks into infrastructure design, and the importance of capturing non-marketed beneﬁts in such assessments. It clearly establishes the need to assess the costs arising from ﬂoods in the
study area while choosing technology. The ﬁndings indicate
that policy interventions that promote sanitation at the community and household level need to be sensitive to these speciﬁcities and the interaction eﬀects between technology and
climate change, in their pursuit of national and international
development targets. Making climate adaptation (SDG goal
13 on climate action) synergistic with the achievement of
other SDGs (Goal 6 on sanitation, goal 3 on health and wellbeing, goal 5 on gender) is feasible.
The paper is organized as follows. Following the introduction in Section 1, Section 2 provides a brief rationale for the
study and describes its methodology. Section 3 presents data
and assumptions, Section 4 presents the results while Section
5 concludes with a discussion on the relevance of these ﬁndings
for implementing ecological sanitation as an eﬀective adaptation response.

experience of extreme events and natural disasters (including
changes observed over the last 5–10 years in timing, frequency
and intensity of events); village-level adaptation responses to
ﬂoods across sectors including agriculture, water and sanitation
(embankments, early warning systems, ﬂood-resistant infrastructure, institutional community response mechanisms).
Key informant interviews were held with staﬀ of NGOs and
government agencies actively involved with implementation of
public health programmes, disaster management, ﬂood and
irrigation departments, water and sanitation departments. Village heads, other Panchayat members, anganwadi (child health)
workers, religious and social leaders (such as Vikas Mitra), and
school teachers were also interviewed. FGDs were conducted
with both men and women. Every eﬀort was made to ensure
equal representation from men and women, however, this
ratio varied, with the share of women participants being over
60% in the FGDs. The FGDs had representation from both general and backward communities (as in certain castes, tribes, and
disadvantaged sections of society identiﬁed through government lists: GOI, 2016a).1 The FGDs lasted for approximately
60–90 min and consisted of a minimum of 5 and a maximum
of 10 persons per village.

2. Methods of the study

2.2. Cost beneﬁt analysis from household survey data

An extensive review of the literature on climate risks and vulnerabilities in the HKH region, and interactions with experts
on public health, gender and climate were used to design the
study. The key elements of the design are – [1] collection of
data on ﬂood events, socio-economic characteristics and sanitation through focus group discussions, key informant interviews and household survey; [2] analysis of survey data using
techniques of cost–beneﬁt analysis (CBA) and [3] simulation
of future climatic scenarios and the potential for gains from
improved sanitation.

Selection of the most appropriate technology options calls for
evaluating the avoided costs of available alternatives and their
eﬀectiveness in achieving the desired reduction in climate
impacts (Girard, Pulido-Velazquez, Rinaudo, Pagé, & Caballero, 2015; Mckinsey, 2009a). A CBA exercise can contribute
in ensuring that decision-makers have information relevant
to this community of ﬂood-prone households, whose values
are not otherwise adequately accounted for in monetized estimates (Chambwera et al., 2014; Dasgupta, 2016; USAID, 2016).
We conduct a cost–beneﬁt analysis for choosing between
two sanitation interventions, both of which have the potential
to help India progress in achieving SDGs. In designing the
CBA, the study makes a serious attempt to address some of
the commonly perceived concerns with the CBA exercise.
Speciﬁcally, concern with CBA has been (a) its inability to capture non-monetary values (as in the case of say ecosystem services), (b) a lack of dimensions of well-being that are normative
(for instance gendered diﬀerences), (c) aggregation of multiple
values that can ignore winners and losers if distributional criteria are not explicitly built into the design and (d) the choice
of the appropriate discount rate, particularly when climatic
events are being analysed (Atkinson, Bateman, & Mourato,
2012; Kolstad et al., 2014). The approach adopted here does
the following. First, it is designed and conducted in the speciﬁc
context of the marginalized community. Second, the study
innovates to include the values of an intangible labelled as
‘(in)convenience’. Third, the methodology explicitly brings in
the gendered perspective in the design. Fourth, it presents
ﬁndings for the future in terms of cost-eﬀectiveness under
future climate scenarios with a sensitivity analysis as recommended in the literature (Chambwera et al., 2014; Kolstad
et al., 2014).
The available options in sanitation for the selected sample
were identiﬁed through the focus group discussions and key

