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The farmer’s adaptation decision to cope with climate change has drawn considerable attention and recognition
of the local and global scale’s human-environmental approach. In this paper, we tried to understand the human
dimension of adaptation decision of farmers in rural India. We analyse the farmer’s perception of climate change
and socio-economic determinants of farm household which influence adaption decisions and adaptation strategies
choices. We conducted a micro-level assessment of 700 farmers and farm households in seven districts of the Bihar
state of northern India. The data is analysed through descriptive statistics and logistic regression. The study finds
that 80 per cent of the surveyed farmers perceive and predict climate changes and choose to adopt. This study
found that the key socio-economic variables such as the farmer’s age, gender, household size, education level, off-
farm income, and farm-size influence farmers’ adaptation decisions. This study will help identify the critical
household characteristics that may be integrated into future policy formulation and implementation to be inte-
grated into future policy formulation and a successful adaptation future.
1. Introduction

Climate change impacts on agriculture impinge complex economic,
social, and political crisis globally. The nexus of climate change, agri-
culture, and food security appear to be more intense and complicated
with devastating impacts for developing countries (Rosenzweig and
Parry, 1994; IPCC 2007; 2014; Pandey et al., 2017; Ojo and Baiyegunhi
2019; Omerkhil et al., 2020). Among all developing countries, India has
been recognized as one of the most vulnerable developing countries to-
wards climate change risks (IPCC, 2014; Guntukula, 2020; Praveen and
Sharma, 2019). Climate change is a continuous process; without any
counteracting responses, the magnitude and intensity will only increase
in the future. Adaptation has been proposed as a critical policy option for
combating the unavoidable consequences of climate change by several
researchers (Huang and Sim, 2021; Khannal et al., 2021; Dorward et al.,
2020; Turner-Walker et al., 2021; Holland et al., 2017; Smit and Skinner,
2002; Below et al., 2012).

Agricultural adaptation entails adjustments of agronomic and agro-
management practices towards the prevailing or predicted climate con-
ditions to reduce the vulnerability and ensure a climate-resilient farming
system (Paudel et al., 2014; Jha et al., 2017). Food production can
significantly increase under the adverse effect of climate change if
gement Ahmedabad(IIMA), Vikra
. Jha), Vijaya298@gmail.com (V

1 March 2021; Accepted 13 Mar
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appropriate region-specific adaptation measures are adopted (Bradshaw
et al., 2004; Di Falco et al., 2011). Several researchers have conducted a
micro-level assessment to examine factors determining adaptation
behavior and estimated the impact on farmers’ wellbeing under climate
change (Di Falco et al., 2012; Singh, 2020). Success full adaptation will
require multiple stakeholders, including farmers, policymakers, exten-
sion agents, NGOs, researchers, communities, and the private sector
(Bryan et al., 2009, 2013; Below et al., 2010; Fraser et al., 2011). The
policymakers can enhance the adaptive capacity of farm-household by
providing credit, information, input, and extension and farm advisory
services, among other measures (Maddison, 2007; Nhemachena and
Hassan, 2008; Gbetibouo, 2009; Deressa et al., 2009; Hisali et al., 2011;
Tambo and Abdoulaye, 2012; Gorst et al., 2018). In developing countries,
several socio-economic, geographical, and meteorologicalconditions
obstruct adaptation, and therefore, coping with climate change is often
challenging (IPCC 2007; 2014; Patnaik and Das 2017; Singh et al., 2018;
Khan et al., 2020; Omerkhil et al., 2020).

The human dimension of agricultural adaptation identifies a farmer’s
agency as a planner, performer, and innovator (Crane et al., 2010)
working under a specific socio-economic, cultural and ecological setting
(Bryan et al., 2013; Deressa, 2007). The human dimension approach of
adaptation focuses on farmers’ perception of climate change based on
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Fig. 1. Map of the selected villages’ geographical location from seven districts along with the river basin of Bihar, India.
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past experiences in dealing with risks and uncertainties. Accordingly,
farmers develop their adaptive capacities and make decisions on local
adaptation strategies. Farmer’s perception of climate change and risk in
the short and long run both impact the farmer’s choice of adaptation
strategies (Jodha et al., 2012; Ayanlade et al., 2017). The adaptation
process encompasses the interdependence of agents through their re-
lationships with each other at the micro-level, with the institutions in
which they reside and the resource base on which they depend (Adger
et al., 2003). An understanding of how farmers engage themselves in the
decision-making process and the significant factors that induce and
enhance adaptation responses is, therefore, imperative (Ojo and Baiye-
gunhi 2019).

Successful and efficient adaptation depends on three critical factors;
timely recognition of the need, the incentive, and the ability to adapt
(Fankhusher et al., 1999). Identifying the need for adaptation requires
the farmer to perceive and realise the actual climate changes (Bryan
et al., 2009) and alter the traditional farming practices to maximize
returns in each new environment (Sanghi and Mendelsohn, 2008).
2

Analysis of farmer’s perception of climate change is a prerequisite for
assessing their adaptation decisions. Decision-making by the farmer
under constraints is quite challenging due to the time lag between
gathering and processing information and realisation of adaptation (de
Jal�on et al., 2018). The importance of farmers’ perception of climate
change in farm-level adaptation literature is widely recognized (Madison,
2007; Bryant et al. 2000, 2009; Nhemachena and Hassan, 2008; Gbeti-
bouo, 2009; Kawadia and Tiwari, 2017; Singh, 2020). The climatic fac-
tors include an increase/decrease of temperature and precipitation
levels, regional monsoon variations, the local incidence of climate ex-
tremes (e.g., flood, drought, cyclones, and frosts). It is essential to un-
derstand and identify the climatic factors, considered by farmers for
framing their perceptions on climate change (Khanal, 2014; Tripathi and
Mishra, 2017; Zamasiya et al., 2017). Farmers give more significance to
recent climatic events as information based on past personal experience
and external sources differ significantly due to climate uncertainty
(Hansen et al., 2004). Inter-annual variations in temperature and climate
extremes are usually observed over the short term and are more erratic
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and uncertain. Farmers are traditionally concerned about seasonal
climate forecasts as such changes leave very less response time and
limited scope for efficient decisions.

