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Addressing climate change impacts on agriculture is special challenge. There are number of factors that influence
the extent towhich farmers in a particular location adopt CSA technologies. This study applied a participatory as-
sessment method to assess farmers' preferences and willingness-to-pay for selected CSA practices and technol-
ogies in diverse rainfall zones. The study found that farmers' preferences for CSA technologies are marked by
some commonalities as well as differences according to their socio-economic characteristics and rainfall zones.
Themost preferred technologies by local farmerswere crop insurance, weather-based crop agro-advisories, rain-
water harvesting, site-specific integrated nutrient management, contingent crop planning and laser land level-
ling. The results also indicate that farmers' preferences and willingness-to-pay are influenced by technologies
and their cost of implementation. This study shows the potential for using a participatory CSA prioritization ap-
proach to provide information on climate change adaptation planning at local level.

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Climate change is emerging as amajor threat on agriculture, food se-
curity and livelihood of millions of people in many places of the world
(IPCC, 2014). Several studies indicate that agriculture production
could be significantly impacted due to increase in temperature (Lobell
et al., 2012; Aggarwal et al., 2009), changes in rainfall patterns
(Prasanna, 2014; Mall et al., 2006) and variations in frequency and in-
tensity of extreme climatic events such as floods and droughts (Brida
and Owiyo, 2013; Singh et al., 2013). The estimated impacts of both his-
torical and future climate change on cereal crop yields in different re-
gions indicate that the yield loss can be up to −35% for rice, −20% for
wheat, −50% for sorghum, −13% for barley, and −60% for maize de-
pending on the location, future climate scenarios and projected year
(Porter et al., 2014). Changes in crop cultivation suitability and associat-
ed agriculture biodiversity, decrease in input use efficiency, and preva-
lence of pests and diseases are some of the major causes of climate
change impacts on agriculture (Zabel et al., 2014; Norton, 2014). Agri-
culture production systems require adaptation to these changes in
order to ensure the food and livelihood security of farming communities.

There are several potential adaptation options to reducemoderate to
severe climatic risks in agriculture. Adaptation options that sustainably
increase productivity, enhance resilience to climatic stresses, and reduce
hhetri).
Marg, Pusa, NewDelhi 110012,
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greenhouse gas emissions are known as climate-smart agricultural (CSA)
technologies, practices and services (FAO, 2010). Broadly, CSA focuses
on developing resilient food production systems that lead to food and
income security under progressive climate change and variability
(Vermeulen et al., 2012; Lipper et al., 2014). Many agricultural practices
and technologies such asminimum tillage, differentmethods of crop es-
tablishment, nutrient and irrigation management and residue incorpo-
ration can improve crop yields, water and nutrient use efficiency and
reduce Greenhouse Gas (GHG) emissions from agricultural activities
(Branca et al., 2011; Jat et al., 2014; Sapkota et al., 2015). Similarly, rain-
water harvesting, use of improved seeds, ICT based agro-advisories and
crop/livestock insurances can also help farmers to reduce the impact of
climate change and variability (Mittal, 2012; Altieri and Nicholls, 2013).
In general, the CSA options integrate traditional and innovative prac-
tices, technologies and services that are relevant for particular location
to adopt climate change and variability (CIAT, 2014). In this study, we
consider a technology or practice as climate smart if it can help to
achieve at least one pillar of CSA (either increases productivity or in-
creases resilience or reduces GHG emission). For all adaptation options,
farmers need tomake ex-ante decisions under climatic risk, while mak-
ing short and long-run investments depending on the extent of current
climate variability and expected climate change in the future (Callaway,
2004).

The implementation of CSA technologies (hereafter CSA technolo-
gies indicate technologies, practices and services together) individually
or in combination have substantial potential to reduce climate change
impacts on agriculture. For example, Finger and Schmid (2007)
projected that simple adaptation measures such as changes in crop
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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sowing dates and adoption of irrigation technologies can result in
higher yieldswith less variations thanwithout adaptation. Ameta-anal-
ysis of crop simulation under several climate scenarios found that farm
level adaptations can increase crop yields by an average of 7–15%when
compared towithout adaptation (Challinor et al., 2014). Various studies
show that benefits of adaptation vary with crop and with temperature
and rainfall changes (Easterling et al., 2007). Similarly, several farm
level studies also suggest that adoption of CSA technologies can improve
crop yields, increase input use efficiency, increase net income and re-
duce GHG emissions (Khatri-Chhetri et al., 2016; Sapkota et al., 2014;
Gathala et al., 2011).

