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Women in Uttarakhand are particularly vulnerable to the impacts of climate
change due to limited access to resources, land ownership, and decision-making
power. These vulnerabilities are further intensified by the region’s mountainous
landscape, which is highly susceptible to climatic disturbances such as
erratic rainfall, temperature fluctuations, and landslides. As key contributors to
household welfare and agricultural activities, rural women’s adaptive behaviors
play a critical role in mitigating climate-related risks and fostering community
resilience. This paper investigates climate change ABs among rural women in
Uttarakhand, India, within the framework of the Theory of Planned Behavior
(TPB). A multistage sampling approach was employed, with purposive selection
of two districts—Tehri Garhwal and Rudraprayag—identified as highly vulnerable
to climate change. The study examines the relationships between perceived
behavioral control (PBC), subjective norms, and attitudes by employing Partial
Least Square Structural Equation Modeling (PLS-SEM), exploring their influence
on women'’s intention to adopt adaptation strategies. The findings indicate that
PBC, risk perception (RP), and social norms (SN) significantly influence behavioral
intention (Bl) and adaptation behavior (AB). The analysis revealed that RP and PBC
are major predictors of Bl to adopt climate adaptation practices, with significant
impacts from SN and self-efficacy beliefs. The results emphasize the critical role
of social and psychological factors in shaping the climate adaptation decisions
of rural women, highlighting the need for gender-sensitive interventions that
foster empowerment and access to resources. The study also demonstrates
the effectiveness of the TPB framework in understanding rural women'’s ABs in
Uttarakhand and suggests that enhancing women's control over resources and
fostering supportive SN can significantly improve their climate resilience. Future
research should explore the application of TPB in broader rural contexts, with
particular emphasis on empowering women through policy support, education,
and community engagement to promote sustainable adaptation strategies in
climate-vulnerable regions.
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1 Introduction

Global efforts to address climate change, including the United
Nations Framework Convention on Climate Change (UNFCCC)
and the Sustainable Development Goals (SDGs), underscore
the need to understand how local communities experience
vulnerability and build adaptive responses. Such understanding is
essential for designing effective, contextually grounded strategies
to mitigate the adverse effects of climate variability. According to
the Intergovernmental Panel on Climate Change (IPCC, 2014),
adaptation entails adjustments in natural or human systems in
response to actual or expected climate stimuli, aimed at moderating
harm or exploiting beneficial opportunities. These responses span
behavioral, institutional, and structural changes, encompassing
shifts in livelihood strategies, land use, and ecosystem management
(Gupta et al., 2022; Sultana et al., 2023; Hossain et al., 2018).

While adaptation research has traditionally emphasized
technological and ecological dimensions, increasing scholarly
attention is now directed toward the social drivers of vulnerability
and adaptive capacity (Adger and Kelly, 1999; Raymond and
Robinson, 2013). Gender, in particular, has emerged as a
critical axis along which climate impacts are experienced and
negotiated. Women, especially in agrarian settings, are often
disproportionately affected by climate change due to their reliance
on natural resources and their constrained access to land, finance,
education, and institutional support systems (Perez et al., 2015;
Hackfort and Burchardt, 2018; Ngigi et al., 2017). However,
framing women solely as victims risks obscuring their agency and
the complex socio-cultural and economic structures that shape
adaptation processes.

Feminist political ecology critiques such reductionist framings,
advocating for a more nuanced exploration of how gender
intersects with other social identities and power relations to
shape adaptation pathways (Mollett and Faria, 2013; Goldman
et al., 2018; Carey et al, 2016). This perspective challenges the
essentialist portrayal of women as a uniform group, emphasizing
instead the heterogeneity within gender categories shaped by
caste, class, age, marital status, and household roles (Kabeer,
2003; Burkle, 2023; Sultana, 2014). Recent empirical work reveals
that adaptive behaviors are not only gendered but also shaped
by overlapping and often unequal social positions. For instance,
women’s strategies in coping with water scarcity, livelihood shifts,
or resource management are mediated by household structure, life
stage, social capital, and access to information (Rakib et al., 2017;
Haeflner et al., 2018; Gautier et al., 2016).

Intersectionality theory, originally articulated by Crenshaw
(1991), offers a powerful conceptual framework for analyzing how
multiple forms of social stratification interact to shape individual
and collective vulnerability. Applied to climate adaptation, this
framework enables a deeper understanding of how social identities
intersect with institutional and structural forces to shape behavioral
responses to environmental risks (Thomas et al., 2019; Kaijser and
Kronsell, 2014; Wolf and Moser, 2011). Yet, despite its theoretical
potential, empirical applications of intersectionality in behavioral
climate research remain underdeveloped. Particularly lacking are
studies that connect intersectional insights with models that explain
why individuals act the way they do in the face of climate stress.
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In this context, behavioral science offers valuable theoretical
tools. Among these, the Theory of Planned Behavior (TPB)
has gained prominence for its ability to predict and explain
individual actions based on attitudes, subjective norms, and PBC
(Ajzen, 1991). TPB has been successfully applied in environmental
behavior studies, accounting for a substantial portion of variance
in adaptation-related decisions (Gansser and Reich, 2023; Arora
and Sahney, 2018; Leng et al, 2011). However, its traditional
formulation often overlooks structural inequalities, psychosocial
stressors, and local cultural dynamics—factors particularly relevant
to women in marginal agrarian settings (Prasad, 2024; Ahmed etal,,
2025; Elkins, 2022).

To enhance TPB’s contextual relevance, scholars have proposed
extended models that incorporate situational and affective
variables, thereby offering a more holistic understanding of
decision-making in high-risk, resource-constrained environments
(Gansser and Reich, 2023; Sapry and Ahmad, 2024). Nevertheless,
few studies have attempted to integrate intersectionality with TPB
to examine how adaptive intentions among women are shaped
not just by internal motivations but also by external structures of
constraint and opportunity.

This study addresses that gap by applying an extended TPB
framework to examine climate adaptation behaviors (ABs) among
rural women in Uttarakhand, India. The region’s ecological
fragility, combined with deep-rooted gender asymmetries and
socio-economic marginalization, presents a compelling case
for analyzing how behavioral intentions (BIs) are shaped by
intersecting identities and psychosocial dynamics.