Farmer’s perception of climate events does not guarantee adaptation
measures (Gbetibouo, 2009; Bryan et al., 2009) as several factors might
jeopardies their ability to adapt. The ability to adapt depends on the
cognitive skills of farmers, which varies across households and is influ-
enced by demographic features such as age, educational qualification,
gender, and geographic location, ethnicity, and other socio-economic
parameters (Gbetibouo, 2009; Deressa et al., 2009; Maddison, 2007;
Below et al., 2010; Dumenu and Obeng, 2016; Khanal et al., 2018; Khanal
and Wilson, 2019; Funk et al., 2019; Mehar et al., 2016; Omerkhil et al.,
2020). The adaptive capacity of farm-households depends on several
socio-economic and demographic factors such as family size, age, gender,
education level, and farm-size and vary at regions and local level (Opiyo
et al., 2015; IPCC, 2014; Niles et al., 2015).

This study analyses farmers’ perception of climate change and socio-
economic factors in influencing farmers’ decision to adopt strategies in
the adaptation to climate change. The primary data was collected from
700 farm households in the districts of Bihar state, India, and analysed to
assess adopting eleven adaptation strategies. The paper is structured into
five sections. Section 2 discusses methods and materials, including
questionnaire designing and the description of the survey area. Section 3
Analyses results and discusses the outcomes. Section 4 concludes the
paper with policy implications.

2. Methods and materials

2.1. Study area

The study is conducted in the State of Bihar in Eastern India, where 89
per cent of the population and 77 per cent workforce live in rural areas,
and involved in the agrarian and allied activities and contributed 18.1per
cent of the gross domestic product (GSDP) in 2014-15 (Economic Survey
of India, 2015–16). The State of Bihar extends from the 24� north to 27�’
north latitude, hence fall under tropical to a subtropical region and
characterised by high temperature, mild humidity, medium to high
rainfall, and short and dense winter. The average annual precipitation is
1176.4 mm. The seasonal variation of atmospheric pressure over the
State occurs systematically with a maximum in the winter and a mini-
mum in the monsoon season. Bihar being an inland State, does not
experience the full fury of severe storms/depression-like the coastal
regions.

The total geographical area of Bihar is about 94.2 thousand square
km, and the river Ganges divides the state into two, the south and the
north Bihar. The state falls under Middle Gangetic plains and broadly
characterised into three sub-sub-agro-climatic zones based on climatic
and hydrophysical attributes such as North West Alluvial Plains, North
East Alluvial Plains, and South Bihar Alluvial Plains. Our surveyed dis-
tricts fall in all the above three sub-agro-climatic zones. The annual
natural rainfall varies between 990 and 1700 mm. The major rainy
season in the state is from July to September. The irony is that even
though the State gets good precipitation and water reservoirs, it suffers
from severe droughts intermittently that intrinsically leads to famine.
The state categorized as a flood-prone area as 76 per cent of the north
Bihar population was impacted by the threat of flood devastation. The
State has started experiencing a decline in the volume of rainfall, rainy
days and an increase in temperature (Giri, 2015). The climate change is
likely to worsen the problem further with highly uneven and erratic
rainfall, floods and severe droughts. The location of districts and villages
chosen for our study are shown in Fig. 1.

2.2. Sample selection

In the first stage, we randomly selected seven districts out of 38 dis-
tricts of Bihar. The randomly selected districts fall under the state’s sub-
3

agro-climatic zone, which has different climatic and hydrological attri-
butes along with different soil characteristics. We randomly selected 72
villages from these seven districts based on the district headquarters’
distance in the second stage. We tried to capture the close villages (less
than 10 km) and far (10–70 km) from headquarters. The farm households
from the first village category will always have an advantageous position
in access to market and institutional support and vice-versa (Pandey and
Jha, 2012). The farm households’ preliminary information has been
collected from the office of the head of the village. In the third stage, we
selected 735 farm households randomly from these 72 villages for pri-
mary data collection. Finally, we statistically analysed data of 700 farm
households after removing outliers and incompleteness. The sample size
successfully captured the farm households from different landholding
sizes, such as marginal, small, medium, and large. The location of dis-
tricts and villages chosen for our study are shown in Fig. 1.

2.3. Questionnaire design

We developed a structured questionnaire to collect farm household
level information related to their climate change perception, socio-
economic attributes and adaptation strategies to cope with climate
change. The structure of the questionnaire was based on the systematic
framework. The adaptation decisions of the farm household are sum-
marised in Fig. 2. The open-ended questions were asked to farm house-
holds to capture the alter in agricultural practices to minimise the impact
of perceived changes in temperature and precipitation. We have identi-
fied eleven adaptation strategies listed in Table 1. The first category of
strategies is at the farm level, which directly involved in improving
agricultural yield based on farm households’ perception of climate
change and variability. The second category of adaptation strategies is for
improving farm households’ welfare. It, therefore, focuses on strength-
ening their income through income diversification, which includes
measures of migration to an urban area, changing land from farm to non-
farm activity, leasing land for commercial activity. These measures are
expected to enhance the farm households’ adaptive capacity and lessen
their vulnerability to climate change. The third category of adaptation
strategies is risk diversification and minimization, including crop insur-
ance and diversification in agriculture through planting vegetable and
horticultural crops. We also analyse farmers’ responses to determine the
socio-economic and demographic explanatory variables which influence
their decisions to adopt or not to adapt. These variables are the education
level of farmers, household size, ownership of livestock, gender, age,
sources of the farm, and non-farm incomes.