2.1. Collection of primary information and data
A mixed method approach, with qualitative and quantitative
methods, was adopted for gathering primary information.
Interviews were conducted with semi-structured questionnaires
and checklists were used for focus group discussions (FGDs). A
structured questionnaire was used for the household survey.
The tools, FGDs and interviews were mostly in the local
language (variants of Hindi). A mix of audio recordings and
hand-written verbatim notes of the proceedings was taken,
depending on whether a participant felt comfortable with the
recording process.
The household survey included questions on household and
demographic characteristics, income by sources and occupation, access to water and sanitation, utilization and costs of
construction and maintenance of toilets as applicable, economic and social costs and beneﬁts from sanitation, details of
losses incurred during ﬂood events, coping and adaptation
measures. The major domains for data collection for the key
informant interviews and FGDs were: village-level characteristics (geographical, biophysical, land use, demography, livelihoods and occupational proﬁle, public and community
institutions, connectivity, access to water and sanitation);
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informant interviews, while data from the household survey
were analysed to conduct a quantitative evaluation of the
beneﬁts and costs of the available options in terms of their
potential to reduce losses while explicitly factoring in the
impacts of climate change which poses ﬂood risks to the sample
population. The approach used is standard,2 and two alternative criteria are computed: the beneﬁt-cost ratio and the net
present value. Costs include Capital costs and Operation and
Maintenance (O&M) costs while the monetized beneﬁts
include health, convenience and fertilizer usage beneﬁts. The
assumptions and data aspects are discussed in Section 3.
The interventions discussed here, namely building toilets,
are subsidized and targeted at the poor and disadvantaged. In
such situations, a cost curve analysis that can compare across
alternative measures to deliver the desired outcome provides
valuable insights for policy (Mckinsey, 2009b). Note though
that in the present case, the averted costs have been expressed
directly in monetary terms. The cost curve is derived by plotting the beneﬁt-cost ratio for the two sanitation measures
against the cumulative averted costs, with the width of each
bar representing the potential for averting losses.
2.3. Methodology for projecting ﬂood events and future
losses
Projected changes in precipitation extremes are used as a proxy
to project future risks of ﬂooding due to climate change. This
study uses the Representative Concentration Pathways (RCPs)
(van Vuuren et al., 2011) for projecting the future risk. Eight
representative climate change scenarios are considered; four
for RCP4.5 and four for RCP8.5. (Lutz et al., 2016a; Lutz et al.,
2019). RCP4.5 is a scenario assuming stabilization of radiative
forcing resulting from greenhouse gases halfway into the
twenty-ﬁrst century, whereas RCP8.5 can be referred to as a
business as usual scenario with a continuing increase in

greenhouse gas concentrations throughout the twenty-ﬁrst century. We use these two RCPs, and four diﬀerent downscaled climate scenarios for each RCP, to cover a large range of possible
futures in terms of climate change.3 Details on the climate dataset used can be found in Lutz et al. (2016a). It spans a 30-year
reference period (1981–2010) and covers the period 2011–2100
for eight downscaled climate scenarios. All data is at a 10 ×
10 km spatial resolution and daily temporal resolution. The
grid cells in and around the catchment are considered for the
analysis and the average of these grid cells is taken to increase
the reliability of the results. Since residents reported that ﬂoods
occurred historically 2–3 times per year, the daily sum of precipitation events that recur on average 1.5 times per year during the
historical period (1981–2010) has been analysed. Subsequently,
for events, the changes in their frequencies in the future are computed. This is done for all eight projections for multiple future
time slices separately (Figure 3). There is substantial variation
in the full range of the ensemble results. As residents reported
up to 3 ﬂood events in a year, with an increase in the ﬂood events
in recent years, to project ﬂood events in the future, the diﬀerence between the ensembles reference year value (1981–2010)
and the actual reported ﬂood events was used to scale the projected values obtained from the ensembles.

3. Data and assumptions
3.1. Study area
The study area is in West Champaran, a district in the state of
Bihar in India (Figure 1).
The selected district has low literacy levels and limited infrastructure and connectivity. Both regular and ﬂash ﬂoods aﬀect
the district, which shares an international border with Nepal in
the North. Villages in Bettiah and Narkatiaganj sub-division
were selected for the study. FGDs and key informant interviews
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Figure 1. Map of the study area.
Source: ICIMOD, 2018
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were conducted with oﬃcials at Bettiah headquarters and
respondents from these villages. Two villages were purposively
chosen for the study – Charkhi Viswambharpur (Charkhi) and
Kairi. In all ﬁve formal FGDs4 were conducted, two in Charkhiand three in Kairi, during the ﬁrst phase of the study for
understanding the issues and piloting the tools. The second
phase involved the detailed household survey. The household
survey was carried out in Kairi where both types of toilet
designs were available, and data could be collected on all the
required variables. However, there were data and other constraints in valuing the convenience beneﬁts in Kairi. The information gained from the FGD and key informant interviews
done in Charkhi in the ﬁrst phase of the study, were used for
quantiﬁcation of the convenience beneﬁts that could be associated with sanitation interventions during ﬂoods. The village is
subject to regular ﬂoods, does not have access to a formal early
warning system, most households are below the poverty line,
and has huge deﬁcits in terms of access to sanitation. It thus
provided a baseline for understanding the averted costs of
not having access to sanitation for the households. Kairi village
consists of three settlements (locally called tolas): Khekaria,
Kairi and Amarahawa and was a natural choice for the CBA
since it is the only village in the area that has more than one
functional toilet of alternative designs, each with varying implications for cost-eﬀectiveness. The village is also highly prone to
ﬂooding from the Pandai River, following heavy precipitation
events.
3.2. Sample characteristics: Kairi village
Kairi had 167 households (as per village records), all of which
were covered in the initial enumeration. The detailed survey
followed for all households which had a toilet along with a
sub-sample from those who did not have any toilets. The
door to door exercise for complete enumeration led to classiﬁcation of households into three types – those practising open
defecation, households with DPF toilets and households with
ES toilets. The village had 4 households with ES toilets and
11 households with DPF toilets; all 15 were included in the
costing exercise. In addition, as controls, households that did
not have toilets, but matched these 15 households in terms
of certain criteria were included in the household survey. The
criteria were (a) Economic status – determined by the size distribution of landholding (b) Social status – ensuring representation of all the castes, tribes and religions in the village (c)
Geographic location – representation from the three settlements in Kairi was required as the level of vulnerability to
ﬂooding diﬀers across these, with two being closer to the
river and experiencing complete inundation during ﬂoods,
and one being less aﬀected. Data on these three aspects was collected during the initial enumeration of the entire village.
Shortlists of households meeting overlapping criteria that
matched with those that had toilets were created. The selection
of a household without a toilet from among the short-listed
ones was done randomly.
Thirty households without toilets were selected (see Table 1
for the socio-economic characteristics of the sample) providing
a 1:3 ratio between households with and without toilets.
Inclusion of households practising open defecation (i.e without