2 Research objectives

1. To examine how behavioral factors, shaped by intersecting social
identities, influence the climate adaptation decisions of rural
women in Uttarakhand.

2. To explore how the TPB can be expanded to incorporate
contextual and psychosocial challenges unique to gendered
agrarian environments.

This approach contributes to ongoing efforts to develop
empirically grounded, theoretically robust frameworks that capture
the complexity of adaptive decision-making in climate-vulnerable
communities. It offers both conceptual refinement and practical
relevance by linking behavioral theory with intersectional insights
in climate adaptation research.

2.1 Theoretical framework and hypothesis

This study employs the TPB, formulated by Icek Ajzen in 1991,
to examine the psychological determinants driving rural women’s
ABs in response to climate change. Unlike focusing solely on
adaptive capacity, this research emphasizes intentions to adapt, as
intentions are pivotal in shaping actual behaviors (Ajzen, 1991).
TPB, an extension of the Theory of Reasoned Action, explains
behavior as a function of three key constructs: attitudes toward
the behavior, subjective norms, and PBC. According to TPB,
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FIGURE 1
The extended TPB model to explain determinants of respondent’s adaptation behavior in response to climate change.

an individual’s attitude reflects their beliefs about the potential
outcomes of engaging in a behavior. Positive attitudes emerge
when individuals perceive the outcomes as beneficial, aligning
with the concept of “Outcome Efficacy,” which addresses the
question, “Will my action bring positive consequences?” (Van
Valkengoed and Steg, 2019). Social norms (SN), another critical
component, pertain to the influence of others, including family,
peers, and agricultural stakeholders, on an individual’s decision-
making process. Social norms are categorized into injunctive
norms, which consider others’ approval or disapproval, and
descriptive norms, which reflect others’ likely actions. For rural
women, these social influences might include family members,
farmer groups, neighbors, agricultural extension officers, and
product collectors. Perceived behavioral control, the third pillar
of TPB, denotes an individual’s belief in their ability to perform
a specific behavior, considering the availability of resources,
knowledge, and external support. This construct aligns closely
with self-efficacy, which captures confidence in successfully
undertaking adaptive actions. Together, these components drive
BIs, ultimately influencing actual ABs when individuals perceive
sufficient control over their circumstances. In the context of
climate change adaptation, BI represents a woman’s motivation
to employ strategies aimed at mitigating climate-related impacts.
Adaptation behavior encompasses both traditional practices
and innovative actions that address challenges to livelihoods,
households, and communities. TPB framework provides a
comprehensive understanding of rural women’s responses to
climate change by integrating psychological, social, and resource-
based perspectives.

2.2 Constructs under study
The AB of rural women, as conceptualized in this study,
involves multiple interconnected constructs within the TPB

framework (Figure 1):
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1. Risk Perception (RP): This construct addresses how rural
women evaluate climate-related risks, shaping their motivation
to adapt

2. Social Network (SN): Social connections play a crucial role
in facilitating information exchange and access to resources
necessary for climate resilience

3. Access to Resources (AR): The availability of tools, financial
support, and knowledge enables rural women to implement
effective adaptive strategies

4. Self-Efficacy (SE): Confidence in executing adaptation strategies
is a vital psychological enabler

5. Self-Esteem (SET): Resilience and willingness to act are
influenced by self-esteem

6. Support System (SS): Both formal and informal networks offer
essential guidance and resources for effective adaptation

7. Behavioral Intention (BI): Motivation to engage in adaptive
actions is shaped by attitudes, SN, and PBC

8. Adaptation Behavior (AB): The actual strategies employed,
blending traditional knowledge with innovative practices, to
reduce climate-related impacts

This study aims to examine the following hypotheses by
utilizing the TPB as given in the Table 1 below.

3 Materials and methods

3.1 Locale of study

Uttarakhand, a northern Indian state located within the Central
Himalayan Region, spans an area of 53,483 km?. The state’s
geographical coordinates range from 28° 43" to 31° 27 N latitude
and 77° 34 to 81° 02’ E longitude. Approximately 80% of its terrain
is hilly, while the remaining consists of plains (Rawat, 2023). Forests
dominate about 65% of the land, harboring rich biodiversity,
including rare medicinal and aromatic plants. The state is also
home to the origins of the Ganga and Yamuna rivers, highlighting
its abundant water resources. Uttarakhand experiences diverse
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TABLE 1 Hypothesis under study.

10.3389/fsufs.2025.1558178

Hypothesis Hypothesized path

RP -> BL Higher levels of risk perception (RP) positively influence behavioral intention (BI) to adopt adaptive measures in response to climatic stress
SN -> BL Stronger social network (SN) positively influences behavioral intention (BI) to adopt adaptive measures in response to climatic stress.

AR -> BL Greater access to resources (AR) positively influences behavioral intention (BI) to adopt adaptive measures in response to climatic stress.
SE -> BL Higher self-efficacy (SE) positively influences Behavioral Intention (BI) to adopt adaptive measures in response to climatic stress.

SET -> BI. Higher self-esteem (SET) positively influences behavioral intention (BI) to adopt adaptive measures in response to climatic stress.

SS -> BI A stronger support system (SS) positively influences behavioral intention (BI) to adopt adaptive measures in response to climatic stress.
SET -> RP Higher levels of self-esteem (SET) positively influence risk perception (RP)

SN -> RP A stronger social network (SN) positively influences risk perception (RP)

SN -> SET A stronger social network (SN) positively influences self-esteem (SET)

