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Abstract

Climate variability adaptation encompasses measures implemented to adjust to the impacts of climate variability, aiming to minimize
associated risks and vulnerabilities. It entails creating plans to shield economies, ecosystems and people from the negative effects of
climate variability. Reducing the negative effects of climatic variability, safeguarding livelihoods and promoting sustainable development
are crucial. It enhances resilience, reduces vulnerabilities and protects infrastructure, ecosystems and human welfare. Analyzing factors
affecting adaptation behaviour aids in identifying challenges and potential opportunities for successful response strategies. This paper
analyzes climate variability in agriculture, explored the factors influencing adaptation behaviour. A systematic literature eview was
conducted in published papers (i.e., over the last ten years) from the Scopus database using PRISMA methodology. This reviewidentified
40 articles that answered three important questions: What trends are emerging in the global literature to explain climate vaiability
adaptation? What factors are considered when shaping climate variability adaptation? Which elements can be regarded as critial to
advancing adaptation mainstreaming in policy and practice? Thematic analysis showed that decision making, farmers perspective,
environmental policy and agricultural extension were the most important elements influencing climate variability adaptation. Food
security plays a modest role in climate variability adaptation. Strong governance, policy integration, stakeholder involvement and proper
financing have all been identified as critical components for furthering climate variability adaptation mainstreaming.
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damaged critical agricultural infrastructure. These events
highlight how extreme weather disproportionately affects
marginalized populations with limited adaptive capacity.

Introduction

Agriculture has been highly influenced by climate variability,
making it increasingly difficult to maintain traditional
practices in crop cultivation, livestock rearing and fish
farming. Climate change, along with other evolving

The vulnerability of individuals in poor countries has
increased due to the amplification of these events, especially
for those primarily engaged in subsistence farming and

environmental and socio-economic factors, has significantly
impacted agricultural production and productivity (1).
Agriculture has been adversely affected by climate variability
and farmers have been negatively impacted by both climate
change and variability, posing significant risks to their
livelihoods (2, 3). The frequency and intensity of extreme
weather events have been contributing to the devastating
effects of climate change and significantly altering the lives of
vulnerable and isolated groups (4, 5). For example, recurrent
droughts in sub-Saharan Africa have led to severe crop
failures, reducing food availability and pushing smallholder
farmers into deeper poverty. Similarly, intensified cyclones in
coastal South Asia have displaced farming communities and

livelihoods dependent on natural resources that are
susceptible to climate change (6). Climate change has
adversely impacted future livelihoods, reducing farmers’
income by nearly 30 % in dry climates and 20 % in wet
climates (7).

Farmers’ livelihoods have been severely impacted by
various climate-related events, including heat waves,
droughts, storms, floods, insect pest outbreaks and
increasingly unpredictable and intense rainfall, along with a
notable rise in temperatures. Additionally, future climate
projections indicate continued uncertainty in climatic
patterns, complicating the prediction and management of
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climate extremes (8). The awareness of climate change and
variability is becoming a rising factor among people and who
consider it a serious threat, which would induce adaptation
strategies among farmers (9).

The capital and adaptability relationship are
determined in a significant way by climatic and non-climatic
factors. Farmers could be obliged to adopt adaptive
measures due to unfavourable weather conditions since the
likelihood of adaptation is marginally increased when
climatic elements rise. Despite having adequate resources,
the rise in non-climatic factors (socio-economic, institutional
and demographic characteristics) reduces the adaptability.
Capital refers to farmers’ available resources, including
financial assets, social networks, human skills, natural
resources and physical infrastructure, which influence their
capacity to adapt to climate variability (10). Farmers
proactively aware of climate change tend to implement more
management techniques and the likelihood that farmers will
enhance their climate change adaptation tactics is greatly
increased by financial support, such as availability of credit
and access to the produce market (11).

There is a substantial negative correlation between
risk assessment and actual adaptation behaviour, indicating
that higher perceived risks do not always lead to immediate
action. However, both risk assessment and coping appraisal
positively influence farmers’ behavioural intention to adopt
climate change adaptation strategies. In developing
countries, this intention is further shaped by social judgment,
highlighting the role of community norms and peer influence
in adaptation decisions (12).