For assessing farmer’s perception of changes in precipitation levels,
farmers were asked, ‘Have you observed any long-term changes in the
mean rainfall over the last 20 years?We have usedmental map technique
to quantify farmer’s observation and perception of climate variation
based on the ethnographic studies which confirm that individuals can
correctly recognise the variation in climate over a decade or longer based
on personal experience (Marin, 2010; West et al., 2003, 2008). Based on
their answer (i.e., if, yes) they were further asked whether the rainfall
levels have increased, decreased or remained the same? Also, farmers
were asked to state their experience for the extremeweather events based
on their impact on crops as per the number of occurrences of such ex-
tremes in the past 20 years. The types of extreme climate events identi-
fied for the study region are flood, drought, cyclone, frost, and sheer
hotness. The magnitude of impact measured at different scales ranging
from 1 to 5 (1 ¼ No impact, 2 ¼ low, 3 ¼ medium, 4 ¼ high, 5 ¼ very
high). The occurrence of climate extremes considered at every five-year
interval.

2.4. Statistical analysis

We used descriptive statistics and statistical inference to analyse the
socio-economic profile, farmers’ perception of climate change and
adaptation strategies of the surveyed household. We used cross-



Fig. 2. Schematic conceptual frameworks of farmer’s adaptation decisions.
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tabulation and considered four cognitive cases to analyse the farmer’s
perception and adaptation. These are 1) perceive/predict climate
changes and decide to adopt 2) perceive/predict climate changes yet not
being able to adapt because of the constraints, 3) do not perceive/predict
any climate changes and therefore do not adapt, and 4) do not perceive/
predict any climate change yet undertake adaptation by choice.

In the first stage farmers first perceived the change in climatic pa-
rameters and at the second stage farmers decide to adopt coping strate-
gies to minimise the impact of climate change. The farmer’s decision to
adopt the particular adaptation strategies is associated with the expected
utility from those particular strategies. For example, the farmer will
adopt water conservation strategies if he is aware that the expected
utility to adapt is greater than utility derived in the case of no adaptation.

Let’s assume the latent variable (Y*ij), which is equal to expected
utility derived from the adoption of certain adaptation measures can be
presented as the function of an explanatory variable
4

Y*
ij ¼ αþ βjXi þ εy*ij
Where Y*ij is an expected outcome with subscript i which represent that
ith farm household is adapting jth adaptation strategies. Xi represents the
household characteristics i.e. explanatory variables affecting farmers’
adaptation decision, and i represent the specific household characteris-
tics. The denotes the model intercept, βk is the vector of binary regression
coefficient and εY*

ij
ffi N (0, σ2) is the error term that normally is

distributed and homoscedastic i.e. zero mean and constant variance) (W.
Hosmer and Lemeshow, 2000).

We assume that,

Yij ¼
(
1 if Y*

ij > 0

0 if Y*
ij < 0

Where Yij is an observed expected outcome after adapting the jth



Table 1
Description of variables queried in the survey instrument.

Variables Description Data Type Source

Age Age of the farmer/household head Continuous Maddison, 2007; Nhemachena and Hassan (2008);
Abid et al. (2016); Opiyo et al. (2015)

Gender Gender of the farmer/household age (1 ¼ male, 0 ¼ female Binary (1,0) Maddison, 2007; Nhemachena and Hassan, 2008;
Singh, 2020; Abid et al., 2016; Opiyo et al., 2015

Marital status marital status of the farmer/household age (1 ¼ yes, 0 ¼ No) Binary (1,0) Nhemachena and Hassan, 2008; Gbetibouo, 2009
Abid et al., 2016;

Education Year of education of the farmer(divided into four categories- 1. no education 2.
primary education 3. secondary education 4. higher education

Continuous Deressa et al., 2009; Abid et al., 2015; Patnaik and
Das, 2017; Belay et al., 2017; Bryan et al., 2013

Household size Total number of family members including male, female and children below 10
years of age.

Continuous Nhemachena and Hassan, 2008; Abid et al., 2016;
Opiyo et al., 2015; Khanal, 2018; Singh, 2020

Dependency ratio No of dependents in the family e.g. non-workings women and children below 10 Continuous Pandey and Jha (2012)
Secondary occupation Whether a farmer is having any other non-climate sensitive occupation(other than

agriculture and allied) along with agriculture (1 ¼ yes, 0 ¼ no)
Binary (1,0) Gbetibouo (2009)

Tenge et al. (2004)
Shiferaw and Holden (1998)

Livestock Whether the farm household possess livestock Binary (1,0) Falco et al., 2014; Belay et al., 2017
Land size(in Hectare) Total cultivated land of the farmer in a hectare. Continuous Deressa et al., 2009; Patnaik and Das, 2017; Abid

et al., 2016; Opiyo et al., 2015
Land right
(ownership)

Land owned by the farmers or taken on rent Binary (1,0) Fosu- Mensah et al., 2012; Iheke and Agodike, 2016;
Abid et al., 2016

Soil characteristics Described as fertile ¼ 1 and infertile ¼ 0 Binary (1,0) Tesfahunegn et al. (2016)
Farm distance(in
Kilometer)

The distance of land from farmer’s house in kilometer (km) Continuous Asrat and Belay (2018)

Farm mechanization Whether farm household is having farm machine (1 ¼ yes, 0 ¼ no) Binary (1,0) Di Falco et al., 2011; Di Falco and Verones, 2013
Animal labour whether farm household is using animal labour or not Binary (1,0) Di Falco et al., 2011; Di Falco and Verones, 2013
Family labour If the household is having 2 or more than 2 family members engaged in agricultural

activity
Binary (1,0) Patnaik and Das (2017)

Adaptation Strategies Adopted by Farm Households
Changing crop
varieties

Planting different crops, drought-resistant varieties, high-yield varieties, water-
sensitive crops, short-duration varieties

Binary (1,
0)

Di Falco and Verones 2013; Loria and Bhardwaj,
2016; Raghavendra and Suresh, 2018

Changing land under
cultivation

Land rotation or altering the area under cultivation Binary (1,
0)

Deressa et al., 2011; Gebru et al., 2020

Irrigation Increase/decrease the intensity of irrigation to overcome shortage or excess rainfall
by using tube well, water pump etc.