Despite the various benefits of CSA technologies, the current rate of
adoption by farmers is fairly low (Palanisami et al., 2015). There are
many factors that influence extent of adoption of CSA technologies
such as socio-economic characteristics of farmers, bio-physical
environment of a particular location, and the attributes of new
technologies (Campbell et al., 2012; Below et al., 2012; Deressa
et al., 2011). The identification, prioritization and promotion of
available CSA technologies considering local climatic risks and
demand for technology are major challenges for scaling out CSA
in diverse agro-ecological zones.

Basically, the identification and prioritization of CSA technologies
support climate change adaptation planning in agriculture by designing
an investment portfolio across various agro-ecological zones.When de-
signing CSA implementation strategies at the farm level, one must con-
sider adaptation options that are well evaluated and prioritized by local
farmers in relation to prominent climatic risks in that location (FAO,
2012). Despite the importance of prioritization of CSA technologies at
farm level, existing climate change adaptation programmes lack such
information for better adaptation planning. Evidences on farmers' prior-
itization can support key stakeholdersmake informed decisions that are
in line with government policies and institutional arrangements.

There are several prioritization approaches such as the use of simu-
lationmodels, expert judgement, household and key informant surveys,
participatory appraisal and hybrid methods (Mwongera et al., 2014;
Taneja et al., 2014; Claessens et al., 2012). This paper describes and ap-
plies a participatory assessment method of farmers' preferences and
willingness-to-pay for CSA technologies. This methodology was applied
in a state of Rajasthan in India which is the most vulnerable state to cli-
mate change in the country. This state has the highest level of rural
households (78.4%) dependent on agriculture (GoI, 2014). The agricul-
ture sector contributes about 20% of total Gross Domestic Product in Ra-
jasthan (UNDP, 2011). Frequent drought, extremely low and erratic
rainfalls and very limited availability of surface water resources are
major issues for climate change adaptation in Rajasthan (TERI, 2010).
The state has the maximum probability of occurrence of drought in
India with a 2–3 years return period (Pathak, 2011). This study uses
socio-economic data and climate information of the study areas to as-
sess farmers' preferences for CSA technologies in diverse rainfall zones
and that are highly vulnerable to climate change and variability. This
study area represents many similar climate change vulnerable locations
in the region.

2. Sites, data and methods

2.1. Sites and data

This study was conducted in 16 villages in four diverse rainfall
zones (ranging from 200 mm to 1000 mm rainfall per year) of Rajas-
than in India (Fig. 1). The moderate drought probability in the se-
lected districts (Bhilwara, Jhalawar, Jodhapur and Rajsamand)
ranges from 19% to 27% and severe drought probability is above 5%
(Gore et al., 2010). Rainfed agriculture is very common in the
study areas which is ranges from 44% to 85% (Table 1). The major
crops in Kharif (rainy season) include maize, soybean, bajra, Jawar,
groundnut and sesamum. The crops grown in Rabi (winter season)
include wheat, gram, mustard, lentil and barley. Maize-Wheat, Soy-
bean-Wheat, Maize-Pulses and Pearlmillet-Wheat/Pearlmillet-Mus-
tard are the major cropping systems.

This study has assessed a distribution of mean annual rainfall for last
30 years in the study areas. Average rainfall over last 30 years in
Bhilwara district is 582 mm/year with 31–40% coefficient of variation
(CV), Jhalawar 916 mm/year with 21–30% CV, Jodhapur 371 mm/year
with 41–50% CV and Rajsamand 512 mm/year with 21–30% CV. This
CV represents inter-annual variation in rainfall; the higher the CV, the
more variable is the year-to-year rainfall.

