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Abstract Most cities in developing countries fail to treat
their wastewater comprehensively. Consequently, farmers
downstream use poor-quality water for irrigation. This
practice implies risks for farmers, consumers and the
environment. Conversely, this water supply supports the
livelihood of these farmers and other stakeholders along
the value chains. Linking safer options for wastewater
management with irrigation could therefore be a win—win
solution: removing the risks for society and maintaining the
benefits for farmers. However, in developing countries, the
high investment costs for the required treatment are
problematic and the willingness of farmers to pay for the
water (cost recovery) is often questionable. Using a choice
experiment, this paper gives insight into farmers’
preferences for wastewater use scenarios, quantifying
their willingness to pay. The case study is Hyderabad,
India. Farmers there prefer water treatment and are
prepared to pay a surplus for this. Considering the cost-
recovery challenge, this information could be valuable for
planning small on site wastewater treatment systems.

Keywords Agriculture - Choice experiment - India -
Wastewater

INTRODUCTION

In many regions, water scarcity, resulting from population
growth, economic development and climate change, is
regarded as a major threat to food security. Competition for
water exists between different sectors, mainly challenging
the agricultural sector, which accounts for up to 70 % of the
world’s freshwater withdrawals (OECD 2010). Conversely,
cities return water to the hydrological system in the form of
‘wastewater’. While wastewater has the potential to reduce
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pressure on water resources (Toze 2006), in most developing
countries it undergoes ‘little’ or no treatment. Consequently,
farmers end up using poor-quality water for irrigation, pri-
marily because of the lack of alternative water sources (Qadir
et al. 2010). While the agricultural sector can benefit enor-
mously from wastewater, especially in arid regions, the use
of untreated wastewater carries risks for farmers, consumers
and the environment. Health risks for farmers include hel-
minth infections; the environmental risks are degradation of
aquatic ecosystems and pollution of soils and groundwater
(Raschid-Sally et al. 2005). To offset these risks, a shift from
informal to formal (planned and regulated) use of wastewater
is essential.

Unfortunately, many developing countries struggle to
implement comprehensive wastewater treatment programs
(Qadir et al. 2010). The high costs required for wastewater
collection and treatment are a major challenge (Leas et al.
2014), and the willingness of farmers to contribute to cost
recovery for the provision of safe wastewater is questioned
where water is traditionally a free good, or the expectation is
that the authorities or polluters have to pay for the treatment.
However, there are regional differences, and more studies
about farmers’ perceptions and their willingness-to-pay
(WTP) are necessary to better understand the potential for
cost sharing (Drechsel et al. 2015) between stakeholders
such as the government and the farmers.

The purpose of the study is to identify farmers’ prefer-
ences for wastewater reuse, including the factors influ-
encing these preferences, and to quantify their WTP for
different reuse scenarios. The case study is Hyderabad,
India. This case study is exemplary for many similar sit-
uations around large cities in developing countries, where
urban growth has outpaced the capacity of the city to
manage Wwastewater, and irrigation with untreated
wastewater is practiced (see Saldias 2016).
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To this end, a choice experiment (CE) was undertaken
assessing farmers’ preferences for hypothetical scenarios
for wastewater irrigation. The collected data were analysed
using a conditional logit (CL) and a latent class (LC)
model, the latter to capture the potential heterogeneity in
preferences among respondents. Finally, the WTP for
changes in the water reuse scenarios were determined. This
paper adds to the literature on valuation by farmers of
wastewater for irrigation in several ways. First, compared
to studies such as those of Abu Madi et al. (2003), Birol
et al. (2008), Bakopoulou et al. (2010) and Weldesilassie
et al. (2009), that apply contingent valuation, the use of a
CE allows more detailed insight into the preference struc-
ture of farmers with respect to specific attributes of the
reuse scenarios. Furthermore, compared to the few studies
that apply CE (e.g. Birol et al. 2010; Genius et al. 2012;
Ndunda and Mungatana 2013), in this study, nutrient
content is identified as a separate water quality attribute.
Finally, an institutional aspect of the reuse scenarios is also
included, namely the level of restrictions on use. This is
because, in developing countries, imposing restrictions can
be a cheaper way (compared to treatment) to counter the
risks associated with reuse.

THE CASE STUDY

Despite the provisions in the National Water Policy
(Ministry of Water Resources, Republic of India 2012) to
improve water quality, pollution of water sources across
India is alarming. It has been estimated that 70 % of India’s
surface and groundwater resources have been polluted by
biological, organic and inorganic pollutants (Rao and
Mamatha 2004).

As cities grew, so did domestic water demand. The
domestic sector is responsible for the highest proportion of
wastewater generated in India. Most recent data indicate
that the wastewater generated in Class-I cities and Class-11
towns is above 38 000 million litres per day (MLD), of
which only 35 % is treated (CPCB 2009). This suggests
that an important volume of wastewater is disposed of with
minimal treatment, which has implications for public
health and the environmental status of water resources.
Discharging untreated wastewater is forbidden in India; in
practice, however, this is not enforced. The implication is
that farmers have no choice but to irrigate with the poor-
quality water flowing into the rivers.

While pollution with industrial and domestic effluents is
linked to the lack of infrastructure to collect, treat and
dispose of wastewater appropriately (see Rao and Mamatha
2004), the poor enforcement of the regulatory framework
and dysfunctional institutions also play a role. In fact, the
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legal framework to manage environmental regulation in
India is inadequate to respond to the increasingly complex
set of environmental challenges (Quitzow et al. 2013).

The case study is the Musi River in Hyderabad, the
Capital City of Telangana (Former State of Andhra Pra-
desh). Hyderabad is located in the semi-arid region of the
Deccan Plateau, about 540 m above sea level. The average
annual rainfall is about 700-800 mm, occurring during the
monsoon season (June—October) (Buechler and Devi
2003). The Musi River has a catchment area of about 11
300 km?, representing 4 % of the Krishna River basin. In
the past, this river was seasonal, only providing farmers
with irrigation water during the rainy season (Ensink et al.
2010). Nowadays, downstream of Hyderabad it is perennial
due to the poor-quality effluents from the city (Keremane
2009).

Hyderabad has experienced rapid growth and now has a
population of 6.8 million people (Census 2011). It was
estimated, in 2009, that Hyderabad generates about 1000
MLD of wastewater (Amerasinghe et al. 2009), whereas
the current combined treatment capacity is around 602
MLD (official at Sewage Treatment Plant Amberpet, pers.
comm.). The wastewater generated contains effluents from
various industries, such as electroplating, lead extrac-
tion/battery units, pharmaceutical industry and production
of leather, textile, paper, soap, cooking oil and jewellery
(Buechler and Devi 2003). Recent sources estimate that the
city has the capacity to treat about half of its sewage (Starkl
et al. 2015). This is a noteworthy progress, but the other
half continues to cause significant water pollution
problems.