BI-> AB Behavioral intention (BI) positively influences adaptation behavior (AB) in response to climatic stress

climatic conditions, from tropical climates in the foothills to alpine
climates at higher altitudes. The average annual rainfall ranges
between 1,500 mm and 1,900 mm (Rawat, 2023). Agriculture,
particularly terrace farming, is the primary livelihood for over
three-quarters of the rural population, benefiting from the region’s
favorable climate and natural resources. Rural women play a
significant role in agriculture and livestock rearing, making them
especially vulnerable to climatic changes due to their direct
dependence on natural resources. The state’s unique location within
the sensitive Himalayan hotspot makes it particularly susceptible
to climate change impacts. Uttarakhand faces challenges such
as melting glaciers, erratic rainfall, and frequent natural hazards
like landslides, floods, and land subsidence. These issues are
exacerbated by the mountainous terrain and extensive forest cover.
Climatic patterns influenced by monsoons and local geography
exhibit distinct seasonal variations across its diverse topography,
ranging from the Tarai plains to alpine Himalayan regions (Sati,
2020). In recent years, Uttarakhand has witnessed a decline
in rainfall and a pronounced warming trend, particularly in
mountainous districts, accelerating glacier melting and increasing
the frequency of climate-induced disasters. Notable events include
the Kedarnath flood in 2013 and the recent land subsidence in
Joshimath. The Hindu Kush Himalayan region, which includes
Uttarakhand, is projected to experience a temperature rise of up to
5.2°C by the century’s end, leading to reduced snowfall and glacier
retreat. These changes threaten essential water resources, including
around 260,000 springs that serve as vital drinking water sources
(Sati, 2015). Human activities, such as rapid urbanization, further
disrupt the region’s ecological balance, intensifying vulnerabilities.
Given its climatic sensitivity and reliance on rainfed agriculture,
the state serves as a critical region for exploring sustainable
and adaptive strategies to address the impacts of climate change
(Figure 2).

3.2 Sampling and data collection

A multistage sampling approach was employed to evaluate
climate change ABs among rural women in Uttarakhand, using
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the TPB as the guiding framework. In the first stage, Tehri
Garhwal and Rudraprayag districts were purposively selected
based on their high vulnerability to climate change (Shukla
et al, 2016). The Uttarakhand Human Development Report
(Government of Uttarakhand, 2016) classified Tehri Garhwal as
having “very high” vulnerability and Rudraprayag as “moderately”
vulnerable, using a composite index of socio-economic and
environmental indicators. INRM Consultants, utilizing CORDEX
regional climate data, ranked Tehri as “very highly vulnerable”
and Rudraprayag as “moderately vulnerable” across multiple
sectors. Additionally, the ISRO-NRSC Landslide Atlas of India
[Indian Space Research Organisation-National Remote Sensing
Centre (ISRO-NRSC), 2023] ranked Rudraprayag and Tehri
Garhwal as the first and second most landslide-prone districts
in India, respectively, indicating their exposure to geophysical
hazards exacerbated by climate variability. In the second stage,
six blocks were randomly chosen: Devprayag, Kirtinagar, and
Jakhanidhar from Tehri Garhwal, and Agastyamuni, Jakholi, and
Ukhimath from Rudraprayag. Finally, respondents were selected
from specific villages within these blocks. From Tehri Garhwal
110 rural women respondents were randomly selected, 25 from
Barkot village (Jakhanidhar Block), 60 from Kirtinagar Block —
Bagwan village (30) and Lachmoli village (30) and 25 from Nausa
Bagi village (Devprayag Block). From Rudraprayag district 90
rural women respondents were randomly selected, 30 each from
Augustmuni village (Agustmuni Block), Mayali village (Jakholi
Block), and Phata village (Ukhimath Block) were interviewed,
and resulting in a total sample size of 200 rural women farmers
(Table 2).

The sample size exceeds the minimum recommended threshold
for Partial Least Square Structural Equation Modeling (PLS-SEM),
which requires 10 times the maximum number of structural paths
directed at any construct in the model. According to Hair et al.
(2017Db), this “10-times rule” provides a conservative estimate for
minimum sample size. Given the complexity of the extended TPB
framework used in the study, the sample of 200 is sufficient for
robust statistical power and model stability. Thus, the sampling
frame captures both depth and representativeness, aligning with the
analytical requirements of PLS-SEM.
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TABLE 2 Overview of study area showing the selected districts and
blocks.

Districts Blocks Villages

Tehri Garhwal (110) Jakhanidhar (25) Barkot (25)
Kirtinagar (60) Bagwan (30)

Lachmoli (30)

Devprayag (25) Nausa Bagi (25)

Rudraprayag (90) Augustmuni (30) Augustmuni (30)
Jakholi (30) Mayali (30)
Ukhimath (30) Phata (30)

Note the number in the parenthesis indicated the number of respondents chosen from the
study areas.

3.3 Measuring instrument and data
collection

A structured interview schedule was developed based on
the study objectives, literature review, and expert consultations.
Insights from seven subject-matter experts were incorporated
to ensure content validity and comprehensive coverage of key
dimensions. A pilot study involving 100 rural women from
Mathura (U.P.) and Nuh (Haryana) was conducted to assess the
clarity, relevance, and applicability of the items. The development
process included item generation and editing based on Edward’s
criteria, whereby 8 statements were framed under each variable
and critically evaluated for clarity, relevance, conciseness, and
avoidance of ambiguity or double-barrelled phrasing, ensuring
each statement’s direct relation to the constructs. Following expert
review, field testing was conducted by administering a set of 64
statements to 100 SHG women respondents using a five-point
Likert scale (strongly agree to strongly disagree with respective
weights of 5 to 1) to judge the discriminatory power of each
statement. Item analysis was then performed using a t-test
comparing the mean scores of the top 25% and bottom 25% scoring
respondents, and 40 statements with a t-value >1.75 were retained
for the final scale. The finalized structured interview schedule,
aligned with the TPB, was used for data collection through personal
interviews, with the measured variables detailed in Table 3.

4 Methodology

The collected data were entered into a Microsoft Excel
spreadsheet and analyzed using SMART PLS software, utilizing the
PLS-SEM approach. Structural Equation Modeling (SEM) enables
the analysis of multiple relationships between dependent and
independent variables, and has become increasingly central to
research in the social and behavioral sciences (Benitez et al., 2020),
due to its flexibility and improved handling of measurement error
(Hooman, 2014). Two primary SEM approaches exist: covariance-
based SEM (CB-SEM) and variance-based SEM (PLS-SEM). In
this study, we employed variance-based SEM, specifically Partial
Least Squares Path Modeling (PLS-PM), using SMART PLS and
R software. PLS-PM is well-suited for predictive modeling, theory
development, and situations involving complex models, smaller
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sample sizes, or data that violate normality assumptions (Seyyed
Abbaszadeh et al., 2012; Henseler et al., 2016).