Table 1. Socio-economic characteristics of the sample households.
Percentage distribution
of householdsa
1. Social category
Scheduled Tribesb
c

Scheduled Castes
Other Backward
Classes (OBC)d
2. Land holdings
3. Type of structure

4. Source of drinking water

Tharu
Oraon
Pasi
Nai
Churihar
Landless
Less than 1 Acree
More than 1 Acre
Kucchaf
Semi-Kuccha
Pucca
Dug well
Hand pump
Hand pump with ﬁlter

82.22
8.89
2.22
4.44
2.22
42.22
40.00
17.78
40.00
33.33
26.67
26.67
51.11
22.22

Source: Authors survey and calculations.
a
Total households (sample) – 45.
b
Scheduled Tribes (ST) – Article 366(25) of the Constitution of India deﬁnes scheduled tribes as ‘such tribes or tribal communities or part of it, or group within such
tribes, or tribal communities as are deemed under Article 342 to be scheduled
tribes for the purpose of this constitution’. The criteria for speciﬁcation include
their historical background, geographical isolation, shyness and social, educational & economic backwardness (GOI, 2016b).
c
Scheduled Castes (SC) – In accordance with Article 341 of the Constitution of
India, the President, in consultation with the State Governor, notiﬁes the status
of SC. The criteria for speciﬁcation include extreme social, educational and economic backwardness arising out of traditional practice of untouchability (GOI,
2015).
d
Other Backward Classes (OBC) – These are the communities and castes which
have been included in the central list of OBCs on the advice of National Commission for Backward Classes (NCBC) as envisaged in Section (9) of NCBC Act, 1993.
The criteria for speciﬁcation includes social, educational, economic backwardness and inadequate representation in the Central Government posts and services (GOI, 2015).
e
1 Acre = 0.4046 ha
f
Kuccha indicates the use of locally available and non-permanent materials such as
thatch, bamboo and mud, while Pucca indicates the use of permanent and durable materials in the construction such as bricks and cement.

toilets) provided a basis for comparison of the reported diﬀerentials in the incidence of illness and convenience with and
without toilets. Intensive interactions with these households
provide insights on the reasons for not having a toilet till the
time of the survey. As shown in table 2, administrative issues
and lack of awareness were the top two factors explaining the
lack of toilets (column 1). Local oﬃcials, however, felt that

Table 2. Sanitation status of sample households.
Households having a toilet
Number of households with a toilet
Type of toilet used
Double-pit pour ﬂush
Eco-san
Households practising open defecation
Number of households without a toilet
Reason stated for not having a toileta
High construction cost/initial investment
Never thought of it
Space constraints
Administrative glitches: the baseline list
erroneously lists the household as one with a preexisting toilet

15
11
4
30
Initial
response
20
24
23
33

Final
responseb
33
44
23
0

Source: Authors survey and calculations.
Percentage distribution amongst households which did not have a toilet.
Response received under the condition that the administrative glitches will be
removed.