This was confirmed in studies on the quality of the water
in the river and its effects on soils, farmers, public health
and economic development (e.g. Amerasinghe et al. 2009;
Ensink et al. 2010; Cheepi 2012). Ensink et al. (2010) for
example, found that hookworm prevalence was high in
farmers using untreated wastewater. The quality of the
water, however, improved significantly downstream as a
result of, e.g. sedimentation, dilution, aeration, and natural
die-off (Ensink et al. 2010).

McCartney et al. (2008) assessed the impact of
wastewater irrigation on the salinity of the river water and
the soil in irrigated fields and evaluated whether declines in
rice yield, reported by farmers, are attributable to salin-
ization. Their results indicate that discharges from the city
increase the total dissolved solids (TDSs)1 in the river
water and can therefore contribute to salinization. They
also observed that fields closer to the city, irrigated with

! TDS represents the total quantity of dissolved minerals in the water;
since the major part of the material dissolved is ionic, electrical
conductivity (EC) is conventionally used as a measure of TDS
(McCartney et al. 2008).
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wastewater for longer periods, have higher soil salinity
(McCartney et al. 2008). Finally, it was reported that the
level of cadmium in the soil exceeded the EU maximum
permissible level in 47 % of the samples. However, the
overall risks of wastewater irrigation along the Musi River
were considered negligible to the human food chain
(Amerasinghe et al. 2009).

Besides the negative effects described above, wastewa-
ter irrigation downstream from Hyderabad contributes to
livelihoods and food security for the urban and peri-urban
poor (Buechler and Devi 2003). About 90 % of the
wastewater generated in Hyderabad is used for irrigation
(Van Rooijen et al. 2010), especially in the dry season. The
area irrigated is some 12 000 ha. The main crops grown
include para-grass® fodder and paddy (Buechler and Devi
2003) and, on smaller plots, also vegetables. Due to the
water supply from the Musi River, farmers can grow para-
grass throughout the year and harvest paddy twice per year
(Van Rooijen et al. 2010).

The area sampled comprises peri-urban and rural fringes,
in a stretch of about 25 km downstream from Hyderabad,
between the first weir and the eighth weir located along the
Musi River (Fig. 1). The area belongs to Ghatkesar Mandal,
Rangareddi District. The total population in Ghatkesar
Mandal is 88 935 (National Panchayat Portal 2013). There is
no official information about the number of farmers irrigat-
ing with the Musi River (Amerasinghe pers. comm.), but
Buechler and Devi (2003) estimated that some 12 000 ha are
irrigated, with landholdings of around 1 ha/household.
Considering these figures, the number of farm-households
would be in the region of 12 000. The area sampled is esti-
mated at approximately 4000 ha.

MATERIALS AND METHODS

A CE was used to reveal farmers’ preferences regarding the
use of wastewater in agriculture. CEs have become a
popular method for environmental valuation (Hoyos 2010)
and they have proved helpful in generating information for
policy analysis (Sur et al. 2007). It is a survey-based
technique that allows preferences for goods to be modelled.
Goods are described based on their ‘attributes’ and these
take different levels. Respondents are asked to choose
between different alternative specifications of the goods
(Louviere et al. 2000). By focusing on the attributes, CEs
have the potential to generate multiple value estimates
from a single application (Hanley et al. 2001). Another
advantage is that, in CEs, the experimental stimuli are
under the control of the researcher (Bennett and Blamey
2001). For a state of the art on CE, see Hoyos (2010).

2 Para-grass is a type of grass, cultivated as fodder for buffalo feed.
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Choice experiment design and implementation
Identification of attributes and their levels

The design of the CE followed the steps proposed by
Hanley et al. (2001, p. 437). In the first step, the relevant
attributes for the good to be valued were identified. In this
case, the good is the use of water delivered by the Musi
River for irrigation. To identify attributes, literature
regarding the reuse practices around Hyderabad (see
description of the study site) and consultation with experts
were used. The experts included researchers from the local
IWMI Office in Hyderabad undertaking research on reuse,
economists from the triple-R unit at IWMI Headquarters in
Sri Lanka and officers from different government institu-
tions. Focus groups were not organized because wastewater
irrigation is a sensitive issue, and bringing farmers together
for this was considered quite difficult. However, special
attention was paid during the first interviews to identify
whether the attributes and their levels were considered
relevant by the interviewees. The second step of the CE
involved assigning levels to the different attributes. Levels
should be “feasible, realistic, non-linearly spaced, and span
the range of the respondents’ preference maps” (Hanley
et al. 2001, p. 437). Again, expert knowledge and literature
were used in this step.

Five attributes were identified to describe important
aspects of wastewater reuse in agriculture within the study
area: water quantity, water use restrictions, health risks,
nutrient content and price (Table 1). The ‘water quantity’
attribute referred to the amount of river water available for
farmers. Three levels were proposed: high, medium and
low. As there was no information on the exact quantity of
water used by farmers, this attribute was described in
qualitative terms. ‘Medium quantity’ was defined as the
amount of water a farmer was (at the time of the survey)
using to irrigate his/her entire farm. The other two levels
described situations where more or less water was
available.

The attribute ‘water use restrictions’ referred to the
measures which should be taken while applying the water.
Again, three levels were identified: high (with strict
restrictions on crops, e.g. vegetables-eaten-raw are not
allowed; strict control over irrigation methods; strict
monitoring), moderate (some restriction with respect to
crops, but more variation is allowed; control over irrigation
methods with options for crop-method mix; sporadic
monitoring) and low (crops or irrigation methods are
unrestricted; farmer is responsible for cleaning of crops).

The attribute ‘health risks’ referred to the occurrence of
negative health effects as a consequence of being in contact
with water from the Musi River. Three levels were pro-
posed: very high (where a large number of farmers suffer
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Fig. 1 The study site

Table 1 Attributes and their levels for the choice experiment

Attributes Levels Alternative “No Alternative Alternative “Wastewater
intervention” “Restrictions” treatment”

Water quantity High, medium, low High High All

Water use restrictions Strict, moderate, no restrictions No restrictions Strict, moderate Moderate, no restrictions

Health risks High, tolerable, reduced High Tolerable, reduced Tolerable, reduced

Nutrient content High, low High High Low

Price® in INR/ha <250, 250, 250+ between 250 and 500 and All All All

250+ more than 750°

<500, 500, 500+ between 250 and 500 and
500+ more than 750°

* USD 1 = INR 54.90
° Dry crops
¢ Wet crops

from skin irritation and other problems), tolerable (where
fewer farmers get sick, but still a significant number can
get sick) and reduced (where the frequency of sickness is
diminished because of an improvement in the water quality
in the river).
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The ‘nutrient content’ attribute referred to nutrients
present in the water which are beneficial for crop devel-
opment, also considering the pollutants and salts which can
harm the plants or reduce yields. Two levels were pro-
posed: high (water is high in nutrients, but also high in
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pollutants or salts that can reduce yields) and low (water is
treated; the nutrient content is reduced, but so are the
pollutant content and the salinity).