Researchers and extension specialists may have the
greatest influence through specialized techniques that support
both adaptation and mitigation. These may include climate-
smart agriculture, early warning systems and tailored decision-
support tools. Farmers’ adaptation behaviour, however,
appears to be primarily driven by the direct consequences of
climate change rather than by efforts to mitigate it (13).
Mitigating the adverse effects of climate change and variability
may involve implementing new technologies and improved
seeds, expanding land cultivation, lowering trade barriers and
altering farming techniques (14).

Farmers in hilly terrain and alluvial plains appear to be
the most adaptive. Farmers described their strategies for
adapting to climate change as including short-season crops,
drought-tolerant crops, irrigation, rearranging planting dates
and planting trees. The adverse effects of a changing climate
remain unnoticed by smallholder farmers, who have
responded appropriately to variations in rainfall,
temperature and wind (15, 16).

Farmers' adoption of climatic variability adaptation
measures was highly influenced by age, gender, education
level and agricultural experience (17). The adaptation
behaviour was significantly influenced by education and
innovativeness; therefore, it is necessary to educate farmers
on the significance of climate change adaptation (18). The
adoption of sustainable agricultural practices helps reduce
the impacts of climate variability (19). The farm size was
inversely related to adoption of adaptation behaviour, small

farm size leads to higher adoption of strategies (20).
Drivers of adaptation

Farmers with higher farm income did not have the stimulus to
adopt adaptation strategies and farmers with lower farm
income have a higher stimulus to adopt adaptation strategies
(21). Farmers adopted traditional farming practices to
mitigate climate change and variability (22).

Based on their perceptions of climate variability,
farmers can make investment decisions according to the
assistance of indigenous knowledge (23). Farmers’
perceptions of climate change were found to be positively
correlated with their awareness of it, misinformation or the
absence of accurate data may cause perceptions to become
distorted (24, 25). Evidence from the reviewed literature
reveals significant variation in farmers’ adaptation behaviour
based on geographic and economic contexts. In low-income
countries and arid regions, limited access to resources and
institutional support amplifies reliance on traditional
knowledge and reactive strategies. Conversely, farmers in
high-income countries and humid zones are more likely to
adopt proactive, technology-based adaptations, influenced
by better infrastructure and risk awareness. Climate
variability leads to a decrease in the length of the crop
growing season and chemical fertilizers were used to
overcome this barrier (26). To enhance farming methods,
skills training in climate change adaptation and mitigation
could be implemented (27). The most prevalent ways to
mitigate the short-term effects of climate variability were to
alter growing seasons (sowing and harvesting), as well as to
apply fertilizers and pesticides (28).

Farmers’ perceptions of climate change risks and their
beliefs in the efficacy of adaptation measures significantly
impact their willingness to adopt adaptive strategies (29).

Role of institutions

Access to financial resources, credit facilities and markets can
either facilitate or hinder adaptation efforts. Farmers with
higher incomes and better market access are more likely to
implement adaptive strategies (30). Support from local
government leaders and the presence of robust governance
structures are vital. Lack of support from local government
elected leaders is a significant barrier to municipal
adaptation (31).

Societal norms, cultural beliefs and individual
behaviors influenced adaptation actions. Engaging with
these aspects was crucial for effective adaptation strategies
(32). Attributes such as age, gender, household size and
education level significantly influenced adaptation decisions.
For example, younger farmers with higher education levels
were more likely to adopt innovative adaptation strategies
(33). Income levels, farm size and access to financial
resources play pivotal roles. Farmers with larger landholdings
and higher incomes have greater capacity to implement
adaptation measures (34).

Individuals’ awareness and understanding of climate
change risks influence their willingness to adapt. Those who
perceive higher risks are more proactive in adopting the
adaptation strategies (35). Regular interactions with
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agricultural extension services provide farmers with
information and support, facilitating the adoption of
appropriate adaptation practices (36). Effective governance,
policy frameworks and institutional coordination enhance
the implementation of adaptation measures. Skilful project
management and improved institutional coordination are
key elements for successful adaptation interventions (37).
Community engagement and social norms significantly
impact adaptation decisions. Strong social networks can
facilitate the sharing of knowledge and resources necessary
for adaptation (38).

Barriers to adaptation

Availability of natural resources, such as water and fertile
land, determines the feasibility of certain adaptation
strategies (39). Cultural beliefs and practices can either
facilitate or hinder adaptation efforts. Understanding local
cultural contexts is essential for designing effective
adaptation strategies (40). Past experiences with climate-
related events shape individuals' risk perceptions and
influence their adaptation behaviours (41). Prevailing social
norms can either facilitate or hinder adaptation efforts. It
emphasized the importance of aligning adaptation policies
with local social norms to ensure their effectiveness (42).
Engagement with agricultural extension services, training
programs and weather-related information enhances the
adoption intensity of climate change adaptation practices
among farmers (43, 44).