Partial Least Square Structural Equation Modeling models
consist of two components: the structural (inner) model,
which captures relationships among latent constructs, and the
measurement (outer) model, which links latent variables to their
corresponding manifest indicators. In the present study, all latent
constructs were modeled using reflective measurement models,
i.e., each latent variable was assumed to cause the variation in
its observed indicators, and the indicators were expected to be
correlated (Hair et al., 2021). Constructs such as BI, Adoption
Behavior (AB), Subjective Norms (SN), RP, and Self-Efficacy and
Trust (SET) were each measured reflectively through multiple
indicators derived from validated scales. Accordingly, validity and
reliability of the reflective measurement models were evaluated
using criteria such as indicator reliability (outer loadings >0.7),
internal consistency reliability (Cronbach’s alpha and Composite
Reliability), convergent validity [Average Variance Extracted (AVE)
>0.5], and discriminant validity (using the Fornell-Larcker
criterion and HTMT ratios). Latent variables, which represent
abstract theoretical concepts such as perceived institutional trust
or BI, were inferred through observable indicators such as clarity
of roles or willingness to comply. These manifest variables play
a crucial role in understanding the underlying constructs and
identifying the most influential factors (Abugre and Sackey, 2022).
The combination of inner and outer models in PLS-PM facilitated
a robust analysis of the conceptual framework and helped pinpoint
the key drivers and interrelationships among the studied variables.

5 Results

The analysis followed a two-stage approach using PLS-SEM.
The first stage involved testing the measurement model to ensure
that the constructs were valid and reliable. In the second stage,
the structural model was evaluated to test the hypothesized
relationships and their practical implications. This section narrates
both the empirical validation and interpretation of the model,
connecting directly with the hypotheses framed in Table 1.

5.1 Assessment of initial measurement
model to establish the relationship among
variables

5.1.1 Initial model-measurement model

In structural equation modeling, the measurement model
(also referred to as the outer model) captures the relationship
between latent variables (depicted as circles) and their observed
indicators (rectangles), whereas the structural model (inner model)
represents the hypothesized relationships among latent constructs
themselves (Hair et al., 2017b). Figure 3 illustrates the initial model
encompassing eight latent constructs, with directional arrows
indicating standardized path coefficients between constructs and
p-values between constructs and indicators. Composite reliability
values are indicated inside the respective latent variables. As
part of the model evaluation, reliability, convergent validity, and
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TABLE 3 List of variables used in the model.

10.3389/fsufs.2025.1558178

Sr.no  Statement Mean score ‘
Risk perception
1 Climate change is expected to exacerbate rural poverty and widen social inequality 3.515
2 Rising temperatures have significantly impacted crop yields and agricultural productivity 3.51
3 Climate change is poised to create significant challenges to food security. 3.6
4 The effects of climate change are likely to worsen nutritional issues, posing additional risks to public health. 35
5 Increased rainfall has led to heightened soil erosion, further degrading agricultural land. 3.59
Social network
1 We consider collective labor a vital component of our community efforts. 3.86
2 Reciprocity is embedded in our social system for the exchange of resources. 3.825
3 The groups and organizations within our community demonstrate strong cohesion in their actions. 3.815
4 Our social system is committed to community initiatives, such as promoting water conservation and afforestation 3.755
5 The community actively promotes participation in programs related to farming and climate change 3.84
Access to resources
1 I have access to agro-advisory services for climate change adaptation. 2.475
2 I possess sufficient financial resources to support climate change adaptation initiatives within my household 2.49
3 Training and educational programs related to climate change adaptation are readily available in my area. 2.405
4 Adequate technology and infrastructure are accessible for implementing effective climate resilience measures. 2.38
5 Government and institutional support for climate change adaptation initiatives is available in my region. 2.49
Self efficacy
1 I have the ability to stay informed about climate change adaptation strategies. 3.425
2 I can make adjustments in my lifestyle to reduce my vulnerability to climate-related risks 3.355
3 I'am able to positively engage in community-based climate change adaptation initiatives 3.315
4 I am optimistic about my ability to collaborate with others to tackle climate change challenges 3.265
5 am confident in my ability to acquire new skills for climate-resilient living 3.335
Self esteem
1 I feel apprehensive about changes in the production system for risk adjustment 3.685
2 I am confident in my ability to adopt climate-resilient practices in my daily life 3.715
3 I trust that I can contribute to building a climate-resilient community. 3.58
4 I 'am assured of my knowledge and skills to adapt to changing climate conditions. 3.685
5 I feel capable of influencing others to adopt climate-smart behaviors. 3.565
Support
1 Field demonstrations of climate-resilient practices are organized by government departments in my area 2.68
2 Farmers of my area are frequently invited for extension programs on climate resilient agriculture. 2.74
3 Customized information and advisories about climate resilient practices are available. 2.855
4 I have access to educational and training institutions for capacity building in climate resilience and sustainable practices 2.875
5 Non-Governmental Organizations (NGOs) in our area assist communities in addressing climate change impacts. 3.04
Behavioral intention
1 Iintend to adopt climate-resilient practices in my farming activities in the near future 4.34
2 I plan to make changes in my daily lifestyle to reduce my vulnerability to climate change impacts 3.56
3 I'am determined to participate in community-based programs that promote climate change adaptation 3.98
4 I aim to invest in sustainable agricultural practices to safeguard my crops from climate-related risks 4.12
5 I'am committed to learning more about climate change adaptation strategies to improve my adaptive capacity 4.51
(Continued)
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TABLE 3 (Continued)
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Srno  Statement Mean score
Adaptation behavior
1 I have already started implementing climate-resilient farming practices in my daily agricultural activities 3.120
2 T actively participate in community initiatives focused on water conservation and sustainable farming 3.98
3 I have made changes in my household practices, such as water management and energy use, to adapt to climate challenges 3.098
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Partial Least Squares Structural Equation Modeling (PLS-SEM) of initial model with eight constructs. Circles are latent variables, rectangles are
manifest variables. The numbers on the arrows from each latent variable to manifest variables are p-values. The numbers on the arrows between the
latent variables are the path coefficients. The numbers inside the circles represent composite reliability.

discriminant validity of the constructs were assessed following
the guidelines of Wardrop and Loehlin (1987). The initial model
revealed inadequate convergent validity for three constructs—
Access to Resources (AR), Self-Efficacy (SE), and Support System
(SS)—which exhibited Average Variance Extracted (AVE) values of
0.28, 0.13, and 0.01, respectively. Since AVE values below the 0.50
threshold indicate insufficient explanatory power of the indicators
(Fornell and Larcker, 1981), these constructs were excluded from
subsequent analysis to enhance model robustness.