a

b
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these issues were being sorted out and would be taken care of
soon. A follow-up probe on whether they would build toilets
if administrative glitches were taken care of, led to an interesting change in the reasoning, with the maximum numbers saying they had not thought seriously about it as a need while cost
considerations were the second most important reason.
3.3. Types of sanitation: Ecosan (ES) and double-pit
pour-ﬂush (DPF) toilets
ES toilets are among the more sustainable form of sanitation
among available options. The advantages cited are low water
usage as compared to ﬂush toilets, environment-friendly onsite disposal, avoidance of costs of large infrastructure for treatment and disposal of waste, segregation of urine and faecal
matter facilitating its subsequent use as manure and liquid fertilizer, and reduced faecal contamination of groundwater. The
toilets are built on a raised platform ensuring accessibility in
areas prone to ﬂoods and water-logging and the design varies
depending on local factors (Chariar & Saktivel, 2011; Tilley,
Luthi, Morel, Zurbrugg, & Schertlenberg, 2008).
DPF toilets have soak pits under the ground. The soak pit
should be at least 15 m from any groundwater source (GOI,
2014). In most villages in the district, including Kairi, the
water table is high and soak pits were found located very
close to the source of water, the latter being usually a handpump (Chapakal) for pumping out groundwater, which is subsequently used for cooking and drinking purposes. The
distance between the source of water for the households and
a cluster of closely built soak pit latrines ranged from 12 to
40 feet (3.6–12 m). These conditions create a very real threat
of contamination of groundwater due to its proximity to soak
pits. These toilets were also constructed at a height of less
than one foot (0.31 m) above the ground, as a consequence
these were unusable during and after ﬂood events till the pit
and the toilet dried up. The cost–beneﬁt analysis incorporates
that the expected reduction in diarrhoeal incidence would be
lower while the inconvenience associated with non-functionality would be higher with DPF than with ES for these ﬂood
prone areas.
3.4. Assumptions for cost-beneﬁt analysis
The data for costs and beneﬁts was mostly based on actuals
reported during the survey in Kairi village. The key assumptions are described here while notes on calculations are provided in Table 3.
Costs: Capital including land and O & M costs varies substantially, the former being higher for ES and the latter being
higher for DPF. Land is valued at the price at which residential
land could be purchased in the village, as reported in the FGD.
For DPF higher O&M costs occur since the emptying of the toilet’s pit is done by hiring trained personnel with requisite
equipment. Floodwaters inundate the DPF toilets, as these are
constructed less than one foot (0.31 m) above ground level.
The underground soak pits, often ﬁll up with ﬂood waters,
creating spillage and associated inconveniences. The toilet is
thus unusable during and after a ﬂood, till it is emptied and
dry. Based on the responses from the household members, on
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average such toilets cannot be used for at least 9 days in a
year due to this reason. An additional component of an inconvenience cost is added to the DPF to reﬂect this. There is little
variation in the reporting of the basic costs of building toilets
and in the health-related data across households, except in
terms of speciﬁc choices regarding additional features and
non-essential materials used in the construction.
Beneﬁts: Three types of beneﬁts from the toilets are considered based on the literature and the discussions in the
FGD: health beneﬁts in terms of averted wage loss and averted
treatment costs attributable to reduced diarrhoeal illness; convenience in terms of number of days of access to the toilet and
avoidance of expenses on alternatives; and manure for agriculture from liquid and solid wastes. These are explained in some
detail below as the assumptions made are important for the
results of the CBA.
Incidence of illness and sanitation in ﬂood-prone areas: The
present study focuses on morbidity from acute diarrhoeal illness, which is a major health concern as stated by the survey
respondents. There have been no deaths attributable to diarrhoeal episodes during the last 5 years. Studies have found a
positive association between diarrhoeal incidence and ﬂooding
in developing countries, although the strength of the association varies (Ahern, Kovats, Wilkinson, Few, & Matthies,
2005; Hashimoto et al., 2014; Hara et al., 1998; Liu et al.,
2016; Schwartz et al., 2006). While estimates are contextdependent, estimates suggest that a reduction in diarrhoeal
incidence of upto 36% is achievable through improved sanitation interventions (Cairncross & Valdmanis, 2006; Fewtrell
et al., 2005; Waddington, Snilstveit, White, & Fewtrell, 2009;
WHO, 2011).
Calculations of the reduced cost of illness (from averted
wage loss and avoided treatment costs) are based on the
assumption of a 36% reduction in illness with access to an
ES, and 10% for a DPF, as compared to not having a toilet.
In ES toilets, the vaults for storing faeces are above ground
and thereby the risk of contamination of groundwater is less
compared to toilets with underground pits. Since the faecal
matter is also kept dry with ash being added to it, it helps kill
the pathogens. This considerably reduces the risk of occurrence
of diarrhoea from transmission of pathogens through groundwater contamination. For DPF, although the beneﬁts can go up
to 20% reduction under ideal conditions (Uneze, Tajudeen, &
Iweala, 2013; Whittington, Hanemann, Sadoﬀ, & Jeuland,
2009), in the study area, there is a failure to comply with the
regulations for maintaining minimum distance between the
soak pit and the water source and experts felt that even a
10% reduction in illness may be diﬃcult to achieve. This
study, therefore, attributes a 10% decrease in incidence of illness from DPF as a benchmark.
Duration and episodes of illness: for rural India the average
number of diarrhoeal episodes and the average number of days
of illness reported vary across studies (Bern, 2004; Lakshminarayanan & Jayalakshmy, 2015; Lamberti, Walker, & Black,
2012). In the present sample, households typically report two
children below 5, while the rest are treated as adults since
self-reporting of illness episodes shows that there is no diﬀerence between adults and children above 5 years of age. Assuming 6 members on average per household, the weighted average
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Table 3. Annual beneﬁts and costs of ecosan (ES) and double-pit pour ﬂush (DPF) toilet.

