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Abstract

A climate change adaptation is the solution of preventing the impacts of climate change on agriculture. The Kosi River is also known as the
sorrow of Bihar in India. Based on an exploratory research design, this study, purposively selected in the flood-affected region of Bihar,
examines their adaptive behavior towards climate change in the Araria, Katihar, Kishanganj, and Purnea districts. A total of 400 respondents
were randomly selected from two blocks in each district, two clusters villages from each blocks and 50 respondents in each cluster villages.
A well structured and prior tested interview schedule was used to interview the respondents. The main objective of the study was to compare
the adaptive behaviour of farmers towards climate change in Kosi region of Bihar through suitable statistical method. Post Hoc Tukey's
Honestly Significant Difference (HSD) test was used to compare the adaptive behavior of farmers among the district. According to the
results, Purnea (x=97.83) had the highest adaptive behaviour capacity of farmers towards climate change, followed by Katihar (x=90.73),
Avraria (x=83.06) and Kishanganj (x=79.77). Thus, through Post Hoc test making 6 districts for pair of comparison. Based on a hypothesis
that farmers in the Kosi region of Bihar are not differently adaptive to climate change, post-hoc Tukey's HSD test was used to test this
hypothesis. Tukey's HSD test, Purnea (3) has the maximum number of stark and significant differences with all three districts, i.e.,
significant at the 1% level with Katihar, Araria and Kishanganj when it is used as a reference category. As a result of this study, farmers of
Kishanganj district has least adaptive behavior capacity towards climate change, which suggests that climate change training and awareness
programmes are needed for the improvement in adaptive behaviour of farmers.
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Introduction
Climate change refers to a long-term change in temperature
and weather patterns, which can have a significant effect on

USD 37 billion and USD 21 billion, respectively. India has
a large population that depends heavily on livelihoods that
are vulnerable to climate fluctuations as well as frequent

agricultural production. Climate change impacts crop yields
and agricultural productivity significantly. It is believed that
climate change will result in lower crop yields because the
rainfall patterns will change, and extreme weather events
like droughts and floods will also affect crop yields M. Most
recent research endorsed that due to increased global
warming, the world is witnessing climate change and it is a
major threat to declined agricultural productivity (%1, A
change in climate caused by human activity or natural
variability is considered climate change by the [,
Agriculture faces unique challenges due to climate change,
as the FAO Report 2021 states that drought and floods cost
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fluctuations in agricultural productivity and income [ 4,
Climate change poses a number of challenges for Bihar.
Agriculture has been the primary source of employment in
Bihar for several decades. In addition to contributing 24.8
percent to the states gross domestic product, it employs 77
percent of the state's population. Bihar is highly vulnerable
to hydro-meteorological natural disasters due to both floods
and droughts. As a result of ten high-magnitude floods in
Bihar over the past decade, the state has suffered severe
losses to its economy and development (1998, 2004, 2007,
2008, 2012, 2013, 2016, 2017, 2018 and 2019). There has
been extensive damage to life and property, as well as
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adverse effects on the economic development of the State as
a result of these disasters [,