Four villages in each district were selected to assess farmers' prefer-
ences andwillingness to pay for climate-smart technologies after exten-
sive discussion with government officials, community service
organizations (CSOs) and key informants of the communities. These vil-
lageswere selected by considering different rainfall zoness, high depen-
dency on rainfed agriculture andhigh probability of drought prevalence.
A climate change and agricultural vulnerability assessment report (Rao
et al., 2013) also indicates that the agriculture in all selected districts is
highly vulnerable to climate change and variability.

Data for this study was obtained through survey and group discus-
sions with randomly selected group of 25–30 farmers in each village.
The research team had interacted with the selected farmers to assess
their understanding of climate change and variability, past climatic
threats and their impacts on agriculture, and what adaptation options
were available to them. A list of CSA technologies was developed
based on a review of past studies conducted in similar study areas
(Khatri-Chhetri 2016; Sapkota et al., 2015, Aryal et al., 2015; Jat et al.,
2014; Sapkota et al., 2014) and in consultation with researchers in the
region. We consider that any practice or technology that supports at
least one of the three pillars: productivity, resilience and mitigation in
agriculture under climate change and variability can be a CSA technolo-
gy. During the discussion, detail information about existing CSA tech-
nologies suitable for local conditions were provided to all farmers
(Table 2). This discussion helped to identify themost suitable CSA tech-
nologieswhich canminimize the climatic risks in each village. In-person
interviewswere also conductedwith farmers to collect their basic socio-
economic information.

This study used a stated preference method to analyse farmers'
choice of CSA technologies in diverse rainfall zones. In the stated prefer-
ence method, respondents are asked about their preferences in a list of
technologies. Whereas in the revealed preference method, actual adop-
tion of technology or related technology reveals farmers' preferences
and themarket value is available for that technology. The revealed pref-
erence methods can be an appropriate tool to assess farmer's prefer-
ences, but it is difficult to obtain sufficient variation in the preference
data to examine all variables of interest (Kroes and Sheldon, 1988).
Therefore, many studies on valuation of environmental services
and consumers' preferences ranking use stated preference method.
In this study, farmers' preferences for climate-smart technologies
were obtained in two steps. In first step, farmers' were organized
into a group of 5–6 for discussion on CSA technologies and then
asked to score each technology from 0 to 3 scale (0 = no prefer-
ences, 1 = low preference, 2 = medium preference, and 3 = high
preference). These values were converted to percentiles and catego-
rized into four classes (Table 3).

In the second step, the study team conducted a bidding exercise
using pseudo money for only those technologies that were highly pre-
ferred by the farmers in the scoring exercise. All selected technologies
were further weighted ranging between a 0 to 100 scale based on pay-
ment schedule in terms of bidding amounts and categorized into four
preference classes (poor, low, medium and high). The weight for each
technology frombidding exercisewas estimated based on following for-
mula:

Wt ¼ Amount of bid on a technology
Cumulative amount of bids for all the technologies

� 100



Fig. 1.Map of study area indicating Rajasthan state of India and selected districts in Rajasthan.
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Wtav ¼ Sum of weights assigned by the farmers
No:of farmers participating in the building

Wtm ¼ 100
Number of technologies included in the building

where,Wt is technologyweight in bidding game,Wtav is averageweight
of technology assigned by farmers and Wtm represents mean weight of
technologies if all technologies had same weight. Based on these
Table 1
Percentage of rainfed agriculture and major crops in the study areas.

Districts Percent of rainfed agriculture Major Kharif crops (based on tot

Bhilwara 69 Maize, Jawar, Urad, Sesamum, M
Jhalawar 77 Soybean, Maize, Urad, Sesamum,
Jodhpur 85 Bajra, Moong, Jawar, Groundnut,
Rajsamand 44 Maize, Jawar, Cotton, Sesamum,
weights, technologies were classified into two groups on following
bases: i) high-weighted CSA technology, if Wtav ≥ Wtm, and ii) low-
weighted CSA technology, if Wtav ≤ Wtm. These technologies were fur-
ther weighed on the basis of frequency of their distribution from 0 to
100 scale and finally arranged into four groups, similar to scoringmeth-
od (Table 4). The frequency of distribution represents number of
farmers preference for particular technology.