Costs
Capital

Double-pit pour ﬂush

Eco-san

Item

Land area (including stairs)
Construction (materials and labour cost)
Total

Quantity/
unit

Value
(INR)

44.58 sq.ft

2140
17,000
19,140

Quantity
34

O&M
Minor repairs to structure, labour for emptying manure from vault
Cost of emptying pit
Inconvenience costa
Total
Total Costs
Total costs in USD
Beneﬁts
Health

Convenience

Manure/
Fertilizer

Average number of diarrhoeal episode/person/year
Average number of days ill during each diarrhoeal episode/person/
year
Average number of days ill per person per year
Reduction in number of days ill
Daily wage rate
Average Treatment cost per episode of illness (INR)
(i)Wage loss averted for the householdb
(ii) Treatment cost averted for the householdc
Total Health Beneﬁt for a household of 6 person (i + ii)
Total Health Beneﬁt in USD
(i) Beneﬁt of using Eco-san during ﬂood events (@ INR 60 per day/
household/ﬂood event): Avoided cost
(ii) Convenience beneﬁt from using toilet on regular basis @INR 1/
dayd
Total convenience beneﬁt (i + ii)
Total convenience beneﬁt in USD
(i) Fertilizer from Urine:
Nitrogen (@4.01 kg/person/year)
Phosphorus (@0.40 kg/person/year)
Potassium (@1 kg/person/year)
(ii) Fertilizer from Faeces:
Compost generated per year
Market price of compost (INR /kg)
Beneﬁts from compost
Total beneﬁts from manure/fertilizer (i + ii)
Total Beneﬁts
Total Beneﬁts in USD

200
–
200
19,340
297.54
3
3.98

3
3.98

11.94
36% (4.298)
200
500

11.94
10% (1.194)
200
500

3 events

2579
1620
4199
64.60
180

365 days

2190
2370
36.46

Data source

Value
(INR)
1632
7257
8889

Survey
Survey

–
600
540
1140
10,029
154.29

Survey
Survey
Survey

Survey
Calculated (Based on
literature)
Based on literature
Survey
Survey
716
450
1166
17.94
Survey and FGDs

356 days

2136
2136
32.86
Based on Literature

24 kg
2.4 kg
6 kg

216
67
120

100 kg
2.5

Survey
Survey
250
653
7222
111.11

3302
50.80

CBA d(Discount rate – 3%; life span of intervention – 10 years)
47983.37
12859.11
Net Present Value (NPV)e (INR)
Net Present Value(USD)
738.21
197.83
3.30
1.69
Beneﬁt-Cost Ratiof
Source: Authors’ analysis
Notes: Average household size is 6 members in the sample. All values are expressed in Indian rupees. One US$ equals 65 Indian Rupees (at the time of the survey).
a
Inconvenience cost due to non-usage during ﬂood events is valued at Rs. 60 per day for a 6 member family for 9 days in a year.
b,c
A probability of 0.5 (i.e. 50% chance) of falling ill with diarrhoea in a given year has been assumed. Based on self-reporting by the households, this is the probability of
occurrence of acute diarrhoea which lasts for more than 2 days and requires treatment. The other episodes are self-limiting and are not perceived to cause major
disruptions in activities and nor is treatment sought. Hence, only 50% of the incidence is used for the calculations.
c
The cost includes costs of transportation, doctor’s fees, and expenses on home remedies. For computational purposes, the costs are considered to be distributed proportionately across the days of illness.
d
This component of the convenience cost seeks to quantify the otherwise implicit or intangible value that villagers reported of having a toilet facility of their own. The
averted cost component is incurred even by those with access to DPFtoilet during ﬂood events.
e,f
The Net Present Value (NPV) is the diﬀerence between the present value of the beneﬁts and the present value of the costs. A beneﬁt-cost ratio attempts to identify the
relationship between the cost and beneﬁts of this initiative.
g
The calculations are done using the assumption that the beneﬁts accrue from the year of construction as the construction time for toilets varies between 5–10 days and
health and convenience beneﬁts in both cases are considered to accrue from the time it becomes operational. While the fertilizer beneﬁts from urine accrue as soon as
the toilet is functional, beneﬁts from manure from faeces and costs of emptying the ES toilet are realized from the 9 month onwards. In DPF toilets the implicit inconvenience cost is applicable from the time it becomes functional, while the cost of emptying the pit is incurred approximately a year from its becoming functional. Note
also that the attribution assumes that the underlying hygiene practices are similar across households.

for the duration of each illness episode is 3.98 days. Data from
the sample indicated that on average 50% of the household
members report diarrhoeal illness which requires medical
intervention in any given year. The reduction in the number
of days of illness in a year due to this intervention is accordingly