Several studies around the world have indicated that India is
particularly vulnerable to the effects of climate change,
which have a severe impact on crops, food supplies, and
human health over the next few decades, as well as cattle
populations. Climate resilient and smart interventions are
needed most in Zone-Il of Haryana and Southwestern zone
of Punjab 12, The 14 districts of Bihar are among the most
vulnerable to climate change among the 50 most vulnerable
districts in India €. With a median score of 2.27, farmers
were ranked I because of “unavailability of appropriate
crop/variety” and “delay in timely availability of inputs such
as crop variety, insecticides, and pesticides”. As a means to
improve adaptation activities, training courses, land
management, and water input control have been suggested
(231, In the past, adverse weather events have affected
adaptation and mitigation practices due to uncertainty in
rainfall patterns and Changes in climate are changing
farming patterns. Agriculture and related activities are
directly affected by climate variability, and it is urgent that
more risk be identified, methods and strategies developed to
overcome and strengthen farmers' ability to withstand
adverse situations 1. According to P, last 30 years have
seen the most floods in north Bihar. There has also been an
increase in flood-affected areas. Several smaller rivers drain
north Bihar, including the Kosi and Gandak, and several
other major rivers. There has been a significant loss of life
and property in the north Bihar plains during the past
several decades [*l, Farmers adopt climate smart agriculture
technologies to mitigate climate change rather than
improving productivity and resilience of the ecosystem
(141 Since most people do not understand the causes and
impacts of climate change, as well as how to mitigate it, this
study did in the Kosi region of Bihar. Thus realizing the
importance of problem, with the study entitled Comparative
Assessment of different district in terms of adaptive
capacity in Bihar: An Inter-district Variation Analysis Using
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Post Hoc Tukey's HSD Test.

Materials and Methods

The study was conducted in four districts of Kosi region in
Bihar, namely Araria, Katihar Purnea and Kishanganj. In
order to select blocks, villages, and respondents, a
multistage sampling technique was used. Two blocks
selected from each district purposively and from each block
two villages selected purposively. As a sample, 50
respondents were selected randomly from each village 24,
resulting in a total of 400 respondents. A scientifically
validated interview schedule was used to collect data on
how climate change impacts farmers' socioeconomic
conditions and adaptive capacity. In this study, the main
challenge was to compare the assessments of different
districts in terms of adaptability to climate change across all
four districts using a suitable statistical method. A post hoc
Tukey’s Honestly Significant Difference (HSD) test was
used to analyze this impact comparison 26 1. 12 These 4
selected districts, Araria, Katihar, Purnea and Kishanganj
were most affected with flood in Bihar. As part of the
analysis, SPSS software version 27.0.1.0 was used to score,
compile, tabulate, and analyze the collected data, including
mean, standard errors, standard deviations, frequencies, one-
way ANOVA, and Tukey's HSD. It is widely recognized
that the Post-Hoc Tukey's HSD test is the best method for a
wide range of cases [16:11.12],

Results and Discussion

A descriptive statistic summarizes the structure of a data set
and provides insight into its characteristics. The Wilcoxon
Signed Paired Rank test is one that uses descriptive statistics
to estimate data distributions. Based on the information
provided in Table 1, Purnea (x=97.83) was the district with
the greatest impact on farmers' adaptive capacity, followed
by Katihar (x=90.73), Araria (x=83.06), and Kishanganj
(x=79.77); consequently, the mean impact of the district was
87.85. As seen in Fig. 1, the mean value of impact.

Table 1: Descriptive Statistics of adaptive behaviour among different districts

N Mean SD SE L?Bg% Cl for Mﬁg Minimum Maximum BCV
1 100 | 83.06 7.532 753 81.08 85.04 71 95
2 100 | 90.73 5.537 .554 89.28 92.18 71 99
3 100 | 97.83 6.893 .689 96.02 99.64 78 110
4 100 | 79.77 8.233 .823 77.61 81.93 62 99
Total 400 | 87.85 9.972 499 86.56 89.14 62 110
Model FE 7.118 .356 86.93 88.77
RE 4,043 64.23 111.46 64.868

Acronyms & coding elucidation: 1=Araria; 2= Katihar; 3=Purnea; 4= Kishanganj; N = No. of respondents, Cl= Confidence Interval;
x=Mean; LB=Lower Bound; UB= Upper Bound; BCV=Between- Component Variance; FE= Fixed Effects; RE= Random Effects
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Fig 1: The mean value of adaptive behaviour among different district

From Table 2, shown in the illustration of the Test of
Homogeneity of Variances, all the test statistic values are
significant (at both 1% levels of significance), indicating

that the wvariances for all the study variables are
homogeneous.