Binary (1,
0)

Brklacich et al., 1998; Bryant et al., 2000; Kabubo-
Mariara, 2008; Raghavendra and Suresh, 2018

Soil conservation For maintaining soil fertility-like zero-tilling etc. Binary (1,
0)

Dumanski et al., 1986; Belay et al., 2017

Water conservation Rainwater harvesting, building tanks or water reservoirs Binary (1,
0)

Belay et al. (2017)

Crop insurance Insure crops to overcome crop losses due to climatic disturbances Binary (1,
0)

Aggarwal, 2008; Falco et al., 2014; Nambi et al.,
2015; Mase et al., 2017; Raghavendra and Suresh,
2018

Migration Migrating to the urban area to diversify their livelihood options Binary (1,
0)

Murali and Afifi, 2014; Jha et al., 2018

Farm to non-farm
activities

Changing land from farm to non-farm activities mainly in non-climate sensitive
activities

Binary (1,
0)

Udmale et al., 2014; Nambi et al., 2015; Dhanya and
Ramachandran, 2016

Leasing land Leasing land for other non-farm activities Binary (1,0) Ampaire et al. (2017)
Planting horticulture
crop

Planting fruits like- mango, litchi, banana, guava, nuts, seeds, herbs, sprouts,
mushrooms, flowers, seaweeds and non-food crops such as grass and ornamental
trees and plants.

Binary (1,
0)

Eriksen et al., 2009; Osbahr et al., 2010; Williams
et al., 2020

Planting vegetables Planting vegetables like potato, brinjal/eggplant, cauliflower, cabbage, tomatoes,
chilli etc.

Binary (1,
0)

Eriksen et al., 2009; Osbahr et al., 2010; Williams
et al., 2020
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adaptation measure by the ith farm household to cope with climate
change. If the expected output is greater than zero farm household adapt
the particular adaptation strategies (1 if Y*

ij Þ. If the expected output is
smaller than zero the then farm household will not adapt the jth adap-
tation strategies(0 if Y*

ij < 0).
The dependent variable is binary as farmers have only two option i.e.

to adapt (1) and not adapt (0). The logistic regression model helps to
analyses the adaption decision by providing the relevant probabilities of
the adaptation. Each adaptation strategy is independent and could not
have any influential effect on selecting one over the other. Several studies
have used the multinomial logit (MNL) or multinomial probit model.
These are restricted to select only one adaptation strategy from a given
set of adaptation strategies. Our study observes that the farm household
adapt more than one adaptation strategies, making the use of MNL
approach inappropriate. We use the logistic regression model to assess
the role of socio-economic characteristics on adaptation strategies. The
relationship between the binary dependent variable and a set of inde-
pendent variables that can be either binary or continuous can be well
expressed with the logistic regression model’s help.
5

The logistic regression model is given by Green (2011):

log
�

Pi

1� Pi

�
¼ logðPi Þ ¼ β0 þ βiXi

Where Pi is the probability of adapting particular adaptation strategies
from the set of given adaptation strategies, Xi is an independent variable.
Therefore, the parameter βi gives the log odds for the dependent variable,
and β0 is a constant. The odds ratio is the probability of an event
happening related to not happening. It is given by Green (2011):

Pi

1� Pi
¼ expðβ0 þ βiXiÞ

3. Results and discussions

3.1. Socio-economic and demographic profile of surveyed household

This section will provide descriptive statistics of the demographic and
socio-economic characteristics of surveyed households in the villages of



Table 2
Descriptive statistics of socio-economic characteristic of farm household in sur-
vey region.

Variable Name Mean S.D. Min. Max.

Age 51 9.34 24 70
Gender 0.81 0.39 0 1
Marital Status 0.91 0.14 0 1
Education 8 4.40 0 17
Household Size 9 3.11 3 20
Dependency Ratio 5 1.92 1 17
Secondary Occupation 0.30 0.45 0 1
Livestock 1.70 1.39 0 9
Land Size(Ha) 1.78 1.723 0.125 12.5
Land Right 0.64 0.47 0 1
Soil Characteristics 0.90 0.30 0 1
Farm Distance(Km) 1.79 1.24 0.5 10
Farm Mechanization 0.24 0.42 0 1
Animal Labor 0.17 0.24 0 1
Family Labor 0.34 0.47 0 1

Table 3
Land size group of the surveyed household.

Land Size Group Marginal (0 >

1 ha)
Small
(1–2 ha)

Medium
(2–4 ha)

Large ( �
4 ha)

Total households 245 190 170 94
Per centage (per
cent)

35 27 24 14

Average land size
(in ha)

0.48 1.24 2.29 5.33
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Bihar. Table 2 provide the descriptive statistics of households.
The farmer or household head parameters can influence farmers’

perception, willingness to adapt, and adaptive choices. The average age
of the farmer in the study area is 51 years. The youngest farmers were 24
years old, and the oldest was 70 years old. From the average age of the
sample farmers, it can positively and negatively impact their adaptation
decision. Usually, there exists a positive relationship between gender
(male farmers or male head of the household) and a farmer’s decision to
adopt. Most of the sample in the study region was male farmer’s. The
percentage of male farmers is 81 per cent, and female farmers are 19 per
cent.

Several studies have established a positive relationship between ed-
ucation and farmer’s ability to perceive climate change and the likeli-
hood to adopt strategies (Deressa et al., 2009; Gbetibouo 2009;
Yegbemey 2013; Igodan et al., 1988; Lin, 2011; Maddison, 2007; Abid
et al., 2016; Opiyo et al., 2015; Patnaik and Das, 2017). The average
years of schooling of the surveyed household are 8 years. The maximum
years of education are 17 years. The result shows that 12 per cent of
farmers are not having any education (0 years of education). Among total
farmers, 40per cent are found with primary education (1–6 years of
schooling) i.e. 278 farmers in numbers. Overall numbers of farmers
having a secondary education are 142 out of 700, i.e. 20 per cent of the
total household. The number of farmers with higher education (12 years
or more) was quite high as it was 193 of total surveyed farmers, i.e.,
28per cent. It is expected that the farmers’ education level will have a
positive impact on their adaptation decision.