Finally, a price attribute was included to enable esti-
mation of the respondent’s WTP for changes in other
attributes’ levels. Four levels were proposed. First the
actual water tax for one season of 250 INR/ha for dry crops
and 500 INR/ha for wet crops® was used. Other levels
constitute decreases and increases in the actual price level.
An IWMI researcher working on the same area suggested
that farmers were willing to pay between 250 and 500 INR/
ha to treat the wastewater so that they can improve the
water quality and go back to growing paddy.

Experimental design

The next step comprised the experimental design of the
CE. This involves the selection of a set of choices from
the universal set of all possible choice sets, which fulfil
specific statistical properties, such as identification and
precision, in combination with non-statistical properties
such as realism and complexity (Louviere et al. 2000). A
labelled CE was used, due to the interest in evaluating
specific scenarios or alternatives, a focus which would
have been lost in a generic design. However, labelled CEs
have some disadvantages: (1) larger sample sizes are
required, (2) the independent and identically distributed
assumption is more likely to be violated and (3) respon-
dents may use the labels assigned to the alternatives as
proxies for the omitted attributes in the experiment. See
Hensher et al. (2005) for more details. In this study, an
alternative specific design was constructed using the SAS
software. Three alternatives were presented to the
respondents, labelled as no intervention, restrictions and
water treatment. In the design process, the different levels
of the attributes were restricted by the alternatives. A
fractional design maximizing D-efficiency with the fol-
lowing characteristics was obtained: D-efficiency
96.53 %, A-efficiency 93.02 % and G-efficiency 93.25 %.
This design involved 12 choice sets.

Finally, to reduce response fatigue, the design was
divided into three blocks (Adamowicz et al. 1998).
Thus, each respondent had to consider four choice sets
in this experiment. Considering that CE is a demanding
exercise and respondents can be illiterate, pictograms
were used to represent the various attribute levels (see
Fig. 2).

3 Water intensive crops (e.g. sugar cane and rice) are referred to as
‘wet crops’; less water intensive crops (e.g. cotton and maize) are
referred to as ‘dry crops’ (Tirupataiah, pers. comm.).
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Data collection

The CE was included in a survey conducted between May
and June 2013. Considering the findings from Ensink et al.
(2010) concerning the improvement in water quality in the
river downstream, the first-weir located near Peerzadiguda
Village was the starting point for the survey gradually
covering the areas downstream to the eighth-weir located
in the proximity of Pillaipalli Village. The areas covered
five villages in the peri-urban area, four villages in the peri-
urban—-rural fringe, and five villages in the rural area.
Respondents were randomly selected within the villages.
Farmers cultivating their fields were asked whether they
were aged over 18. If so, they were asked to participate in
the survey. The survey included additional questions on
socio-economic and farming characteristics. Surveys were
conducted face-to-face in the local language with support
from assistants who were fluent in both Telugu and Eng-
lish. These assistants were trained before going into the
field.

A total of 118 respondents were interviewed, generating
472 choice observations. Compared to many CEs in liter-
ature, this sample size is rather limited. However, because
of the improvements in design theory (no longer using
simple orthogonal designs, but efficient and optimal
designs), it is no longer unusual to find studies with smaller
sample sizes. De Bekker-Grob et al. (2015), for example,
perform a meta-analysis of 69 CEs and report that 32 %
have sample sizes smaller than 100 respondents. In addi-
tion, Rose and Bliemer (2013) show that, for efficient
designs, having around 50 respondents is acceptable.

Econometric model

Farmers are heterogeneous in various aspects, which can
influence their preference regarding irrigation water. In the
standard multinomial regression model, preferences are
assumed to be invariant between respondents (Boxall and
Adamowicz 2002). This means that respondents’ charac-
teristics do not affect their preferences. To account for
heterogeneity and allow preferences for different attributes
to vary between individuals, a LC model can be applied
(Birol et al. 2006). The advantage of this approach is that
hidden structures or groupings of segments are revealed,
allowing an objective understanding of preference hetero-
geneity across the sample population (Hope 2006). Com-
pared to a CL or random parameter logit model, an LC
provides policy makers with very useful information upon
which they can tailor policies to specific population sub-
groups (Birol et al. 2006).

The underlying theory of the LC suggests that individual
behaviour depends on ‘observable attributes’ and ‘latent
heterogeneity’ that varies with factors unobservable by the
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Price 2: (Water tax only) Price 1: Price 2: (Water tax only)
250 Rs/ha for dry crop < 250 Rs/ha for dry crops 250 Rs/ha for dry crop
500 Rs/ha for wet crop < 500 Rs/ha for wet crops 500 Rs/ha for wet crop

Fig. 2 Example of choice set

analyst (Greene and Hensher 2003). The population in an
LC consists of a finite and identifiable number of segments
(groups of individuals), who have relatively homogenous
preferences. Segments, however, differ from each other in
preference structure.

The specification of the model follows Greene and
Hensher (2003). It has two components, an observable
component (f,X,;) and an unobservable or random com-
ponent (&,;4,). The utility of an individual n obtains from
selecting alternative i in the rth choice set is given by

) © Royal Swedish Academy of Sciences 2016
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Unit|s = ﬁsxm't + Enits> (1)

where U is the utility obtained by the individual, f is a
vector of parameters of segment membership, X is the
vector of attributes and ¢ is a random component following
an extreme value Type I distribution. The observable
component (f,X,,;)) can be decomposed into one component
relating to the specific attributes of the choice made, and a
second that captures individual-specific characteristics, e.g.
socio-economic and attitudinal characteristics.

The probability of choice for an individual n, consid-
ering that the individual belongs to segment s, of selecting
an alternative i from j alternatives, for a particular choice
activity is

eﬁ;Xuil
Pm’t\s = W . (2)

The probability that an individual belongs to a particular
segment is expressed by

ea;Z,l
Pns = ZS ] ea:Zn ? (3)
s=

where Z, is a vector of individual-specific variables and ay
is a vector of segment-specific parameters to be estimated;
following this, the probability that a respondent chooses an
alternative is obtained by combining the conditional
probability (Eq.2) with the segment membership
probability (Eq. 3) as follows:

eaan T eﬁixmz
Pni = Z Zs ea;Z’l H ZJ eﬁ;X/!./'I . (4)

s=1 s=1 =1 \2j=1

The parameters from Eq.4 were estimated using
NLOGIT 5.0. The model was run for one, two, three and
four segments. To determine the ‘optimal’ number of
segments, the following criteria were used: the log
likelihood (pz), Akaike information criterion (AIC) and
the Bayesian information criterion (BIC; Louviere et al.
2000). In this case, the two-segment model seems optimal
because the BIC is at its minimum, while improvements in
AIC are minimal when further increasing the number of
classes.

The goodness-of-fit for the model is measured using the
likelihood ratio index (LRI) or pseudo-p>. For well-fitted
models, LRI take values larger than 0.2, and it is rare to
find LRI larger than 0.4 (Hoyos 2010). In this case, the LRI
is 0.258 (Table 2).

