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ABSTRACT

he ex-post facto study was conducted during (May-July, 2022) at two districts Odisha. Through an ex-post facto study, the

study offered actionable insight through the Farmers’ Cyclone Adaptive Capacity Index (FCACI) in Odisha, focusing on
160 respondents across eight villages using the Analytic Hierarchy Process (AHP). Globally, Climate change emerged as a serious
issue for human civilizations. It was undoubtedly an unprecedented phenomenon. Variations in weather patterns endanger food
production, while the rise of sea levels enhanced the risk of catastrophic events like flooding, cyclones, and storm surges that
exacerbate extreme poverty, inequality, and famine in the world. Cyclone was one of the disastrous climatic events in eastern
India. Farmers suffered every year due to cyclones and floods in terms of production, and storage of the produce which retard
their economic and social growth. Though it costs the life and property of the coastal communities, it was not easy to shift
with their land and man so they become adaptable to such vagaries. The concept of adaptive capacity was crucial and needed
a careful investigation at micro level. Broad factors such as human-social, economic, environment, and physical responsible for
the adaptive capacity of farmers were calculated by using the Analytic Hierarchy Process (AHP), a psycho-mathematical tool
for analyzing complex decisions. It was found that ‘Physical’ factor (0.37) was more responsible for adaptive capacity followed
by Human-social (0.28), Economic (0.21), and ‘Environment’ factor (0.14) in cyclone affected areas. Community participation
and institutional setup like cyclone shelters were crucial for enhancing resilience.
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1. INTRODUCTION
Even though climate change is a natural process, the
gradual increase in anthropogenic activities manifold
the process in past few years. Climate variability such as
change in temperature and precipitation are increasing the
probability of catastrophic events over the globe. Among
the catastrophic events, tropical cyclones (TCs) are known
to have significant global impacts as it set back a country's
development by affecting economic, ecosystem, human
health, and livelihoods for several decades (Hsiang and
Jina, 2014). Along with, the only food producing sector
i.e. agriculture and allied sector is highly vulnerable due
to dependent on climate. The number sharply increasing
since 2002 and by reaching 2019, globally 800 million
people were affected by the tropical cyclones with an
average 560 million people are exposed every year (Jing et
al., 2024). India, in south Asia is one of the disaster prone
country due to its distinct geophysical position, varied
climate, and environmental factors (Mallick et al., 2023a).
The environmental factors also have detrimental effect on
human healthcare facilities in hospitals (Upadhyay, et al.,
2024), milk production among livestock (Dogra et al., 2024).
India has a coastline of about 5,400 km which affected by
cyclones with varying frequency and intensity in every year
(Mandal and Mohapatra, 2005). Wagner (2023) found that,
in India 14% people residing near to Bay of Bengal (BoB)
are frequently exposed to the cyclonic events. The country
has experienced and badly affected by 27 tropical cyclones
in past five years (Barua, 2024). According to Anonymous
(2013), 5-6 TCs formed year-1 over the North Indian
Ocean (the BoB and the Arabian Sea) accounts for only
7% of the global tropical cyclones, but the cyclones were
destructive while crossing over the mainland. More or less,
61% TCs over BoB strike different parts Indian coast,
while only 23% affect Bangladesh and Myanmar coast and
the rest 16% dissipate over the Sea (Anonymous, 2021).
A total of 13 coastal states and Union Territories (UTs)
in the country are vulnerable to cyclones, out of which 4
coastal states (Andhra Pradesh, Odisha, Tamil Nadu, and
West Bengal) and one UT (Puducherry) on the east coast as
well as (Gujarat) on the west coast are more susceptible to
cyclonic events (Mohapatra et al., 2012). During October-
November, over 58% of the tropical cyclones (T'Cs) formed
and cross over the BoB struck the Odisha-West Bengal
coast (Anonymous, 2019; Anonymous, 2021). Odisha is
one of the cyclone prone state as 480 km of the coastal plain
of the state has faltered and is exposed to Bay of Bengal
(Anonymous, 2021). The state's economy is significantly
reliant on weather patterns, both directly through agriculture
(Patel et al., 2019) and fisheries (Mishra and Malakar, 2020)

and indirectly through non-farm wage labor and dairy
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farming. These sectors are jeopardized by the increasing
frequency of extreme weather events. Farmers suffer every
year due to cyclones and floods in terms of production,
and storage of the produce which retard their economic
and social growth. Though it costs the life and property of
the coastal communities, it is not easy to shift with their
land and man so they become adaptable to such vagaries
(Mallick et al., 2023b). In simplified meaning, the adaptive
capacity is “the potential or capability of a system to adapt
to climatic stimuli or their effects or impacts” (Smit and
Pilifosova, 2001). However, there are very limited studies
available which evidence the effective adaptation practice,
describe the situation, impacts and resilience of extreme
weather events in the context of livelihood in the state.
As, the concept of adaptive capacity was crucial and it was
investigated carefully in the study.