Farm-level adaptive response majorly depends on household size as it
determines the feasibility of adopting any particular strategy. Average
household size of the surveyed household is 9 members. The minimum
household size is 3 members, and maximum household size is 20 mem-
bers. The expected impact of household size is positive in their decision
to adopt. The average dependent members are 5 members, including
females and children below 10 years. The number of dependent members
can have both positive and negative impact on their adaptive capacity.
The household’s occupational structure; both primary and secondary also
has a significant implication on adaptation decisions and choices. In the
study, very few farmers have had any other secondary occupation, i.e.,
non-climatic sensitive occupations. The secondary occupation is sup-
posed to positively impact the adaptive capacity due to income from the
different sources. Similar to secondary occupation livestock ownership
also hypothesized to increase adaptation to climate change. Households’
income is identified to play an essential role in enhancing climate change
adaptation. Average Livestock held by surveyed household is very low in
the study area, i.e., approximately 2 and ranging from 0 to 9.

Farm-size is often considered as a wealth indicator and can have both
negative and positive consequence of adaptive decisions. The average
land size held by the farm household is 1.78 ha. It is ranging from 0.125
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ha to 12.5 ha. The detailed analysis of the distribution of land size is
given in Table 2. It is observed (Table 3) that a higher number of farm
households belong to the marginal group, i.e., 35 per cent and small land
size group, i.e., 27 per cent. The medium-size farmers are 24 per cent, and
large size farmers are 14 per cent.

Along with land size, ownership pattern is also found to be another
critical determinant of adaptation decision. Bryan et al. (2009) found that
creating stronger individual property rights would promote farm-level
adaptation. This study found that farmer that has own title to their
land are 6 per cent more likely to adapt. In our study, the number of
households having land rights is 450 out of 700 surveyed households,
and 250 was having only the user rights.
3.1. Farmer’s perception of climate change

The preliminary results of this study indicate that about 91per cent
(640 farm households) and 86 per cent (603 farm households) perceive
changes in temperature and precipitation levels, respectively (Fig. 3).
Most of the farmers perceive that in the past 20 years, the temperature
levels have risen. About 87 per cent of the farmers noticed an increased
number of hot days, while only 4 per cent observed a decrease in the
number of hot days, and 9 per cent reported no change in it (Fig. 3).
About 44 per cent of farmers felt an increase in the number of cold days;
47 per cent observed a decrease and 9 per cent reported no change.
Similarly, around 86 per cent of the sample farm household perceived
changes in precipitation. However, 47 per cent farmers noticed a decline
while 39 per cent observed the rise, and the remaining 14 per cent did not
observe any change in rainfall levels (Fig. 3). These results align with the
Indian Meteorological Department (IMD, 2009) temperature record for
Bihar, suggesting a significant increase in annual temperature levels by
about 0.01C/year from 1951 to 2010. In the case of rainfall, the farmer’s
perception changes are in line with annual rainfall trends for 1951–2010,
which records an increase of 1.41 mm/year. The summer and winter
rainfall shows an increase of 0.59 mm/year and about 0.06 mm/year,
respectively. Farmer’s perception of climate change is influencedmajorly
by their recent changes in climate variables and climate extremes.

The farm households’ experiences on climate extreme events are
shown in Fig. 4. Farmer’s experiences of climate extremes (flood,
drought, cyclone, frost, and extreme hotness) have been captured
distinctively through five categories i.e., no impact, low, medium, high,
and very high impact. Experiences of climate extremes were investigated
for four-time phases i.e., past 5 years, 10 years, 15 years, and 20 years’
period. The results indicate that most of the surveyed farmers experi-
enced floods (85per cent) and frost instances (76per cent) in the past 5
years. Farmers also experienced medium instances of the cyclone (60per
cent) and hotness (45per cent) in 5 years. However, over the period i.e.,
for the previous 20 years, farmers’ experiences of drought, cyclone, frost
and hotness were ‘low’ (Fig. 4). These results reflect on the long-term
memory retention of the farmers. The flood was the most prevalent
climate extreme in the study area and highly vulnerable due to the
recurrence of the flooding (Jha and Gundimeda. 2019). The farmers
shared their experiences as high to very high even in the long-term period
(for the past 20 years). The increased intensity and frequency of flooding
in the survey area result from increased rainfall and the developmental



Fig. 3. Farmer’s perception of change in temperature and precipitation.
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and infrastructural issues in the state of Bihar (Jeganathan and Kumar,
2019).

3.2. Farmer’s perception of climate change and the adoption of adaptation
strategies

Farmers were enquired about their choices of adaptation strategies
from 11 different adaptation strategies discussed in Table 1 for changes
in temperature and precipitation and different seasons, i.e., Kharif and
Rabi. The sample farmers expressed their choices for these strategies
based on their perception of climate change or variability and their
farming practices. It is found that 80 per cent and 89 per cent of the
sample farmers (Table 4) perceive changes in climate for both tempera-
ture and precipitation in the Kharif and the Rabi seasons respectively.
Therefore, the majority of them decided to adopt. We observe the posi-
tive influence of perception on their adaptation. However, the proportion
of the farmers who perceive changes in a climate still do not/unable to
adopt is in the range of 9–19 per cent and 8–12 per cent of the sample
farmers who did not perceive any climate changes and still decided to
adopt specific strategies. The proportion of sample farmers who did not
perceive any climate changes and did not adapt is very low. The results
reemphasize the findings of previous studies that observation over time
shapes farmers’ climate change perceptions and, accordingly, their
adaptation (Maddison, 2007; Gbetibouo, 2009).

Farming seasons vary based on the climate conditions and accord-
ingly, the choice of crops to be planted, and agricultural management
practices also differ by seasons. Consequently, the choice of adaptation
strategies is also likely to differ. One of the main objectives of this study
was to assess whether the perception of climate change and farmer’s
adaptation decisions differ by agricultural season.

