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Climate change threatens biosphere reserves, increasing 
the risk of extreme weather events like droughts and 
floods, and endangering biodiversity and livelihoods. 
Effective adaptation through changes in agricultural 
management is essential to mitigate these impacts. In this 
study, we prioritize major adaptation strategies prac-
tised by the communities of Agasthyamalai Biosphere 
Reserve in South India by employing an analytical hier-
archy process. A total of 700 farmers practising mixed 
farming in the biosphere reserve area were chosen for 
the study. Adaptation strategies were categorized into 
four sectors, viz. crop, livestock, fisheries and other strat-
egies. Within each sector, five commonly practised adap-
tation strategies were chosen for the study. Hence, a 
total of 20 adaptation strategies were considered. ‘Crop 
diversification’ was identified as the major adaptation 
strategy. The findings of this study offer valuable in-
sights for agricultural extension advisory services to 
promote diversified farming systems as a resilient and 
eco-friendly approach to enhance climate risk manage-
ment within the biosphere reserve area. 
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THE Agasthyamalai Biosphere Reserve (ABR), situated in 
the southern part of the Western Ghats of India, is a sanctuary 
of major ecological significance. Its lush tropical expanse, 
where biodiversity thrives, covers peaks rising to 1868 m 
amsl. Within its vast boundaries, the reserve harbours an im-
pressive array of 2254 species of higher plants, nearly 400 
of which are found exclusively within this unique haven. 
ABR also encompasses three vital wildlife sanctuaries – 
Shendurney, Peppara, Neyyar and the Kalakkad Mundan-
thurai Tiger Reserve. Each of them nurtures a harmonious 
coexistence of diverse flora and fauna1. 
 However, climate change is harming the indigenous 
communities residing within the biosphere. These comm-
unities, including the Kani, Malapandaram and Malasar 

tribes, share deep connections with the environment2. Cli-
mate change-induced disruptions, including erratic rainfall 
patterns, prolonged droughts, and intensified extreme 
weather events, challenge traditional agricultural practices 
and imperil food security. Furthermore, the intimate relation-
ship of these native communities with the forested landscape 
renders them especially vulnerable to climate-induced dis-
ruptions such as wildfires and shifting vegetation dyna-
mics, further jeopardizing their livelihoods. 
 Hence, it is imperative to find ways to evolve policies 
that might improve the adaptive capacity of these commu-
nities3–5. Adaptation is a multifaceted process, including 
linkages between assets, organizations and the surround-
ings6. It demands a diverse range of decisions to be made and 
activities to be undertaken by different sectors of the com-
munity7. It is necessary to make choices to maximize pos-
sible advantages and minimize negative effects in the light 
of changing climate8. These choices include selecting adapta-
tion strategies from a variety of options9. Although all farm-
ers encounter similar environmental cues, there is significant 
variation in how each responds to changing weather patterns 
and the variables that influence adaptation choices10. 
 This study evaluated the adaptation strategies of the native 
communities of ABR in order to comprehend their adaptive 
capacity to climate change. A multi-criteria decision assess-
ment technique, analytical hierarchy process (AHP), was 
employed to determine the most effective adaptation strate-
gy. The results may help provide insights to policymakers, 
philanthropists, and researchers to comprehend better the 
problems faced by the native communities of ABR and to 
initiate efforts to minimize the negative impacts of climate 
change and reduce vulnerability. 

Materials and methods 

Study area 

The study was carried out in ABR, which was formed  
in 2001. It is on UNESCO’s list of World Biosphere  
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Reserves11. In 2016, ABR joined the World Network of 
Biosphere Reserves. It covers an area of 3500.36 km2, of 
which 1828 km2 is in Kerala and 1672.36 km2 is in Tamil 
Nadu, India. The biosphere reserve is home to about 3000 
people from different tribal communities who are mainly 
dependent on farming, fishing, livestock and forest for their 
livelihood11. 

Sampling 

The minimum sample size needed for the study was arrived 
at by adopting the method suggested by Cochran12. 
 Sample size for an infinite population is given by: 
 
 S = Z2 *p*(1 – p)/m2, (1) 
 
where Z is the Z score = 1.96 for confidence interval of 
95%, p the population proportion (assumed to be 50% = 
0.5) and m is the margin of error (assumed to be 0.05). 
 Hence the minimum sample size required was found to 
be 384. 
 A stratified multistage sampling design was used to collect 
primary data from 700 farmers who were involved in mixed 
farming in the ABR. The sampling design consisted of  
 
 

 
 

Figure 1. Sampling framework of the study. 