calculated and subsequently monetized by using the daily wage
rate.
Linking diarrhoeal illness to sanitation under climate
change: Available estimates for increase in the incidence of
diarrhoeal illness attributable to climate change fall in the
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range of 5–10% for developing countries, including those which
take note of the improvements brought about by economic
growth (Hallegatte et al., 2016; Kolstad & Johansson, 2010;
WHO, 2003; 2013). Based on these ﬁndings, a modest increase
of 5% in annual incidence of illness is assumed for the RCP 4.5
scenario and a 10% increase under the RCP 8.5 scenario by
2030. There is relatively less agreement and evidence on the
extent to which increase in incidence of illness during ﬂoods
can be directly attributed to lack of sanitation facilities. Thus,
on one hand evidence shows a direct and positive correlation
between ﬂooding and diarrhoeal illness such as in terms of
the number of admissions during heavy rainfall events or
ﬂoods, (Campbell-Lendrum, Pruss-Ustun, & Corvalan, 2004;
Carlton et al., 2014; Checkley et al., 2000; Dasgupta, Ebi, &
Sachdeva, 2016; Ebi, 2008; Singh et al., 2001). On the other
hand, there is a lack of conclusive evidence on the additionality
to diarrhoeal disease burden attributable solely to lack of sanitation during ﬂood events (Campbell-Lendrum et al., 2004;
WHO, 2011). So, a conservative approach is maintained, and
the base case assumptions (36% for ES and 10% for DPF) are
assumed to continue to hold for calculating averted health
costs.
Convenience beneﬁts during ﬂoods: Villagers in Kairi
experience up to 3 ﬂood events in a year. For monetising the
convenience cost of having access to a toilet during these
days, as compared to open defecation, the opportunity cost of
making an alternative arrangement during a ﬂood is used to
impute values. DPF toilets also cease to be functional for 3
days at a stretch during each ﬂood event, rendering these
non-functional for 9 days in the year if there are 3 ﬂoods
annually. Whereas, ES toilets continue to be functional as
these are constructed at a height well above the average height
to which ﬂood waters rise in the area surrounding the house.
The beneﬁt from this could not be estimated directly. Therefore, the study drew upon the experience of women villagers
from Charkhi village to estimate the value of this beneﬁt.
Valuing access during ﬂoods: During ﬂoods, women in
Charkhi village who did not have access to toilets and practise open defecation, hire a boat to get to a dry patch of elevated land to defecate once in two to three days. Women from
better-oﬀ households usually pay the larger share of the boat
fare. For the poorest, the expenditure for a day (for one trip)
during a ﬂood event is approximately INR 10 per day (selfreported). For a 6-member household which is the average
size of a household in Kairi, the equivalent cost would be
INR 60 per day. The value of the beneﬁt accrued (in the
form of avoided costs) during three ﬂood events lasting a
day each would be INR 180. Again, it must be noted that
this is a minimum valuation. Women from better-oﬀ households pay upto triple the amount that members of poorer
households pay.
Convenience beneﬁts from daily use: However, regular
access to a toilet facility even during non-ﬂood events has substantially greater convenience value for the respondents than
open defecation. Although it is diﬃcult to do a direct attribution of the value of this beneﬁt, an imputation of the value is
done at a minimum of Re. 1 per day, which is the minimum
charge for using a community latrine in an urban area in
India. This implies a minimum net beneﬁt of INR 365 (if
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used once a day) per household member. It is assumed that
the convenience value of having access to a toilet is the same
for DPF and ES. However, as 9 days of ﬂood-related non-functionality occur in the case of DPF, this beneﬁt accrues for 356
days in the case of DPF, and 365 days for ES.
Fertilizer beneﬁts: Households use fertilizers from the waste
generated in ES toilets. Again, households were unable to provide accurate data on the amount of individual nutrients in
the compost generated from ES, though they were able to
report the quantities of compost generated and the extent to
which it was being used in their ﬁelds.5 Based on secondary
sources, the amounts of nitrogen, phosphorous and potassium
generated from urine are assumed to be 4.01, 0.40 and 1 kg/
person/year respectively, while on average, a household with
six members generates 100 kg of compost each year (Chariar
& Saktivel, 2011; Water Aid, 2008). The equivalent costs of
nitrogen, phosphorous and potassium have been estimated
based on their content in urea, DAP and potassium along
with their market prices while compost generated through
the ES is also valued at the local market price at which it
sells. Other assumptions are based on standardized norms
wherever local data is unavailable. Thus, the life of the interventions is assumed to be 10 years based on secondary
sources.
Discount rate: The costs and beneﬁts that accrue over time
are discounted using a constant discount rate of 3%. There is
no consensus in the literature on the rate of discount that
should be chosen for climate change contexts (Goulder & Williams, 2012; Nordhaus, 2007; Weitzman, 2001). In the present
study, a major part of the beneﬁts are health beneﬁts and convenience beneﬁts which contribute to well-being. The underlying assumption here is that the social welfare function
approach to discounting with its focus on ethical considerations is appropriate in the current context. The related literature oﬀers a range of options from not discounting at all to
using relatively high discount rates for the future. A zero-discount rate would imply that the present and future are valued
equally. A low, non-zero discount rate tends to be used more
widely for health beneﬁts, and in the context of climate change
policies more speciﬁcally, results from discount rates between
3% and 6% are often presented (Clasen & Haller, 2008; Remais
et al., 2014). Findings from costs and beneﬁts discounted at 3%
are presented below. A sensitivity analysis is also done using a
0% discount rate for all beneﬁts, and an alternative with 0% discount rate for health beneﬁts, 6% discount rate for costs and 6%
for non-health beneﬁts.