3.3. Farmer’s adaptation strategies to climate change

Agricultural adaptation varies by time (short-term or long-term) and
scale (farm level, regional level, national level) and types. Farm-level
adaptation options can broadly be categorized into three main groups:
farm management practices, farm-level technological developments, and
financial management for farm protection (Smit and Skinner, 2002).
Based on these broad categories, studies have identified several adapta-
tion strategies. For instance, changes in farm management practices
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involve crop diversification, shortening or lengthening of growing sea-
sons, changing planting dates, altering land under cultivation, and
increase/decrease the use of irrigation. The technological developments
may include using new crop varieties, adopting soil and water conser-
vation techniques, adopting weather information and forecasts; and
financial management for farm protection may involve switching from
farm to non-farm activities, insuring crops, migration to urban areas for
livelihood (Nhemachena and Hassan, 2008; Kurukulasuriya and Men-
delsohn, 2006a; Gbetibouo, 2009; Below et al., 2009; Deressa et al.,
2009; Hisali et al., 2011; Maddison, 2007). At micro-level, farmers’
adaptation is often driven by their ability to predict climate while
adaptation decisions are mainly influenced by their socio-economic,
cultural and political conditions. Farmer’s adaptation involves adjust-
ment decisions usually taken quickly and mostly based on their percep-
tion and actual seasonal climate onset. Farmer’s decision to adopt or not
to adapt is based on four probable cognitive conditions- 1) perceive/-
predict climate changes and decide to adjust to maximize their returns
out of the changing conditions, 2) perceive/predict climate changes yet
do not adapt because of the constraints faced in adaptation, 3) do not
perceive/predict any changes in climate conditions and therefore decide
not to adapt, 4) do not perceive/predict any climate change yet adapt
new on-farm changes, influenced by their fellow farmers’ choices which
may be profitable.

Fig. 5 and Fig. 6 display the options of adaptation strategies for
perceived changes in temperature and precipitation during Kharif and
Rabi cropping seasons. The choices of adaptation strategies are not
mutually exclusive, and therefore, farmers reported to choose more than
one strategy at a particular time. Farmers go for both intra crop and
intercrop strategies. For instance, farmers may change land under culti-
vation and change crop varieties, requiring an increase/decrease in-
vestment in irrigation. Farmers and some of their family members may
also decide to migrate to urban areas for earning additional income for
their livelihood requirements. Also, a farmermay decide to insure against
crop failure by using crop insurance. The results of the study reveal that
the most common adaptation strategies adopted by farmers in the survey
region for the Kharif season for changes in rainfall and temperature are
the increase irrigation (about 66–68 per cent), change crop variety
(51–56 per cent), the area under cultivation (46–51 per cent), migration
to urban areas (49–52 per cent) and crop insurance (43 per cent).

The other minor strategies adopted by farmers are growing vegetables



Fig. 4. Number of sample farm households experiencing extreme events.
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Table 4
Farmer’s perception of climate change and adaptation decision. ‘(per cent of
respondents).

Conditions Kharif Season Rabi Season

Temperature Precipitation Temperature Precipitation

No adaptation
total

20% 20% 11% 11%

Adaptation total 80% 80% 89% 89%
Perceive and
adapt

72% 69% 82% 77%

Do not perceive
and still adapt

8% 11% 8% 12%

Perceive and no
adaptation

19% 17% 10% 9%

Do not perceive
and therefore
no adaptation

1% 3% 1% 2%
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along with main crops (27–30 per cent), switch from farm to non-farm
activities (12–14 per cent), soil (25–27 per cent) and water conserva-
tion (17 per cent), horticulture (9–11 per cent) and lease land (6–7 per
cent).

Likewise, for Rabi (winter) season, the primary adaptation strategies
which farmers in the survey region adopt are irrigation (76–81 per cent),
use different crop variety (68–73 per cent), change area under cultivation
(61-51 per cent), migration to the urban region (55–57 per cent), crop
insurance, soil conservation (34–35 per cent). The other minor strategies
are growing vegetables (28–31 per cent), water conservation (17 per
Fig. 5. Adoption of adaptation

Fig. 6. Adoption of adaptation
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cent), switch from farm to non-farm activities (13–14 per cent), horti-
culture (9–11 per cent) and lease land (7–8 per cent).

Agricultural activities in the study region are mainly rainfed, and
therefore, it is apparent that any changes in temperature and rainfall will
directly enhance the use of irrigation. Rice and maize are the principal
crops of Kharif season, and what is the most significant crop grown in
Rabi season. The monsoon rainfall is over by September–October, and
therefore farmers need to adapt more during Rabi season. The increase in
irrigation to cope with climate change is mainly because of the change in
rainfall pattern. Farmers some time experience the delay in normal rain
and start the cultivation of the crops by using the irrigation facility. This
is also explained by the farmer’s least confidence in shifting the culti-
vation period. We observed that in the study area the potential reason for
using irrigation facility is subsidies provided by the government. The
change in crop variety is another important strategy that has been found
in practice in the study area. Farmers usually different crop varieties i.e.
drought-resistant varieties, high-yield varieties, water-sensitive crops,
short-duration varieties based on the climatic factors of the area and their
perception of climatic variability of that particular season. Changing area
under cultivation and land rotation is the conventional method to cope
with climate change and one of the important soil conservation strategies
based on how they predict the weather of the season. The knowledge and
technology-intensive adaptation strategies such as buying insurance, soil
conservation, and water conservation are low in practice in the study
area because of the education and awareness level of the farm household.
The lack of institutional arrangement to enhance the awareness and
providing better knowledge of these strategies the barrier of adaptation.
The other risk diversification strategies such as planting vegetables,
horticulture and changing land from farm to non-farm strategies are also
strategies in Kharif season.

strategies in Rabi season.
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low because of the small landholding size.