Understanding the factors affecting climate change
adaptation aids in designing practical approaches that align
with local contexts, ensuring successful adaptation
measures. Insights into adaptation determinants enable
efficient distribution of resources, ensuring support reaches
areas where it's most needed (45). Understanding these
factors could inform strategies to increase support for
adaptation policies, facilitating their implementation (46).

Understanding adaptation behaviour is increasingly
vital as climate variability poses significant risks to
agricultural productivity and livelihoods. Farmers’ responses
to these challenges are shaped by complex socio-economic,
environmental and institutional factors. Without insight into
these behaviours, adaptation strategies may fail to be
effective or equitable. This review systematically examines
the key factors influencing adaptation behaviour in
agriculture to inform targeted and sustainable interventions.

Considering the above discussion, this paper seeks to
explore three primary questions:

(a) What trends are emerging in the global literature to
explain climate variability adaptation? (b) What factors are
conceptualized in shaping climate variability adaptation? (c)
Which elements can be considered key to advancing
adaptation mainstreaming in policy and practice?

Methodology
Review structure

To assess the relevant scholarly literature on factors affecting
climate variability adaptation, we employed the 15step
Systematic Quantitative Literature Review method (47). This
highly structured approach is robust and reproducible,

supporting transparency in the review process and reporting
of key findings. We followed the protocols of the Preferred
Reporting Items for Systematic Review Recommendations
(PRISMA) (48).

The impact of climate variability and change was
analysed through Systematic Literature Review (SLR) method
(49, 50). We used the SLR technique to systematically
compile, describe and categorize relevant literature (51). It
entails scanning information sources and making a mind
map (conceptual framework). We used VOSviewer software
to construct a bibliographic review, generating maps, cross-
references and co-occurrence analyses based on
bibliographic connections.

Search terms, database searches and article selection

The Scopus database was used to search the literature
published over the last ten years (2015-2024) since there was
a rise in literature post-Paris Agreement during this period.
The keyword combinations used for the database search are
shown in Table 1. The search for research publications
involves the use of a variety of search strategies related to
climate variability and its adaptation behaviour. The search
strategies utilised keyword combinations from all categories
were shownin Table 1.

The Scopus search strategy employed Boolean
operators and wildcards to ensure comprehensive coverage
of relevant literature. The search string used was: (“climate
variability” OR “climate change”) AND (adapt* OR “coping
strategy” OR “resilience”) AND (agriculture OR farming) AND
(behaviour OR behaviour OR “decision-making”). A search
using keywords related to climate variability, agriculture,
adaptation behaviour and influencing variables yielded 375
publications in the Scopus database (Table 1). This highlights
the importance and ongoing study interest in these
interrelated subjects, which are reflected in the substantial

Table 1. Combination of keywords used and the total number of
publications from databases

Numbers of
Databases Search terms articles
“climate variability” AND “agriculture” AND
Scopus “adaptation behaviour” AND “factors” OR 375

“determinants”

amount of literature that has been written about them in this
database.

Primary screening

A total of 375 articles were identified as potentially relevant
(Fig. 1). Preliminary screening removed 158 articles. The
preliminary screening was based on automation filters such
as non-English, review paper and restricted access, published
year (2015 to 2024). These filters were applied to maintain
consistency, accessibility and relevance within the review
scope. Excluding non-English and restricted-access articles
ensured that selected studies were both comprehensible and
openly available for analysis. Limiting the publication years to
2015-2024 focused the review on recent findings reflecting
current climate-agriculture dynamics and policy contexts.

Quality screening

The remaining 217 articles were taken to the inclusion-
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Fig. 1. PRISMA flowchart depicting the number of studies inclusion and exclusion for identifying the determinants.