4. Results
The results from the cost–beneﬁt analysis indicate that including the speciﬁc costs (or avoided damages) attributable to
ﬂoods in the form of convenience costs, in particular, increases
the BC ratio and the NPV in favour of the ES design more
markedly than compared to an exercise where these are not
included. Factoring in climate change in the form of enhanced
precipitation events leading to higher frequency of ﬂooding,
makes the ES signiﬁcantly more cost-eﬀective than the DPF
design.
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4.1. Cost–beneﬁt analysis of sanitation interventions
Table 3 presents the summary of the results from the cost–
beneﬁt analysis. The health beneﬁts that accrue from the ES
are substantially higher than for DPF on account of both
averted treatment costs and averted wage losses. The beneﬁt
is 2.6 times higher for an ES intervention. While the convenience beneﬁts are also higher for ES than DPF, the diﬀerence
is much smaller. Note that this is partly because the monetized
value of the alternative which is used during ﬂoods is low – with
poor households sharing a lower proportion of the costs of hiring a boat than the better-oﬀ households. An important point
to also keep in mind is that the negative externalities of open
defecation cannot be captured adequately through any such
valuation exercise. The beneﬁts from manure and fertilizer
also add to the beneﬁts accruing from ES. In ES, the beneﬁtcost ratio (B/C) using a discount rate of 3% is almost double
that of DPF. Although the B/C ratio is greater than 1 for
both interventions, suggesting that both are economically
viable by this criterion, the B/C ratio is almost double in ES.
The Net Present Value (NPV) is 2.73 times higher for ES
than DPF, implying that this intervention is likely to be far
more beneﬁcial. It is useful to compare the results in terms of
the associated cost curves (Figure 2). It is also noted that in
both instances of using alternative discount rates, the BCR
and the NPV exhibit the expected pattern, with the NPV for
the ES option being higher than that with the DPF option
under both presents as well as future scenarios with RCP4.5
and RCP 8.5. The avoided health losses are 2.6 times higher
in case of ES as compared to DPF. The cumulative value of
beneﬁts from averted convenience costs and health costs is substantial under current conditions.
4.2. Projected ﬂood events and cost curves under RCP
4.5 and RCP 8.5
Figure 3 presents the projections for precipitation events.

Precipitation events of interest to the study recur on average
1.5 times per year during the reference period (1981–2010).
The analysis clearly shows an increase in these precipitation
events, up to an approximate doubling towards the end of
the century, depending on the scenario. These projections are
used subsequently to calculate the averted losses from convenience and health beneﬁts and simulate the cost curves for the
two sanitation response options, under the projected ﬂood
risk for the future. Figure 4 plots the cost curves for the future
for the years 2031–2040, factoring in the increase in ﬂood
events as per the projections under the two RCPs. It becomes
obvious that even small changes in ﬂood events can have
large implications for the savings that can result through avoidance of losses (costs) by adopting the appropriate sanitation
intervention.