3.4. Role of socio-economic characteristics in adaptation decisions

The wide spectrum of literature focused on farm household’s de-
mographic and socio-economic characteristics as significant factors that
determine the adaptive capacity and adaptation decision of farm
households (Deressa et al., 2009; Below et al., 2010; Nhemachena and
Hassan, 2008; Falco and Veronesi 2013). The study examines a range of
socio-economic characteristics of farm households for assessing farmers’
adaptation choices in the two cropping seasons i.e. 1) Kharif (Table 5)
and Rabi season (Table 6). The application of logistic regression model
helped to identify the factor that affects the choice of adaptation strate-
gies to cope with climate change. We have run 11 different logit
regression model separately to eliminate the interaction among the
adaptation strategies for two different cropping season in the study area
i.e Rabi and Kharif season. The rabi cropping season falls in winter season
starting from October to March and the major Rabi crops in the study
area are wheat, lentil, mustard, peas, linseed etc. The Kharif cropping
season falls during the monsoon season starting from July to October and
the major Kharif crops in the study area are rice, arhar (yellow pigeon
peas), maize, groundnut etc. Further, we have analysed the farmer’s
adaptation strategies in response to change in temperature(TEMP.) and
precipitation(PRECP). Several studies have emphasized farmer’s house-
hold and socio-economic characteristics as an important factor in
determining farm-level adaptation capacities and decisions (Nhe-
machena and Hassan, 2008; Deressa et al., 2009; Below et al., 2010; Falco
and Veronesi 2013). Age represents the experience level of the farmers
and therefore is a deciding factor in agricultural adaptation. The results
presented for both seasons show the farmers’ age as significant with the
negative sign for on-farm adaptation strategies, livelihood diversifica-
tion, and financial diversification strategies. The results emphasized that
young farmers are keener on adopting adaptation strategies in all three
farm-size groups. Aged farmers are expected to be emotionally attached
to traditional farming practices and may show reluctance in adopting
new agricultural practices and advanced technologically. The study re-
sults found that in response to sudden changes in climatic variations
young farmers are more keen and open to adopting knowledge-intensive
adaptation options such as soil and water conservation measures, in-
surance, income and livelihood diversification strategies and crop
diversification strategies like the planting of horticulture and vegetables
in both the agricultural seasons. This is mainly because young farmers are
more risk-takers, while old farmers exhibit more risk-averse behaviour
taking (Adesina and Zinnah 1993). The agricultural insurance found to
boost the confidence of the household to use the new technology for a
longer period (Wang et al., 2013). We found strong evidence of gender
influence on the probability of adoption of adaptation strategies in both
seasons.

The results indicate that the adaptive capacity of male-headed
households is more strong to climate change than their counterparts
due to their social networking and smooth interaction with the institu-
tional arrangements for access to forecast, information and knowledge.
The socio-economic culture and several other normative barriers and
another source of income and family labour allocation determine the
gender effect on adaptation strategies. In the developing country, land
ownership also found to have a gendered bias, and user rights limit the
adaptation decision of female farmers. In rural India, normative and
institutional barriers hamper the female farmers’ interaction in society
and limit their adaptive capacity. The study has not found a strong uni-
directional relationship between marital status and adaptation strategies
across the cropping season as the observed relationship is significant only
for water conservation and planting horticulture crops. Farmers’ educa-
tion level is always hypothesized to increase the probability of adaptation
of new agricultural practices. Similar to previous studies (Norris and
Batie, 1987; Nkonya et al., 1997; Deressa et al., 2009; Gbetibouo 2009;
Yegbemey 2013), this study has also found the education level of the
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farmers increases the likelihood of adaptation in both the season for
temperature and precipitation. The educated farmers are more aware of
the access to information on climatic changes and on improved tech-
nologies, its understanding, acceptability, and adaptation, which leads to
higher productivity. The education level of the farmer found to have a
significant relationship with knowledge-intensive on-farm adaptation
strategies such as using different crop varieties, changing land area,
increasing irrigation, soil conservation and water conservation along
with risk diversification strategies such as buying insurance, planting
horticulture and vegetables. Despite the decentralized decision-making
process, the education level of the farmers will have spill-over effect at
an intra-household level in terms of the flow of knowledge along with the
knowledge transfer from those who have migrated to urban areas. The
results of this study have also shown the positive relationship between
household-size and adaptation action across the cropping season. The
strong significant relationship has been found for increasing irrigation,
soil conservation, water conservation, buying insurance, migrate to an
urban area, lease land, planting horticulture and vegetables. The
large-sized households are forced and also can afford to divert (including
migration to urban areas) part of the family members to non-climate
sensitive occupation or off-farm livelihood to earn additional income
that in turn, improve the adaptive capacity. The remittance from the
off-farm livelihood help farm household to adapt the capital intensive
adaptation strategies such as increasing irrigation, soil conservation,
water conservation and planting horticulture. The awareness level is also
high for the farm household which has an urban connection that helps
them to adapt knowledge-intensive adaptation strategies. Connecting
with dependency ratio, the relationship between several dependents in
the family and adaptation strategies is observed as positive in the case of
most of the strategies but found to be significant in the case of livelihood
diversification and financial diversification strategies in the Rabi season.
In the Kharif season, along with the previous two groups of strategies,
on-farm adaptation strategies are also having a significant relationship
with adaptation strategies. The farmers intended to produce more Kharif
crops due to their higher market value and monsoon rainwater avail-
ability for irrigation than Rabi crops. India has a joint family system,
particularly in rural areas with large family size with more number of
dependent family members. The responsibility to feed dependents and to
meet their expenditure requirement might be translated into their
adaptation decision. On the other hand, the large-sized family’s con-
sumption needs hinder investments in adaptation strategies. This study
has found a positive relationship between secondary occupation and the
adoption of capital and knowledge-intensive adaptation strategies such
as soil conservation, water conservation, planting vegetables and horti-
culture to cope with climate variability in both seasons besides con-
sumption smoothening. The income from the other sources helps farm
household to invest in new technology. The involvement in the second-
ary occupation also opens the different dynamics of social network which
help them to explore the knowledge about the strategies and a way to
implement them in practice. Livestock is usually considered as wealth for
farm households and also provides key inputs like manure for the
maintenance of soil fertility and ploughing services (Yirga, 2007). A
household with larger livestock size is more likely to readily manage
financial resources to uptake climate change adaptation (Opiyo et al.,
2015). Sale of livestock and livestock products can help reduce farmers’
distress from climate risks and therefore qualifies as a coping strategy
(Bryan et al., 2009). In line with this literature, this study finds livestock
ownership positively influencing the choice of adaptation strategies. The
significant relationship has been found mainly with increasing irrigation,
soil and water conservation and planting horticulture crops. On the
contrary to this, animal labour is found to have a negative relationship
with all adaptation strategies. Animal labour is used by farmers with
weak financial capability and unaffordability of farm mechanization
even partially. It is challenging for them to manage highly technologi-
cally intensive practices with animal labour. Farm-size is a critical factor
determining the feasibility and efficiency of adaptation strategies.