Table 2. Inclusion and exclusion criteria

Criteria Inclusion

Exclusion

Time span 2015-2024

Social science,
Agricultural & biological science,
Multidisciplinary and
Environmental science

Subject area

Document type Article
Languages English
Source type Journal
Publication stage Final

Open access Open access

<2015

Earth and planetary science, Engineering, Economics, Econometrics
and Finance
Biochemistry, Genetics and Molecular Biology, Energy, Medicine, Arts
and Humanities, Computer Science, Business, Management and
Accounting, Decision Sciences, Immunology and Microbiology,
Chemical Engineering, Veterinary, Mathematics, Chemistry,
Psychology, Physics and Astronomy, Materials Science, Neuroscience,
Pharmacology, Toxicology and Pharmaceutics, Health Professions,
Nursing

Conference papers, Book chapters
Non-English
Trade journal
Press
Restricted access

Screening

Existence of predefined keywords in the title, abstract,
or keywords part of the paper. Considered the climate

Title and abstract variability, adaptation behaviour and factors as an

outcome
Included at least three determinants from climate

Full text variability, agriculture and adaptation behaviour

exclusion criteria (which were shown in Table 2). Based on
the quality criteria outlined in Table 2, 118 articles were
excluded. The 118 articles were excluded after full-text
screening based on quality criteria to ensure methodological
rigor and relevance. Studies lacking clear research design,
insufficient data on adaptation behaviour, or weak analytical
frameworks were removed. Articles with unclear target
populations or unsupported conclusions were also excluded.
This process ensured that the final selection reflected high-

quality, evidence-based contributions to the topic. A total of
40 studies were chosen for quantitative analysis based on
suitability, relevancy and clarity of addressing stress and
coping variables.

Findings
Characteristics of global literature
Bibliometric Summary

A bibliometric summary of a Systematic Literature Review

https://plantsciencetoday.online


https://plantsciencetoday.online

(SLR) conducted on research published between 2015 and
2024 is shown in Table 3. It highlights key indicators such as the
number of sources, documents, citations, author collaboration
and keyword trends. The analysis provides insights into
research growth, impact and global collaboration within the
field studied.

Table 3 reveals that the time span (2015-2024) indicates
that the research covers an eight-year period, highlighting
recent advancements in the field. The increasing number of
studies suggests growing academic interest and relevance over
time. The sources and documents analyzed include 33
different publication sources and 40 research papers,
demonstrating a diverse range of scholarly contributions. This
variety enhances the comprehensiveness of systematic review.
The annual growth rate of 21.9 % suggests a steady rise in
research output, reflecting increasing engagement from
researchers. The average document age of 4.08 years indicates
that most studies are relatively recent and contribute to
current scientific discussions. The average citation count per
document (27.85) highlights the high impact and influence of
the studies included in this review. The total of 3004 references
signifies a strong research foundation, showing that the field is
well-supported by existing literature.

The keyword analysis reveals 307 Keywords Plus and
153 Author Keywords, reflecting a broad and multidisciplinary

Table 3. Bibliometric summary (2015-2024)

S. No Description Results
1. Main information about data
1. Time span 2015-2022
2. Sources (Journals, Books, etc) 33
3. Documents 40
4. Annual Growth Rate % 21.9
5. Document Average Age 4.08
6. Average citations per doc 27.85
7. References 3004
Il. Document contents
8. Keywords Plus (ID) 307
9. Author's Keywords (DE) 153
1. Authors
10. Authors 191
11. Authors of single-authored docs 3
Iv. Authors collaboration
12. Single-authored docs 3
13. Co-Authors per Doc 4.9
14, International co-authorships % 425
V. Document types
15. Article 40

scope of research. This diversity in keywords suggests the
interconnected nature of the topic across various disciplines.
The authorship analysis shows that 191 researchers
contributed to the 40 papers, indicating significant academic
participation. The presence of only three single-authored
papers suggests that research in this field is predominantly
collaborative.

Regarding collaboration patterns, the co-authorship
per document (4.9) indicates that studies typically involve
multiple researchers, enhancing the depth of research. The
international co-authorship rate of 42.5 % reflects strong
global research networks and cross-border collaborations. The
document type analysis confirms that all 40 studies are journal
articles, ensuring that the research has undergone rigorous
peer review. This enhances the credibility and reliability of the
findings presented in systematic review.

Most relevant sources

According to the number of documents published, the most
pertinent sources in the topic of climate variability are
highlighted in Fig. 2. The most notable source is “Sustainability
(Switzerland)” with four contributions, followed by “Climate
Risk Management” with three. “Heliyon” and “Climate and
Development” each make two contributions, suggesting that
they are somewhat significant. Some sources, such as
“Agriculture (Switzerland)” and “Agriculture, Ecosystems and
Environment,” provide a single document that reflects a more
focused or limited focus in the context of studies on climate
change. This distribution highlights how multidisciplinary
journals like “Sustainability” are dominant in this field.