5. Conclusion: ES as a cost-eﬀective adaptation
option in ﬂood zones
The study provides an illustration of the use of cost–beneﬁt
analysis in judging the eﬀectiveness of options for simultaneously addressing a developmental goal and climate adaptation. It provides estimates for future losses that can be
averted by encouraging investment at the household and community level in appropriate infrastructure. While one option
may appear to be the least cost option in terms of the initial
investments required, as in the case of DPF, a full accounting
of the beneﬁts and costs shows that another option namely,
the ES is more beneﬁcial in a particular context.
The sampled households which did not have toilets were
actively contemplating whether to build a toilet, and if so, of
what design. Given the reimbursement of INR 12,000 under
the SBM, most of these households were more favourably
inclined towards the DPF at the time of the start of the ﬁeld
exercise. Costs and being used to open defecation (behavioural
reason) were the two most prominent reasons stated for not
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having toilets. Given that the DPF design is being actively promoted under the current sanitation programme of the government and can be constructed well within the amount being
reimbursed, poor households tend to adopt this design rather
than the more costly ES. For the poor, coming up with
resources to meet the initial cost can also become a constraint
under a reimbursement scheme.
The ﬁeldwork conducted in the area provides some insights
on the social reasonings that explain the community’s behaviour and perception. The area has been aﬀected by ﬂoods
which had not been experienced earlier in terms of either intensity or frequency, with the occurrence of the ﬂood events having increased as compared to previous 3 decades. People have
been largely caught unawares. Combined with a lack of
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response from the government, the ﬁrst option is in general
not to invest in new technologies (in any sector) but to look
for exit options, migrating to areas which oﬀer better income
earning opportunities (Dandekhya et al., 2017). Typically, it
is the women who stay back in the family in the study area,
given the gendered dimension to migration (Udas, Prakash,
& Goodrich, 2018). Remittances are small and mostly invested
in meeting essential household expenses (Maharjan et al.,
2018). As the FGDs and personal interviews conﬁrm, the
capacity of households to adapt to the negative eﬀects of
environmental changes and shocks is limited.
Most adaptation studies stop at identifying or proposing
adaptation options, and there is a huge gap in conducting adaptation costing studies for the region. This study is an attempt to
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illustrate how such gaps can be ﬁlled by innovatively applying
the tools of cost–beneﬁt analysis. The few available studies
often apply only engineering or construction cost-based
norms to capture diﬀerences across options, and these can
thereby under-estimate the beneﬁts of adaptation. This also
does a serious injustice to the non-marketed beneﬁts which
are particularly important for provision of clean water or sanitation which have known positive externalities.6 In the present
study, explicit consideration of averted health costs and convenience beneﬁts during and in the aftermath of ﬂood events
makes it clear that the diﬀerences across options in the sanitation sector are substantial. The way forward to ensure sustainability and positive impacts on multiple SDGs, is to
address vulnerabilities by incorporating the current and future
climate risks.
The cost curves associated with the choice of a sanitation
intervention illustrate how a particular option can score over
another when climate-related risks are explicitly factored into
the calculations. This would add to the information at the
hands of decision makers in encouraging and incentivising
investments in the right choices, both for private and public
spending. It is worth reiterating that the avoided costs from
adopting ﬂood-resistant designs (ES) in reality are likely to be
much higher than those reported here, given the conservative
assumptions on incidence of illness and valuation of convenience
beneﬁts.7 It is possible to address multiple objectives with due
consideration of both immediate and future risks. There is a
need for policy to intervene and subsidize climate-resilient technologies, so that aﬀordability issues do not compel the community, especially the poorest, towards more vulnerable solutions.
There is need to build upon such research, advocating the adoption of designs that are most suited for particular climatic and
geographical conditions, both in the present and the future.
Drawing upon inputs from this study, an initiative to pilot
ES toilets has been taken up in a ﬂood-prone village in the
study district. None of the 100 households in this settlement,
which is surrounded and submerged by water during ﬂoods,
has a toilet. Based on the experience with the pilots, the
implementation challenges are found to be two-fold. The ﬁrst
is a behavioural one, where people have become used to open
defecation over centuries. Eﬀective communication to bring
about behavioural change was found to be a key implementational concern in the initial days. Additionally, in the case of
ES toilets, there were taboos and hesitations about touching
night soil, turning it into manure and using it for cultivation.
The possibility of using human urine as bio-pesticide was
initially mocked at by villagers. Persistent communication
and awareness activities ﬁnally led to some courageous families
to come forward to adopt it. Gradually when people saw the
beneﬁts, interest in it picked up. It is still a challenge for
many but with strong communication things seem to be
improving. The second challenge is in convincing the local government oﬃcials in charge of the sanitation programme, which
is target driven in terms of number of toilets built and does not
place emphasis on either behavioural change or actual usage of
toilets. There is also a perception that the government would
have greater control and hence better implementation would
be assured in a targeted top-down driven sanitation programme than one which is community driven. The materials

used in ES are largely locally sourced while in the pour-ﬂush
latrines built under the government programme, the materials
are brought from outside. There are multiple levels of control
and scope for rent seeking which impinge upon the choice of
technology. The desired social acceptability can come from a
community-driven process, stronger communication and
information sharing, and incentivisation that is commensurate
with the appropriate technological options.
Findings of this paper clearly indicate that factoring in the
interaction eﬀects between the physical design of technology
and the increased climate risk leads to substantial improvements in the cost-eﬀectiveness of one option over the other.
Availability and access to technological options, diﬀerential
reimbursements in line with the ﬂexibility to meet costs
under the SBM, along with community engagement is required
to bring about the desired change.

Notes
1. The authors are using the term ‘backwards’ as per the oﬃcial terminology of the Government of India.
2. See for instance, methodology as discussed in Freeman, 2003; Freeman, Herriges, & Kling, 2014; Dasgupta, 2009; UNDP, 2013; Kunreuther et al., 2014.
3. A lower radiative forcing (RCP2.6) scenario is unlikely given its
implications for stringent and immediate mitigation action, alongside the relatively high emissions projected for the region (Lutz,
Immerzeel, Kraaijenbrink, Shrestha, & Bierkens, 2016b).
4. Informal interactions took place in several other villages, which
were not ﬁnally included in the sample as they did not meet the
necessary criteria such as having more than one functional DPF
or ES toilet.
5. Apart from the beneﬁts enumerated here, there may be other positive externalities such as long term improvements in soil and water
conditions, improved social well-being and secondary beneﬁts from
improved health status due to reduced diarrhoeal illness that are
associated with having access to toilets but these cannot be captured
here.
6. There are for instance, several studies on adaptation in agriculture
which evaluate the eﬀectiveness of the adaptation measure on the
basis of direct impacts on outcome parameters such as income or
yield or food security. Very few estimate the cost of adaptation
measures as an input into evaluating eﬀectiveness or conducting
cost-beneﬁt studies (e.g. see Di Falco, Veronesi, & Yesuf, 2011;
Mendelsohn & Dinar, 2003; Kurukulasuriya & Mendelsohn, 2008;
Dasgupta, Bhattacharjee, & Kumari, 2013; Siderius et al., 2016).
7. Moreover, as is well known, cost of illness estimates do not include
the beneﬁts of avoided suﬀering from an illness, or the value of
reduced risk of mortality or cumulative eﬀects on productivity
(Whittington et al., 2009).
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