For the segment membership function, different vari-
ables were tested. The exercise was a trial-and-error pro-
cedure, in order to find a robust model. The set of
explanatory variables tested was selected based on the
assumption that they could have an effect on farmers’
choices. The following variables were maintained:

© Royal Swedish Academy of Sciences 2016
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Table 2 Criteria to determine optimal number of segments in the
model Source own data, criteria from Boxall and Adamowicz (2002)

No. of segments Log likelihood P> AIC BIC

1* —433.8 0.021 1.888 1.950
2 —380.7 0.258 1.712 1.880
3 —358.6 0.301 1.668 1.944
4 —3443 0.329 1.659 2.041

* These values also apply to the conditional logit model

‘nutrient content awareness’, ‘health risk awareness’, ‘ex-
periences of negative effects on crops’ and ‘water scarcity’.
Other variables such as age, gender, location, education,
household size, crop type, income and tax payment were
also tested. In a second stage, T-tests and Pearson Chi-
Square tests were used to reveal differences between the
segments (Table 3).

Willingness-to-pay

By including price as an attribute in CEs, WTP estimates
for changes in attribute levels can be made and, by com-
bining different attribute changes, welfare measures can be
obtained for various scenario changes (Hoyos 2010). This
is done by taking the ratio between the coefficients of
individual attributes and the price attribute:

wrp — P (5)

ﬂl‘ﬂ ’
where f; is the coefficient of the kth attribute of wastewater
(re)use and f3,, is the coefficient of the price attribute.
These ratios are called marginal implicit prices. The WTP
for attribute changes and the confidence intervals at the
95 % level were estimated applying the Wald procedure
(delta method) in NLOGIT 5.0.

RESULTS AND DISCUSSION
Socio-economic and farm characteristics

The two-segment LC model was shown to perform best.
Both segments consist predominantly of full-time farmers.
No significant differences between segments were found in
terms of age, household size, literacy rate, average land
size or type of land ownership (Table 3). The average
income from irrigated farming and other farming activities
was 122.2% and 131.1 USD/month for segments one and
two, respectively. If this is divided by the average house-
hold size from the sample (four and five, respectively), it

4 USD 1 = INR 54.90 as of May 2013.
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Table 3 Descriptive statistics and profiles of the segments, for the Latent Class model

Mean (st. dev.) Max. Min. Segment-one Segment-two

(n=47) n="171)

Gender (% male) 94.9 95.7 (n = 45) 944
Age (years) 47.1 (14.3) 78 20 47 (13.7) (n = 45) 47 (14.7)
Household size (number) 4.4 (1.3) 9 1 4 (1.1) 5(1.4)
Education (% literate) 43.1 48.9 (n = 45) 39.4
Occupation (% full-time farmer) 89.8 87.2 91.6
Location* (%)

Peri-urban 24.6 17.0 29.6

Peri-urban—rural 41.5 40.4 42.3

Rural 33.9 42.6 28.2
Income (USD/month)

Irrigated farming 77.9 (80.3) 637.6 0 76.1 (69.5) 79.0 (87.2)

Other farming activities 49.7 (86.2) 546.5 0 46.1 (73.5) 52.1 (94.1)

Other activities 14.7 (59.3) 546.5 0 16.2 (40.0) 13.8 (69.4)
Land ownership (%)

Owned 38.1 42.6 352

Leased in 44.9 44.7 45.1

Owned and leased in 16.9 12.8 19.7
Land size (ha) 1.1 (1.4) 121 0.1 1.2 (1.1 1.1 (1.6) (n = 69)
Sources of irrigation water (%)

River 81.4 76.6 84.5

River and groundwater 11.9 12.8 11.3

Groundwater 6.8 10.6 4.2
Crops cultivated (%)

Vegetables 59 2.1 8.5

Paddy 72.0 78.7 67.6

Para-grass 11.9 8.5 14.1

Vegetables and paddy 4.2 6.4 2.8

Paddy and para-grass 4.2 4.3 4.2

Vegetables and banana 0.8 0.0 1.4

Banana 0.8 0.0 1.4
Taxes* (% of respondent that pay) 31.0 39.1 (n = 46) 254 (n=67)
Negative effects on health* (% of respondent that experienced) 66.1 75.6 (n = 45) 60.0 (n = 70)
Claimed health risk awareness (% of respondent aware) 754 76.6 74.7
Negative effects on crops (% of respondent that experienced) 76.1 76.6 75.7 (n =170)
Claimed nutrient content awareness*** (% of respondent aware) 46.6 66.0 33.8
Change of crops, if water is treated (% of respondent that would change) 77.9 75.0 (n = 44) 79.7 (n = 69)
Access to other water sources (% of respondent with access) 17.8 234 14.1
Water scarcity (% of respondent that experienced) 20.3 21.3 19.7

T-tests, Pearson xz and linear by linear association tests show significant differences at 1 % (*¥**), 5 % (**) and 10 % (*) level

gives an average income/capita of 30.5 and 26.2 USD/-
month, respectively.

Concerning landownership, segment-one has a slightly
higher proportion of farmers owning the land (7.3 % more)
and a similar percentage (0.4 % difference) leasing. A
slightly higher proportion of farmers in segment-two (7 %
more) own/lease the land.

@ Springer

The segments are significantly different (at the 10 %
level) in terms of location. Farmers in segment-one were
predominantly rural, whereas farmers in segment-two were
predominantly peri-urban. Paddy is by far the main crop for
both segments (78.7 and 67.6 %, respectively), followed by
para-grass (8.5 and 14.1 %, respectively) and a small pro-
portion of vegetables (2.1 and 8.5 %, respectively). This
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suggests that a slightly larger proportion of para-grass and
vegetables are cultivated by farmers from segment-two.
This is in line with the findings of previous studies indi-
cating that vegetables and para-grass production is only
important closer to the city (Buechler and Devi 2003;
Amerasinghe et al. 2009).

In both segments, the river is the main source of water
for irrigation. Only a minority, which is greater in segment-
one, also use groundwater (our figures for groundwater use
are comparable with the findings of Amerasinghe et al.
2009). Only some 18 % of the respondents indicated that
they have access to other sources of water besides the river.
Water scarcity does not seem to be an issue; only 20 % of
the respondents reported having experienced water scarcity
in the past 5 years, which was linked to temporal
obstruction of canals due to maintenance, but not to a real
lack of water in the river.

Formally, farmers are expected to pay a fee for surface
water (water tax) based on crop type and land size.
According to a representative of the Water and Land
Management Training and Research Institute, in practice,
the collection rate accounts for 40 % (Tirupataiah, pers.
comm.). In this survey, only about 31 % of the respondents
reported the payment of water taxes. Segments differ sig-
nificantly in this aspect. More farmers in segment-one
report payment of water fees compared to segment-two.
The poor water quality might be one of the reasons why
farmers refuse to pay for water (see Times of India 2002).