The dominance of multidisciplinary journals like
“Sustainability” (Switzerland) suggests that climate variability
research  requires integrated  approaches, covering
environmental, social and economic aspects. Journals such as
“Climate Risk Management” focus on adaptation and mitigation
strategies, making them key contributors. Specialized journals
like “Agriculture, Ecosystems and Environment” publish fewer
studies because they target specific climate impacts on
agriculture and ecosystems. This distribution highlights the
broad and interdisciplinary nature of climate variability
research, requiring contributions from multiple fields.

Most relevant affiliations

Most relevant affiliations among the selected articles are

Most Relevant Sources

Sources

M. of Docunenls

Fig. 2. Most relevant sources (R studio).
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shown in Fig. 3. It was found that five articles were contributed
by organizations including the American University of Beirut,
Department of Economics and Social Sciences (University of
Natural Resources) and the University of Vermont. Significant
international cooperation and institutional interest in climate
variability and adaptation research are highlighted by the
variety of affiliations, especially from agricultural and
multidisciplinary academic centres.

The dominance of Sichuan Agricultural University and
Indiana University underscores their leading role in
adaptation behaviour. The agriculture was adversely affected
the research. The contributions from diverse institutions
reflect global collaboration and multidisciplinary interest in
the field. Agricultural and environmental sciences play a
crucial role in shaping adaptation strategies. This highlights
the need for continued cross-institutional efforts to address
climate challenges.

Country scientific production

The worldwide scientific output associated with the subject
area is shown in Fig. 4, with darker tones signifying higher

6

contributions. Due to their substantial research output and
emphasis on climate variability and associated subjects,
nations like the United States, China and India are notable
contributors. Countries in Europe, Australia and certain
portions of Africa have moderate contributions, suggesting a
spread interest. The graphic highlights the value of
international cooperation in tackling the problems
associated with climate variability.

Most global cited articles

Globally cited articles are shown in Fig. 5. With 152 citations,
the paper by Niles, 2015 (20) in Agricultural Ecosystems &
Environment is the most globally cited work in the subject. Li,
2017 (52) in Journal of Environmental Management trails with
122 citations. Other significant works that make substantial
contributions to the conversation on climate variability and
adaptation are Singh, 2020 (53) and Mitter, 2019 (54). These
articles’ substantial influence on furthering knowledge and
research in this field is demonstrated by their high citation
counts.

Cocitation network

Most Relevant Affiliations

NIVERSITY OF VERMONT

Affiliations.
-

© © o o

Arlicles

Fig. 3. Most relevant affiliations (R studio).

Country Scientific Production

e o dl

&

Fig. 4. Country scientific production (R studio).
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Fig. 5. Most global cited articles (R studio).

authorship relationships in climate variability and adaptation
studies are depicted in the network visualization shown in Fig.
6. Important writers like Smit B, Adger WN and Deressa TT are
prominent, demonstrating their substantial impact and
cooperation in this area. The clustering of nodes into discrete
clusters is indicative of regional partnerships or thematic
research areas. Strong cooperation networks are indicated by
the density of connections inside clusters, whereas writers with
few co-authorship ties are represented by isolated nodes. The
multidisciplinary and cooperative character of the research
community tackling climate variability is highlighted by this
graph.

Trending topics

Trending topics covered in the selected articles are shown in
Fig. 7. The graph shows the temporal trends in the use of
important phrases such as “climate change,” “adaptation,”
“agriculture,” and “perception” in published studies. The
terms “climate change” and “adaptation” have remained

prominent across time, reflecting their basic significance in
research. The consistent prominence of the terms “climate
change” and “adaptation” highlights their foundational role
in framing agricultural resilience research. These core
concepts capture the urgency of environmental shifts and the
necessity of strategic responses within farming systems. Their
recurrence across time indicates sustained scholarly
attention and policy relevance. This trend reflects ongoing
global efforts to understand and enhance adaptive capacity
in agriculture.