The scoring and biddingmethods of preferences for the technologies
were statistically tested by using chi-square (χ2) test. Total number of
responses in each preference level (1 to 4) in scoring and bidding
al area under the crop) Major Rabi crops (based on total area under the crop)

oog Wheat, Gram, Mustard, Barley, Lentil
Jawar Wheat, Gram, Mustard, Lentil
Sesamum Mustard, Wheat, Gram, Barley
Groundnut Wheat, Barley, Mustard, Gram



Table 2
Selected climate smart options to assess farmers' preferences.

Technology Adaptation/mitigation potential

1. Water-smart

• Rainwater Harvesting (RH)
• Drip Irrigation (DI)
• Laser Land Levelling (LL)
• Furrow Irrigated Bed Planting (FIBP)
• Drainage Management (DM)
• Cover Crops Method (CCM)

Interventions that improve water use efficiency

• Collection of rainwater not allowing to run-off and use for agricultural in rainfed/dry areas and other purposes on-site.
• Application of water directly to the root zone of crops and minimize water loss
• Levelling the field ensures uniform distribution of water in the field and reduces water loss (also improves nutrient use efficiency)
• This method offers more effective control over irrigation and drainage as well as rainwater management during the
monsoon(also improves nutrient use efficiency).

• Removal of excess water (flood) through water control structure
• Reduces evaporation loss of soil water (also adds nutrients into the soil)

2. Energy-smart

• Zero Tillage/Minimum Tillage (ZT/MT)

Interventions that improve energy use efficiency

• Reduces amount of energy use in land preparation. In long-run, it also improves water infiltration and organic matter retention
into the soil

3. Nutrient-smart

• Site Specific Integrated Nutrient
Management (SINM)

• Green Manuring (GM)
• Leaf Color Chart (LCC)
• Intercropping with Legumes (ICL)

Interventions that improve nutrient use efficiency

• Optimum supply of soil nutrients over time and space matching to the requirements of crops with right product, rate, time and
place

• Cultivation of legumes in a cropping system. This practice improves nitrogen supply and soil quality
• Quantify the required amount of nitrogen use based on greenness of crops. Mostly used for split dose application in rice but also
applicable for maize and wheat crops to detect nitrogen deficiency

• Cultivation of legumes with other main crops in alternate rows or mixed. This practice improves nitrogen supply and soil quality.
4. Carbon-smart

• Agro Forestry (AF)
• Concentrate Feeding for Livestock (CF)
• Fodder Management (FM)
• Integrated Pest Management (IPM)

Interventions that reduce GHG emissions

• Promote carbon sequestration including sustainable land use management
• Reduces nutrient losses and livestock requires low amount of feed
• Promote carbon sequestration including sustainable land use management
• Reduces use of chemicals

5. Weather-smart

• Climate Smart Housing for Livestock
(CSH)

• Weather based Crop Agro-advisory
(CA)

• Crop Insurance (CI)

Interventions that provide services related to income security and weather advisories to farmers.

• Protection of livestock from extreme climatic events (e.g. heat/cold stresses)
• Climate information based value added agro-advisories to the farmers
• Crop-specific insurance to compensate income loss due vagaries of weather

6. Knowledge-smart

• Contingent Crop Planning (CC)
• Improved Crop Varieties (ICV)
• Seed and Fodder Banks (SFB)

Use of combination of science and local knowledge

• Climatic risk management plan to cope with major weather related contingencies like drought, flood, heat/cold stresses during
the crop season

• Crop varieties that are tolerant to drought, flood and heat/cold stresses
• Conservation of seeds of crops and fodders to manage climatic risks

Note: these technologies, practices and services directly or indirectly contribute to improve productivity, enhance resilience and reduce GHG emission. Technologies/practices that help to
improve at least one component can be considered as CSA. Same technology can help to improve all three elements of CSA.
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methodswere used for the χ2 test. The null hypothesis was that farmers
preferences are not different on scoring and biddingmethods. The com-
parison between twomethods indicates whether the costs of technolo-
gy adoption is an important constraint or not to farmers for adoption of
particular CSA technology.
Table 3
Rating and ranking criteria to evaluate farmers' preference over CSA technologies by scor-
ing method.