Water pollution: Experiences and awareness

The survey included questions relating to the health risks and
effects of the water on crop growth (see Table 3). When
asked directly,5 about 75 % of the respondents claimed that
they were aware of the health risks associated with the use of
this water. There is no significant difference between seg-
ments. Older studies, e.g. McDonald (2009) or Keremane
(2009), reported lower awareness, so there might be a bias
created by the question formulation. However, the focus on
the issue by the research community (e.g. Amerasinghe et al.
2009; Ensink et al. 2010), the awareness campaigns by IWMI
(see Buechler et al. 2006) and the projects by the local
authorities, e.g. “Save the Musi” campaign, might have
increased concern about the issue in recent years.

When respondents were asked whether they experienced
negative health effects from the use of the water for irri-
gation,® about 66 % answered affirmatively. In the open-
ended follow-up question, respondents reported itchy skin,

5 “Are you aware of the health risks related to irrigating with Musi
water?”’

S “Did you experience any negative effect on your health when using
Musi water? Please mention the effects”.
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skin rashes, foot cracks, joint pain and fever. Similar
complaints by farmers were reported by Srinivasan and
Reddy (2009). The segments differ significantly in this
aspect. Surprisingly, more farmers in segment-one stated
that they experienced negative health effects. A possible
explanation is that farmers in segment-one, who are pre-
dominantly rural, openly shared their experiences, whereas
farmers in segment-two, predominantly peri-urban,
appeared to underrate their negative experiences. Gener-
ally, farmers closer to the city were more reluctant to
answer the questions. Some mentioned that the media is
often in the area reporting on the Musi River pollution, and
this has had an impact on their crop marketing, mainly for
leafy vegetables.

Farmers were also asked whether they were aware of the
nutrient content of the water.” Here, 46.6 % answered
affirmatively. This aspect differs significantly between
segments. Farmers closer to the city seemed less aware of
the nutrient content. Likewise, farmers were asked whether
they experienced negative effects on crop growth.® About
76 % replied affirmatively.” Here, there is no significant
difference between segments. Note that more respondents
report negative effects on crops than on health. About 78 %
indicated that they would grow other crops if the water
quality were better (e.g. vegetables for a higher income or
for self-consumption).

Farmers’ preferences

First, a CL model was run, followed by an LC model with
up to four segments. Except for price, all attributes were
treated qualitatively, introducing dummies for each level.
The reference levels were as follows: water treatment, no
restrictions, reduced health risks, low water quantity and
low nutrient content.

Furthermore, given that it consisted of a labelled CE, a
separate utility function was written for two alternatives
(no intervention and restrictions) each including one
alternative specific constant (ASC), keeping the third
alternative as a reference (see the utility functions in the
footnote).'’

7 “Are you aware of the nutrient content of the Musi water, which
decreases the need for fertilizer use?”

8 “Did you experience any negative effect on the crops when using
Musi water? Please mention the effects”.

° Examples mentioned by the respondents: decrease in crop yield and
in grain-filling both for paddy.

10 The utility functions were specified as follows: U(NI) =
ASC] + A] * PrlCG/U(R) = ASC2 + AZ * Scmp + A3 * Mcrop + A4 *

Thin + Ay * Price/UWT) = As * Mya + Az * Merop + Ay ™ T +

A * Price, where A;—Aj5 are the coefficients and ASC no intervention
(ASC)), ASC restrictions (ASC,), strict crop restriction (Scrop)s
moderate crop restriction (Mcp), tolerable health risks (7y) and
medium water quantity (Myg,).
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Table 4 Results of the Latent Class model and estimation of WTP

Labels LC

Segment-one

Segment-two

No intervention
Restrictions
Water treatment
Attributes
Price
Strict restrictions
Moderate restriction
Tolerable health risks
Medium water quantity
Models statistics
Pseudo p> 0.258
Log likelihood

—1.363** (0.670)
—5.748%%* (2.824)

0.0105 (0.0078)
—19.884 (278 500.1)
1.275 (1.419)
—1.517 (1.379)
—0.808 (2.446)

—380.7

—0.805%* (0.342)
—0.299 (0.354)

—0.0008* (0.0004)
—0.051 (0.384)
0.480* (0.280)
—0.628*** (0.195)
0.209 (0.284)

Segment function LCM: respondents’ awareness or experience on health issues, water scarcity and nutrient content

Constant
Claimed nutrient content awareness”
Claimed health risk awareness®
Experienced negative effects on crops®
Experienced water scarcityd

WTP for changes in attribute levels and 95 % confidence intervals
No intervention
Restrictions
Water treatment

Attributes
Strict restrictions
Moderate restrictions
Tolerable health risks

Medium water quantity

0.294 (0.612)
—1.323%%% (0.464)
—0.078 (0.558)
0.055 (0.592)
—0.085 (0.608)

—18.77%* (—34.36; —3.18)
—6.97 (—20.62; 6.68)

—1.19 (—18.83; 16.46)
11.21 (=6.27; 28.69)
—14.66* (—31.83; 2.51)
4.87 (=9.21; 18.94)

Significance level at 1 % (¥**), 5 % (**) and 10 % (*). Reference levels: water treatment; no restrictions; reduced health risks; low water

quantity, and low nutrient content. WTP estimates in USD/ha/year

* Dummy variable indicating whether respondents are aware of the nutrients contained in the river water

® Dummy variable indicating whether respondents are aware of the risks for the health when irrigating with river water

¢ Dummy variable indicating whether respondents have ever experienced negative effects on the crops due to irrigation with the river water

9 Dummy variable indicating whether respondents experience water scarcity

Based on the criteria presented in Table 2, the LC model
with two segments was considered superior to the CL model
and the three- and four-segment LC models. The latter is
based on the value of BIC, which increases when adding
more than two segments. Therefore, only the results of the
two-segment LC model are reported and discussed (Table 4).

The probability of each respondent belonging to one of
the segments is calculated by Eq. 3. Based on this, 38.6 and
61.4 % of the respondents belonged to segments one and
two, respectively.

The ASCs in the LC model indicate that farmers in
segment-one preferred the water treatment option over the
other two options. The restrictions option is least preferred.

@ Springer

Farmers in segment-two preferred water treatment over the
no-intervention option, but the ASC for the restrictions
option is not significant. This means that farmers are
indifferent between restrictions and water treatment. By
choosing water treatment, farmers implicitly also choose
‘reduced health risks’, ‘low water quantity’ and ‘low
nutrient content’. The clear preference for the water treat-
ment option can be explained by the negative experiences
with poor-quality water.

For the first segment, the coefficients of the attribute
levels are not statistically significant. Given that the ASCs
are highly significant, it might be that farmers have focused
on the alternative labels rather than on the attribute levels.
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For the second segment, three coefficients are statisti-
cally significant. First, the coefficient for the price attribute
is significant and negative; this suggests that, as expected,
price increases reduce preference for alternatives. For
segment-one, the coefficient for price was not significant,
meaning that price was not a determinant of choice. As the
proportion of farmers who do not pay the water tax is
significantly higher in this segment; this raises the possi-
bility of strategic answers by the farmers opting for the
water treatment option in the hope that water quality would
be improved. In informal talks, farmers revealed their
desire for improving the water quality in the river, and their
lack of trust in the city managers concerning wastewater
management, as over the years the wastewater discharged
into the river has only increased. It might also be linked to
the fact that most respondents currently do not pay water
taxes.