2. MATERIALS AND METHODS

2.1. Selection of the study area

The study was conducted during (May-July, 2022) at two
districts Odisha as the highest number of cyclones landfall
in last two decades (Anonymous, 2018). According to the
report of Anonymous (2021), while the cyclones crossing
over the coastal Odisha the impact was more or less intense
to the Ganjam district and Puri district. So, both the
districts were selected purposively. Afterwards, two blocks
from each district and two villages from each block were
selected randomly to conduct the study at microlevel. 20
respondents from each village who were involved in a variety
of occupations like crop farming, fishing, livestock rearing,
and labourer were selected randomly to make the sample
of 160 respondents for primary data collection. Statements
to determine components and sub-components of adaptive
capacity were carefully investigated and selected through

ODISHA

Figure 1: visualization of maps consisting study locale

various secondary sources like review of literatures.

2.2. Comparison among various components responsible for
adaptive capacity

The components and sub-components of adaptive capacity
were compared among themselves to determine which
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component and/or sub-component was more responsible
for the adaptive capacity of the respondents in the study
area. Analysis of adaptive capacity was done by the Analytic
Hierarchy Process (AHP) (Saaty, 1980).

Thomas L. Satty developed the Analytic Hierarchy
Process in the 1970s. It was a psycho-mathematical tool
for analyzing complex decisions. Calculation in AHP was
based on principles of the “Paired comparison technique”
and Thurstone’s “Law of comparative judgment.” A pairwise
comparison method was used in AHP to identify the overall
priority of each factor considered by the respondents,
which, in turn, determined the adaptive capacity to any
catastrophic situation. Various components like “human-
social,” “environment,” “economic,” and “physical” categories
were compared pair-wise on a 9-point scale. In AHP, two
questions were answered: 1. which factors had more relative
importance, and 2. How much importance does one factor
have as compared to the other within a particular category?
Then “Eigen-value Technique” was used to find out relative
local priorities. Lastly, global priorities were determined by
multiplying local priorities with the scaling factor. AHP
calculated the quantitative importance of each component
related to adaptive capacity.

2.3. Procedure for analytic hierarchy process (AHP)

Before any decision-making in AHP, the first requirement
was the disintegrating decision problem into decision
elements in a hierarchical structure. The analytic Hierarchy
Process was a psychological measurement. Through a
pair-wise comparison, a hierarchic formulation of multi-
criteria was associated with it. The convenience included
in AHP was the ability to make both qualitative and
quantitative decision attributed commensurable, and its
flexibility regarding the objectives (Kangas, 1992). It had
the advantage of providing “objective decisions” based on
the subjective and personal preferences of a respondent or
a group of respondents.

2.4. Step-wise description of the application
2.4.1. Step I: problem modeling

Identification of decision problems was important. The
objective should be defined clearly at the outset. These
were the essential features of “problem modeling” in AHP.
Under each of the factors, then derive the component.
Under each component/criterion, there should be multiple
sub-components. The problem structure should include
less number of components and sub-components yet cover
a vast aspect. Figure 2 describes the problem modeling of
different subcomponents to each component.

2.4.2. Step II: pair-wise comparison

In the next step, different sub-components were compared
pair-wise; in the next level, components were also compared
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pair-wise among themselves. Thus, based on comparison,
in each case (both sub-components and components)
alternative values were defined and the “comparison matrix”
can be formed.

D, D, D, ..D°
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M=(aij)= 1/a, 1 A
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n

2.4.3. Step III: Judgmental scale

AHP can evaluate quantitative and qualitative components
as well as sub-components on the equal preference scale.
A nine-point scale proposed by Saaty (2008) was used for
value judgment. Verbal statements were turned into integers
from one to nine based on the degree of importance of one
over another. Where, 1 represented equal importance to 9
represented extreme importance.