Rating scale Level of preference Percentile Class/assigned value

0 No preference 0–25 Poor (1)
1 Low 26–50 Low (2)
2 Medium 51–75 Medium (3)
3 High 75–100 High (4)
2.2. Empirical model

The multinomial model is used to analyse the determinants of
farmer's choice of CSA technologies. The design and implementation
of CSA programmes require to consider the variables thatmay influence
farmers' investment decisions on a particular technology. Several socio-
economic and climatic variablesmay influence a farmer's decision to in-
vest in a particular CSA technology. This study modelled CSA adoption
behaviour of farmers using discrete dependent variable with multiple
choices. Somemultinomial variables (e.g. preferences for CSA technolo-
gy, technology ratings and opinion surveys) are inherently ordered. In
these cases, although the outcome is discrete, the multinomial logit
models would fail to account for ordinal nature of a dependent variable
(Beggs et al., 1981; Hausman and Ruud, 1986). Thus, the ordered probit
modelwas used to analyse the determinants of farmer's choice over CSA
technologies. A multinomial ordered probit model can be represented
as follow (e.g. Green, 2007):

∑
j

j¼1
Pn jð Þ ¼ F α j−β jXn; θ

� �
; j ¼ 1;…………:: J−1

Pn Jð Þ ¼ 1−∑
J−1

j¼1
Pn jð Þ

where, Pn(j) is the probability that farmer n (n=1,……, N) choices CSA
technology j, αj unknown parameter to be estimatedwith βj, Xn is a vec-
tor of characteristics specific to farmers and location, βj is a vector of



Table 4
Level and value of technology preferences in bidding method.

Wtav ≥ Wtm

Frequency ≥ 50%
High (4)

Wtav ≤ Wtm

Frequency ≥ 50%
Medium (3)

Wtav ≥ Wtm

Frequency ≤ 50%
Low (2)

Wtav ≤ Wtm

Frequency ≤ 50%
Poor (1)

Table 6
Most preferred CSA technologies in different rainfall zones.

Rainfall b 600 mm/year Rainfall 600–800 mm Rainfall N 800 mm/year

Crop insurance (88%) Weather based crop
agro-advisory (86%)

Crop insurance (80%)

Rainwater harvesting
(84%)

Crop insurance (86%) Weather based crop
agro-advisory (78%)

Fodder management
(83%)

Laser land levelling (85%) Climate smart housing
for livestock (75%)

Weather based crop
agro-advisory (80%)

Rainwater harvesting (79%) Agro-forestry (74%)

Contingent crop
planning (80%)

Agro-forestry (78%) Site-specific integrated
nutrient management (71%)
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coefficients, and the shape of the probability distribution function, F, is
determined by θ parameter. We assume that the error term is normally
distributed across observations, therefore, mean and variance of error
term are normalized to zero and one. In this ordered probit model, the
probability of choosing a particular CSA technology can be stated as fol-
low:

Pn 1ð Þ ¼ Ф α1−β jXn
� �

Pn jð Þ ¼ Ф α j−β jXn
� �

−Ф α j−1−β jXn
� �

; j ¼ 2;………; j ¼ 1

Pn Jð Þ ¼ 1−∑
J¼1

j¼1
Pn jð Þ

where, Ф is the cumulative standard normal distribution function. For
all probabilities to be positive, we must have 0 b α1 b α1 b …….
bαJ − 1. Based on this function, a log-likelihood function and its deriva-
tives can be readily estimated. This method is also used to analyse the
determinants of climate change adaptation choices in agriculture in var-
ious locations (Balew et al., 2014; Gbetibouo, 2009).