Second, the coefficient for the attribute ‘moderate
restrictions’ has a positive effect (significant at the 10 %
level) relative to ‘no restrictions’. This implies that farmers
in segment-two prefer some restrictions on using water
despite this potentially limiting their freedom in crop
selection or irrigation methods. Third, compared to the
reference level of ‘reduced health risks’, ‘tolerable health
risks’ decreases the preference of farmers in segment-two.
Taking into consideration that farmers in this segment are
predominantly peri-urban, such preference might be
explained by the fact that the water is more polluted closer
to the city.

The water quantity attribute was not a determinant of
choice; this might indicate that water scarcity is not an
issue for farmers. One farmer expressed this as follows:
“over the years, more water is available in the river, but
also more pollution”.

The segment membership coefficients for the second
segment are normalized to zero (Birol et al. 2006). The
coefficients for the first segment need to be interpreted
relative to the normalized segment. Only the segment
membership coefficient for ‘awareness of the nutrient
content’ is found significant. Respondents in the first seg-
ment are shown to be less aware of the nutrient content.

Willingness-to-pay

Table 4 presents the implicit prices for segment-two only.
Estimates for segment-one are not reported because the
coefficient for price was not significant. The implicit prices
reflect the respondents’ WTP for changes in attribute
levels. Two values are statistically significant. The mean
WTP to go from no intervention to water treatment option
is 18.8 USD/ha/year. This estimate is approximately dou-
ble what farmers are expected to pay as water tax for wet
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crops (about 9.1 USD/ha/cropping season''). Furthermore,
the mean WTP to go from ‘tolerable health risks’ to ‘re-
duced health risks’ is 14.7 USD/ha/year. In this segment,
60 % of the farmers reported negative health effects due to
the use of Musi water, which is not surprising.

Starkl et al. (2015) estimated farmers” WTP for using
treated water for irrigation in a village about 15km
downstream of Hyderabad. There, 71 % of the farmers
were initially willing to pay 100—400 INR/month (this
would represent between 12.6 and 51.1 USD/year for a
7-month irrigation period). Nevertheless, they tested the
genuine-WTP and found that farmers’ response to the
implementation of water treatment is rather negative, with
farmers actually unwilling to pay for this. According to the
“polluter pays principle”, which is recognized in India, it is
also not the responsibility of the farmers to pay for the
treatment. In contrast to Starkl et al. (2015), our findings
suggest, however, that a proportion of the farmers are ready
to contribute. In this light, it might be interesting for
authorities to consider incentives for occupational health
protection or low-cost on-farm treatment alternatives (e.g.
constructed wetlands), in the pursuit of reducing adverse
effects of wastewater on farmers.

It is not unusual for farmers to be willing to pay for
improvements in water service delivery or water quality.
Bakopoulou et al. (2010) studied farmers’ WTP for using
recycled water for irrigation purposes in the Thessaly region,
Greece. Particularly during droughts, farmers were willing to
pay for recycled water. Ben Brahim-Neji et al. (2014) found
that farmers in Tunisia, irrigating with treated wastewater,
are willing to pay extra for improving water quality. How-
ever, farmers who do not irrigate with recycled water were
not willing to use it, even when quality improved. This
indicates that some farmers are reluctant to use recycled
water. This reluctance seems to be mostly related to health
risks. While in our study area farmers had no choice but to
use wastewater as a source for irrigation, results show that
they are certainly concerned with health risks.

Also Ndunda and Mungatana (2013) found that urban
and peri-urban farmers, using wastewater for irrigation in
Nairobi, Kenya, are willing to pay significant monthly
municipal taxes for treatment of the wastewater. In that
study, water quality and quantity are significant factors in
farmers’ preferences. However, Abu Madi et al. (2003)
describe, for Jordan and Tunisia, that the price farmers are
willing to pay barely covers the operational and mainte-
nance cost for the conveyance and distribution of reclaimed
water. In our case, given the household’s total monthly
income (including irrigated farming and other activities)

' State government fixed water fees based on crop type and land size
per season: wet crops approximately 500 INR/ha; dry crops approx-
imately 250 INR/ha (Tirupataiah, pers. comm.).
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estimated at 144.8 USD (Table 3), these WTP estimates
expressed per month (1.6 and 1.2 USD/ha, respectively)
represent about 1 % of the total household income.

CONCLUSIONS

Wastewater is seen as an opportunity to deal with
increasing pressure on water resources, mostly in water-
scarce countries. However, wastewater is often not simply
an alternative source of water but the only source. Using
this water encompasses health and environmental risks,
influencing people’s livelihoods. This paper contributes to
the literature on wastewater reuse by looking at farmers’
preferences around Hyderabad, India.

The findings of the CE suggest that farmers prefer a
water treatment option over the two other options (no
intervention and restrictions). This might be a reflection of
past negative experiences with poor-quality water. In this
respect, it is important to bear in mind that the water
treatment option implied higher water prices, lower water
quantity and lower nutrient content compared to the other
options. So the results show that farmers are keen to irri-
gate crops with improved water quality.

This study also shows the heterogeneity in farmer
preferences. One of the segments is opposed to water use
restrictions and is not sensitive to price, whereas the second
segment is not sensitive to water use restrictions but very
sensitive to health risks. Farmers from the second segment
live closer to the city, they are more dependent on Musi
water, and they grow relatively more vegetables and para-
grass. Compared to segment-one, less respondents in seg-
ment-two are aware of the nutrient content in the water,
and experience (or know about) negative health effects.
While health risk awareness is high for both segments,
farmers take little action in this respect. Solutions for
reducing health risks are not easily accessible to poor
farmers or they are not well known to them. Another
explanation is the limited in-depth risk awareness to actu-
ally trigger a behavioural change. More research on risk
perceptions is therefore needed. Nevertheless, the observed
willingness of farmers to contribute to the costs of
wastewater treatment is important in the light of the cost
recovery issues in many developing countries. Depending
on the number of farmers and size of treatment plant,
farmers’ contributions can fund some of the operational
costs. While the impact of this contribution on different
treatment scenarios should be further investigated, it should
be borne in mind that treatment should remain the
responsibility of the government, and that the cost should,
in the first place, be borne by the polluters, as also
expressed in the study area. Furthermore, follow-up
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research could investigate whether or not the positive WTP
we found arises from strategic answering.

Finally, while the rather small sample size and the
labelled design may have influenced the significance of the
attributes, this study provided an interesting snapshot of
how farmers perceive and value water quality.

Acknowledgments Field research for this paper was supported by
the International Water Management Institute and Ghent University.
The authors thank Dr. Priyanie Amerasinghe for facilitating contacts
and fieldwork in Hyderabad; Dr. George Danso and Dr. Krishna
Reddy Kakumanu for their comments on the choice experiment and
the questionnaire. We also thank many interviewees who generously
shared information. Finally, we thank two anonymous reviewers
whose comments helped us to improve this paper.