ABR as strata, state, district, village and farmers as first,  
second, third and ultimate stages of sampling units respec-
tively. ABR areas in Pathanamthitta, Kollam and Thiruva-
nanthapuram districts of Kerala, and Tirunelveli and 
Kanyakumari districts of Tamil Nadu were chosen for the 
study. Also, 48 villages from Pathanamthitta, Kollam and 
Thiruvananthapuram districts, and 22 villages from Tiru-
nelveli and Kanyakumari districts were chosen based on the 
percentage coverage of ABR. Ultimately, 10 farmers were 
chosen from each of these villages based on their involve-
ment in mixed farming, making a total sample size of 700 
farmers (Figure 1). 

Data collection 

Primary data were collected using pre-tested structured 
and semi-structured interview schedules, observation method, 
World Café method, participatory rural appraisal techni-
ques and focus group discussion. 

Analytical hierarchy process 

AHP is a structured decision-making method that helps 
individuals and groups make complex choices by breaking 
down a problem into a hierarchical structure. It involves 
evaluating alternatives through pairwise comparisons to 
determine their relative importance or preference. It is 
widely used in various fields, including business, engineering 
and environmental management, to facilitate systematic 
decision-making, reduce subjectivity and achieve more in-
formed and consistent choices in situations with multiple 
criteria and options. 
 AHP was employed to prioritize adaptation strategies 
for addressing climate change. The decision problem was 
clearly defined and structured hierarchically. Pairwise 
comparisons were made between the adaptation strategies 
to determine their relative importance, typically using 
Saaty’s scale ranging from 1 to 9 (Table 1)13. The farmers 
practising mixed farming assigned scores to each adapta-
tion strategy based on its relative importance with respect 
to the other adaptation strategies. Mixed farming is an agri-
cultural practice where farmers cultivate crops, livestock  
 
 

Table 1. Saaty’s scale for pairwise comparison13 

Intensity of importance Definition 
 

1 Equally important 
2 Slightly important 
3 Somewhat important 
4 Moderately important 
5 Strongly important 
6 Strong plus 
7 Very strongly important 
8 Very very strongly important 
9 Absolutely important 
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Figure 2. Various adaptation strategies practised by communities living in the Agasthyamalai Biosphere Reserve. 
 

Table 2. Priority weightage for different sectors (n = 700) 

 
Component 

Priority 
weightage 

 
λmax 

Consistency  
index 

Consistency  
ratio 

 

Crop-based 0.35 4.23 0.001 0.002 
Livestock-based 0.27    
Fisheries-based 0.24    
Others 0.14    

 

rearing and fisheries management within a single farming 
operation. These judgments were used to generate matrices, 
which were then normalized to ensure consistency. An as-
sumption underlying this scale was that if adaptation strategy 
A was preferred over adaptation strategy B, then A was given 
a value of 9 and B was given a value of 1/9. Consequently, 
an adaptation strategy matrix was created, which was then 
used to calculate the relative weights of the adaptation 
strategies. The weighted scores for each component, viz. 
crop, livestock, fisheries and other sectors, were calculated 
from the matrix, and adaptation strategies were evaluated 
accordingly. The process also included a consistency check 
to ensure the reliability of judgments. This was done using 
the consistency index (CI). To begin the process, the initial 
step was to assess the highest eigenvalue (λmax) using eq. (2) 
(ref. 13). 
 

 max
1

( )* ,
*

n

i

X V i
m vi

λ
=

= ∑  (2) 

 

where X is the indicator matrix (pairwise comparison matrix), 
V the eigen vector and n is the number of indicators. 
 CI was estimated as  
 

 maxCI .
1

n
n

λ −
=

−
 (3) 

 
Ultimately, the consistency ratio (CR) was calculated by 
dividing CI by the random index, which depends on the 

size of the matrix being evaluated/the number of criteria or 
alternatives being compared. If the calculated CR is less 
than 0.10 (often used as a threshold), it is considered an 
acceptable level of consistency. 
 In this study, adaptation strategies were operationalized 
as the actions and practices implemented or adopted to miti-
gate the negative effects of climate change by the commu-
nities of ABR practising mixed farming. The adaptation 
strategies were grouped under four sectors, i.e. crop, live-
stock, fisheries and others. Five adaptation strategies under 
each sector were selected which are mostly practised by 
the communities. Thus, a total of 20 adaptation strategies 
were selected for the study (Figure 2). 