A revised model was then specified, retaining the five constructs
with acceptable psychometric properties: RP, Social Network
(SN), Self-Esteem (SET), BI, and AB. This refined structure
formed the basis for further reliability analysis and structural
path testing.

Frontiers in Sustainable Food Systems

5.2 Assessment of modified measurement
model in PLS-SEM

In order to ensure the robustness of the modified measurement
model, we evaluated its psychometric properties using several
criteria, including reliability, convergent validity, and discriminant
validity. This evaluation was based on accepted thresholds from
existing literature (Hair et al., 2014; Fornell and Larcker, 1981;
Nunnally and Bernstein, 1994).

5.2.1 Reliability
Reliability assesses the internal consistency of the indicators
that measure each construct. Two metrics were used: Cronbach’s
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Alpha and Composite Reliability (CR). All constructs exhibited
Cronbach’s Alpha values ranging from 0.883 to 0.937, well above
the recommended threshold of 0.70, indicating high internal
consistency (Fornell and Larcker, 1981). Composite reliability
values (pc) also ranged from 0.884 to 0.938, again satisfying
the benchmark recommended by Nunnally and Bernstein (1994).
These results, summarized in Table 5, confirm that each construct
is reliably measured.

5.2.2 Convergent validity

Convergent validity examines whether indicators of a construct
converge in measuring the same underlying concept. This is
assessed by evaluating three metrics: factor loadings, composite
reliability, and average variance extracted (AVE). All individual
indicator loadings exceeded the minimum cut-off value of 0.50
(Hair et al, 2014), with loadings ranging from 0.674 to 0.900
(Table 4). The AVE values for each construct ranged from 0.650
to 0.747, comfortably surpassing the minimum threshold of
0.50 (Table 5). These results collectively demonstrate satisfactory
convergent validity for all five constructs—AB, BI, RP, Self-Esteem
(SET), and Social Network (SN).

TABLE 4 Factor loadings of the modified model.

Adaptation behavior

Construct/manifest

Behavioral intention

10.3389/fsufs.2025.1558178

5.2.3 Discriminant validity

Discriminant validity ensures that each construct captures
phenomena not represented by other constructs in the model.
It was assessed using two primary approaches: cross-loadings
and the Fornell-Larcker criterion. In the cross-loadings matrix
(Table 6), each indicator loaded more strongly on its designated
construct than on any other construct. For instance, indicators
such as AB.1, BL1, RP1, SET1, and SN1 consistently showed
higher loading values on their corresponding latent constructs,
thereby meeting the condition for discriminant validity. The
Fornell-Larcker criterion further validated discriminant validity
(Table 7). According to this method, the square root of AVE
for each construct (represented by bold diagonal values) must
be greater than the correlations it shares with other constructs.
This condition was satisfied for all constructs. For example, the
square root of AVE for RP (0.857) was higher than its correlations
with BI (0.615) and Social Network (0.744), confirming the
construct’s discriminant distinctiveness. These findings from cross-
loadings and Fornell-Larcker analysis affirm that the constructs are
conceptually and empirically distinct from one another. Hence,
the modified measurement model demonstrates strong reliability,
convergent validity, and discriminant validity across all retained

Risk perception Self esteem Social network

variable

AB.1 0.823

AB.2 0.844

AB.3 0.870

BL.1 0.886

BI.2 0.861

BI3 0.883

BL.4 0.816

BL5 0.674

RP1

0.850

RP2

0.854

RP3

0.872

RP4

0.852

RP5

0.859

SET1

0.864

SET2

0.747

SET3

0.734

SET4

0.895

SET5

0.776

SN1

0.840

SN2

0.811

SN3

0.888

SN4

0.879

SN5

0.900
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TABLE 5 Reliability and validity of the modified model.

10.3389/fsufs.2025.1558178

Construct onbach’s alpha Composite reliability Average variance
extracted (AVE)

AB 0.883 0.884 0.883 0716

BI 0913 0.921 0.915 0.685

RP 0.933 0.933 0.933 0.735

SET 0.902 0.907 0.902 0.650

SN 0.937 0.938 0.936 0.747

TABLE 6 Construct cross loadings for discriminant validity evaluation.

TABLE 7 Fornell-Larcker criterion for construct validity.

Construct/manifest AB. BI. RP SET SN Fornell-Larcker AB. BI. RP SET SN
variable criterion
AB.1 0.823 | 0443 | 0310 | 0465 & 0458 AB. 0.846
AB.2 0.844 | 0265 | 0496 | 0456 | 0.437 BL 0.753 | 0.828
AB.3 0.870 | 0391 | 0428 | 0480 | 0434 RP 0.612 | 0.615  0.857
BL1 0102 | 0.886 | 0407 | 0469 | 0361 SET 0.551 | 0.551 | 0.530  0.806
BL2 0494 | 0.861 | 0458 | 0406 | 0.468 SN 0.759 | 0.761 | 0.744 | 0.573 | 0.864
BL3 0.408 0.883 0.391 0.321 0.473 Diagonal and bold elements are the square roots of the AVE (average variance extracted).
Below the diagonal, elements are the correlations between the constructs.
BL4 0232 | 0.816 | 0428 | 0482 | 0337
BL5 0381 | 0.674 | 0498 | 0274 | 0491
RP1 0.347 | 0.343 | 0.850 | 0465 | 0.258 on the directional links between constructs and their statistical
RP2 0358 | 0265 | 0.854 @ 0456 | 0337 significance, which are visually represented in Figures 4, 5 and
w» quantitatively summarized in Table 8.
3 0468 | 0391 | 0.872 | 0480 | 0434 ) . . .
Figure 4 presents the modified PLS-SEM model, displaying the
RP4 0.476 | 0.375 | 0.852 | 0406 | 0.430 factor loadings, path coefficients, and composite reliability. In this
RP5 0468 | 0375 | 0.859 | 0467 | 0431 diagram, circles represent the latent constructs such as BI, RP,
Self-Esteem (SET), Social Network (SN), and AB, while rectangles
SET1 0491 | 0490 | 0467 | 0.864 | 0474 ) o
denote the observed (manifest) indicators. The numbers on the
SET2 0.398 | 0397 | 0392 | 0.747 | 04471 arrows from each latent variable to its respective indicators reflect
SET3 0428 | 0397 | 0407 | 0734 0411  the standardized factor loadings, indicating how strongly each
SET4 0490 | 049 | 0473 | 0895 o519  ©Observed variable represents the construct. The arrows connecnhng
the latent constructs show the path coefficients (§ values), which
SETS 0410 | 0439 | 0392 | 0776 | 04521 genote the strength and direction of the relationships. Additionally,
SN1 0406 | 0294 | 0306 = 0569 | 0840  composite reliability values are shown within each circle, reflecting
N2 0425 | 0423 0304 | 0455  og11 internal consistency for each construct.
A detailed examination of Figure 4 and Table 8 reveals that
SN3 0487 | 0498 | 0368 | 0469 | 0.888 . . .
all seven hypothesized paths were statistically significant and
SN4 0356 | 0469 | 0349 | 0511 = 0879  positive. Behavioral intention significantly predicts AB (H1: g =
SN5 0.304 0.499 0.485 0.474 0.900 0328, t = 101236, p < 0001), indicating that individuals Wlth