The dependent variable in empirical estimation is farmer's
preferences over a CSA technology from a set of technologies listed in
Table 2. The explanatory variables for this study include household
characteristics such as farmers' age, gender, caste, income, landholding
size, farming systemand locations. These explanatory variableswere se-
lected based on data availability and literature. Farmers' age and gender
significantly influence the choice of technologies to climate change ad-
aptation in agriculture (Nhemachena and Hassan, 2007; Maddison,
2006). Similarly, their economic status (e.g. income and poverty level)
and their resource endowment (e.g. landholding size) also influence
the adoption of CSA technologies (Deressa et al., 2011; Knowler and
Bradshaw, 2007). Farmers' priorities on CSA technologies also differ
based on farming systems and locations (Taneja et al., 2014). Table 5
provides a description of explanatory variables that were used for esti-
mation of ordered probit model. The location variable represents an ef-
fect of prevailing climatic condition (rainfall zones) in farmers' priority
for a particular CSA technology.
Table 5
Description of the independent variables.

Variable Description

Experienced farmer Experienced farmers, 1 = respondent's
age N 30 years, 0 = otherwise

Gender Gender of respondent, 1 = woman
farmer, 0 = otherwise

Caste Caste of respondent, 1 = general caste,
0 = otherwise

Income Household income, 1 = income below
30,000/year, 0 = otherwise

Small landholders Land holding size, 1 = landholding below
2.5 ha, 0 = otherwise

Rainfed farming Farming system, 1 = rainfed, 0 = otherwise
Location with rainfall b600 mm/year Study area, 1 = location with rainfall

b600 mm/year 0 = otherwise
3. Results and discussion

3.1. Farmers preferences for CSA technologies

Of the 21 different CSA technologies, 13 technologies were highly
preferred by farmers in scoring activity and those technologies were
considered for bidding exercises. After scoring and bedding of the se-
lected technologies, we compared farmers' overall preferences for dif-
ferent CSA technologies based on annual rainfall level (mean mm/
year) and coefficient of variation (CV) in annual rainfall in the study
area. Results indicate that farmers' preferences for CSA technologies
are marked by some commonalities as well as differences. The ranking
for each technology is based on average frequency of responses in scor-
ing and biddingmethods: 76–100=high (4th rank), 51–75=medium
(3rd rank), 26–50 (2nd rank) = low, 0–25 = poor (1st rank). Table 6
presents most preferred CSA technologies in different rainfall zones.
Top five preferred CSA technologies in all rainfall zone include crop in-
surance, rainwater harvesting, fodder management, weather based
crop agro-advisory, contingent crop planning, laser land levelling,
agro-forestry, climate smart housing for livestock and site specific inte-
grated nutrient management (Table 6).

Fig. 2 presents top five CSA technologies preferred by farmers in dif-
ferent rainfall zoness. N80% of the farmers in low rainfall zones pre-
ferred crop insurance, rainwater harvesting and storage, fodder
management, crop agro-advisories and contingent crop planning,
whereas preferences for these technologies were low and varied in
high rainfall zones. For instance, rainwater harvesting and crop insur-
ance were less important for farmers in high rainfall zones.

This study also finds that farmers' preferences for CSA technologies
in low annual rainfall areas and high CV of annual rainfall have com-
monalities. Similar results were also found in areas with high annual
rainfall and low CV of annual rainfall. One of the reasons was that the
level of rainfall (mm) and CV in annual rainfall (%) were negatively
Fig. 2. Top five CSA technologies preferred by the farmers in the different rainfall zones.
CI = crop insurance, RWCS = rainwater harvesting, FM = fodder management, CA =
weather based crop agro-advisories, CC = contingent crop planning.



Fig. 3. Comparison between scoring and bidding methods of preferences over the CSA technologies. Abbreviations of CSA technology names can be found in Table 2.
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correlated (lower the rainfall, higher the CV). Highly preferred technol-
ogies in all areas were crop insurance, weather based crop agro-advi-
sories, rainwater harvesting, contingent crop planning, and site
specific integrated nutrient management. Surprisingly, farmers in
these locations have shown low levels of preference for improved
crop varieties, seed and fodder banks and integration of legumes in
the cropping system. The adoption of these technologies can also help
to offset the impact of climate change and variability on agriculture.
Our results indicate that farmers are willing to adopt some risk reduc-
tion technologies such as crop insurance, agro-advisories, and rainwater
harvesting that can be supported by the government through technical
and financial services.
3.2. Difference in preferences in scoring and bidding methods