REFERENCES

Abu Madi, M., O. Braadbaart, R. Al-Sa’ed, and G. Alaerts. 2003.
Willingness of farmers to pay for reclaimed wastewater in
Jordan and Tunisia. Water Science and Technology: Water
Supply 3: 115-122.

Adamowicz, W., J. Louviere, and J. Swait. 1998. Introduction to
attribute-based stated choice methods. Edmonton, AB:
ADVANIS.

Amerasinghe, P., P. Weckenbrock, R. Simmons, S. Acharya, A.W.
Drescher, and M. Blummel. 2009. An atlas of water quality,
health and agronomic risks and benefits associated with
“wastewater” irrigated agriculture: A study from the banks of
the Musi River, India. Report. Colombo: IWML.

Bakopoulou, S., S. Polyzos, and A. Kungolos. 2010. Investigation of
farmers’ willingness to pay for using recycled water for
irrigation in Thessaly region, Greece. Desalination 250:
329-334.

Ben Brahim-Neji, H., A. Ruiz-Villaverde, and F. Gonzalez-Gomez.
2014. Decision aid supports for evaluating agricultural water
reuse practices in Tunisia: The Cebala perimeter. Agricultural
Water Management 143: 113-121.

Bennett, J., and R. Blamey. 2001. The strengths and weaknesses of
environmental choice modelling. In The choice modelling
approach to environmental valuation, ed. J. Bennett, and R.
Blamey, 227-242. Cheltenham: Edward Elgar Publishing
Limited.

Birol, E., K. Karousakis, and P. Koundouri. 2006. Using a choice
experiment to account for preference heterogeneity in wetland
attributes: The case of Cheimaditida wetland in Greece.
Ecological Economics 60: 145-156.

Birol, E., P. Koundouri, and Y. Kountouris. 2008. Evaluating farmers’
preferences for wastewater: Quantity and quality aspects.
International Journal of Water 4: 69-86.

Birol, E., P. Koundouri, and Y. Kountouris. 2010. Assessing the
economic viability of alternative water resources in water-scarce
regions: Combining economic valuation, cost-benefit analysis
and discounting. Ecological Economics 69: 839-847.

Boxall, P.C., and W.L. Adamowicz. 2002. Understanding hetero-
geneous preferences in random utility models: A latent class
approach. Environmental and Resource Economics 23:
421-446.

Buechler, S., and G. Devi. 2003. Household food security and
wastewater-dependent livelihood activities along the Musi River
in Andhra Pradesh, India. Report. Geneva: World Health

© Royal Swedish Academy of Sciences 2016
www.kva.se/en



Ambio 2017, 46:347-360

359

Organisation. http://publications.iwmi.org/pdf/H_34272.pdf.
Accessed 22 Oct 2013.

Buechler, S., G. Devi, and B. Keraita. 2006. Wastewater use for urban
and peri-urban agriculture. In Cities farming for the future:
Urban agriculture for green and productive cities, 243-273.
http://www.ruaf.org/sites/default/files/Chapter%209.pdf. Acces-
sed 27 Jan 2014.

Census. 2011. Greater Hyderabad, City Census 2011 data. http://
www.census201 1.co.in/census/city/392-hyderabad.html. Acces-
sed 22 Oct 2013.

Cheepi, P. 2012. Musi River pollution its impact on health and
economic conditions of downstream villages—A study. IOSR
Journal of Environmental Science, Toxicology and Food Tech-
nology 1: 40-51.

CPCB. 2009. Status of water supply, wastewater generation and
treatment in class-1 cities and class-1I towns of India. Control
of Urban Pollution series: CUPS/70/2009-10. New Delhi:
Central Pollution Control Board, Ministry of Environment and
Forests.

de Bekker-Grob, E.W., B. Donkers, M.F. Jonker, and E.A. Stolk.
2015. Sample size requirements for discrete-choice experiments
in healthcare: A practical guide. The Patient—Patient-Centered
Outcomes Research 8: 373-384.

Drechsel, P., M. Qadir, and D. Wichelns. 2015. Wastewater: An
economic asset in an urbanizing world. Dordrecht: Springer.

Ensink, J.H., C.A. Scott, S. Brooker, and S. Cairncross. 2010. Sewage
disposal in the Musi-River, India: Water quality remediation
through irrigation infrastructure. Irrigation and Drainage Sys-
tems 24: 65-77.

Genius, M., A.N. Menegaki, and K.P. Tsagarakis. 2012. Assessing
preferences for wastewater treatment in a rural area using choice
experiments. Water Resources Research 48: lell.

Greene, W., and D. Hensher. 2003. A latent class model for discrete
choice analysis: Contrasts with mixed logit. Transportation
Research Part B: Methodological 37: 681-698.

Hanley, N., S. Mourato, and R. Wright. 2001. Choice modelling
approaches: A superior alternative for environmental valuation?
Journal of Economic Surveys 15: 435-462.

Hensher, D.A., .M. Rose, and W.H. Greene. 2005. Applied choice
analysis: A primer. Cambridge: Cambridge University Press.

Hope, R.A. 2006. Evaluating water policy scenarios against the
priorities of the rural poor. World Development 34: 167-179.

Hoyos, D. 2010. The state of the art of environmental valuation with
discrete choice experiments. Ecological Economics 69:
1595-1603.

Keremane, G.B. 2009. Urban wastewater use for irrigation: A case
study of farmers along Musi River in Hyderabad. Karnataka
Journal of Agricultural Sciences 22: 235-237.

Leas, E.C., A. Dare, and W.K. Al-Delaimy. 2014. Is grey water the
key to unlocking water for resource-poor areas of the Middle
East, North Africa, and other arid regions of the world? Ambio
43: 707-717.

Louviere, J.J., D.A. Hensher, and J.D. Swait. 2000. Stated choice
methods—Analysis and applications. Cambridge: Cambridge
University Press.

McCartney, M., C. Scott, J. Ensink, B. Jiang, and T.W. Biggs. 2008.
Salinity implications of wastewater irrigation in the Musi River
catchment in India. Ceylon Journal of Science 37: 49-59.

McDonald, L. 2009. Development of a protocol for measuring
wastewater exposure for farmers engaging in wastewater irrigated
agriculture in Hyderabad, India. MSc Thesis, London School of
Hygiene and Tropical Medicine, London (unpublished).

Ministry of Water Resources, Republic of India. 2012. National water
policy.  http://wrmin.nic.in/writereaddata/National WaterPolicy/
NWP2012Eng6495132651.pdf. Accessed April 2013.

© Royal Swedish Academy of Sciences 2016
www.kva.se/en

National Panchayat Portal. 2013. Ghatkesar intermediate panchayat.
http://www.ranghatkebp.appr.gov.in/hidden/-/asset_publisher/
di5XrVERUf8s/content/about-ghatkesar/3093320. Accessed 5
Oct 2015.

Ndunda, E.N., and E.D. Mungatana. 2013. Evaluating the welfare
effects of improved wastewater treatment using a discrete choice
experiment. Journal of Environmental Management 123: 49-57.