Table 5
Logistic Regression Model of Households Characteristics- Adaptation-Rabi- Temperature(White colour row)/Rainfall(Grey colour row)..

(***P < 0.01; **p < 0.05; *p < 0.1) Source: Author’s Own Calculation.
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Table 6
Logistic Regression Model of Households Characteristics- Adaptation-Rabi- Temperature(White colour row)/Rainfall(Grey colour
row)..

(***P < 0.01; **p < 0.05; *p < 0.1) Source: Author’s Own Calculation.
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Farm-size can be considered as a wealth indicator (Deressa et al., 2009),
and therefore, larger farm-size may help ease liquidity constraint. On the
contrary, to the previous studies (Nhemachena and Hassan, 2008; Bryan
et al., 2009; Gbetibouo 2009), this study has found a positive relationship
between farm-sizes and adaptation strategies, particularly between
on-farm adaptation and financial diversification strategies which in-
crease farm productivity. In the study area, most of the farmers belong to
marginal (0 > 1 ha) and small (1–2 ha) farm-size groups. Migration to
urban areas for other opportunities has a positive relation with marginal
and small land size-groups. The remittance from the urban areas helped
farmers to adopt modern agricultural technology in the fields and for the
consumption of their large family sizes. The farmers with large land-size
also found to have positive and significant relation with most of the
adaptation strategies in both seasons. It is more likely that large farm
holding farmers are more prepared and capable of adopting adaptation
strategies like crop-diversification, irrigation management, and soil and
water conservation approaches. Although large farm-sizes can give lower
yields due to proportionately lesser use of other required inputs other
than land at an initial stage, in the long-run economies of scale lowers the
substantial fixed transaction costs of innovation. Large family-size own-
ing small farms may often experience conflicts in households for
ownership rights, which may affect individual decision making.
Although this study does not find any strong relation between adaptation
strategies and land rights, well-defined property rights can promote
farm-level adaptation. The ownership of land increases the likelihood of
adaptation of capital intensive strategies such as conservation technolo-
gies. The study also found the more likelihood of changing land from
farm to non-farm because of the right to decide on the farm. The soil
characteristics are found to have a significant relationship in the case of
changing land for cultivation, soil conservation, and planting vegetables
in both seasons. Reversely, land rotation and soil conservation strategies
helping them to increase the fertility of the land and high productivity of
the land motivate them to implement agricultural practices. This study
has not found a strong relationship between adaptation strategies and
farm distance but found farm distance negatively related to some on-farm
strategies such as crop varieties, land rotation and soil conservation
practices. The land near the house eases the implementation of these
strategies. The farm distance is also negatively significant in planting
vegetables in both seasons. The farmers plant vegetables in the home
stated area because it is easy to provide frequent planting requirements of
vegetables. Farm mechanization often promotes undertaking on-farm
adaptation strategies that are technology-intensive. The ownership of
the farm machines helps farmers in the smooth implementation of con-
servation practices. On the contrary to this, animal labour is found to
have a negative relationship with all adaptation strategies. The family
labour (two or more than two family labour) is found to have a significant
positive relationship with labour-intensive adaptation strategies such as
soil conservation, water conservation, horticulture, and vegetables in
both seasons. The large family-size is associated with a higher labour
endowment, which enables a household to accomplish various agricul-
tural activities. The adoption of agricultural technologies requires
financial wellbeing (Knowler and Bradshaw, 2007).

4. Conclusion

The study aimed to evaluate how farmers’ perception of climate
change affects their adaptation decisions based on a micro-level assess-
ment of farm households through analysis of survey data collected from
seven districts of Bihar state in northern India. Identifying the differences
in farmers’ farming activities across farming seasons, the study distin-
guishes between seasonal adaptation. The study results provide useful
insight on the importance of farmers’ perceptions of climate change
determined by their past experiences on changes in climate variables and
extreme events, and socio-economic characteristics of farm households
like age, education, gender, household size, and land size. Enabling ar-
rangements of these factors together encourage the commencement and
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implementation of adaptation decisions by farmers in the study region.
Farmer’s perception of climate change was analysed based on their long-
term observations of climate variables like temperature and precipitation
levels and the number of hot and cold days. The findings of the study very
well validate the fact that farmers’ perception of changes in temperature
and precipitation levels and their personal experiences with previous
climate extremes like floods and drought are the key catalysts of their
adaptation actions. Further, the study results identify that strong mental
recognition of the farmers enhances their understanding of the nuances
of climate change. As far as choices of adaptation strategies are con-
cerned, the study results find that most of the farmers adopt strategies
related to altering farm practices, strategies enabling income diversifi-
cation and those related to institutional support. Among all the analysed
adaptation strategies, the study finds that migrating farm-households are
better placed in adopting multiple adaptation strategies and are more
capable of adopting adaptation strategies that are knowledge, capital and
resource-intensive. Since the majority of farmers are marginalized and
smallholders in the study region and India, income guarantee can be an
effective measure to offer farmers a sense of security by helping them
meet a part of their consumption and expenditure needs. In this direction,
this study recommends complementing farm-level adaptation options
with the provision of non-climate sensitive local livelihood opportunities
for income guarantee. The study also identifies the importance of socio-
economic characteristics of farm households in farmers’ adaptation.
Therefore, policies need to encourage and strengthen social networks
through group-based adaptation approaches. Policy entry points should
focus on maintaining robust linkages between climate risk reduction and
capacity building through community participation and institutional
development. The farming activities in the study area is a primary
occupation but considerably a very complex system due to the resource
availability and climatic condition. The outcome of this study provides
the systematic framework to assess the farmer’s perception of climate
change and the factor determine the adaptation decision. This frame can
be used to study the farmer’s behaviour at the different local, regional
and global level to minimise the impact of climate change.
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