Co-occurrence keywords network

The co-occurrence keywords network among the selected
articles is shown in Fig. 8. The analysis focuses on major
research terms and their relationships within the conceptual
map. “Climate change” is the most influential term, with 135
links and 31 occurrences, average 0.92 normalized citations.
“Climate change adaptation” has a high influence, with 68.5
average citations and 1.89 normalized citations. Terms like
“adaptation,” “decision making,” and “perception” show

——
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Fig. 6. Co-citation network (R studio).
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Fig. 7. Trending topics (R studio).
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Fig. 8. Co-occurrence keywords network (VOSviewer).

considerable linkage and influence, emphasizing their
importance in the study network. This study demonstrates
the significance of adaptation and decision-making in climate
change research.

Factors affecting climate variability adaptation

Thematic analysis among the selected articles provides the
factors that are affecting climate variability adaptation. It is a
qualitative method for detecting, evaluating and interpreting
patterns or themes in a body of scholarly work. It entails
being acquainted with the literature, coding essential
concepts or phrases and organizing these codes into larger
themes that convey key ideas. These topics are then
examined, improved and properly defined to ensure they are
appropriate for the study environment. This strategy
facilitates the synthesis of varied material, the discovery of
patterns and the identification of research gaps, resultingin a
structured narrative that captures the field’s essential
discoveries and theoretical underpinnings.

The result of thematic analysis is depicted in Fig. 9. It
identifies “climate change” as the most impactful and well-
connected issue, with major contributions from clusters such
as “decision making” and “adult.” Other clusters, such as
“environmental policy” and “agricultural extension,” provide
specialized insights, although peripheral subjects like “data
set” and “food security” have little significance. This analysis
demonstrates the importance of climate-related themes and
their interconnection within the research framework.

It can be understood from thematic analysis that “decision
making”, “adult” (farmers’ perspectives), “environmental
policy” and “agricultural extension” were the major factors
affecting climate variability adaptation.

Decision making

Decision-making was considered a crucial factor in climate
variability adaptation because it directly influenced the
effectiveness and sustainability of adaptive strategies.

https://plantsciencetoday.online
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Farmers’ decisions were shaped by their risk perception,
knowledge and available resources, which determined how
well they adapted (53, 55). Different types of decision-making
responses to climate risks impacted long-term resilience (56).
Uncertainty and access to climate information significantly
shaped adaptation choices (57, 58). Inclusive decision-
making, particularly women's participation, enhanced
adaptation outcomes, proving that well-informed and
inclusive decision-making was key to successful climate
adaptation (59).

Perception of farmers

Farmers’ perception was considered an important factor in
adaptation of climate variability because it directly
influenced their willingness to adopt adaptive strategies.
Farmers’ awareness and attitudes determined how they
responded to climate risks (60). Farmers’ perception was
shaped by social networks, experience and available
resources, which impacted their decision-making (61). The
perception of water scarcity drove farmers to modify their
agricultural practices (62). Farmers’ perception was
strengthened by institutional support, enhancing adaptation
capacity (63). Farmers who perceived climate change as a
serious threat were more likely to adopt sustainable
practices, making perception a key driver of climate resilience
(54, 64).

Environmental policy

Environmental policy plays a crucial role in climate change
variability by shaping strategies and frameworks that
enhanced resilience. It was found that integrating adaptation
policies with existing environmental policies improved their
effectiveness and sustainability. This alignment ensured that
adaptation efforts were not isolated but were part of a
comprehensive governance approach (65). However,
adaptation measures also had unintended environmental
consequences.  Incorporating  environmental impact

assessments into adaptation planning was essential to
mitigate negative effects (66). Overall, well-structured
environmental policies that promoted integration and careful
impact evaluation were key to ensuring effective and
sustainable climate variability adaptation.

Agricultural extension

Agricultural extension services play a pivotal role in
enhancing farmers’ capacity to adapt to climate change by
disseminating vital information and innovative practices.
Extension agents often rely on traditional media like radio
and television for climate information, highlighting the need
for capacity building in technical skills and communication
methods to effectively convey climate-smart agricultural
practices (67). Access to agricultural extension services
significantly enhances farmers’ awareness of climatic
changes and facilitates the adoption of appropriate
management practices. These services, along with timely
climate information, enable farmers to perceive climatic
variations accurately and adjust their agronomic practices,
accordingly, thereby improving their adaptive capacity.

Results of thematic analysis

The thematic map is a visual depiction of research themes
organized by relevance (centrality) and development
(density). The quadrants assist in defining the nature and
relevance of these themes within the study framework:

Quadrant 1: Motor Themes (High Centrality and High
Density) : This quadrant contains well-developed and highly
related themes that are crucial to the research area. The main
concepts are “climate change,” “adaptive management,”
“perception,” “adult,” “agricultural land,” etc. “human
experiment.” These themes have significant conceptual and
practical implications and they serve as the foundation of the
research network. For example, “climate change” and
“adaptive management” are important components of
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environmental and sustainability research, which is driving
the network’s expansion.