Bold elements indicating higher factor loadings.

constructs. This provides a robust foundation for further analysis
using the structural model.

5.3 Structural model
Following the validation of the measurement model, the

structural model was evaluated to understand the hypothesized
relationships among the latent variables. This model focuses
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higher intention are more likely to adopt adaptive practices. Risk
Perception strongly influences BI (H2: g = 0.719, t = 22.035, p <
0.001), suggesting that a heightened awareness of risk encourages
a stronger motivation to act. Similarly, Self-Esteem also has a
significant positive effect on BI (H3: B = 0.609, t = 34.558, p <
0.001), implying that individuals with higher confidence are more
likely to intend adaptation.

The influence of Self-Esteem extends to RP as well (H4: 8 =
0.155, t = 10.372, p < 0.001), which suggests that people with
stronger self-worth are more attuned to recognizing potential risks.
Social Network plays a key role in shaping BI (H5: g = 0.338,
t = 22.141, p < 0.001), likely due to the social influence, peer
learning, and community-based interactions. Additionally, Social
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FIGURE 4
Modified PLS-SEM depicting interrelations between latent and manifest variables with factor loadings, path coefficients, and composite reliability
(Source: Own calculation with SmartPLS 3). Circles are latent variables, rectangles are manifest variables. The numbers on the arrows from each
latent variable to manifest variables are the factor loadings. The humbers on the arrows between the latent variables are the path coefficients. The
numbers inside the circles represent composite reliability.
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Network significantly impacts RP (H6: 8 = 0.655, t = 16.804, p
< 0.001), indicating that interpersonal connections facilitate risk
awareness through shared experiences. Finally, Social Network
positively influences Self-Esteem (H7: § = 0.573, t = 21.985, p
< 0.001), reinforcing the idea that social connectedness enhances
psychological empowerment.

Figure 5 provides a complementary view of the structural
model, where the p-values are indicated on the arrows connecting
the constructs and their indicators. Like Figure 4, latent variables
are represented as circles, and manifest variables as rectangles.
Instead of path coefficients, this diagram highlights the statistical
significance of the relationships using p-values, all of which
are below 0.001, confirming the robustness of the model. The
composite reliability values inside each circle remain consistent
with those shown in Figure 4.

The results from Table 8 support the acceptance of all proposed
hypotheses. Each of the seven relationships between constructs
demonstrated high t-values and low p-values, indicating strong
empirical support for the conceptual framework. Collectively, the
structural model outlines a clear behavioral pathway wherein social
networks not only enhance psychological traits like self-esteem
and cognitive awareness such as RP but also strengthen Bls that
ultimately lead to adaptive actions.

This comprehensive model highlights the importance of social
and psychological factors in influencing AB. It underscores the
foundational role of social networks in empowering individuals,
fostering awareness, and shaping intentions toward adaptive

Frontiers in Sustainable Food Systems

responses. The consistent statistical significance across all pathways
validates the theoretical assumptions and strengthens the relevance
of the proposed model in understanding behavioral change.

5.3.1 Explanatory power

The explanatory power of the structural model was evaluated
using the R-square (R?), Q-square (Q?), and effect size (F?)
statistics, as presented in Table 9. These metrics provide insight into
how well the model explains and predicts the endogenous latent
constructs. The R? values indicate the proportion of variance in
the dependent constructs explained by the independent variables.
The R? values for AB, BI, RP, and Self-Esteem (SET) were 0.349,
0.530, 0.570, and 0.328, respectively. According to Cohen’s (1988)
criteria, these values can be interpreted as substantial, suggesting
that the model demonstrates a good level of in-sample explanatory
power for all four constructs. The overall model fit, as indicated
by the Goodness of Fit (GoF) index of 0.537, further supports this
conclusion and indicates a well-fitting structural model. Beyond
explanatory power, the model’s predictive relevance was assessed
using the Q* values. All endogenous constructs had Q* values
well above zero—specifically, 0.431 for AB, 0.338 for BI, 0.339 for
RP, and 0.321 for SET—confirming that the model has acceptable
and meaningful predictive relevance (Hair et al., 2017a). To better
understand the contribution of each predictor, the effect sizes
(F?) were examined. The largest effect was observed for the path
from Social Network (SN) to RP, with an F? of 0.671, indicating
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FIGURE 5
Modified PLS-PM depicting interrelations between latent and manifest variables with p-values and composite reliability. Source: Own calculation with
SmartPLS 3. Circles represent latent variables, and rectangles represent manifest variables. The numbers on the arrows from each latent variable to
the manifest variables, as well as between the latent variables, are p-values. The numbers inside the circles indicate composite reliability.

a very strong influence. Similarly, the paths from SN to Self-
Esteem (F?> = 0.488) and from Self-Esteem to BI (F? = 0.410)
also demonstrated large effect sizes, highlighting these as the most

impactful relationships in the model. In contrast, paths such as BI
to AB (F> = 0.034), SN to BI (F> = 0.042), and SET to RP (F?
= 0.038) revealed small effect sizes, indicating limited individual
contributions despite being statistically significant.