Results and discussion 

Priority weightage of different sectors 

The significance of different agricultural sectors in terms 
of decision-making among the communities of ABR was 
evaluated. Table 2 presents the results. The analysis demon-
strated a CR less than 0.1, showing that the obtained values 
were reliable and that the crop sector was preferred over 
other sectors. The crop sector accounted for approximately 
64% of the overall agricultural revenue, making it the most 
crucial sector for deciding the adaptation strategy followed 
by the ABR communities. The farmers prioritized crop, live-
stock, and fisheries based adaptation strategies respectively, 
in their decision-making process for selecting adaptation 
strategies. 

Priority weightage of adaptation strategies under  
different sectors of agriculture (n = 700) 

Several adaptation strategies were recognized within each 
sector. Table 3 provides information on the relative impor-
tance of various adaptation strategies within each sector, 
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Table 3. Priority weightage of adaptation strategies under different sectors of agriculture (n = 700) 

 
Sector 

Scaling  
factor 

 
Adaptation strategy 

Consistency 
ratio 

Priority within 
each sector 

Overall 
priority 

Overall 
rank 

 

Crop 0.35  0.015    
  Crop diversification  0.30 0.10 I 
  Cultivation of traditional crop varieties  0.25 0.07 III 
  Adjustment in crop calendar  0.21 0.08 II 
  Integrated pest management  0.14 0.03 VII 
  Crop insurance  0.10 0.03 VII 
Livestock 0.27  0.023    
  Shifting from large to small ruminants  0.34 0.08 II 
  Replacement of exotic breeds by local breeds  0.24 0.08 II 
  Fodder preservation  0.14 0.02 VIII 
  Reduction in livestock number  0.17 0.06 IV 
  Livestock insurance  0.11 0.03 VII 
Fisheries 0.24  0.033    
  Paddy–fish culture  0.14 0.05 V 
  Cultivation of stress-tolerant fish species  0.12 0.04 VI 
  Catching small fish  0.08 0.02 VIII 
  Increasing fishing efforts  0.33 0.05 V 
  Altering fishing time  0.33 0.06 IV 
Others 0.14  0.046    
  Construction of mechanical structures  0.22 0.09 V 
  Agro-silvi-pastoral system  0.14 0.05 VII 
  Formation of self-help groups  0.10 0.03 VII 
  Rearing of heat-resistant poultry breeds  0.25 0.02 VIII 
  Use of forest resources  0.29 0.07 III 

 
 
including their individual contributions to the component 
and overall weightage. Table 3 shows the empirical im-
portance of various adaptation strategies based on specific 
criteria and overall decision-making for choosing different 
strategies. This was accomplished by ranking the various 
adaptation strategies and evaluating their individual con-
tributions to the components. 

Major adaptation strategies in the crop sector 

The major adaptation strategy under the crop sector was 
‘crop diversification’, with an overall priority score of 0.1. 
Crop diversification involves adding new crops or cropping 
systems to farm production, considering the potential re-
turns from value-added crops with complementary mar-
keting opportunities. Crop diversification has lowered the 
vulnerability of the communities to extreme weather events 
and ensured additional income. While millet cultivation 
had historical roots in ABR, it has gradually declined among 
the indigenous communities. There is an immediate necessity 
to re-establish millet cultivation within the ABR, given its 
pivotal role in promoting crop diversification and enhancing 
climate resilience. This includes strengthening the seed 
chain by establishing seed hubs, especially for minor millets, 
to boost the adoption of new cultivars and enhance seed 
replacement rates. Additionally, motivating local farmers 
to adopt millet cultivation and involving the private sector 
in building a sustainable millet value chain are crucial steps. 
Moreover, integrating millet into the public distribution 

system, akin to wheat and rice, to create significant demand 
and revitalize millet farming in the region is imperative. 
‘Adjustment in crop calendar’ was the second most im-
portant crop-based adaptation strategy (overall priority 
score of 0.08). Local communities of ABR reported that alter-
ing the crop calendar could increase paddy yield by 15%. 
‘Cultivation of indigenous crop varieties’ was one of the 
major crop-based adaptation strategies to combat climate 
change in the study area. Some of the traditional rice vari-
eties in this area are Kuruva, Kodukkanni, Thavalakannan, 
Kapakkar, Karungkuravai, Karuppukowni, Anoori and 
Rakthashali. Communities of ABR consider these landraces 
to be genotypically varied, making them resistant to climate 
stressors, affordable and accessible. ‘Integrated pest man-
agement’ (IPM) and ‘crop insurance’ were found to be the 
other important adaptation strategies in the crop-based 
sector, with an overall priority score of 0.03. Given the 
impact of climate change on increasing pest pressure, 
farmers face significant challenges in maintaining crop 
health and productivity. However, IPM helps them address 
this issue by providing sustainable and effective options for 
pest control. By combining multiple strategies and appro-
aches, such as biological control and cultural practices, IPM 
allows farmers to manage pest populations in a way that 
minimizes environmental impact and promotes long-term 
agricultural sustainability. Crop insurance has provided 
financial assistance to communities by stabilizing agricul-
tural revenues, incentivizing the communities to engage in 
farming, minimizing liabilities and reducing the need for 
policy reforms during crop failure. 
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Major adaptation strategies in the livestock sector 