The phrase “human experiment” may initially seem
out of place among terms like “climate change,” “adaptive
management,” and “agricultural land,” but it likely refers to
research exploring human behaviour, decision-making and
adaptation strategies in response to climate change. In this
context, “human experiment” could encompass studies that
assess how individuals or communities adapt their
agricultural practices, resource management, or behaviours
based on perceived risks, climate information and policy
interventions. Understanding these human responses is
crucial for designing effective adaptive management
strategies, as it bridges the gap between environmental
change and human action. Thus, while not a traditional
environmental or agricultural term, “human experiment” fits
within this quadrant by highlighting the behavioural and
social dimensions of climate adaptation research.

The strong interconnection between “climate change”
and “adaptive management” reflects the growing recognition
that effective climate adaptation requires proactive and
flexible strategies in response to environmental shifts. These
themes are central to advancing sustainable agricultural
practices, which are essential for addressing the
vulnerabilities of farming systems to climate variability.

Quadrant 2: Niche Themes (Low Centrality, High Density) :
Although the themes in this quadrant are well developed and
specialized, they are not effectively integrated into the larger
research network. Themes such as “environmental policy,”
“global climate,” “international agreements,” “developing
world,” “questionnaire survey,” along with “sustainable
development goals.” Though they are separated, these
themes offer insightful information within their domains,
suggesting that they serve as supporting or context-specific

regions rather than as the major drivers of study.

While the themes in this quadrant are well-developed,
their limited integration into the broader research network
indicates that they focus more on specific contexts rather
than on universal frameworks for climate adaptation.
Themes like “environmental policy” and “global climate”
provide crucial insights but often remain isolated due to their
focus on governance and international perspectives.

Quadrant 3: Emerging or Declining Themes (Low Centrality,
Low Density) : Underdeveloped issues with no impact on the
present research framework are represented by this quadrant,
which may indicate new or out-of-date subjects. Topics like
“food security” and “data set” fit into this category, indicating a
lack of impact or a shift in the field of study.

The themes in this quadrant, such as “food security”
and “data set,” are underdeveloped within the current
research framework because they either represent outdated
concepts or are no longer central to contemporary climate
adaptation discussions. As the field evolves, these topics may
be overshadowed by more pressing issues like climate
resilience or behavioural adaptation.

Quadrant 4: Basic Themes (High Centrality, Low Density) :
Though they need to be further developed to increase their
density and robustness, the themes in this quadrant are
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essential to the research network. A few noteworthy themes
are “decision making,” “behavioural research,” “farmers’
knowledge.” In order to enhance their theoretical and
practical contributions, these themes underscore the
necessity for further investigation into the fundamental ideas
that underpin the network's structure.

Themes like “decision making,” “behavioural research,” and
“farmers’ knowledge” are pivotal to understanding how
adaptation strategies are formed and implemented at the
ground level. Despite their current low density, these themes
hold high strategic value, as they directly influence the
success of climate adaptation practices. Strengthening
research in these areas will deepen theoretical foundations
and improve the practical relevance of adaptation
frameworks across diverse agricultural contexts.

Key elements for advancing climate variability adaptation
mainstreaming in policy and practice

Advancing the mainstreaming of climate variability
adaptation into policy and practice involves several key
elements identified in this paper. Two overarching factors
were found in a study: the authority to adapt and the capacity
to adapt. The authority to adapt refers to the mandate from
higher levels of government or local leadership that
empowers municipal administrations to implement
adaptation actions. The capacity to adapt encompasses
access to resources, professional networks and supportive
organizational systems and culture that enable effective
adaptation efforts (68). Policy integration also plays a crucial
role in mainstreaming adaptation. Aligning adaptation
policies with existing institutional systems and capacities
enhances their effectiveness. This alignment ensures that
adaptation efforts are cohesive and sustainable within the
broader policy framework (69).

Leadership and agenda-setting are vital components
as well. Factors such as public opinion, community
expectations, issue salience and the presence of policy
entrepreneurs influence whether adaptation was prioritized
on municipal policy agendas. Leaders’ networks of influence
could be leveraged to support climate mainstreaming and
engaging with leaders’ mindsets and receptiveness to
adaptation was essential for successful integration (70).