The findings suggest that social networks play a pivotal role
in shaping both RP and self-esteem, which in turn substantially
drive BIs. The pathway from BI to actual AB, though statistically
significant, has a relatively smaller practical impact, suggesting
the need for complementary factors or interventions to translate
intention into consistent adaptive action.

5.4 Testing model fitness

Model fit was evaluated using two key indicators: the
Standardized Root Mean Square Residual (SRMR) and the Normed
Fit Index (NFI) as given in Table 10. The SRMR assesses the
extent of discrepancy between the observed and model-implied
correlation matrices. Values below 0.08 are generally accepted as
indicative of a well-fitting model (Hu and Bentler, 1998). In this

Frontiers in Sustainable Food Systems

analysis, both the saturated and estimated models yielded SRMR
values of 0.046 and 0.047, respectively—well within the acceptable
range. These results suggest that the model demonstrates minimal
residuals and thus a good fit to the observed data, supporting the
appropriateness of the specified paths.

The NFI, an incremental fit index introduced by Bentler and
Bonett (1980), compares the Chi-square value of the proposed
model against a null model. An NFI score above 0.90 typically
reflects acceptable model fit. The obtained values of 0.927 for the
saturated model and 0.928 for the estimated model both exceeded
this threshold, reinforcing the model’s overall adequacy. Together,
these indicators provide strong evidence that the structural model
is both theoretically sound and statistically well-aligned with the
empirical data.

6 Discussion

In the fragile socio-ecological landscape of Uttarakhand, the
need for effective climate change adaptation strategies remains
urgent. The region’s vulnerability arises from its mountainous
terrain, heavy dependence on agriculture, and increasing exposure
to climate variability (Maikhuri et al., 2017; Sati, 2015; Kumar
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TABLE 8 Results of the hypothesis testing with beta coefficients, and T-statistics.

Hypothesis no. Hypothesis (B) SD T-statistics Supported/rejected ‘
H1 BI. -> AB. 0.328 0.010 101.236*** Supported
H2 RP -> BL 0.719 0.045 22.035*** Supported
H3 SET -> BL 0.609 0.030 34.558"* Supported
H4 SET -> RP 0.155 0.013 10.372%* Supported
H5 SN -> BL 0.338 0.044 22.141% Supported
He SN -> RP 0.655 0.096 16.804™** Supported
H7 SN -> SET 0.573 0.072 21.985*** Supported

(B), Beta Coefficient; SD, Standard deviation. ***P < 0.01.

TABLE 9 Explanatory power of the structural model (R?, Q?, and 2
values).

Constructs/ R-square Q-square F-square
hypothesis

AB. 0.349 0.431

BL 0.530 0.338

RP 0.570 0.339

SET 0328 0321

BL -> AB. 0.034
RP -> BL 0.281
SET -> BL 0410
SET -> RP 0.038
SN -> BL 0.042
SN -> RP 0.671
SN -> SET 0.488

et al, 2021). These geographic and environmental constraints
are further compounded by socio-economic transitions, which
influence both the availability of resources and the agency of rural
communities to adapt. Within this context, rural women emerge
as central actors in climate resilience owing to their intimate
engagement with agricultural practices and natural resource
management. Despite persistent barriers—including limited access
to technology, information, and decision-making forums—women
in Uttarakhand have become key implementers of grassroots-level
adaptation strategies (Sharma et al., 2019; Kori, 2024).

This study employed PLS-SEM using TPB framework to
explore the underlying socio-psychological drivers of climate
AB. The TPB framework posits that BI is shaped by three
core constructs: PBC (operationalized as self-efficacy), SN, and
attitudes or outcome expectations (represented by RP). PLS-
SEM enabled the dissection of these latent constructs and their
interrelations, offering a theoretically grounded and statistically
rigorous approach to understanding rural women’s AB (Al Mamun
etal., 2023).

The empirical findings provide robust support for the
hypothesized model, confirming the centrality of BI in predicting

AB. Among the constructs, risk perception (RP — BIL: p =

Frontiers in Sustainable Food Systems

TABLE 10 Model fitness indicators.

‘ Parameters Saturated model Estimated model ‘
SRMR 0.046 0.047
NFI 0.927 0.928

0.719) emerged as the most influential predictor of BI. This finding
substantiates the TPB’s assertion that behavioral expectations are
significantly shaped by perceived outcomes, particularly in high-
risk environments. In the context of Uttarakhand, climate-related
threats such as glacial melt, flash floods, and crop failures have
made these risks highly salient. However, it is not only awareness
but also the immediacy and frequency of climate-related events
that likely elevate perceived risk. This suggests that communication
strategies should go beyond information dissemination to include
experiential learning and localized narratives that heighten risk
salience and contextual relevance.

Self-efficacy (SET —  BI: B = 0.609) was another strong
determinant of BI, reaffirming its importance in both TPB and
social cognitive theory (Schwarzer and Fuchs, 1995). The positive
relationship suggests that when women perceive themselves as
capable of responding effectively to climate threats, they are more
likely to form intentions to act. However, self-efficacy in this context
is not a purely individual construct—it is shaped by access to
resources, institutional support, and social networks. Therefore,
efforts to enhance women’s adaptive capacity must incorporate
structural enablers such as land rights, financial inclusion, and
access to extension services, which can convert perceived control
into actual agency.

The role of SN was multifaceted. Social norms significantly
influenced both BI (SN — BI: B = 0.338) and RP (SN —

RP: B = 0.655), suggesting that individual adaptation is not
only shaped by personal beliefs but also by the expectations
and practices of the wider community. Furthermore, the strong
relationship between SN and self-efficacy (SN — SET: g = 0.573)
highlights the interdependence between perceived support and
personal confidence. These findings indicate that rural women’s
adaptive behaviors are embedded within a network of collective
meaning-making and social validation. In practical terms, this
implies that adaptation interventions that leverage community
platforms—such as women’s self-help groups, cooperatives, and
village institutions—are likely to yield more sustainable outcomes
than those targeting individuals in isolation.
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While BI was a significant predictor of actual behavior (BI
— AB: B = 0.328), the effect size was modest (f2 = 0.034),
pointing to a well-documented gap between intention and action
in behavioral science literature. This gap may be attributed to
a range of contextual barriers such as time poverty, gendered
labor burdens, lack of institutional support, and entrenched
social hierarchies. These findings suggest that while psychological
readiness is necessary, it is not sufficient. The TPB, while valuable,
may benefit from integration with complementary frameworks
such as the Transtheoretical Model or Protection Motivation
Theory to better account for constraints beyond volition.