2.4.4. Step 1IV: aggregation of judgment

Respondents’ opinions were aggregated through various
processes. These processes were termed as “Aggregation
of Individual Judgments” (AI]) and the “Aggregation of
Individual Priorities” (AIP). Here, the AIP method was
used by taking the geometric mean while calculating the
priorities of adaptive capacity, and the arithmetic mean
was calculated to aggregate the priorities among the
components. According to the derived value from the AIP
method, a comparison matrix was developed for the group
of individuals.

2.4.5. Step V: Determination of consistency ratio

Saaty (1977) developed a consistency index (CI) based on
the eigen value method. The “Eigen value” (A__ ) can be
obtained by summing of products of each element of “Eigen
vector” multiplied by the total of columns of the reciprocal
matrix. He also proved that the biggest “Eigen value” equals
the number of comparisons (A__=n). “Consistency Index”
can be calculated by the following formula.

o A
(n-1)
Where,

N=matrix dimension

A =Maximum eigen value

Calculation of Consistency ratio

The ratio can be determined as: CR=CI/RI,
Where CI-Consistency Index

RI-Random Index

The value of Random Index is predefined up to 10 number
of statements
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N 12 3 4 5 6 7 8 9 10
RI 0 0 058 09 1.12 124 132 141 145 149

2.4.6. Step VI: calculation of priorities

Calculation of the scaling factor was of most important
part in AHP. The scaling factor or priority would show
the degree of importance of a particular factor in terms of
the overall objective. Various components would have local
priority (scaling factor within a particular sub-component)
and global or overall priority (scaling factor in relation
to overall objective). Thus, the cardinal importance of
each component or sub-component in the overall scale
was determined. For Priority or local weights divide each
element of the row by the sum of each column in the
“comparison matrix”. After normalizing the “Eigen vectors”
average the value of the components/sub-components across
the new rows to identify scaling factors or priority vectors.
Likewise, the priority of adaptive capacity to the overall goal
and the local priority of components were calculated. For
the global priority of the components towards the overall
objective, the priority vector had to be multiplied by the local
priorities of respective components within that same group.

3. RESULTS AND DISCUSSION

3.1. Priority weights of the various components through the
analytical hierarchy process

The quantitative importance of each component of the
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Figure 2: Conceptual framework of components and sub-
components of adaptive capacity

adaptive capacity was calculated. Results portrayed in Table
1 explained that the Physical component had the highest
scaling factor (0.37), followed by Human-social (0.28),
Economic (0.21), and Environment (0.14), respectively.
The consistency ratio (0.025) was less than 0.1 indicated
consistencies of the data.

3.2. Various sub-components responsible for adaptive capacity

Different sub-components were identified under each
component, i.e., Human-social, Environment, Economic,
and Physical. Then the quantitative analysis of each sub-
component was done to determine the local priority. The
priority weights/scaling factor value of each component was
multiplied by the local priority value of the respective sub-
component to determine the overall or global priority and
the sub-components were ranked. The importance of each
sub-component to component as well as the importance
to adaptive capacity was evaluated and summarized below.

It is apparent from Table 2 that, various sub-components
had their respective global priority value which indicated
the importance of each factor to the overall adaptive
capacity in the study locale. In Human-Social component,

Human-Social
=035 .,

Phy: i

Econ'omic

Figure 3: Priority weights/scaling factor value of components

‘Community participation’ had global priority (GP-0.10),
‘Availing food grains under social safety net (PDS) (GP-
0.08), ‘Skill of swimming or operating boat’ (GP-0.04),
‘Extent of use of Training received’ (GP-0.03), and ‘Sanitary
facilities’(GP-0.03). In the environment component,
“Total forest area’ (GP-0.05), “Tree plantation’ (GP-
0.04), ‘Cropping intensity’ (GP-0.03), and ‘Availability

Table 1: Distribution of components priority weights of adaptive capacity

Scaling factor value of components A Consistency Consistency
Human-Social Environment Economic Physical index ratio
0.28 0.14 0.21 0.37 4.069 0.023 0.025

04
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Table 2: Prioritization of components and sub components responsible for adaptive capacity in cyclone prone areas of Odisha