We compare farmers' preferences for CSA technologies between
scoring and bedding methods based on chi-square (χ2) test. Fig. 3 pre-
sents the results of test for 13 different CSA technologies that were of-
fered to farmers. Farmers' preferences for integrated pest
management, crop insurance, rainwater harvesting, laser land levelling
and foddermanagement are not significantly different between scoring
and bidding methods. However, their preferences for site specific inte-
grated nutrient management, weather based crop agro-advisories,
drip irrigation, furrow irrigated bed planting, agro-forestry, climate
smart housing for livestock, concentrate feeding for livestock, and con-
tingent crop planning differed significantly between scoring and bid-
ding methods. Farmers' preferences for all of these technologies in
bidding were lower than in the scoring method. This result indicates
that farmers' preferences and willingness-to-pay differ based on the
technology and the cost of implementation. Implementation of these
Table 7
Parameter estimates of the multinomial ordered probit model.

Variable SINM IPM CA LL

Experienced farmers
(N30 years age)

0.358** (0.154) 0.410*** (0.157) 0.220 (0.173) 0.264* (0.16

Female farmers −0.154 (0.148) 0.287* (0.153) 0.291* (0.172) 0.195 (0.15
Caste −0.327 (0.283) −0.124 (0.284) −0.728** (0.296) 0.582* (0.32
Low income farmers 0.458*** (0.180) 0.421** (0.182) −0.110 (0.204) 0.929*** (0.
Small landholders −0.255 (0.181) 0.237 (0.179) 0.375** (0.194) −0.073 (0.
Rainfed farming 0.223 (0.165) 0.585*** (0.171) 0.248 (0.185) −0.304* (0
Location with rainfall
b600 mm/year

1.535*** (0.150) 1.594*** (0.153) 2.335*** (0.183) 1.875*** (0.

N = 346
Log = −340
R2 = 0.15

N = 346
Log = −340
R2 = 0.17

N = 346
Log = −248
R2 = 0.32

N = 346
Log = −33
R2 = 0.24

*, ** and *** indicates significant at 10%, 5% and 1% level. Note: SINM=site specific integrated nutrien
laser levelling, RWHS = rain water harvesting and storage, CSH = climate-smart housing for lives
technologies may increase farmers' financial burden so that they
might be reluctant to invest on the technologies.

3.3. Determinants of farmers' choice of CSA technologies

In the initial multinomial ordered probitmodel, many variables such
as livestock size, family size, education, access to market and member-
ship with farmers group were added to the model. These variables
were dropped, as they were not statistically significant for all selected
CSA technologies. Table 7 presents the results of ordered probit model
for 8 different CSA technologies. Themodel for drip irrigation, furrow ir-
rigation and bed planting, fodder management and agro-forestry did
not fit well; thus they are not included in the results.

Results indicate that the age of farmer has significant effect in the
ranking of CSA technologies. The choice of site specific integrated nutri-
entmanagement, integrated pest management, laser land levelling, and
crop insurance are positively influenced by the farmer's age.More expe-
rienced farmers are more likely to choose these technologies. However,
experienced farmers are less likely to choose rainwater harvesting tech-
nologies for climate change adaptation. Female farmers prefer integrat-
ed pest management, weather based crop agro-advisories and
contingent crop planning compared to male farmers. Their preference
for rainwater harvesting and climate smart housing for climate change
adaptationwere significantly negative. Similarly, preferences forweath-
er based crop agro-advisories and crop insurance were low for general
caste farmers.

The results also indicate that low income farmers are more likely to
prefer site specific integrated nutrient management, integrated pest
management, laser land levelling compared to rainwater harvesting,
contingent crop planning and crop insurance. Low income farmer may
able to invest on these low cost technologies for adaptation to climate
RWHS CSH CP CI

3) −0.405** (0.165) 0.152 (0.69) 0.212 (0.207) −0.335** (0.173)