Discussion
Characteristics of global literature

The dominance of multidisciplinary journals in climate
adaptation research is due to the interconnected nature of
climate change, requiring inputs from agriculture, economics
and environmental sciences. Strong institutional affiliations
and international collaborations arise from the global urgency
to address climate variability, prompting joint research efforts.
The significant contributions from countries like the U.S., China
and India reflect their large agricultural sectors, vulnerability to
climate change and research investments. Highly cited works
and influential authors indicate the maturity of climate
adaptation research, with foundational studies shaping
ongoing discussions. The frequent use of keywords like
“decision-making” and “perception” highlights the importance
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of behavioural and policy aspects in effective climate
adaptation strategies.

Additionally, the increasing emphasis on climate
adaptation in agricultural research reflects the recognition that
effective solutions must be context-specific, accounting for
diverse environmental, socio-economic and cultural factors. As
climate change impacts are felt differently across regions, the
global discourse benefits from region-specific research, which
helps tailor adaptation strategies to local realities. The
integration of technological advancements and local
knowledge in research further enhances the adaptability of
agricultural systems.

Factors affecting climate variability adaptation

The importance of decision-making in climate variability
adaptation arises from its role in determining the effectiveness
and sustainability of responses, as farmers rely on their risk
perception and available resources to make informed choices.
Farmers’ perception influences adaptation because it shapes
their willingness to adopt strategies, which is reinforced by
social networks, institutional support and access to
knowledge. Environmental policies are crucial as they provide
a structured framework for integrating adaptation strategies
into governance, ensuring sustainability while mitigating
unintended consequences. Agricultural extension services are
vital for adaptation as they facilitate knowledge transfer,
enhance awareness and enable farmers to make informed
decisions based on timely climate information. Overall, these
factors collectively strengthen adaptive capacity by improving
decision-making, perception, policy support and access to
critical information.

Moreover, the role of technology and innovation in
decision-making cannot be overlooked, as advancements in
climate prediction tools, resilient crop varieties and
sustainable practices empower farmers to adapt more
effectively. The increasing involvement of local communities in
decision-making processes ensures that adaptation strategies
are more contextually relevant and culturally acceptable.

Key elements for advancing climate variability adaptation
mainstreaming in policy and practice

The integration of climate variability adaptation into policy
and practice relies on governance structures, as authority and
institutional capacity determine the effectiveness of
adaptation measures. Aligning adaptation policies with
existing frameworks enhances coherence, preventing
disjointed efforts. Leadership and public demand drive
political will, ensuring adaptation remains a policy priority.
Effective mainstreaming requires strong governance,
adequate resources and proactive leadership for long-term
success.

Policymakers should prioritize integrating climate
services into agricultural extension platforms to provide
farmers with real-time climate information and tailored
adaptation strategies. Additionally, promoting gender-
inclusive governance ensures that adaptation strategies
account for the different roles and needs of women and men in
farming  communities.  Strengthening  public-private
partnerships can enhance the dissemination of innovative
technologies and climate-smart practices. Finally, fostering
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participatory decision-making processes will ensure that local
knowledge and priorities are effectively integrated into climate
adaptation policies.

Conclusion

This review highlights the multifaceted factors influencing
climate adaptation behaviour, including decision-making,
farmers’ perceptions, environmental policies and agricultural
extension services. Effective decision-making plays a crucial role
in determining the sustainability and success of adaptation
strategies, while farmers' perceptions significantly shape their
willingness to adopt adaptive measures. The integration of well-
structured environmental policies ensures that adaptation
efforts are aligned with broader governance frameworks,
enhancing long-term resilience. Additionally, agricultural
extension services facilitate knowledge dissemination and
capacity building, enabling farmers to respond effectively to
adaptation behaviour. The global literature on adaptation
behaviour reflects a strong emphasis on multidisciplinary
research, institutional collaboration and regional contributions,
particularly from high-research-output nations. Furthermore,
mainstreaming climate adaptation into policy and practice is
driven by factors such as institutional authority, resource
capacity and leadership. Aligning adaptation policies with
existing governance structures enhances coherence and
implementation effectiveness.  Strengthening institutional
support, fostering international cooperation and ensuring
inclusive decision-making processes remain critical for
advancing adaptation behaviour at both policy and practice
levels.
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