The explanatory power of the model was substantial, with R
values of 0.570 for RP, 0.530 for BI, 0.349 for AB, and 0.328 for
SET. These figures confirm that the socio-psychological constructs
account for a considerable portion of the variance in AB. The model
fit was also confirmed through the SRMR (0.047) and NFI (0.928),
indicating strong empirical alignment between observed data and
theoretical expectations.

The effect size (f2) analysis further enriches the understanding
of practical significance. Social norms exerted the strongest effects
on RP (0.671) and self-efficacy (0.488), signaling that the influence
of the community is both profound and multidimensional.
BI (f> = 0.410) and RP —  BI (f?
0.281) also had considerable effects, suggesting that both
internal confidence and external threat perception play key roles in

Interestingly, SET —

motivating intention. These results point toward the importance of
dual strategies: one that enhances women’s capacity to act (through
skills, knowledge, and support), and another that enhances their
motivation to act (by addressing perceptions of climate risk
and urgency).

These findings align with global literature documenting the
indispensable role of women in climate adaptation, particularly
in ecologically vulnerable regions such as the Himalayas, Andes,
and Pamirs (Wester and Lama, 2019; Goli et al., 2020; Prakash
et al, 2024). Women’s roles as custodians of agro-biodiversity
and managers of natural resources position them at the forefront
of adaptive strategies. However, our study provides a more
granular understanding by demonstrating how variation in
access to assets, education, and institutional support influences
adaptation choices. Women with higher socio-economic status
were found to adopt proactive and strategic responses, including
technological innovations and diversification, while those from
marginalized households tended to rely on reactive, short-term
coping mechanisms (Ragasa et al., 2014; Najjar et al., 2023).

The intersection of gender, class, and institutional access
highlights the inequitable distribution of adaptive capacity. As
shown by Bhattarai et al. (2015) and Price (2018), systemic
inequalities constrain marginalized women’s ability to transform
awareness into action. These findings suggest that climate
adaptation policies must adopt a rights-based and intersectional
approach, recognizing the differentiated needs and capacities of
women based on their social positioning. Efforts to enhance
ecological resilience through agro-biodiversity management and
community-based adaptation must be complemented by measures
that dismantle structural barriers, ensure gender-responsive
governance, and build inclusive systems of support.

The use of PLS-SEM allowed for exploration of the interplay
between cognitive, emotional, and social dimensions of AB. The
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model not only confirmed existing theoretical relationships but also
revealed new pathways—particularly the mediating role of BI and
the amplifying influence of SN. The insights generated highlight
the value of integrating behavioral theory into climate adaptation
research, especially in diverse and dynamic socio-ecological settings
like Uttarakhand.

7 Conclusion and implication

This the
psychological underpinnings of climate ABs among rural
in Uttarakhand, highlighting the
gender, environmental vulnerability, and behavioral intent.
The study draws the TPB and reveals that women’s ABs
are shaped by a constellation of factors—most notably RP,

study provides critical insights into socio-

women intersection of

self-efficacy, and SN. While women play a pivotal role in
managing agro-ecological systems and sustaining household
their
structural barriers such as unequal access to land, limited

livelihoods, adaptive responses are constrained by
financial autonomy, and exclusion from formal decision-making
processes. The study affirms that adaptation is neither uniform
nor gender-neutral. Women with stronger risk awareness
and higher self-efficacy were more likely to develop Bls that
translated into adaptive practices. However, these behaviors
were not realized equally across the population. Variations
in adaptation are significantly influenced by socio-economic
status, community support, and institutional exposure,
making a strong case for intersectional and context-specific

policy design.

8 Policy implications

Based on the empirical findings and structural relationships
identified, several policy-level recommendations can be made:

1. Prioritize Risk Communication Strategies.
Targeted information campaigns—tailored to women’s cognitive
and literacy levels—should be developed to enhance climate
RP. Village-level demonstrations, community radio, and
participatory extension services can build accurate threat
awareness and motivate early adaptation planning.

Self-Efficacy  through  Capacity

Building. The programs must invest in skill development,

. Strengthen ~ Women’s

leadership training, and climate literacy to enhance

women’s confidence and perceived control over adaptive
decisions. This includes training on sustainable farming
practices, of
resource management.

use climate-resilient  technologies, and
. Institutionalize Gender-Responsive Resource Access Structural
reforms are needed to improve women’s access to land
titles, agricultural credit, inputs, and market linkages. State-
level schemes should earmark a minimum proportion of
climate adaptation funds for women’s collectives and self-help

groups (SHGs).

4. Leverage SN through Community Structures Community-
based adaptation platforms, such as Mahila Mandals
and Farmer Producer Organizations (FPOs), can be
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harnessed to legitimize and promote adaptive behaviors.
Interventions that celebrate local role models and facilitate
peer-to-peer learning may shift prevailing SN in favor of
women’s participation.

. Develop Differentiated Strategies for Marginalized Groups
Adaptation programs must address intra-gender disparities.
For instance, women-headed households, widows, and
landless women should be prioritized for customized support
packages that combine livelihood security with climate
resilience measures.

. Integrate Women’s Voices in Climate Governance Policy
frameworks should create institutional mechanisms—such
as quotas in climate action committees and participatory
vulnerability assessments—to ensure that women’s experiences
and insights directly shape adaptation planning at the

local level.

9 Study limitations

While this study provides valuable insights, several limitations
should be acknowledged:

e Context-Specific Scope: The analysis is limited to selected
rural blocks in Uttarakhand and may not fully represent other
agro-ecological zones or social groups.

Cross-Sectional Design: Behavioral data were captured at a
single point in time, limiting the ability to observe changes or
causality across seasons or years.

Self-Reported Measures: The use of self-report Likert scales
may be subject to response bias, particularly in communities
with strong social conformity.

Male Exclusion: The exclusive focus on women precludes
an understanding of intra-household negotiation and male
influence on adaptive decision-making.
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