Table 2: Test of Homogeneity of Variance

Adaptive Behaviour Levene Statistic dfl df2 Significance
Based on X 5.558 3 396 .001
Based on Median 6.220 3 396 .000
Based on Median and with adjusted df 6.220 3 382.718 .000
Based on trimmed X 5.866 3 396 .001

ANOVA test results are presented in Table 3; it is obvious
that the test statistic for ANOVA test is significant (at 1%

significance levels) which indicates significant differences
among all variables [,

Table 3: ANOVA value representing the appropriateness of Post Hoc test

Adaptive Behaviour Sum of Squares df Mean Square F Sig.
Between Groups 19612.528 3 6537.509 129.022 .000
Within Groups 20065.170 396 50.670

Total 39677.698 399

According to Table 4, the Robust tests of equality of means
are asymptotically significant, indicating that the means of
the variables are significantly different.

Table 4: Robustness test of equality of means

Adaptive Behaviour | Statistic® | dfl df2 Sig.
Welch 119.849 3 217.594 | .000
Brown-Forsythe 129.022 3 369.403 | .000

a. Asymptotically F distributed.

It is necessary to code all four districts from 1 to 4 in order
to apply Tukey's HSD test. Reference codes are (I) Codes,
whereas comparison codes are (J) Codes. The mean
difference between Araria (1) and Purnea (3) was found to
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be significant at a 1% level [83.06-97.83 = -14.77). Purnea
was ranked first and Araria was ranked third in terms of
adaptive behavior of farmers towards climate change, but
even then, these 2 districts displayed significant differences.
Purnea (3) was also highly significant at a 1% level when
compared to Katihar (2), and when compared to Kishanganj
(4), it was highly significant at a 1% level, but weakly
significant when compared to Katihar (2) and Araria (1). As
a reference category, Purnea (3) has a maximum number of
stark and significant differences from the other 3 districts,
namely, significant at 1% level with Araria, Katihar and
Kishanganj. In light of this, Purnea in the Kosi region of
Bihar has the best adaptive behavior capacity of farmers in
regards to climate change (Table 5).
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Table 5: Inferential Statistics among different districts through multiple comparisons Tukey’s HSD test

(1) Code (J) Code Mean Difference (1-J) Std. Error Sig. B 99% Cl UB
2 -7.670" 1.007 .000 -10.82 -4.52
1 3 -14.770" 1.007 .000 -17.92 -11.62
4 3.290" 1.007 .006 14 6.44
1 7.670" 1.007 .000 4.52 10.82
2 3 -7.100" 1.007 .000 -10.25 -3.95
4 10.960" 1.007 .000 7.81 14.11
1 14.770" 1.007 .000 11.62 17.92
3 2 7.100" 1.007 .000 3.95 10.25
4 18.060" 1.007 .000 14.91 21.21
1 -3.290" 1.007 .006 -6.44 -14
4 2 -10.960" 1.007 .000 -14.11 -7.81
3 -18.060" 1.007 .000 -21.21 -14.91
*. The mean difference is significant at the 0.01 level.
1 Avraria, 2 Katihar, 3 Purnea, 4 Kishanganj
Conclusions Research Letters. 2007;34:20.

Adapting to climate change can prevent the impact of
climate change on agriculture. This study focused on
comparing farmers' adaptive behaviors towards climate
change in Kosi region of Bihar. By using the Post Hoc
Tukey Honestly Significant Difference (HSD) test, this
comparison of adaptive behavior was analyzed. The results
concluded that Purnea (x=97.83) had the highest adaptive
behavior capacity of farmers [ against climate change
because farmers of this districts were more educated and
belong to higher socio-economic status followed by Katihar
(x=90.73), Araria (x=83.06), and Kishanganj (x=79.77).
Kishanganj had the least adaptive behaviour capacity of
farmers towards climate change; therefore awareness and
training program related to climate change are needed in this
district to enhance the adaptive capacity of farmers.
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