OECD. 2010. Sustainable management of water resources in
agriculture.  Paris:  OECD  Publishing.  doi:10.1787/
9789264083578-en.

Qadir, M., D. Wichelns, L. Raschid-Sally, P.G. McCornick, P.
Drechsel, A. Bahri, and P.S. Minhas. 2010. The challenges of
wastewater irrigation in developing countries. Agricultural
Water Management 97: 561-568.

Quitzow, R., H. Bir, and K. Jacob. 2013. Environmental governance
in India, China, Vietnam and Indonesia: A tale of two paces.
FFU-Report 01-2013. Berlin: Environmental Policy Research
Centre, Freie Universitat Berlin.

Rao, S.M., and P. Mamatha. 2004. Water quality in sustainable water
management. Current Science 87: 942-947.

Raschid-Sally, L., R. Carr, and S. Buechler. 2005. Managing
wastewater agriculture to improve livelihoods and environmental
quality in poor countries. Irrigation and Drainage 54: S11-S22.

Rose, J.M., and M.C. Bliemer. 2013. Sample size requirements for
stated choice experiments. Transportation 40: 1021-1041.

Saldias, C. 2016. Analysing the institutional challenges for the
agricultural (re)use of wastewater in developing countries. PhD
Thesis, Ghent University, Ghent.

Srinivasan, J.T., and V.R. Reddy. 2009. Impact of irrigation water
quality on human health: A case study in India. Ecological
Economics 68: 2800-2807.

Starkl, M., N. Brunner, P. Amerasinghe, J. Mahesh, D. Kumar, S.R.
Asolekar, S. Sonkamble, S. Ahmed, et al. 2015. Stakeholder
views, financing and policy implications for reuse of wastew-
ater for irrigation: A case from Hyderabad, India. Water 7:
300-328.

Sur, D., J. Cook, S. Chatterjee, J. Deen, and D. Whittington. 2007.
Increasing the transparency of stated choice studies for policy
analysis: Designing experiments to produce raw response graphs.
Journal of Policy Analysis and Management 26: 189-199.

Times of India. 2002. Ghatkesar ryots pay cess for polluted water.
http://articles.timesofindia.indiatimes.com/2002-02-18/hydera-
bad/27111813_1_water-tax-polluted-water-musi. Accessed 30
Oct 2013.

Toze, S. 2006. Reuse of effluent water—Benefits and risks. Agricul-
tural Water Management 80: 147-159.

Van Rooijen, D.J., T.W. Biggs, I. Smout, and P. Drechsel. 2010.
Urban growth, wastewater production and use in irrigated
agriculture: A comparative study of Accra, Addis Ababa and
Hyderabad. Irrigation and Drainage Systems 24: 53-64.

Weldesilassie, A.B., O. Fror, E. Boelee, and S. Dabbert. 2009. The
economic value of improved wastewater irrigation: A contingent
valuation study in Addis Ababa, Ethiopia. Journal of Agricul-
tural and Resource Economics 34: 428-449.

AUTHOR BIOGRAPHIES

Cecilia Saldias (D<) obtained her Ph.D. at Ghent University in 2016.
She has conducted research on water resources management with
focus on wastewater reuse for agriculture. Her research interests
include institutions and governance of water resources, water
resources management, and political ecology.

Address: Department of Agricultural Economics, Ghent University,
Coupure Links 653, 9000 Ghent, Belgium.

e-mail: cecilia.saldiaszambrana@ugent.be; cecisaldias @ gmail.com

@ Springer


http://publications.iwmi.org/pdf/H_34272.pdf
http://www.ruaf.org/sites/default/files/Chapter%209.pdf
http://www.census2011.co.in/census/city/392-hyderabad.html
http://www.census2011.co.in/census/city/392-hyderabad.html
http://wrmin.nic.in/writereaddata/NationalWaterPolicy/NWP2012Eng6495132651.pdf
http://wrmin.nic.in/writereaddata/NationalWaterPolicy/NWP2012Eng6495132651.pdf
http://www.ranghatkebp.appr.gov.in/hidden/-/asset_publisher/di5XrVERUf8s/content/about-ghatkesar/3093320
http://www.ranghatkebp.appr.gov.in/hidden/-/asset_publisher/di5XrVERUf8s/content/about-ghatkesar/3093320
http://dx.doi.org/10.1787/9789264083578-en
http://dx.doi.org/10.1787/9789264083578-en
http://articles.timesofindia.indiatimes.com/2002-02-18/hyderabad/27111813_1_water-tax-polluted-water-musi
http://articles.timesofindia.indiatimes.com/2002-02-18/hyderabad/27111813_1_water-tax-polluted-water-musi

360

Ambio 2017, 46:347-360

Stijn Speelman obtained his Ph.D. at Ghent University in 2009.
Since 2014, he is a professor at the Department of Agricultural
Economics at Ghent University, Belgium. He leads the research group
of Economics and Management of Natural Resources. His main
research interest lies in the socio-economic aspects of the interactions
between humans and natural resources in developing countries. The
focus for example is on access rights, use efficiency or collective
management.

Address: Department of Agricultural Economics, Ghent University,
Coupure Links 653, 9000 Ghent, Belgium.

e-mail: stijn.speelman@ugent.be

Pay Drechsel holds a Ph.D. in Environmental Sciences and is a prin-
cipal researcher and research division leader at the International Water
Management Institute IWMI), based in Colombo, Sri Lanka. Pay has 25
years of working experience in the rural-urban interface of developing
countries, coordinating projects on the safe recovery of resources from
domestic waste streams for agriculture and related business models.

@ Springer

Address: International Water Management Institute, P. O. Box 2075,
Colombo, Sri Lanka.
e-mail: p.drechsel@cgiar.org

Guido Van Huylenbroeck is a full professor in Agricultural and
Rural Environmental Economics at Ghent University. He holds a
Ph.D. in agricultural economics and is a Doctor honoris causa of the
National University of Life and Environmental Sciences of Ukraine,
Aleksandras Stulginskis University in Lithuania and Slovak Agri-
cultural University. His research area is institutional economics,
agricultural policy and rural development. He is also a coordinator of
the Erasmus mundus international joint master degree in rural
development (IMRD).

Address: Department of Agricultural Economics, Ghent University,
Coupure Links 653, 9000 Ghent, Belgium.

e-mail: guido.vanhuylenbroeck @ugent.be

© Royal Swedish Academy of Sciences 2016
www.kva.se/en



	A livelihood in a risky environment: Farmers’ preferences for irrigation with wastewater in Hyderabad, India
	Abstract
	Introduction
	The case study
	Materials and Methods
	Choice experiment design and implementation
	Identification of attributes and their levels
	Experimental design
	Data collection

	Econometric model
	Willingness-to-pay

	Results and discussion
	Socio-economic and farm characteristics
	Water pollution: Experiences and awareness
	Farmers’ preferences
	Willingness-to-pay

	Conclusions
	Acknowledgments
	References