6) −0.328** (0.159) −0.501*** (0.160) 0.358* (0.208) −0.120 (0.171)
2) −0.158 (0.322) −0.289 (0.307) −0.288 (0.328) −0.917*** (0.292)
190) −0.646*** (0.219) −0.606*** (0.214) −1.149*** (0.364) −0.381* (0.220)
181) −0.259 (0.198) 0.265 (0.194) 0.456* (0.249) 0.340* (0.205)
.168) 0.309* (0.178) −0.296* (0.178) 0.706*** (0.236) 0.187 (0.195)
160) 2.057*** (0.183) 2.724*** (0.335) 7.506 (138.14) 2.0476*** (0.190)

0
N = 346
Log = −260
R2 = 0.26

N = 346
Log = −256
R2 = 0.31

N = 346
Log = −170
R2 = 0.45

N = 346
Log = −226
R2 = 0.35

t management IPM= integrated pestmanagement, CA=weather-based crop advisories, LL=
tock, CP = contingent crop planning, and CI = crop insurance.
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change. The integrated pest management and contingent crop planning
technologies aremore preferred than other technologies by the farmers
in the rainfed system. Farmers' preferences on integrated pest manage-
ment, rainwater harvesting and contingent crop planning are signifi-
cantly positive in rainfed areas. The model results also indicate that
farmers in areas with low annual rainfall prefer site specific integrated
nutrient management, integrated pest management, crop advisories,
laser land levelling, rainwater harvesting, climate smart housing for
livestock and crop insurance. These technologies can help to minimize
the impacts of low rainfall and changes in rainfall patterns in dry
areas. This result suggests that farmers' preferences on CSA technologies
significantly differ according to the rainfall zones too. In low rainfall
zone, more farmers are interested on CSA technologies in order to min-
imize the climatic risks, mostly water scarcity and droughts.
4. Conclusions and policy implications

This study provides insights into how farmers' priorities for CSA
technologies are linked with prevailing climatic conditions of a particu-
lar location, socio-economic characteristics and willingness to pay for
available technologies. Farmers' priorities for CSA technologies may dif-
fer according to climatic conditions and perceived risks. For instance,
farmers in a locationwith low rainfall and high CV in annual rainfall pre-
fer risk mitigation technologies such as crop insurance, weather-based
crop agro-advisories and rainwater harvesting. Their preference for
CSA technologies significantly changes in high rainfall zones. Conse-
quently, policies and programmes aimed at promotingCSA technologies
should focus on site specific technologies that are relevant to the local
farmers.

This study also found that farmers' preferences and willingness to
pay for CSA technologies significantly differ based on potential benefits
and costs of technologies as informed to them. Even in the bidding exer-
cise with pseudo currency, farmers' preferences for most of the CSA
technologies were significantly different between the scoring and bid-
dingmethods. This result suggests that farmersmay not bewilling to in-
vest on many CSA technologies even if there are foreseen benefits.
Therefore, adaptation policies need to emphasize on the crucial role of
providing information about available CSA technologies and creating fi-
nancial resources to enables farmers to adopt various CSA technologies
that are relevant for their location.

The empirical estimation based on the ordered probit model reveals
that many socio-economic and location specific variables have a signif-
icant effect on farmers' preferences towards a particular CSA technolo-
gy. Farmers' priorities may differ from technology to technology based
on their age, gender, landholding size, income level, farming system
and location. These results imply that a thoughtful and balanced policy
response is required to dealwith a demand for CSA technology for a par-
ticular social group in a particular location.

Finally, the prioritizationmethod used in this study and results could
have large implications to design and implement a climate change ad-
aptation programme in agriculture. As we know that adoption of CSA
technologies is largely dependent on farmers' priorities and their will-
ingness-to-pay, participatory evaluation and prioritization of CSA tech-
nologies can provide clear guidelines for existing and new climate
change adaptation policies in agriculture and allied sectors. This assess-
ment of technology preferences is based on farmers' current level of un-
derstanding about benefits and costs of individual CSA technology. This
study also indicates that farmers prefer some risk mitigation technolo-
gies such as crop insurance, agro-advisories and rainwater harvesting
that can be supported by the government. Therefore, farmers' prefer-
ences for CSA technologies may differ based on their expectations of fi-
nancial support from the government and other agencies. Similarly,
their preferences may differ based on the combination of CSA technolo-
gies and their potential benefits for adaptation to climate change. These
issues need to be further explored.
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