‘Shifting from large to small ruminants’ and ‘replacement 
of exotic breeds by local breeds’ were the major adaptation 
strategies in the domesticated animal sector, with an overall 
priority score of 0.08. Native communities of the ABR asser-
ted that ‘Malabaris’ and ‘Jamunapari’ breeds are better for 
their remarkable ability to thrive in a variety of climatic 
situations, owing to their high disease resistance, flexible 
grazing habits, efficient feed conversion and capacity to tole-
rate droughts and floods. Furthermore, raising these breeds 
typically requires a low capital outlay, yet they yield maxi-
mum returns due to their short stature, reproductive potential, 
low feed requirements, and simple housing and management 
needs. The indigenous breeds, specifically, exhibit excep-
tional hardiness, with a capacity for high thermo-tolerance 
and resilience to diseases, which allows them to adapt and 
thrive even in harsh climatic situations. With an overall 
priority score of 0.06, ‘reduction in livestock number’ was 
the second most important adaptation strategy in the live-
stock sector. Households with fewer animals could manage 
their resources better and ensure that their remaining live-
stock have enough feed. Therefore, destocking could reduce 
costs, improve resource management and help mitigate the 
environmental impact of livestock farming. The third most 
important adaptation strategy was ‘livestock insurance’, 
with an overall priority score of 0.03. This strategy incen-
tivizes farmers to adopt more sustainable and climate-
resilient practices, such as investing in better animal man-
agement practices, improving livestock breeds, and taking 
steps to prevent diseases and pests in the livestock. ‘Fodder 
preservation’ with an overall priority score of 0.02 was 
found to be one of the major adaptation strategies em-
ployed by the communities of ABR. It helps ensure suffi-
cient feed during periods of climate-related disruptions to 
grazing and reduces reliance on purchased feed, which can 
be expensive and in short supply during times of crisis. 

Major adaptation strategies in the fisheries sector 

‘Altering the fishing time’ is the most important adapta-
tion strategy to climate change in the fisheries sector in the 
ABR, with an overall priority score of 0.06. Changes in 
weather patterns and increasing temperatures affect the tim-
ings of fish breeding and migration. As a result, altering the 
timings helps the communities to align with these changes 
and ensure sustainable fish production. By adjusting the 
timing of fishing, communities can fish when they are most 
abundant and avoid catching them during the breeding and 
spawning seasons. This helps preserve fish populations 
and ensures the long-term sustainability of fishing practices 
in the region. ‘Paddy–fish culture’ and ‘increasing fishing 
efforts’ were found to be the second most important adap-
tation strategies in the fisheries sector, with an overall pri-
ority score of 0.05. Paddy–fish culture is typically done 

during the wet season in the ABR between June and October, 
and is known as ‘Mundakan’ or ‘Onam paddy’. The fish 
species used in this type of cultivation varies, but some 
commonly used species are tilapia, carp and catfish. The 
fish are usually stocked in the paddy fields after the rice 
seedlings have grown to a certain height, and they help 
control pests and weeds while also providing an additional 
source of income to the farmers. Communities have also 
started to invest more time in fishing as an adaptation stra-
tegy to climate change, anticipating catching more fish. 
‘Cultivation of stress-tolerant species’ was found to be the 
next important adaptation strategy practised in ABR 
(overall priority score of 0.04). Some species that are 
commonly cultured include tilapia, catfish, rohu, pearl 
spot, murrel, red snapper, etc. These species are reportedly 
fast-growing and tolerant to a wide range of water condi-
tions, including low dissolved oxygen levels and high 
temperatures. With an overall priority score of 0.02, 
‘catching small fish’ was practised as an adaptation strategy 
to ensure continued fish supply in response to the shifting 
climatic conditions. 