Components L. Sub-components Consistency Consistency Local =~ Global = Overall
index ratio (<0.1) priority priority rank
Human-Social 5.139 Community participation 0.034 0.031 0.36 0.10 I
(0.28) Availing food grains under social 0.29 0.08 II
safety net (PDS)
Skill of swimming or operating boat 0.16 0.04 111
Extent of use of Training received 0.10 0.03 v
Sanitary facilities 0.09 0.03 v
Environment  4.036 Total forest area 0.011 0.013 0.37 0.05 I
(0.14) Tree plantation 0.29 0.04 I
Cropping intensity 0.18 0.03 111
Availability of grazing land area 0.15 0.02 v
Economic 4.145 Debt/Saving amount 0.048 0.053 0.36 0.08 I
(0.21) Market availability 030  0.06 1I
Economic incentives by govt. 0.19 0.04 111
Market distance 0.15 0.03 v
Physical 6.183 Multipurpose cyclone Shelter 0.036 0.029 0.29 0.11 I
(0.37) Medical institutions 020  0.07 II
Presence of jetty 0.16 0.06 111
Electrification 0.13 0.05 v
Agriculture office 0.12 0.04 \Y%
Veterinary institutions 0.10 0.04 \Y%

of grazing land area’ (GP-0.02). In the economic
component, ‘Debt/Saving amount’(GP-0.08), ‘Market
availability’(GP-0.06), ‘Economic incentives by govt.’
(GP-0.04), ‘Market distance’(GP-0.03). In the physical
component, ‘Multipurpose cyclone Shelter’ (GP-0.11),
‘Medical institutions’(GP-0.07), ‘Presence of jetty’ (GP-
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Figure 4: Global priorities of each sub-components towards
adaptive capacity

0.06), ‘Electrification’ (GP-0.05), ‘Agriculture office’ (GP-
0.04), ‘Veterinary institutions’ (GP-0.04).

From the above result it was evident that Overall,
“Multipurpose Cyclone Shelter” sub-component with
global priority (GP-0.11) was most responsible for adaptive
capacity. The result was in line with (Dash and Walia, 2020)
who found that a few people in Ganjam district were used
multipurpose cyclone shelter during the cyclone ‘Phailin’in
2013 but approximately 2585 people were shifted during
the cyclone ‘Fani’ in Puri district. Availability of grazing
land area (GP-0.02) was least responsible for adaptive
capacity because more than 60% of the respondents had
low livestock holding. In Human-Social component,
Community participation (GP-0.10) was most responsible
for adaptive capacity. Anonymous (2022) report ‘WASH
DIARIES’ cited similar findings that the Gaon Kalyan
Samity spread levels of awareness within communities
(including village youth and adolescents) on the importance
of safe water, sanitation and hygiene behaviour (covering
water pots, cleaning buckets, cleaning latrines, hand washing
with soap etc.) during ‘Fani’ in Puri district. But the result
contradicted as respondents cited as both sanitary facilities
and the extent of use of training received (GP-0.03) were
least responsible for adaptive capacity respectively. In the
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environment component, total forest area (GP-0.05) was
most responsible as mangrove forests during cyclones as
it acted as a natural barrier and significantly reducing the
impact of high winds and storm surged thereby protecting
coastal communities from severe damage and loss of life
(Das, 2022). Availability of grazing land area (GP-0.02)
was least responsible for adaptive capacity. Debt saving-1
amount (GP-0.08) under economic component was most
responsible because saving money was a liquid asset and
can easily be convertible to cash during emergencies. This
could help to fulfil daily requirements even after a great
loss. Market distance (GP-0.03) having lowest importance
as villages were well connected with local and regional
markets. Multipurpose Cyclone Shelter with global priority
(GP-0.11) under physical component was found to be
the most important sub-component and agriculture office
and veterinary institutions (GP-0.04) least responsible for
adaptive capacity of the respondents.

4. CONCLUSION

he key factors influencing adaptive capacity, included

Human-social, Economic, Environmental, and
Physical factors. Physical factors emerged as the most
influential, followed by Human-social, Economic, and
Environmental factors. The study emphasized that
individual adaptive capacity depended on resource
availability, while societal adaptation relied on collective
action. Community participation (GP=0.10) was found
equally important as institutional setups, like multipurpose
cyclone shelters (GP=0.11). The study could be further

analyzed in extensive version.
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