Other major adaptation strategies practised by  
communities in the ABR 

Various other adaptation strategies practised in farming 
were also quantified and prioritized. The use of forest re-
sources was the topmost adaptation strategy under the 
‘others’ category, with an overall priority score of 0.07. 
With changing climatic conditions, communities face chal-
lenges in crop production and have to diversify their income 
sources. The communities of ABR are highly dependent 
on the forest for their livelihood. Forest resources provide 
them with alternative sources of livelihood, such as timber, 
non-timber forest products (NTFPs) and fuelwood. Some 
of the NTFPs used by the communities are medicinal 
plants, edible fruits, nuts, honey, bee wax, bark, leaves, resins 
and gums. ‘Construction of mechanical structures’ was the 
second most important adaptation strategy, with an overall 
priority score of 0.05. Stone-pitched contour bunds and 
moisture-conservation pits are physical structures built by 
the communities in ABR on sloping terrain to mitigate soil 
erosion and surface run-off, thereby promoting greater in-
filtration of water into the soil. ‘Agro-silvi-pastoral system’ 
was another effective adaptation strategy with an overall 
priority score of 0.03. It has benefitted communities in 
multiple ways against changing climatic conditions, such as 
income diversification, soil conservation and water man-
agement, carbon sequestration and biodiversity conservation. 
‘Formation of self-help groups’ (SHGs) was found to be 
yet another important adaptation strategy to combat climate 
change, with an overall priority score of 0.03. The communi-
ties in ABR formed SHGs that promote community resili-
ence and livelihood diversification, enhance adaptive 
capacity and strengthen social networks. 
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 ‘Rearing of heat-resistant poultry breeds’ was an adap-
tation strategy employed by these communities, with an 
overall priority score of 0.02. ‘Athulya’, ‘Gramelekshmi’, 
‘Vanaraja’ and ‘Gramapriya’ were the poultry breeds 
reared. These breeds adapt well to hot and humid climate, 
have higher disease resistance, and give a high yield of eggs 
and meat. 

Policy implications 

ABR is likely to experience significant adverse impacts 
due to climate change in the future. The variability of mon-
soon rainfall is already evident, and there is an increase in 
short-term droughts, making the situation challenging for 
farmers in the region. Hence, this study focused on the adap-
tation strategies to be followed by the communities of 
ABR to cope with the changing climate. The following policy 
measures are recommended to foster a system that facili-
tates adaptation and could help these communities gain the 
desired outcomes. First improving extension services to help 
the communities adopt strategies to counteract the conse-
quences of climate change, with a focus on women and 
communities living in unfavourable geographic locations. 
Second, encouraging the use of information and commu-
nication technology (ICT) in agriculture and extension 
services. This can include providing farmers with access to 
weather information and early warning systems via mobile 
phones or other digital platforms, as well as using ICT to 
improve communication and coordination among stake-
holders involved in agricultural production and adaptation 
planning. Third, there is a need for greater engagement of 
local communities by entities like non-governmental organi-
zations, cooperatives and committees. This can facilitate 
the adoption of various adaptation strategies. Fourth, to 
improve comprehension of the impacts of climate change, 
emphasis should be placed on the integration of climate-
related information into the educational system. Fifth, the 
provision of financial support for adaptation measures. 
Governments can provide financial support for farmers to 
invest in adaptation measures such as building climate-smart 
infrastructure, purchasing stress-tolerant crop varieties and 
breeds, and investing in the construction of mechanical 
structures. Finally, research should be strengthened to deve-
lop innovative solutions that can help farmers adapt to the 
changing climate. 

Conclusion 

The communities residing in ABR are highly vulnerable to 
global warming as they have historically been dependent on 
forest resources, farming including the cultivation of millet, 
and livestock rearing for their livelihood. However, over 
time, the cultivation of millets experienced a decline. In 
the present context, where climate change poses significant 
challenges, it becomes imperative to revisit the cultivation 

of millets as a climate-smart adaptation strategy. The present 
study employed AHP to evaluate the adaptation strategies of 
the communities in ABR. It yielded a range of adaptation 
strategies across various agricultural sectors, with a special 
emphasis on crop diversification, which includes the rein-
troduction of millets. Raising millet cultivation mitigates 
risks associated with climate-related factors, enhances re-
silience, promotes soil health, and reduces reliance on 
chemical inputs. Additionally, it contributes to food secu-
rity by providing a diverse and nutritious diet. Future studies 
should delve deeper into indigenous adaptation practices, 
encourage the revival of millet cultivation, conduct loca-
tion-specific studies and explore the immense potential that 
millets offer in the face of climate change challenges. 
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